AD-A008 286

H VEHICLE MOBILITY ASSESSMENT FOR PROJECT WHEELS
STUDY GROUP

Adam A. Rula, et al

Army Engineer Waterways Experiment Station

Prepared for:

Army Tank-Automotive Ccmmand

July 1972

| DISTRIBUTED BY:

National Technical Information Service
U. S. DEPARTMENT OF COMMERGE

\_ )

Reproduced From
Best Available Copy




e T P - W AT - ek e o s ——— R S

N Unciagsified
ity Closelficet

DOCUMENY CONTROL DATA-RE&D

» (Bocuriir clonsilication of tiile, budy oI Shatwct acel inddexing Hlom must be andeud wion M & yoeall reperi |9 ¢ foywitineg

1 ONIGNA TING A G A,
) 0 St L] c'&‘miAmtlv‘; Co \d S REPORT SECUNITY LLAMFICA TI0W
; s At Unclacseified
i Warren, Michigan cheus
U, S. Engineer Watervays Experiment Station =
Vicksburg, Wiss.
’ 3. REPOAT ViTLYE

VEHICLE MOBILITY ASSESSEMENT FOR PROJECT WHEELS STUDY GROUP

Final report

M 4. OQOCRHIBYIVE MOYRD (Yype of mpert and inckusive dotes) ‘
"
i ' V. A0 THORE) (Fieat name, idilia Dutial, lost Reae]

! ' Adam A. Ruls; Cliftord J. Nuttull, Jr.; Howard J. Dugoff

. i ¢ REPURT DATE P YOV AL NO. OF PAGRS 7 0. OF BEre
; ~ July 1972

10

W, CONTRACY OB GRANT NO. 5 OIMGIIATONS AEPAA T MUMDE NS}

o pmosscy wo.  1T062112A046-02

3

. - mv.u-uu-mrmm*—uuu-u

i

9! < v
. IETRIBUTION STATEMENTY

Approved for Public Release; Distribution Unlimited

1 UPPLEMENTARY NUTES 13. BRONSORING MILITARY ACTIVIYY

Department of the Army WHEELS Study Group
and Directorate .of Research, Development
and Engineering, U.5. Army Materiel Comman

—e—

e

V8. abevRacY

Project WHEELS is a study to evaluate the performance of individual standard military
trucks both off and on road in relation to their missions and to cash savings possidble
through the elimination of special military uutomotive features, such as front-wheel !
drive, or the use of commercial vehicles in game misslons. Such evaluations can only beg ,
buased upon the moct reliable assessments of mobility perfoymance possible. The AMC-T1
Ground Mobility Model was used to assess the off- and on-road speed performance of & i
group of military and commercial vehicles and vehicles with trailers or howitzers. total :
ing 48 cases of direct intereet and & reference vehicles, ranging from l-ton gross vehixe

welght to 90-ton gross combined weight. The terrain dats used in predicting off-road
performance were obtained from transects, or strips of ground, about 3 by 52 km located
in West Gerwany, Thailand, and Arizona, each represcntative of different types of climatfc
zones and terrain conditions. The roed duts used in predicting on-road performance vere]
collected from segments of primary, secondary, and treil-type roeds; each segment wus
approximately 100 milec long. Both off- and on-rosd performance was predicted in terms
of speed for ull vehicles and vehicle-traller or ~howitzer conbinations included in the
study. Off-rosd speed vas predicted for traverses made up of five straight lines equal
spaced along the length of the transects., On-road speed waw predicted for the total
length sampled in each road category. BSeveral off-romd terrain traverse speed predicti
were made, These included speed jmde over a cambination of areal (patches of hasogene
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terrain) end linear (streams and rivers) terrainu identified ws vllO’ speed over areal .
F terrain (Vl ), and Lue=d over areal terrain with the worst 10 percent removed fram con :
ES sideration ?900). On-rosd speed predictions were made for trails (V.i). secondary roads
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WATERWAYS EXPERIMENT STATION, CORPS OF ENGINEERS
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Errata Sheet

VEHICLE MOBILITY ASSESSMENT FOR PROJECT WHEELS STUDY GROUP

T e m e s e

1. Table 9, Item No. 42 - Under column 6, "Horsepower per Ton (hpt),"
change "8.2" to read "13"

PPV Y

2. Table 9, Item No. 44 - Under column 3, "Trailer-Howitzer," change to
read: '"M127A1C, 4-wheel, 12-ton sewitrailer"

RIS ¥

3. Table 10, Item No. 44 - Under column 3, "Trailer-Howitzer," change to
vzad: "M127A1C, 4-wheel, 12-ton semitrailer"

oo

4. Table 11, "Item No. 44 = Under column 3, "Trailer-Howitzer," change to
read: '"M127A1C, 4-wheel, 12-ton semitrailer"

3. Table Cl, Characteristic No. 4 - Under "Identification” delete last
three words, "tire ply rating"

A 6. Table Cl, Characteristic No. 4, Vehicle Nos. 41, 42, 43, 44, 45, and 46.
& Change to read "18"

7. Table Cl, Characteristic No. 9, Vehicl: Nos. 41, 42, 43, 44, 45, and 46.
Change tc read "18"

i 8. Table Cl, Characteristic No. 44, Vehicle N- 42. Change to read "13"




VEUICLE MOBILITY ASSESSMENT

FOR j
PROJECT WHEELS STUDY GROUP {j
(With Addenda) i

1

September 1972

S L SRR

Prepared by:

U. S. ARMY TANK-AUTOMOTIVE COMMAMND
Warren, Michigan

and

U. S. ARMY ENGINEER WATERWAYS EXPERIMENT STATION
CORPS OF ENGINEERS
Vicksburg, Mississippi

fy

e




W
€.
1
K

THE CONTRNTS OF THIS REPORT ARE NOT TO BE

USED FOR ADVERTISING, PUBLICA./ION, OR

PROMOTTONAL PURPOSES. CITATION OF TRADE

NAMES DOES NOT CONSTITUTE AN OFFICIAL Ed-

DORSEMENT OR APPROVAL OF THE USE OF SUCH
COMMERCIAL PRODUCTS.

i1

[P prE L LSS

ke

- _A;‘_MA.‘M““VW“_“M'




WS o e (PR I T T W

i

SRS T PR I e 1

L

N Y

FOREWORD

The study reported herein was performed by the U. S. Army Tank-
Autoxotive Command (TACOM) and the U. S. Army Engineer Waterways Exper-
iment Station (WES) for the Department of the Army WHEELS Study Group.

The study was authorized by the Directorate of Regearch, Development

and Engineering, U. 5. Army Materiel Command (AMC), by first indorse-
ment dated 25 April 1972 to basic letter from the Director, WHEELS Study
Group, dited 12 April 1972, subject: ‘Vehicle Mobility Assessment for
WHEELS Study Group," and wae extanded by letter to CG, AMC, from the
Director, WHEELS Study Group, dated 30 June 1972, subject: “Phase II
Additional Requirements for Vehicle Mobility Assessment for WHEELS Study
Group." The réqueats called for an assessment of mobility of vehicles
already in the fleet and candidates for their replacement. The results
of this study were used by the WHEELS Study Group in performing its
analysis of the Army's wheeled vehicle program.

Acknowledgnents are made to BG J. G. Waggener, and BG B.. J. Baer,
successive Directors, WHEELS Study Group, for providing the opportunity
to apply the AMC-71 Ground Mobility Model to such an important study;
to Project WHEELS staff members who monitored the study and provided
helpful suggestions; and to Mr. D. Woomert of Ar Materiel Systems Analysis
Agency, who participated as a member of the mobility research team.

Acknowledgments are also made to TACOM and WES personnel who partici-
pated in the study for their untiring efforts to ensure the expeditious
coupletion of the study.

The main study was performed during April and May 1972, with added
tasks through August 1972, under the supervision of Messrs. h. Otto, TACOM,
and W. G. Shockley and S. J. Knight, WVES., The material for this report was
agsembled and analyzed by the followving personnel:

Name Organization
T. F. Czako TACOM
H. J. Dugoff TACOM

Preceding page Lilank
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Name Organization

J. A. Ellers TACGM
L. A. Martin TACOM
R. B, Ahlvin WES
C. A. Blackmon WES
C. E. Green WES
A. S. Lessen WES
N. R. Murphy, Jr. WES
C. J. Nuttall, Jr. WES
D. D. Randolph WES
A. A, Rula WES
B. G. Schreiner WES
R. P. Smith WES
W. LE. Willoughby WES
D. A. Sloss Stevens Institute of Technology

The report was written by Messrs. Rula, Nuttall, and Dugoff.

COL Ernest D. Peixotto, CE, was Director »f the WES during the
conduct of this study and the preparation of the report, and Mr. F. R.
Brown was Technical Director.
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CONVERSION FACTORS, BRITISH TO METRIC AND METRIC TO BRITISH
UNITS OF MEASUREMENT

British units of measurement used in this report can be converted “o

! s wpetric units as follows: i
Multiply By To Obtain

? t (1) inches 2.54 centinieters

? { (2) aquare inches 6.4516 squere centimeters .
’5 ; (3) feet 0.3048 weters '

: ' (4) miles (U. S. statute)  1.6093 kiloweters

j ? (5) square miles 2.5899 square kilometers (100 hectares) :

; ; (6) pounds 0.4536 kilograms g

f ; (7) pounds per square inch 0.0703 kilograms per square centimeter f

: ’ (8) tons (2000 1b) 907.19 kilograms

. E Metri¢ units of memsurement used in this report can ve converted to

? i British units as follows:

Multiply By To Obtain ‘

; (1) kilometers 0.621k wiles { 3
5 (2) meters 3.2808 feet 1 %
& (3) centimeters 0.3937 inches ”
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SUMMARY

Project WHEELS is a study to evaluate the performance of individual
standard military trucks both off and on road in relation to their missions
and to cash savings possible through the elimination of special militavy

JEe .

automotive features, such as front-wheel drive, or the use of comercial

vehicles in sowe miasions., Such evaluations can only be based upon the

——————
P,

most reliable assessments of mobility performance possible.
The AMC-T71 Ground Mobility Model was used to assess the off- and
on-road speed performance of a group of military and commercial vehicles

;..‘. :':_‘ii!"v P

. TN,

and vehicles with trailers or howltzers, totaling 48 cases of direct
interest and 6 reference vehicles, ranging fram l-ton gross vehicle
weight to 90~ton gross combined welght. The terrain data uced in pre-
dicting off-road performance were obtained fram transects, or strips
of ground, sbout 3 by 52 km located in West Germany, Thailend, and
Arizona, each representative of different types of climatic zones and

- BT s UGS v i -
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terrain conditions. The road data used in predicting on~-roud performance

were collected from segments of primury, secondury, und trail-type roads;
each segment wus approximately 100 miles long. !

Both off- and on-roud purformunce was predicted in terms of speed for

¢ll vehicles and vehicle-traller or ~howitzer comblnations included in 1
the study. Off-road spceed was predicted for truverses made up of five
struight lineg equully spaced aulong the length of' the transeets., On-road

speed was predicted for the total lenglth swnpled in each road category.

Several off-road terraln traverse speed predictions were made. These

included speed made over a combination of areal (patches of homogeneous k ,

L T T e e e

terrain) and linear (streams and rivers) terrains identified as vllO' spaeed
loo), and speed over areal terrain with the worst ,

: |
10 percent removed from consideration (Vgo)' On-rouad speed predictions

vere made for tralls (V3), secondwy roads (VQ), und primuary rouads (Vl).

over areal terrain (V

Performance ln terms of percentage of off- and on-road arenl terrains in
the traverses snd tralls, respectively, that the vehicles could not traverse

is also indicated. Runkings of the performunce of the vehicles considered

were made un the basiy of the V90 and V3 gp2eds for each transect or roud

- network.

| «  DPreceding page biank




Examination of the main study results showed that predicted average
speeds vwere ip many aress sharply affected by vehicle ride dynamics. As
a result, ride-speed tests were made on a number of vehicles in the study
and some predictions adjusted accordingly (Addendum I). Three additional
vehicles were alao evaluated subsequent to the main study (Addendum II).

xvi
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VEHICLE MOBILLTY ASSESSMENT FOR PROJECT WHEELS STUDY CROUP

1. INTRODUCTION

This stwly was performed by the U. S. Army Tank-Autosotive Cosmand
(TACOM) and the U. S. Army Engineer Waterwaye Experiment Station (WES)
for the Department of the army WHEELS Study Group (WSG), which is res-
ponsible for sn analysis of the Army's whaeled wehicle program.

1.1 Objective

The objective of this study vas to assess the off- and on~rosd
parformances of a group of standard and wodified military wheelcd vehicles
and commercial wheeled vehicles with and without trailers. The group
represents a wide range in mobility and payload capsabilities.

1.2 Background

Project WHEELS is a staff study to critically exauine the Army's
vheeled vehicle fleet. An importanc aspect of the examination is an
evaluation of the off- and on-roud performances of individual standard
trucks in relation to their missions and to cost savings effected
through elimination of special militery automotive features, such as
front-wheel drive, ovr through use of commercial vehicles in certain

uissions, Such an evaluation can be hased only upon the wost reliable

assespments of mobility pexformance.
Muring the planning phase of Project WHEELS, WSG personnel asked

TACOM and WES, the agencies principally rosponsible for the U. S. Army

Muteriel Cowmand (AMC) ground wobility research program, to wuggest the
most reliable methods within the project time constrajints of assessing

the off- and on~road mobility of a large number of wvehicles.




1.3 Approsach

A critical reviev of current applicable off -road mobility tech-
nology revealed that study needs would be bast mat by using the AMC-~71
Ground Mcbility Model (AMC-71) to obtain off- and on-road speed
perforuances for each vehicle configuration in one or more represen-
tative terrains. Terrain data available at WES for several strips of
terrain or transects (each approximately x50 km) located in West
Cermany, Thailsnd, and Arizona (see Appendixes A and B) vere used in the
study. Necessary vehicle data (Appendix C) were obtained from TACOM,
Aberdeen Proving Ground, WES, the Study Group, and vehicle manufacturers.

Although AMC-71 was developed from many years of prior mobility
resaearch, it is a first-gencvstion model. Accordingly, some judgment
was recognizad uslncccllary for obtaining the relisble on-time
information needed.

n
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2. AMC-71 GROUND MOBILITY MODEL

2.1 Purpose

The AMC-71 Ground Mobility Model is designed to predict the
quantitative mobility performance of vehicles operating in quantitatively
described terrains. The model does aot consider directly any charac-
teristics other than those that affect mobility, e.g. reliability,
waintyinabilicty, fire power, etc.

2,2 History

TACOM, WES, and the U. S. Arwy Engineer Cold Regions Ressarch
and Engineering Laboratory (CRREL) are responsible for conducting ground
mobility reswarch for AMC, In FY 71, & unified AMC ground mobility
resaarch program was implamented with the capabilities of all three
lgboratories geared to schisve cosmon goals.

At that time, & review of military user requirements for vehicle
mobility information revealed & common nmed for a uniform, reliable,
objective analytical procedure for estimating the performunce of a
vehicie in any spacific operational cnvironw.nt.l To meet this need,
the technology of off-road vehicle parformance, developed over the
preceding 25 years of Army-sponsored research, was iutegrated into &
first-generation model during FY 71-72, The modsl, called the AMC-71
Ground Mobility Model, was forwed by coupling the significant vehicle-
terrain-driver interactions that affect off-road vehicle parformance.*
This model is a digital computer program with sowe analog computar
submodels for evaluating vohicle dynamics., The snalog outputs rra
interfaced wanually with the main digital program. AMC-71 is available
on computers at TACOM and WES.

* A draft report on AMC-71, including programming instructions, is
being prepsred for publication.

T R e thiad
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The curreat compatible terrain data files consist of small-scale
areal terrain unit mape of one transect esach in Puarte Rico, West Germany,

Thailand, and Arizona. Each transect is about 3 km by 50 km.
3 future,

In the near
a8 similar map will be completed for a transect iu Alasks. Maps

: of linear terrain units (i.c¢. streams) at the same scale a8 the areal ter-
“ rain vnit maps for the same transects are¢ also being compiled, but are

not yet complete. Data for approximately 30 self-propelled wheeled and

( tracked vehicles are now stored in the couputer files for easy use.

In ius present configuration, AMC~71 has been aud is being used
in studies to evsluate:

i 4. Craters as barriers to vahicle movemunt

: L. Tho perflormance of self-propelled howitzers and prime mover-
i
' howitzer combinations for selected world terrains

¢, Concepts for a Main Battle Tank

|
\ d. Performaica of the XR3ll and the military jesp for several
g ' selected terraine

; e, Performance of 1/2- to 3/4-ton vehicle temt bed over a
!
variety of terrain conditions

Its use in Project WHEELS 1s the most extensive practical application
«0 datae.

{ 2.3 Basic Premises

The performance of s vehicle at any mowsent is the result of a
complex interplay among many different characteristics of the vehicle,
nwserous features of the partlicular terrain in which it is operating, its
imgediate past operating history, and elections and constraints luposed
by the driver. AMC-71 postulates that the maximun practical speed of a
sound vehicle at any mowent, including zero (or No Go) is the proper

f weasurc of its mobility at that time and place. Accordingly, each of

| the wany system parametars potentially involved wust be quantificd in
enginearing terws that will permit calculation of probable vehicle spaed
as linited by ona or more of a number of possible specific terrain-

vehicle~driver interactions. Table 1 outlines system attributes
L




- EeL TTTLEEI T ST TR o

A AR M SRR TR P e

o P ..

considersd in AMC-71 at this time.

The endless variability of real tervain can ba represented by
8 wosaic of pleces, each of which, to some feassible resolution, can be con-
widered wmiform (daterminictically or probabilistically) in terms of meg-
surable factors affecting vehicle responses. Such s subclass of terrain
is called a terrain uwnit. An areal terrain unit is currently character-
ized by 13 measurements (in class intervals) raflecting the type and
strength of surface materisis, slope, prevailing ground roughnass, dis-
crete obstacles, and vegetatioun (table 2, colusn a); a linear terrain
unit by 9 measurwmenis covering type snd streagth of surfacs materials,
cross section, and watcr depth and velocity (table 3, columm b); and a
road unit by 5 measurementg expressing surface type, strength, slope,
curvatuio, and roughuess (table 2 column c).

Maximua practical speeds for a vehicle in each areal, linear
terrain, and road uwnit within an ares, calcuvlated from validasted engineer-
ing relations, cau be cowbined by suitasbls procedures to predict the per-
formance o f the vehicly along any given path in the real terrsin, saad/or
to accumulate a statistical representation of vehicle performance in the
areas as & vhole.

2.4 Structure

The basic structure of AMC-71 is illustrated in fig. 1. Per-
tineut vehicle characteristics (table 3) and complete data on all terrain
wilts in an area are stored in computer files and sccassad us noaded by a
central performence wodule, The perforwmance module accepts descriptovs
for a single terrain unit and, after examination of & range of possibil-
ities, outputs to a temporary file the mexiwus possible vehicle speed in
the terrain unit aad an ideatification of the controlliing relations. The
entire terrain fila for an arxea is iteratively examined, one unit at a
time, until performanca in each unit has been determined and stoted. At
that point, sawwers in the tewporary file are orgsnired, suitably com-
bined, snalyxed, printed, refiled, etr., by an output routine dusigned
to west the needs of the particular study.
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The basic ocutput of AMC-71 is wehicle spead in each of a series
of areal terrain, linear terrain, and/or voad wnits. The further process- !
ing of these speeds cau develop performsance pwudictiouns along specified
paths, detarmine optimum paths betwveen seslected points under various
constraints, and/or gensrate statistics concerning the vehicle's per-
forsance in the terrain as a whole.

The centzil performance module, the heart of AMC-71, has three
parailel forms: one to handle areal terrain, a second to sxamine linesr
terrain (rivers, streams, ditches, roade, etc.) offering identifiable
linsar barriers to vehicle crossing, and a third to predict performsnce
on a network of roads. A given study may involve use of one, two, or
a#ll three performance modules. The ares]l end linear aodules together
are identified as the off-road wodel, and the road module is identified
a8 the on-road wodel.

A uore detailed structurs of the areal terrsin performance
wodule is shown in fig. 2. Terrain and data files ars accessed by each
submodel as needed. In the areal terrain performance w *~ s, each ter-
rain unit description is combined with the vshicle characterizatiom to
calculate s number of possible operyting spesds as limited by power and
powar train characteristics; aveilable traction; motion resistances
¢ngendered by soils, slopes, add overriding of obstacles and vegetmuion;
local mansuvering to avoid vegetation and obstacles; ride and obstacle-
crossing dynamics; visibility restrictions; and scceleration and braking
parformguce. Tha logic of tha wodel exsmines the lesst of thase several
speady as influenced by obstacles and vegetation and parforms & spead
analysis to decide how much to override and how wuch to svoid. From
this 1t determines the maximum feasibla vehicle speed within the des-~
cribed terrain unit. The module repests the procedure three times for
each terrain unit (where reduired), once with the vehicle running
straight upslope, once runaning directly downslope, and once ruuning
slong the slope contour. The average of these three speeds is assigned
to the terrain unit as whole; when upslope opevation is No Go, the

other two are ulso taken to bs No Go. The areal terrain performance
6
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module is constructed with a submodel to sssess a time penalty for No Go
situations rather than to accept a zero speed with its iuplications of
eternal rest. At present, this submodel has not been detailed, so a
uniform in-unit speed of 0.1 mph was substituted for all No Go's.

The composition of the linear terrain performsnce module i3
diagramed in fig. 3. The mcdule is structured to account for fording
(where possible), swimaing (vhere possible), rafting or bridging (vwhere
necessary), ingress, and egress. Like the areal terrain perforwmance
module, the linesr terrain performance module determinss speeds (in
terms of crossing times) and No Go's and assesses time penalties for
No Go's, In recognition of the fact that the Army will arrange the
necessary engineer support in advance if it must get through.

The basic workings of the on-road performance model are dis-
played in fig. 4. In its present form this model ia essentially an off-
road areal terrain performance module with no vegetation or obstacles,
but with an added relation for limiting speed due to road curvature.

The areal, linegzr, and road speeds for a vehicle in & terrain
(or road) unit are predicted for discrete patches of terrain. The prin-
cipal meuns of interpreting these for an area 1s to examine the perfox-
wance along specific or generalized routes, or truverses, through the
area. Traverse predictions are made by adding traverse times across
a.eal and linear terrain units.

2.5 Current Statuy

Although AMC-71 18 s first-generation model, it is counsidered a
wajor advance over previnusly available ad hac simulations of off-rosd
vehicle performance, in cowpleteness and reaiism (principally in
accepting a full array of real tarrain data), relative degree of valide-
tion, and overall reliability. Duting its formulation, however, some
gaps and weaknesses in the prior, less coordineted research were re-
vesled; several problems of interfacing laboratory idealizatious with
field realities required judicious resolution; and many imporiant areas

7
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for future validation, refinement, and useful extengion became evident.
Accordingly, AMC-71 is still very much work-in-progress.

Major simpliflications upon which an AMC-71 performance model 1s
currently based are:

a. Terrain is made deterministic (in the present instaunce, by
using the mid-range values for each class of each descriptor).

b. The driver acts only ag a governor who impose: speed limits
based upon fixed absorbed power (ride) or acceleration (obstacle
crossing) limits occurring at his seat location, or upon forward vis-
ibility.

&+ Dynamics, traction, and obstacle negotiation are treated as
two-dimensional only, with no yaw or roll motions considered (except for
possible side-slope overturning); i.e. vertical vehicle motions only are
computed, all obstacles are approached head-on, etc.

d. Ground roughness and obstacles are treated as unyielding,
and no tire or suspension compliance 1s considered in examining for
obstacle interferences.

e. Performance is predicted for a single vehicle operating on
a one-pass bhasis.

f. Possille surface slipperiness or pronounced soll layering
is not accounted for.

g+ No provision is made for transition speeds from one terrian
unit to another, or for approaching or leaving a major liuear terrain
feature.

h. All tire traction performance is calculated on the basis of
standard, wilitary, nondirectional, medium~skid, cross-comtry tires.

AMC-71 can predict speed performance for wheeled and tracked
combat and support vehicles. Modeling of pitch-articulated vehicles is
incouplete, and dynamic modeling has not yet been generalized to handle
piteh articulation or bogie suspensions without speclal programming.

Careful validation of the AMC-71 off-road model and subuodels
through field testing was begun in 1971 and is a continuing long-range
project. Validation testing to date has been conducted at Fort Sill,

8
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Oklahoms, and Yuuws Proving Ground, Arizona, with four conventionally
configured vehicles—-two wheeled (M151A2 1/4-ton, 4xé4 utility truck,

and M35A2 2-1/2-ton, 6x6 cargo truck) and two tracked (M113 armored
personnel carrier and M60Al tank). The Fort Si11 teltnz. in which all
the vehicles maintained traverse speeds ranging from 10 to 30 mph,
showed that predicted speéds were within *4 mph of measured speeds in
#1]1 czses. Variations were identified as caused in large part by driver
responses, affected by visibility, experience, and risk evaluation; to
transition speeds between terrain units; and to dynamic power losses to
suspension systems. None of these effects are yet accounted for in the
model. In spite of these and other known limitations, the model is con-
sidered ugeful in current and near-future simulations, provided only that
its limitations are not completely overlooked in the interpretaticn and
application of final results.
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3. ADAPTATION OF AMC-71 MODEL FOR WHEELS STUDY

The objective of the WSG as related to the use of AMC-71 were to:
. Quantify off-road mobility

o o

. Quantify on-road mobility,

Assess performance changes due to denial of front-wheel drive.

o jo

Assess performance changes due to use of locking and limited-
slip differentials.

2. Assess performance changes due t. denial of special shallow-
water fording features, such as waterproof ignition.

f. Demonstrate the effects of multiple vehicle operation on off-
road wobility performance,

Objectives a and b were to be pursved for each military and commer-
cial vehicle and vehicle-trailer combination in a group of 48 of direct
.nterest and 6 reference vehicles (table 9).* Weights ranged from 1-tomn
gross weight for individual vehicles to 90-ton gross welght for vehicle
combinations. Objectives c through f were to be pursued for a number of
cases,

For proper contribution to the study, changes or additions to AMC-71
were required to deal with problems or vehicle configurations not yet
addressed in the operating model, to utilize dynamics submodels com-
patible with the large number of vehicles involved and the limited time
available for the study, and to formulate output analyses and formats
sultable for the study.

To incorporate even approximate means of treating problems involving
forces and motions other than those in the center-line plane, i.e. roll
and yaw articulation or special differentials was not possible within the
study time frame., In additiom, the Go-No Go advantages of pitch artic-

ulation in negotlating large, single obstacles were not formulated.

* Three additional vehicles were evaluated subsequently, See Addendum II.
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3.1 Special Feature Treaiment

3.1.1 On-road performance

The flow chart for the on-road performance model was
presented earlier (fig. 4) to emphasize its basic similaricy to the areal
performance module from which it was derived. The on-r i model was, in
fact, made operational specificelly to meet the requirements of this study.
Power train, slope, and ride dynamics submodels from the areal module were
used in toto. The soil strength submodel was uvsed for unsurfaced fair-
weather roads; whereaeg constant gross motion sesistance coefficierts with
no allowance for air resistance were used for all other roads. A submodel
was added to limit speed as a function of road curvature and road type
shiown in fig. 5. Note that the on-road model can predict No Go's in es-
peclally severe conditions, such a8 might be encountered in wet seasons on
unsurfaced, fair-weather roads and trails.

3.1.2 Front-wheel-drive denial and towed trailers

Formulas used in the soil-vehicle submodel for couputing
vehicle cone index (VCIl), which is the minimum soil strength required to
complete a prescribed nuwber (1 or 50) of passes of self-propelled wheeled
vehicles operating on fine- and coarse-grained soils, apply only to all-
wheel-drive vehiclea., Because this study included vehicles with front-
wheel drive capability denied and with towed loads, provision was added
to compute the minimum l-pass soil strength requirements (VCIl) for such
vehicle configurations.

A compatible traction submodel was formulated. The order
of change that occured in VCIl requirements for fine~ and coarse-grained
soils due to front-wheel drive denial and to towed loads in illustrated
in the following tabulation.

M3542 2-1/2-ton, 6x6 Cargo Truck

VCI vVCI
Drive 1 1
Configuration Trailer Fino=-Grained S0il Coarse~Grained Soil
6x6 - 27 26
6x4 - 37 36
6x6 M105A2 34 27
6x4 M105A2 40 50
11
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3.1.3 Large tire deflections

Computations of VCIl in coarse-gralned soils use actual
operating tire deflection. However, normal computations of VCIl for
fine-grained soils use 10-15 percent deflcetion, waich is cheracterigtic
of standard military tires at recommended off-road inflation pressures.
The M%2OEl 8~ton, Uxl cargo truck is equipped with esrthmover tires
designed to operat= at approximately 25 perceni deflection. The standard
VCIl calculation for this vehicle was modified by reference to the
results of WES s2il bin research in clays, which show a reduction in

‘.-'CI1 tor Tine-grained soils, in this case, of 30 percent.1

3.1.0 Reduction in fording capability

Reductiou in fording capability was handled by the exist-
ing fording submodel of the lineur performance module, once a suitably
reduced fording depth limit was assigned as a vehicle characteristic,

3.1.5 Effects of traffic on vehicle off=road performance

To exumine the order of effects of multiple vehicle oper-
ation on the speed predictions, the standard 50-pass soil strength crite-

rion, VCI50 , wa8 introduced in pluce of the l-pass criterion, VCIl, in

the AMC-71 soil submodel., No adjustment was attempted to reduce vegeta-

tion r sistances as a result of the trall-breaking efforts of the first
vehicle or possible degradation of obstacles with traffic.

3.2 Special Dynamics Submodels

In many terrains vehicle speed is limited by vehicle vibrations
induced by essentially continuous ground roughness (ride dynamics). In
other terraing, averapge terrain unit speede are limited by the 8low speeds

12
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necessary t» reduce shock to & tolerable level while negotiating reg-
ularly occurring charvacterigtic obstacles, such as small dikes and ditches.
Both limits are esa¢ntially dynamic, and severity of response at the
driver's seat is agsumed to be the eriterionm,

The modeling of vehicle dynamics differs fundamentally from
that of other elements in AMC~71. The mathematical simulation of
dynamic response requires the time-consuming solution of differential
equations; whercas the ather sulmodels easentially involve vapid solution
of algebraic equations., To include dynamice effects on vehicle per-
formance in this study, it was necessary to exclude from consideration
the use of an available sophisticated ride dynamics submodel programmed
for an anslog cowputer and to select a simpler and more rapid approach
haviug an algebraic structure. The gain in time is paid for by de-
craased acruracy.

3.2 1 PRide dynamice subuodal

The simplified ride dynamics submodel used was based om
0 J~ride dynamics ucdel used by TACOM in support of the REVAL WHEELS

Study (1968). This linear, two-dimensional model permits only two
degrees of freedom, single rigid body pitch and bounce. Only vertical
uotions at the driver's seat are used to compute absorbed power; tire
compliancec are not considered. However, the basic structure of the sub-
model is straightforward and allows existing terrgin data to be used
directly.

The submodel is used by specifying a number of pertinart
structural and gecmetric vehicle parameters. It outputs & graph of
drivar sbsorbad power versus vehicle speed, as shown in fig. 6, in which
the horizontal line represents the 6-~watt comfort limit for a terrain
roughness of 1-in. root me u square (KMS) elevation. Intzrsection of the
6~watt comfort limit line with the abscrbed power curve in any tervain
roughness defines the limi*ing vehlcle speed for that rougliness. Where
several intersectioas csn occur. a judgment is wade as to which ls

13
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appropriate, the most frequent choice being the highest speed inter-
section. Because the subwodel is linear, spsed limits for any roughnecs
can be deteruined from & single absorbed-power curve for one roughnesa
siuply by altaring the powar gcale properly. For exsmple, dividing the
ordinates of the l-in. RS elevation curve by a factor of four 1s
equivalent to inputting a terrvain roughness of 1/2-iu. ¥MS elevation;
multiplying by four is equivalent to a terrain roughuess of 2. Speecds
obtuined in this manner, plotted against roughnees, uwake up the G-watt
ride limit curves used in the performsnce wmodule per cs. An example s
shown in fig. 7. _
fuitial triwle of the original V-ride subwmodel rasulted
in unreasonable dynunic vesponses for wmany vehicles., A sat of wodifica-
tions was Jdevised that improved its apparent performance. These were
ay follows:

#¢ Yor single-uxle suspensious, tire epring and
dauping rates were considered in saries with suspsnaion spring and
danping rates. The spring and dampiag rates of dual tires were computed
ay parallel combinations of those of the individusl tires.

b. Tandewn uxles on bogled uuspansicns ware regaxded
as independently suspended o wprings of ons-quarter the spring rvate of
the actusl bogie spyving. This fraction was obtained by considering de-
partureas frotn equilibriuva position of the true suspension spring incuvred
by the incremental elevation of one of the tandem axles st a time, and
svened resvonsble in terms of the ride~smoothing effect of the bogled
acrangenent in most operatioms,

¢c. Both cargo trallers and semitcrailers were handied
by determining the static load transferrved to the platle or fifth wheel,
cuﬁputing an "effactive nass' corrdsponding to this loud, and adding
this quantity to the inertis) wmass of the tractor vehicle. The pitch
moment of inertia was not altered. Artliculated vehiclcs werc tcsated as
tractor~trailer combinations.

Trails of the V~ride submodel with the above modifica-
tfons resulted in improved dynamice predictions, but discrepancles from
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sxperience were still apparent. 7o wske s finsl sdjustment to the ride
predii cione, estimatas of waximum speeds for the principal individusl
vehicles in the study, each in soderately rough tield terrain (approx-
ixate RMS elevation » 1.5 in.), vere solicited from two independunt
expart sources connected with neither TACIM nor WES. The degras of
concensus is illustrated in fig. 8. The two speed assessments for a
vehicle vere aversged to assign a bench-mark spesd limit for sach
vehicle corresponding to 1.5-in. RMS elevation. ‘This bench mark was
used to adjust the absorbed power scale on the basic ride limit-speed
curve s0 that the 6-watt limit was achieved at that speed when the
roughness was at an RMS elevation of 1.5~in. Fig. 9 compares computed
and experienced b6-watt ride wpeeds st this roughness. The only trend

discernible in the corrections is that of the calculations to overestimate

the spewds of vehicles in which the drivev's seat is close to the vehicle
centar of gravity snd to undersstimate wpeeds when driver position is
wzll forward.

Ride~1limit speuds at other roughnesses were read from
the abworbed power curves so adjustud, om the assumption that the
reneral shape of the computer curve was due to major body uotions and
wvas essentially valid., An exaaple of a ride-limit curve that required
wajor adjustuent is shown in fig. 10 for the M656 5-tom, BxB cargo
truck. The sane basic scale adjustment was used for each vehicle with
and without its appropriste trailer. No adjustwments were made to
calculations for tractor-trailer combinations ov other vehicles not
covered in the brief exporicence survey.”

3.2,2 Obstacle dynamics submodel

Once the unalog dynamics submodel ie zet up for the ride
dyaamics of a vehicle, the vertical acceleration at the driver's seat
when the vehicle 1l crossing single obstacles of various sixes is readily
obtainad as a special case. In the present study, the snalog dynamics

svbmodel was not used. Nelther vere any simnlified snalyses available.

" See Addenduwm L.
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Howaver, from sn on-going ressarch program, relisble
test data on the speed that produces ths assumed limiting 2.5-g verticsl
acceleration at the driver's seat while the vahicle is crossing standard-
ized, rigtd, convex obstucles of various heights were available for four
conventional wheelad veahicles (M151A1, M37B1, M35ALl, and XMAIOELl), owe
fully articulated vheeled wvehicle (MEXA 2-1/2-tos), 10x10 cargo test bnda).
and two conventional tracked vehicles (M113 and M60Al)., Exuminstion of
detailud test records indicated that, despite later influsnces from the
rear axles, cthe coutrolling high acceleration vas genarally sssociated
with front~axle (or wheel) impact upon returning to base-line levsl.

With this ineight, & judicious choice of apparently controlllng vehicle
parssaters, and sose dimensional reggoning, an exprassion for obstacle-
limited speed versus obatacle height was developed, vhich back-fitted the
major levels and charscteristics of the field dats curves quite reasonably.
The dimensionless expression used is

LN ’ !‘S\ 1
e MR y?

where, in consistent uaits,
V = yehicle spead

distance from axle at equilibrius to bump stop plus one-fifth of
tire section height
g » ucceleration of gravity
K = total spring rate on front sxle s2 used in the ride dynamics
subuwodel
W = wuight oa front axle
h = obstacie height
L = wheelbuse (Note: Bogled suspension counts us one axle located
at canter of leaf spring; for pitch-articulated vehicles,
measursment is for froat unit only.)
This relation was spplied uniformiy to all of the
wheeled vehicles in the study and to the M548A1 S-toan tracked cargo
carrier. For the other two tracked vehicles (M113Al and H60AL)
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considered in this study, the availahle experimental obstacle height-
spaed relations tor 2.5-g leval of vertical accelerstion were used
directly in lieu of the lbow.N

3.3 Special Output Forunts (see nection 4.3)

The basic output of AMC-71 is a listing of each terrain unit,
wvith esach assoclated potential speed limit (V-swoil, V-ridae, etc.) and
the final omnidirectional average spesd for the unit. Subsidisry list-
ings of tervain and vehicle input values also ara svailable.

3.3.1 Revised basic listing

Yor the presant study, the basic AMC~7)1 ougput for each
wehicle was consolidated into 4 sequentiully nuvabered listiug of tecrsiu
uwiits in decreasing order of final speed-made-good in the unit, us
illustrated in table 4. ¥or each terrain unit, the columns in table 4
show!

A. Columa 3 - Total percentage of sample distance (or
crossinps) repcesented by that terrvain
unit

b, Columm 4 - Accumulated percentage of total ssmple
distunce starting with terrain unit in
which the vehicle had the highest spead

&. Column 5 - Speed in the tervain unit, wmph
d. Colwn 6

Distance-weighted wverage spasd in the
accunulated distance (4 above), wph

4. Columns 7-9 - Coded diasgnostic indications (flags)
of reasous for No Go or controlling
spead consideration in the unit when the
vehicle wss operating up, down, and
acrost slopes.

*  Experimental obstacle-lieight-speed relations used for comsercial 5-8 T

8x8., Sev Addenduw 1I.
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The final line in the revisad basic liwtiag (table 4,
sheet 5) gives the average spsad for the total sample distance (or
nuvber of crowsings). At sarlier points in the list can ba found
average speeds at various other percentages of less severe terrain--—as
determinad by the vaihicle itself--or percentage in which average or
in-unit spoad-made~good doas not fall below a given lavel. The last
acewsulatad distance before in-unit speeds drop to 0.1 uph is the per-
centagr: of the total ssmple that is Co for the vehicle. Samples of
each typs of information are indicated in table 4,

An anulysis of the disgnostic flags i{s printed out at
the conclusion of each listing (table &, sheet 6). Thia shows in parcent
the saccumulated distance in which eachNo Go or spsed contrul was
operable for the fivst 50 tervain units, the first 100 terrsin uwnits,
etc., and finally for the total sample,

The complete output for the vet-ssason off~road and
on-road perfoiuances of thie M35A1 2-1/2-ton, 6x6 cargo truck in all
three selected study traverses (Wuot Gurmany, Thailand, and Arixona -
see section 4.1) 1w given in Appendix D as & full example.

3.3.2 Speed profile curves

A Epectal routine was written to display the
wpeed versus percant distance information of the revised basic listing
ay & curve showlng accumulated average speed us a function of parcent
total dlstuice. Theue will hanceforth be referred to as vehlcle-speed
protfiles. A wample set of profiles for aveal terrain speeds aud on-road
speeds in the three sslected study traverses is given in figs. 11-14,
inclusive, tor thu M35AL 2-1/2-ton, 6x6 cargo truck. Off-road sresl
taxrain speed profilas cor sll the vehicles in the study are given in
Appundix L.
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L, APPLICATION PARTICULARS

Exercise »f ANC=71 in support of the study involved salection
and/or development of suitable terrain dats, selection and characteri-
sation of the vehicles, adoption of un approach foxr organizing the
results, and establishment along the way of some further ground rules
to fix a few remaining options.

L.l Terrain Used in the Study

The terrain in which a given vehicle operates has an over-
riding influence on ity intrinsic performance and also on its par-
formunce relative to that oif other vehiicles in the smme terrain.
Selection of test terrains accordingly has & major influence on study
results,

The detail with which AMC-71 models the complex terrain-
vehicle-driver intersctions is its wain strength, for it systewati-
cally and even~-handedly exumines the coupled effects of' individuml
and combined terrein factors. Corallary to this, use of AMC-T71 re-
quires terrain data in terms of quantltative fuctors and resolutions
that are not usually svailable. The time frame of the present stuly
did not permit extensive nev compllution of the requisite terrain
data. Hather, available dutu had to be used to the greatest extent
poisille.,

4.1.1 Areal terruin data

The most time-consuming class of data to collect, pri-
narily because of its relutive quuntlity, is that describing areal
terrain. rortuamtely, when the study began, complete quantitative
areal terrain amaps at a scale of 1:12500 for three terrain types of
interest were available from on-going research., These maps cover
modest smuples of cross-country terrain, or transects, (about 3 km by
50 ki) in West Cermany, Thailand, and Arizona.* Terrain factor

¥ A fourth transwct in Tuerto Hico waw also avkilsble, but waa not ased;

whereas work on one other, in Alaskm, was not far enough advanced for
it to he considersd for use at this Juncture,
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information for each map permite its use for predictions in wet, dry,
and/or awverage scasons. Specific geographic locations and orientations
of the three transects are shown in fig. Al, Appendix A. The section
of the arcal terrain unit map for the West Cerumeny transect shown in
fig. 1% i1lluntrates both the resolution of the terrain unit maps used
and the cowplexity of that particular terrain. Table 5 identifies
the areal tevrain faciorw used sud the intervals for the factor
classuw of each, and ffy. 16 detines the obstacle gemmetric factors
tnvolvcd.5 Complete terrain unit listings by identification number
aud clatis nuwebers for cach factor for the West Germany, Thailand,

and Ardxona traverse or routes over which predictions were wmade are
pivea 1n Appendix B,

It wust be emphasized that none of the swall wmapped
trungecin are fully representative of the lacger goographile areaw with
which thev are identified. Each was duliberstely sélected during the
resuwarch that generated tham to reprssent a4 distinctly different,
typleally difficult tervain having some weaningful world-wide iwportance.

The Wesnt Carmany transuct is considered typical of most
of central Gerwany and sindler woell-draived, hilly, partially formsted
uplund areas throughout Burope snd slwewherwe in temparate climates. It
is not reprusentative of North Europusn peat country, cosstal lowlands,
or Alpine topography, The Thailand transect is condidered to he repre-~
sentative of subtropical deltate and coastal plains uader rice agriculture;
tha Ardzona transect to be typlcal of arid, subtroplceal desert country

outuide of major dune arcas. A wore detailed description of cach of the

thres transects 18 given in Appundix A,
Clearly, thesa thyoe transects constitute only a small
sample of poseible world-wide terrain types. Ad a small sample, 1t is un-

avoldably blased., Nonetheless, the thres transects cover both a useful
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range of geopraphic situations of putential interest, and & wide range
of complex terrain-vehicle~driver confrontations.

The WSC elected Lo have its vehicles exertised by
AMC-71 over the avallable West GCermany, Thailand, and Arizonu transects,
all under wet~seansons conditlons. Differencee in rainfall between
seazons in the Arizona transect ure so small that s0il strengths sre
unchanged within the vesolution of the available ¢terrain deta.

To obtain un area-weiphted speed for a vehicle in all
of the terrain units in a transect, the total relative area occupied by
ecach should be known* and available tr the computer in storage with the
terrain degeripturs for each terrain unit. This kind of time-conswiing
agglomeration had not been accomplished prior to the study. Aa an
expedient, estirates of areal characteristics were obtained for eech
area by sampling it continuously along tive equally spaced parullel
gtraight lines running its length. ‘The specific paths selected are
identified as traverses, SHections of these sampling lines are shown
in fig. 15. All unit terraing crossed were recorded, and the total
distance ln cach was sccuuuluted. These totals were nommlized on the
tagin of the tobtuwl length of the five lines, and the ares was considerwd
as though 1t was mude ap wholly of the terrsin units encountered, in
the resulting proportions. The 2llowing tabulation shows a coumperigon
of the total pumber of terrain uwnlts in ewch transect with the number
picked up by this sampling procadure.

Total Nuwmber of Nunber Used
Mohility Transeut Areal Terraln Unite in 8tudy
West Gerumny 1411 L8L
Thailand Lgy 255
Arizona Los 2L2

# Note thst a single terrain unit may be found only in one counected
patch within a traverse, or as & nunber of digerete patches throughout.
For the present anmlyais, relative occupaniy ouly is required, regmard-
lews of continuity or distribution.
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4.1.2 Linear teorrain data

The linear terrain (rivers, streams, canals, etc.) used
in the study was that occurring within the three selected transects.
None of the needed detailed quantitative data were available prior to the
study, however.

Within the operative time constraints, the requisita
linear terrain data for the West Cermany transect only could be compiled
from avallable sources. This was done by using the WES European Waterways
Study6 1:50000-scale military maps of the area and estimates of physical
characteristics based on river regime analogs7 to characterize each of
the 124 intersections of the five areal sampling lines (260 km) with
identifiable linear features.

Linear terrain factors and the class intervals used to
characterize them are given in table 6. The geometry terms are defined
in fig. 17. The quantitative data used in this study on the river
terrain units in the West Germany transect gnd their relative occurrence
are given in the listing of linear terrain units in Appendix B.

Fellowing a preliminary analvsis, 28 crossings (com-
prising 17 different river types) were found tc be No Go for all of
the wheeled vehicles in the stuvdy, and these were eliminated from the
final evaluation of times required by all vehicles for negotiation of
linear features, This was done on the premise that no reslistic mission
would require negotiation of crossings of this severity by aay vehicle
without preplanned engineer support. Those terrain units eliminated on
this basis are identified in the listing in Appendix B.

4.1.3 Road data

The road networks selected for the study were essen-
tially those existing in the three study transects. Although needed
quantitative data for these were not available prior to the study,
data for all three areas were compiled for the exercise. The West

Germany roads quantified during the study are those occurring on the
20
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DEUTSCHLAND 1: %0000 series M745 map sheets L6918 and L6920 between grid
lines 918 and 6920, Ceographically, the boundaries are 49° 03' 26"
N lat:tude and 19® 00' UU" N latitude, and 9° 20' E longitude and 8°
LO' £ lonpitude. This approximates about one half of the West Germany
transect. The Thailand roads are those occurring on the THAILAND 1:50000
series L708 map sheets 5153 I, 5154 I, 5154 II, and 5155 II, with the
boundaries 1l° 10" N latitude, and 14® 50' N latitude, and 100° L5'
E long.tude and 101* 00' E longitude. The roads quantified near Yuma,
Arizona, are those occurring on the ARIZONA 1:50000 series V978 map
sheets 3149 1 and 3149 IV, The boundaries are 33° 00' N latitude and
32° L5' Il latitude, and 11L° 00" W longitude and 11L° 30' W longitude.
Preliminary study of the maps indicated that all
roads in all areas could be readily grouped from the map legends into
three usable types:
a. Primary or type 1: Surfaced all-weather roads,

two lanes or more
b. Secondary or type 2: The balance of all-weather

roads, pgenerally unpaved hut improved, plus paved roads less than two

lanes wide
¢. Trails or type 3: Unimproved and fair weather

roads and tralls of at least one vehicle width

Each type was quantified separately in terms of the road
factors, factor classes, and renges, as shown in teble 7. Each unique
combination of factor classes denotes a "road unit," fully analogous to
a terrain unit as used in the off-road model.

Within a type, readlily identifiable from the map
legend, slope and curvature were measured directly from the maps. Slope
wag obtained by measuring distances along the roads between contour
lines. However, aince the contours did not indicate road cuts or 1'ills,
gome Judgment was required to account for these road construction
practices. To approximate this, wmaximum slope in any type 1 road segment
was limited to 7 percent (slope types 1-3); that on any type ? road to
27 percent (slope classes 1-7). Type 3 roads were assumed to follow

23

o P AN

T e W o WR . BNELE

P U




S aE NS S

T T

e

~ g

the natural slope of the terrain and had no slope limitations imposed.

Road curvature is defined as the angle at the center of
the curve suttended by an arc of 100 ft.8 Curvature was measured from
the maps with templates at the same scale. A curvature class could be
assipned to each curve or intersection discernible at the 1:50000 scele.
At each intersection, all of the measured curvature was assigned to the
lower class of road involved, cr where roads of the same type intersected,
to> the shorter section or to the non-thruugh road as appeared appropriate.
Throurh villapes and cities; only the primary roads were followed and
road units defined accordingly.

Every unigue combination of the factor classes for road
type, slope, and curvature was assigned a road unit number; and all dis-
tances were identified with each number accumulated. The two remaining
factors in the complete rcad unit quantification, surface strength and
=aurhness, were assirned indirectly as descrited helow.

All type 1 mnd type 2 roads were considered to have
adequate ltearing capacit for &ll vehicles, even in the wet season.
Accordingly, constant motion resistance coefficients were assigned for
all wheeled vehicles: UO 1h/T for tvpe 1 roads (essentially paved), and
70 1b/T for twpe 2 (essentially gr.ravelled).9 On the basis of experience
and judement, wet-season surface strength of type ? roads in West Gerwany
and Thailand was ar‘itrarily related directly to the drainape situation
and, hence, to recorded slope, as follows:

&. BSlope less than 2 percent; poorly drained: RCI =
~1-102 (strenrth class %)

L. Slope 2,1-7 percent; moderately drained: RCI = 101~
10 (strenpth class U)

¢. Slope preater than 7 percent; well drained: RCI =
151-220 (strensth class 3)
Surface strength for type 3 roads in the Arizona traverse was assumed to
e a8 great as the soil strength in the surrounding area, which was gen-
erally greater than 280 cone index. . us, for Arizona, RCI = 280 was
used for all type 3 roads.
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No special relation for surfece slipperiness was in-
troduced; however, to account for the general loss of traction on wet
roads, traction on all roads was reduced by 20 perccnt.lo

Since surface roughness patently could not be measured
on the 1:50000 maps, type 1 roads were as3umed to be relatively swooth
and free of surface irregularities, type 2 roady somevhat less smooth,
and type 3 roads much less smooth. Accordingly, & minimun surface rough-
ness of 0 to 0.b-in. RMS elevation was assigned to type 1 roaus. To
account for expected variability in the other two types, surface rough-
ness values of O to 0.l-in, and 0.5- to 1.5-in. RMS elevation were
allowed for type 2 roads, and O to O.k-in., 0.5~ to 1.5-in., 1.5~ to
2.5-in., and 2.5= to 3.9-in. for type 3. 1In these latter two classes,
one of the alloweble values was randomly assigned to each road unit.
Long road units (more than 20 vercent of the total) were divided into
equal parts, and one of the allowed roughnesses was assigned to each,
Road unit distances in the results were normalized in the same wanner
as off-road traverses.

Roads in each type were sanpled within each transect
until a total of approximately 100 km per type had heen characterized.
As expected, total mileage in the three classes was generally least in
type 1 and greatest in type 3. Where there was not a total of 100 km
of a typc within the traverse, the sampling area was extended into
similar terrain laterally on each side until the requisite mileage was
reached. Where total mileage of a type within the transect was far in
uxcess of 100 km, appropriately reduced areas within the transect were
sampled to obtain at least 1CO-km total traverse, These were spotted
about the total transect area so as to reflect appearent differences in
r~od density, relief, land use, etc,

The road unit maps were constructed in the same manner
as off-road linear terrain maps. The rcad unit maps for type 1 and type 2
roads in the Western Cermany traverse are shown in fig. 18. Fig. 19 shows
the location of areas used in sampling type 3 roads, and fig. 20 one of
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the samples. Table 8 summarizes areas and road lenpths (in miles) "
sampled for each road type in each traverse, and associated road
i dengities. Complete road unit listings by identification number and

i class nunters for each factor in West Germany, Thailand, and Arizona

A are yiven in Appendiz B,

L.2 vehicles Considered in the Study

The 18 vehicles, modifications thereof, and vehicle-trailer
comi inati-ns of direct interest to the WSGC were selected by that group.

Six* udditionul vehicles also were churacterized, three whesled and three

tracked, us experience references. All 54 ave listed in table 9%* along
B with a summar, of some of salient characteristics and performance parameters,
In Appendix C, the quantification of parameters for each vehicle and

vehicle-t.~ailer combination necessary to implement AMC-71, including
; . relations ol'tained from the dynamics sulmodel, is tabulated as inputted

. ‘ to the computer fileg. Sources from which requisite data were compiled
are shown in table 3.

The values characteriziny the vehlcles, and, of course, the
tinal outputs as well, reflect the following ground rules established
Jointly with the WSG:

a. All military vehicles and trailers were run, hoth off and
on road, with the payload specified in Army characteristies data sheets
fcr of'ft-road and cross-country operations.

+. Kach commercial configuratisn was run with the same pay-
load as the military vehicle with which 1t was nominally competitive.

o Soil and dynamics performances were calculated in all
;f cases at tire pressures recommended in the characteristiics data sheets

e for off-road use, except that for operations in coarse-grained soils,

¥ Plus three additional wheeled vehicles, see Addendum 1T. 1

¥ See Addendum I for updated dynamicu perfr~rmance data on some vehicles;
Addendum IT for data on three additional . .nicles.
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801l predictions were based upon maximum practicel tire deflections
(i.e. further reduced pressures) tuken in all cases as 25 percent of
the tire section height.

d. Marimum opersting or towing speeds for specific vehicles
and trailers were imposed where officially recommended (see Appendix C).
Consultution with the U. 8. Army Artillery Board indicated that no tow=

ing limits were necessary for the few vehicle-howitzer combinations
included,

4.3 Orgunization of Resultn

Iu light of both the further uses to which the WSG propoused to
put the AMC-T1 output and the tiwe limltutions, & stutisticael represon-
tation of euch vehicle's predicted performence wag deeuwcd appropriate.
The busic statisticul weusure selected wus uverage off-road apeed within
an arca und, separutely, aversge spreed on the ussociuted roads (appro-
pristely clussed). For preuenl purposes these uveruge spceds would be
defined as simple urcea (or distunce) weighted averages of muximum svesds
withia the tevrein uuits (or rous wniis), without convideration of
sccelerations mnd decelerations during transitions from one terrain unit
to the next. Thic greatly simplified the necessary organization of
terrain duta und 1ts final interpretation.

urther, 1t wau recognived Lhatl ut leuwst two levels of off-
road mobility were involved in the Army's long list of missions. Yor
forward-urea missions requiring the highest mobility, average speed 1n
the arcs a¢ u whole, including deluys for crossing linewr terrain
festlures encountered, wag decmed nppropriste

# Since lack of precompiled, deteiled terrain datae (section L.1.2) in

fact mude it possible to develop linear terrain crossing-time predictiouns
for the West Germany trausec. ouly, Loth the speed for 100 percent of

the areal terruin units only (denoted leO) und speed with linear terrain

crossing delays udded (Vﬂlo) are shown for this traverse, and V., only
15 given for the other two (see table 10).
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¥Yor wedium-mobility missions, where svoidsnce of some of the !
loast favorable sections of terrain would be normal and acceptable, |
' average speed in that part of the areal terraln left after eliminating
i the worst 10 percent of thu area was accepted as more realistic (Vgo) .
; A subsidiary statistic desired was the percentage of the area
. in which the vehicle was moblle (porcent Go). The routines to output
these figures, plus some dlagnostics, have been desucribed in section 3.3.
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5.0 SUMMARY AND DISCUSSION OF RESULTS
5.1 Results

Off- and on~road average speads (mph) predicted by AMC-71
for all vehicles in each of the three study traverses are summarized
iu tuble 10.% ‘Phe vehicles are ordered by puyload vlass with militayy
and commercial vehlcles with frout-whenl drive denied inclyded in each. .
Predictions for referonce tracked and vheolad vehicles are grouped ut
the and of the tuble. Fox each traverse, columns from left to vight
present:

a V110 - West Germany traverwe only; average speed in all
terrains, including crossing times for linear features, except the
upprorimately 25 percent judped to require enginewr support at all times

b. Vioo - Avurage speed in all areal tervaine (i.,e., with no
stream croesings)

c. Vso - JAverage spued in Y0 percent of areal terrxain in which
vach vehicle maintained the highost speeds

d. Ve - Avarage speud on trails and falr-wemther roads

(type 3)

.. Vz - Average speed on wwurfaced, all-weather roads
(typa 2)

£, V1 -~ Average spoed on surfaced roads (type 1)

B+ VYercentege of arcal terrain in which operation wus Go

h. Tercentage of type 3 roads on which operation was Go

Tuble L1%% wummarizes the No Go or speed-controlling tevrain=
vehicle interdactions for euch vehicle in each areal terrain in terms of
the percentage of traverwe distance in which cach such interaction was
operative,

These predictions answer the basic WSG questins concerning
off~ and on-road performance of standerd wilitary and commercial vehicles
and vehicles with front-wheel drive denied, with and without trailevs,

for the three traverses. In a few cases, vehicles were towing howitzers.

* Table is updated to reflect results shown in Addenda I and I1. Original
prudictious are prescrved in Addendum 1.
*%  Original results only, plus three additional vehicles.
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They consider no route selection or optimizaticn beyond that reflected
in the "90 spesd. Performance predictions are for vet-seascu operation
of a single vehicle, and do not includs any influsnce of possible local
slippariness or pronounced layoring in soil streagth.® Thay include

arbitrary, but resasonable, time pensltias for negotiating No Go situations

a8 needed to cover the terrain to the extent inteanded (100 perceat wicha/

or without stresw croasings, or S0 percent). Questions couceraing tive
traad or differential design are not addressed.

Whereas the principal spesd predictions refer to single vehicle
operation, table 12 1llustrates for four sample vehicles the order of
degradation in off-road performance that cun ba expected vhen the aumber
of vehicles involved in an operation is wo lurge that as wany as 50
vehicles wust pass cssentially in file during cross-countyy travel.

Table 13 presents, for the tractor-traller comwbinations in the study,
predicted waxinum speeds possible when the vehicles are negotiaclag
smooth puved voudy up 4 3 perceut grade, down & 3 parcent grade, and
on the level, with a 70-mph sbwolute speed limit imposed.

5.2 Realisw and Relisbility of tho Results

The ussefulness of the results to the WSGC depends ou a clearx
asseuswent of thelr limitstions. Jf the logic of AMC~71 is acceptable

and properly executed, theve are still five brosd classes of errors
that could be ilnvolved.

8. Type [: Ioput erxors, either in vehicle charucterization
or in terraln information, starting st the basic svurce, but possible

right through to typographic errors in entering the daia to the cowpyter
b. ‘Type II:

Errvors in the submodels that Jdetermine physical
rasponse

€. Type IIV: Errors srising becsuse of the particular traat-
nsnt of terrain data in terms of class intervsls

d. Type IV: Output srrovs iu transcribing computed results to

* 0r, in the Vaat Germany transect, of possible snow cover.,
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final reports, curves, and anslyses--trivisl, but potentially as dis- L
ruptive to the results as any other

e. Type V: Interpretation errorn dus to ignoring or misunder-
standing sssuwnptions and limitations

Preceding sections have outlined basic limitations of AMC-71

and the assunptions used, including those specifically wade to handle
this wtudy. Yrror type V will b addressed in the following parsgraphas
by examining the apparent influsvce of the AMC=71 limitations upon the
rusults 10 context of other postulated srvor types (except IV, which,
along with trunscription errors in type I, have buen largely eliminated
by methodical chacking).

e g — B . © M St -~ e — .

4.2,1 Terrain used

The most cursory exsmination of table 10 shows that

i - ——

terrain inputs, s expected, hove s major intluence upon all off-romd
speud pred . ctions. Arcordingly, it bears repouting that the three
ptud’ transects must not Le construed ae represeatiog the entire
regpraphilicul ares Ly whicli Lthev are convenlently designated.
Supplementioy the controlling demcriptions presented
in Appendix A, the vehilclew in the study have geuerated m volilcle~
oriented munlysis of Lhe ureml features of the Lraverses. Table 1b
shown how the traverses "appear’ to three hiph-molility vehicles (whose
viewpoints are remarkably honopeunous); and as they are "seen" by three
standard mobility vehicles with Lheir performunce levels reduced by
front-wheel drive denial (whose concensus, while clear, is not quite
as sharp). In terms of areal features, the 1 miland traverse is most
regtrictive to vehicele performance. It 18 charscterized Ly weak wolls
(affecting the low-mobllity vehicles) and numerous obstucles (rice paddy
dikes), which affect the high-mobility vehlcles to which the zoils per
se do not present w wmujor impediment. The West Germany traverse is the ﬁ

most varied, with roughnens, vepetation, soils, and slopes all strongly
influencing the overall performance. The Arizona traverse from a
vehicle standpoint is mainly obatmeles (eromjon femtures) and roughness.
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5.2.2 Simplified ride dynasmics wodeling used

Tables 11 and 14 show that the final speed predicticns
in all traversus were affected strongly by the 6-watt ride level (West
Cermany and Arizona) and/or the 2.5g obstacla~crossing speed limits
(Thailand and Arizona) assignad to the vehicles by the siwmplifiad
dynmaics modeling outlined in 3.2. Whers the ride dynamics cowputatious
used were tuied to axperience prior to final traverse precictions (ms
for most stundard wilicavy vehiclsn), estimates of vide spaad limitw
for & given vehicle may still be subjact to au wuch g8 a 25 pexcent
arior in souwe of the less severe terrain voughness classes. In the
case of vehicles (including all of the coumercisl wachines) whexe such
tuning waos not fausible wowe estimates fxom the modified V~ride modal
could be in error by twice this amount,

Hecause, iu the off-roud witustion, ride wpesd limice
gunurally cowe into command at velatively high spesds, thelr influence
oi overall average speedv in small (less than 10 pevcent for a 25
peccent spasd varistion, sven when ride limits account for 50 psrcent
of the controls). Moreoverx, in a typical terrein walt in which ride
spued is welucted ss limiting, other limits (power or visibility, for
exumple) are fraquently not wuch higher, so that s large orror in the
ride speed limit on the plus side would in practice oftem be effectively
truicated by replaceument by another lesser limit {n wssigaiog the in-
it spawd. Thus, the best evtimste is chat posmsible errors in the
average off-road spueds shown due to wimplification in wodaling the
ride dynamics sre probably leus then +5 percent to -10 perceant for
standard military vehicles; +10 pevceut to =20 parcent for all otherw.

The dynamics obstucle~overvide spead situstiom ix
uvimilar, but in the worst cases, as for the wore mobile vehicles in the

Thailand and Arigona traverses, where sas wany as 7% percent of spesed con-
tyols iuvolve this liwit in conjunction w'th the dcceleration-braking sub-

model for the vehicle, final sverages way be in error by 10-20 percent
in sowe casves. The ride sud ohstacle dynamica subwodels are totally

% See Addendum 1.
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independent, however, so there is no reason to supact any systematic
correlation in the two erxvoru.

5.2.3 Terxain factox class intervals

The basic terrain data represent the actual continuuwm of
each terrain factor valus in terms of practical class ranges. As noted in
section 2.4, AMC-7) presently examines performance by using ouly the
widrange value for sach terrain factor class, thersby replscing naturc's
continuua by a wtep fuaction. For this veassom the poswibility oxists
for aseigning a Go to oue uf two vehicles and & No Go to the othex, om
the baais of very small diffevences in dircctly related vehicle chavactexr-
istics. Where the terraln is sufficlently varied, such occasiocnsl, ex-
aggerated discriminations will gunerally give only a sidght and acceptible
advantage to the wore favorably configured wechive. Where, on the other
haad, the terraln factor cless involved is extensive, the resulling
distortion can produce wholly unrealistic differwnces in the parformance
predictions for two velilcles thut vary but little with vespect to only onwm
chavacteristic. Preliminary runs showsd that this was occurxing with
the 3/4- and 1-1/4-tou vehicle pradictions in the Thailand traverse,
whiclh is charscterized by wmany rine paddy dikes of wan-usde uniformity.
The wodul was calling No Co'w for 70 purcent of the arca for the M715E1
and XM705 wehicles, and paswsing the M378B1 on the basis uf iess than 1/2-in.
diffurence in yround cle-rance. Thisw wae clearly unrealistic. After an
examination of the total situation, the ground clearances of the M715K1
and XM70% were arbitrarily incroased for computation purposas to that
uf the M3781 and the off-road speed predictions were rerun. Rasults
given in tubles 10 and 11 reflect these judgment calls. Thore appearad
to ba no other iwportunt distortions in using the tervsin data in this way.

5.2.4 GCeueral internal consistency

Tables 1% and 16 excracted from tuble 10, organize
pradictions for & number of standard military vehicles for quick, critical
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cakparison. Table 15 shows percentage or aveal terrain that is Co, and
table 16 gives VIOO‘
trarily classcd @s high, standerd, or low wobility ou the basis of a&p-

The vehicles are groupad by payload class, acbi-

pareat design ictention; und each table presenta cae typs of prediction
tor each vabicle in each of the three traversas. All off-road speed
profiles tovr thuese vehicles arxe included in Appandix X.

Still mnother crosscut of the baglc predictioaws is pra-
santed in figs. 21-24% for the vehlclas listed in tubles 15-16. These
histogrums show percentagas of the areus in the thiee traverves uuder
the several No Co and speed coutrols for several standard wilitary
vuhicles, ngain srranged to facilictate divect comparisons. Filg. 21 siows
as Dare lines the M35A2 2-1/2-ton, 6x6, and the M1S1A2, 1/4-ton, 4xé
trucks. ¥ig. 22 compares the S~ton payload claes, high-, standard-,
and low-wobility vehiclew; fig. 23, tha vtundard vehicles (without
towed loads) in the 3/4-ton and 1-1/4~ton-payload clusses; and fig. 24
those in the hifgh-mobility claws. (Yexend matevial for all four figures
{udicate s reassuring depree of internal conslstency. Progressions are
orderly, reavonable, and/or explicable.

The reduced performance of the 1/4~ and 1/2-ton vehicles
in the Thailand traverse (cables 15 and 16) im due lurgaly to their
faability to surwount the choracteristic rica peddy dikes. PYerformance
of tha M520EY and the MBL3 in the sane area are reduced, as cowpared to
that ot some of the other vehicles, ensentially Ly thelr higher soil
strenpth reguirements,

The progression of speed controls from ome factor te
another is well 1llustrated in fig. 22. The high-wmobility vehicle (M656)
bad only minor difficulties with woil wtrength in any of the three tra-
verses, and speed control acecordingly passes to other factors. In the
West Cermany traverse, speeds were limited in decreasiug order of areal
frequency by ride (factor %), the nead for mareuvering to avold large
trees (factor 8), slopes wich soile effects included (factor 8),
vigibility as limited by vegetation and braking (factor 7), resilstance as

augnmented by the need or choice to overcvide vegetation (factor 9), aad,

* -_kj_o_g updated per Addcndun 1.
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finally repeatedly slowing to cross an cbetmcle und chen accelerating
again (factor 10). 1In the Thailand traverse, for the M656 while en-
comtering & few obstacle hangups (factor 3) and obstacle traction (fac-
tor 4), No Go was largely limited by ocbstacle crossing speeds with
ralated ncceleration and decelexstion (factor 10). When the going was
othervise good, viwioility (factor 8) finally limiced spesed to less than

the power waximus., In the Arizona traverse, obatacle crossing (factor 10)

dominated; whereas, becuuse of the sparsity of vegetation, visibility
was not limiting, and ride spoed (factor 5) became critical, still below
the flat-out power limit. Note, however, that engine power and gearing
entex significantly inte all obaetacle-~controlled speeds (factor 10)
through the accelecration capabilities of the vehicle.

The standard-mobility MB17 (fig. 22) has a similar
control profile in the West Germany traverse: bLut in the Thailand tra-
verse, it encountered soil stremgth No Go's {factor 1), and in the
obrtacle fields ride (fuactor 5) limit speeds to less than its accelera-
tion capability would allow {factor 10). Visibility (factor 7) played
a lesser rola because speadu ware generally reduced. Ride and obstacle
factors (5 and 7) trade off in tiie mame way in the Arizons traverse.

The low-wobility M818-M127A1 truck~tractor cowbination
(fig. 22) encountured serious soil No Go's in West Gerw.-y and Thsiliand
traverses (factore 1 and 2), and truction difficulties even in Arizons
(factor 2). A relatively small percentape of No Go arvea quickly de-
graded overall averaga speed-made~good because travel time accunulated
vapidly when forward progress was at the rate of omly 0.1 wmph, even
when distances were relatively short.

Figa. 23 and 24 {llustrara the same polats, and again

show good intermal consistency.

5.2.5 Treutment of vebicle articulation

Of the two articulated vehicles among the WSG vehicles,
the M561 1-1/4~-ton, 6x6, and the M520El, only the former is pitch arti-
culated. Since AMC-71 presently looks only at vehicle motionas in the
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center line vertical plane, only the 1581 appeared to it as articulatad.
The minor special wmodeling incorporated to handle ride and obstacle
dynamics and possible obstacle nhangups (for it and for towed units) scems
to have worked reasonably well.

Although no attempt was made to model the special ad-
vantages of pitch articulation in unegotiating really big obstacles at
the Go-No Go level, this omission appeared to have been the limiting
factor in 1.8 percent of the areal terrain units in Thailand oaly, so
that the possible effect of underestimating the M561's overall per~
formance due to the omission is wminor. In still other terrains thise

would not necessarily be true, of course.

5.2.6 On-road performance

While the first-cut on-road performance module of AMC-71
appears to have provided internally consistent estimates for the military
vchicles for which experience adjustments to calculated ride speed linits
were avallable (see Table 18) predictions for the tractor-trailer and
commercial vehicles on type 2 and type 3 roads are suspect because of the
controlling influence nf ride speed limits. As shown in Fig. 9, needed
adjustments were frequently large, especlally for the heavier vehicles,
Moreover, factors which attenuate ride-gpeed errors in their effects
upon overall coff-road speed predictions, discugsed in 5.2.2, are not
operative in the more limited on-road "terrain," nor in the on-road speed
range.*

Power and gearing differences among vehicles, which might
be expected to appear in type 1 (primary) road performance, were, in fact,

* The asterisk notation (**) in the table of results, Table 10, denotes
cages where field tests run after the main report was completed estab—
1lighed experimental ride-speed limits which differed sufficiently from
the calculated values used to warrant adjustment of the predictions.
See Addendum I.
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really negated for the truck tractbtftrniler combinations by the im~
position of official trailer towing speed limits. Table 18 shows for
these rigs the effects upon overall speed on the type 1 road networks
of effectively eliminating these limits. (Engine RPM limits were still

operative, of course).
5.2.7 Comment

Each vehicle design 1s a unique mix of design featuras
optimized within constraints of required performance, available tech~
nology, reliability, maintainability, transportability, producibility,
and flrst- and lift-cycle costs. Available techunology aund the weighting
of constraints chaange with time; performance and rellability change
with mission and the terrain and environment in which the mission must
be carried out. The multitude of uecessary trade-offs, even in the third
decade of the computer age, must still be made largely on the basils of
individual judgments, some reliable, some not.

The vehicles whose performances are examined in the
present study differ widely in date of development and in mission
function. None have been systematically assessed by so cowplete and
even-handed a procedure as has baeen done here by the employment of AMC-71.
The results gpeak well of the evolutionary desgign process in the develop-
nent of military vehicles, and also lend considerable credence to
AMC~71 in this broader application to include nonstandard vehicles.

Because of the overriding influence of terruin upon the
performance of any vehicle, special care has been taken to describe and
analyze the terraing used in the study, so that the results can be
properly interpreted. While the study terrains were limited by the
Project WHEELS time frame, they appear, uamoag thew, to provide an ade-
quate basis for discriminating among performance qualities of the study
vehicles in a broad range of missions., However, the observed sensitivicy
of predicted performance to the particular terrain exumined emphasires

that a definitive performance evaluation demands consideration of a
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broad spectrum of environmental conditions truly representative of the
operational theater.

The above and other caveats associated with AMC-71's
incomplete state-cf-development have been offered, and areas where the
existing objective methodology has been tempered with judgment have been
identified., On-going research tec validate and improve AMC-71, greatly
stimulated and focused by this contuct with the real world, will result
in an increasingly realistic, increasingly useful tool as time gees on.

But no apologies are in order for the present effort. It is the best
that current technology can offer, and it is the strong conviction of
the authors chat future application of similar methodology by designers

and developers will result in a substantial upgrading of the effective-
ness of the U. S. Army vehicle fleet.

5.3 Ranking the Study Vehicles

The objective of the AMC-71 mobility model evaluations in
relation to the overall WHEE.S Study was to provide one of the basic
elements neaeded to examine possibilities for cost savings in the military
truck fleet through the substitution of commercial vehicles and/or the
elimination of some special mobility features, such as all-wheel drive.

Obviously, some dollar costs cun be saved, but at what cost in accom-

plishing millitary missions? Full exploitation of the results achieved

herein requires consideration of the missions a given type of vehicle

i8 required to perform, and the environment in which they must be per-
formed.

The most austere approach in examining possible trade-offs is
to rank all of the study vehicles preparatory to formulating conditicns
for substitutions acceptable from a performance viewpoint. Tables 19-21,
inclusive, present such a ranking of the 48 vehicles and vehicle com-

binations of direct interest to the study,* based upon V90 speeds in each

of the three traverses, with V90 (areal terrain wnits) and percent

No Go noted for each vehicle. Where the predicted speed was the same

* Updated per Addendum I, with results for three additional vehicles

(Addendum II) integrated.
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for several vehicles, the vehicles were ranked according to their item
number in table 10. Reference vehicles (49-54) are not included in the
list. The rvanking varies somewhat with the terrain, and percentage of
No Go 18 not strilctly related to the Vgo rating. Note also that the
ranking is, in many instances, based upon very small differences in
predicted performance, differences that are well within the actual re-
solution of the model accuracy. While the ranking shown is the best
estimate, changes in rank due to V90 speed differences of less than

i mph are probably not gsignificant.

Tables 22-24, inciusive, give similar rankings based upon
average speeds on secoundary (type 2) roads (Vz), wvith speeds on primary
(type 1) roads (V,) also shown . *

Two more elaborate procedures for assessing the relative mission
periormance of the vehicles have been proposed, both involving some
judgment of mission requirements by experienced wilitary profession-ls.
The first estabiishes a number of mission classes and, for each, appro-
priate weighting factors for various aspects of overall performance
(vllo' leO’ V90’ v3, V2, Vl’ and perhaps others). These can be applied
to an array of the AMC-71 results to provide mission-criented quantitative
indexes of relative vehicle suitability for each miseion in each terrain.
Even at this point, however, scme further judgments are 3till required,
because ratings and rankirgs applicable directly to mission performance
again vary somewhat with the tevrain.

A second suggested alternative is to establish experience
bench marks in terms of known vehicles, terrains, missions, and minimum
acceptable speeds. The appropriate vehicle off-road speed profiles

npendix E) are then entered to establish for each mission and terrain
a corresponding bench mark percentage of traverse, and nominal competitors
for the task rated at that percentage. This can be done directly from
the off-road speed profiles for the competing vehicles.

Such further analyses of the results involve considerations
beyond the scope of the AMC-71 model and of the field of professional
competency of the mobility team. They were not attempted as a part of the

mobility evaluation.

x

Updated per Addendum I.
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Fig. 1. General flow diagram of AMC-71 Ground Mobility Model
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Fig. 2 Schemalic diagram of areal terrain unit performance prediction moduie
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Fig. 6. Example of absorbed power versus speed relation (M35A2 2-1/2-tonm,
6x6 cargo truck)
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1, Obstacle approarh angles (AA). The angle formed by the inclines
at the base of a positlve or top of a negative vertical obstacle
that a vehicle must sense in surmounting the obstacie.

2. Obstacle base width (WOB). The distance across the bottom of the
obstacle.

3. Obstacle spacing {(VOS). The horizontal distance between contact
edges of vertical obstacles

4, Obstacle vertical mapgnitude (VOM). The vertical distance frow
the base of a vertical obstacle to the crest of the obstacle.

5. Obstacle length (VOL), The length of the long axis of the obstacle.

Fig. 16, Definition of obstacle geometry terms
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Differential Banl Heipht {BD) - The aifference in elevation of the
two banls,

Gap Side Slope (NI, EBA)Y - The angle formed bv the bounding incline
al the tap of the hydroloeic feature. The anple 15 measured with
respect to the horlzemial,

Waier Depth (WD) - Maximum depth of water in channel.

Water Width (RE) - The width of the stream at water level

Water Yelociry (V¢) - The marximun velocity of water in a chanael.

Fig. 17. ilvdrologic geometry terms

57«

o




|
i )
T {
R )
DA
(-
]
{ T
]
K-
B ¥
; v
Y
-
Lo
[
H
3
PR
I
" 1
P
{oe
o
i .
" r
PR
ot
N
:
4
: o

L
P

i

i
i

B

R

£ Vis

S

Unpaved, all=
weather rvads
plus paved reads

less than two lanes

5%

b
ol
41
s

£,

"
<3

S

58<

Fig,

‘Y.

West Geray



D A\ WEO N I}
. a \! ) b g ;’, N
. 2 { o
- 7 7\; N2 ? 7 B
— / . 3
[ 2 13 /1\7-. 4 2
—__” \ \1, b1l }
X - \7 \2 R \
. Ve A \lo |2 . \ »
— 2 (e v :
1, 1+ 37 s 1
i o i\ . A \ 154 1
e e N v o 2
) L]
\ [} 'll\
, \ 3 1% i
‘ ' \2 A }-
Yy 20 Y \
{ L A \ s '
v s \ AR 3
12\ (s 2
‘ nE \ P R W &y
e el ¢ }f I
I -« )
M \‘ IL \ \ ) PA \ £
2% 1 9 \
71 ' ('7 | \ A
i 9 (] 5
\
o3 1 ‘1 ! ’
|:.J ! 2\ 2
F
; 4. Primary rvoads - type 1
g
‘ 5
L 41 33 44 35/
' o W1 +—+

b Secondary roads - type 2

Fig, I8, West Gormamy road unit waps Loy primary and csecondary roady




il

A

i

It

1

LA

B

i

™

iy roads - Lvpe |

Uz

Poreynde, [IESTTTIY

Y Botpe b primary and econdare o

(t/

K -







R T Y T e R e T

Yy and Toeation of

(Fafr-weather roads) - type

Trall roads

19,

Fip.

samp 1oy,

used for

arean

4

L}
[}

)

&

i




3, and location of

ads) - type

vwamp ! ng,
t




! . |, 0
I —_ —d

& it + 4

I R BTRRTIR N N

g, 70 Sample Noo 3 of West Gerwdny voad unlt wap forv gype 3
h ) trall roadu

NI




e

Percent of Traverse Distance

100

80
60
40

20

100

80

60|

40

20

West Germany Thailand Arizooa
Y T LIV I R 116011 R 100
NO GO SPEED NO U0 SPEED NO SPEED | |go
S e i i A 0 1
0.6 4.8agh 74.9 | L. lagh D.8L| | B. 60
- 4] - + i
| | 40
= 1
- -4 20
123 45 6789

1 23 456 7 210
1. M151A2 1/4-ton, 4xé

0
1 2345678910

L—— Total Tru‘u‘{lun l(aq NOGO
—— Qbstacle Hangup NOGO

e B0l1

Fig.

yC1L NOGO

25. M3IS5AZ2 2-1/2-ton, O(x06
. Ride Limited-— .

501l and Slope vs
Power -——

Visilility Limited

Maneuver to Avold
Obutucles - -

and Slope NOGO

Totul Resistsuce vs
Yower —

Obstacle Spoeed +
Accel/Daecel Batween

21, VFactorn controlling npeed (MIBIA2 1/4-ton, dxd awd
MIWAZ 2 1/7 ton, bxG Lyuckn)

61~

T T l - T 1 LI I—' SV T r 5 ¥ l T 1 { 100
NO GO SKYEED NO GO 1 SPEEll) NO_IGO y SPll::E[l) 80
4' ‘}" "‘,v“f '—1"'}"4"‘] -{ T [} Y
0.6% 100 |= ., 8% 1.7dph 0. 3% h
. .d_-ﬁ._,l - o % 1 : 60
- — | 40
..‘.‘ (33 S T e e e S e 20
. \,’ -, ‘g‘ ] I 0
12345678910 12345678910 1 23




PN

T

West Germany Thailand Arizona
100 LI B B T T TR
80 NO GO SFEED RO GO SPEED
! i 4 ) . | i 0
Lf ] T . { i
60 3_02_14_ 1,7aph 0438 4.1lmph
-1
40 | 0
A I
20 | 20
1
0 ror e 0
1 2345%¢ 78910 1 234 56178910 12345678910
" High Mobility: M656 S5~ton, Bx8
u
00
E‘ r--]-—r...[-‘ - "T”_?._T 7 17 1 =T L { A
% 0| No GO SPEED ! NO €O SPLLD
B0 o +- SRR
EGO_—D.B/._ » } N 0.1%» 2.4 iy wuph
Gl || N i
[
w20] | | - - _
4 1.
g0 _ A
g 2 3 1234567 82910 1 23 456 789 ]O ‘
& Stundavd Mobility: M813 5-ton, 0x0
R o e ~ 1—1—7"7“‘[‘"“'1 i Rl “"““'"T 11”0
NO GO SPLEED NO GO
sof 0% R ~ , Jao
60| agbl | | Dogmph | -"'_.'_ 8.0% o
40 -1 l . - N ‘_{ 40
0 - N A4 - - 20
v S S : . . I 0
1 23 45 06784910 1 23 45678910 1 23 4567 89 10
Low Mobillty: MBL8 S5-ton, 0x63 MI2/ALC 12 1on, Ax4
Note: Reter to fig. 21 ‘
Lor lepgend of factog 1
contiol Hng speed g
Filg. 22, Vactors coutrulling spood (atanduwrd S5-ton payload
vehiclas)
1
(.‘)l




i:} West Cermany Thai land Arizona
"r? 100 2 o Y Y Y ¥ T t T v
& T 7] [ ] |
NO GO SPEED NO GO SPEED NO GO
& 8o "“““"T"I"["J_‘pb"‘;‘ T '—*"V"_ "““*;I: t ll '
13 0 0'[6'51_“][ ! 5. pugh | 2% J1 L‘js"j' L_—OJZ .
84 4014 ]| - { — —
, B
‘ 20 l | -
q 17'“‘ y
iy 2 364 56 78910 12 5 10 T 234
§ 10. M37Bl 3/4-ton, 4xb
"ﬁ 100 - T’—FT L A 1 - ~—r l 100
NO GO | 4 SPEED NU GV 80
. et - ,_11_' )
. N
@ |_P8x) ugh 60
% 1
b A Jf, 40
b 5
F 3 :
z u — - - 20
h Ll | 0
5 R . :
L& 14, ML01 1-1/4-ton, Gx0
i
[4]
— - rmer o - - 0
‘:100___,_,, ol et 17 [ SR S e e S 10
g | No o SPEED NO GO SPIED NO GO SPLED
o 80, , .. ot - RS TR TN e . - i 80
m Lo L l Ly 2.4
& | lo.9 A | gl Jo.ez ! 2w | |,
A P 04 | L D omgh e O o
i_ ‘ . S ! S A 40
20l || 1 _ _ . 20
! R S T S " 0
T2 3450 910 1 734507 89§10
12, M/1SKL V-1 /h-ton, Axb
1 t ] | T ”"] —| ] 1 1 ! N '] " 100
O G0 SPEED PEIED 80
SRAEEE Rk
3% l . 2wy | 1 00
i J/\)
. N . ]
l ;
. L ) U
1 23 4% 67 8 900 I A% 6 7 B v

14, XMAOS | L6 ton, hxh

Flge 23 Factorn controbbng apeed (3 4-ton and =174 000 utaudind vehlcles)

f..)-




West Germany Arizona
100 v V‘ I v —y———Y Y ‘
NO GO SPEED NO GO NO coJ
80 v ™7 =11 A
60 TI b.:q# 3,8% 0,32 !
40 ¢4 { d
20 1— T
12 34 6 78910 12 3 g9 1 23
14, M561 1-1/4-ton, 6x6
100 e g —
NO GO } SPEED NO.GO |
1T Pt B A B
3,02 1.7 0.3% |
T il
} - - U . S
1 ian
b o

ercent of Traverse Distance

-
13

100 e b
1 (! 1T
go} No co ‘-IT SPEED
o4% 2 ~
sof J72 | |
40| _ . ]
20 ca e — -
0 ]
1 23456 78910
100 - poeyeeien oy 2o
NU GO SPEKD
v ) A
su' 037 !
NN : :
P
‘).u, ' {,,\
0

ST 45 67 8 9 10

33. M656 S-ton, 8x8

BN B
NO lG(.) SPEED
1

} —}—

16,08 | | b.Sugh
s _

I
e -

1oL

1234 56788910
40, M520LL1 8-ton, Ax4

. ""“""""""‘""‘r e

o Gu SPRLD

SRR

ih‘a% .

|
|

20 a5 67 89 10
A9, MY Armoval Cavi Loy

BUSIUR IR RN

0 GO SPEED
_.N-‘.._.l )] - 10

0.3% I

12345678910

opemp ey ey o 400
NO GO )

RO [P SO P A

[ s ?."_'Lj,l‘.

|1
A

234 % 6 1T 8910

rig. 24, Factors coutvolling wpeed (Migh-mob ity vahilclon)

6




R

Ei_‘;x»u

Table 1

Terrain, Vehicle, Driver Attributes Used in

Off- and On-Rvad Performance Prediction Models

Terrain or Road Vehicle Driver
Off Road

Surface macerial Geometric Reaction time
Type Mochanical Recognition distance
Strength Inertial V-ride limit

Surface geometry Vertical acceleration
Slope limit
Discrete obstacles Horizontal accelceration
Roughness limit

Vegetation
Stem size and spacing
Visibility

Hydrologic geometry
Stream cross scction
Water velocity and

depth
Surfuce material Mochanical
Type Inertial

Strenpth
Surfiace peometry

Stope

Roughnuss
Curvituro

Voride limit

LN ol

Doy



Ut ‘uotriraala
axenbs uwam j00y
202183q
22139
D 10 Xapul 3uonH
N

ssauy¥noy -g.
QINIAINTG
adors ¢

puod3s/sIazaw
PERE

I9lan

BELETH

sa1%aq

BELE

391ds0

X3rdl Iuod

uW3Bueris -z, Fuizer 1o X3putT 3u07

ALy -1

SBjInC,

N

ypa do3
I0 yIpIa ssey
apny
-1ufex [rola
-I3/ ISEIT IO
349T3Y Yuq M 3.
3%z
Poroxdde 13815 -5
spnyrigza
IBOT1IaA
TBIIUDIBIFIP 30
24319y yueg
T®13ua133X1] -5
a73uE .
yoeaxdde 1397 -1

y3¥uarlg -z
T

SGAT

ERFFRT

Fuiier 10

I31SH

>R
BERE N
41257

y
[}
4

N
~S55H
RERE

I339WTITE
o= ara-

8383380

Ty )
b

Iurceis -z
et =t
33pIm 52RO
-—F e . -
1Z2Tss 3
3732 meczii; 3
=TIEisar
sssz@ncs steiims s
sdz7s g
e .-
e

ITUN JUINRINSEaY

1031384 pROY

r

ITUM ILIBIINSES)

I210®B4 uUIBIX3)

+ 130 JUe 3ITSTOR

sItun pecy

S1Tuf UIBIIA]

S35

UIELLS]

SISPON UOTIDIP3LJ ADUFRIOSI34 4l pasf

- oare;




vatle

tn WL g Yot Ll Meiel

Vebtule  MIWAT D170 von, Ree farpe brua

‘hara AR bets Shest . Mhgy
terists Meaa: talew Wees- Caleu-
L. . Llgntita et Ligved wied lpggd . Lissed wed ladmd

} Ny It 4. taae Lot trahed U0 v L for wheelpdd,

4 Poan vrbde o wmrtt D) 13 —
' 1 Tiacs type INIL ® 0 Buep aentlen b le, NEE o ) fr tlentbivt .

. Tieguet heldit ot tracees ety wl Liles Do vhesls .. . in. -

N Ity vly eatire ., . N . o . PN 1 -

W Cheas TAEY nerRel et . . . PN P . ]

‘ Srtet b eerle Inoveldcde vonogedl ainsiee PN 1 _r_ —

. AlWh aracLTY tabe for vehtele Wit ving - . " 1 . . -

‘. Mal-vt of Llarbs of thtes — 1 Yoo —

v R T A TN P .. . . P ) v - \ . 1 :V - - -

i I DTN P e . ta. ' .';: e - -

i e tide fvigan . L e in i 13 s — e - -

N Nmioal wheel width L e . . | T 1 LI e e T T T

B Trach widil op whes] wiaer . . - . PR . PR [ R 1 ‘..._ _— — . - -

1 atosl 1ix diameiv) . . . P . e o ] “l_ —_ __-__- - B _: I

[kl Mevorminded T1ve preanan (1 betdeavt e . N pol AL 1 :___ — e e : :__ «I— _"u— C’—)

Iy Yociwrendrd (1re premagrr fabons ountyr) . . I rai __h"_ e ] —_— __:_ ——— — e s I :m.: =30

it Noccrmended Lite phessute aads A e e wat I ] e o e ——

1 Mo o e vearh aben (g bed) or mien of dewle beelid) oL g ) v _ _

I miet ol ferler iay o T s e T e

rothaln bt foater wuleededy,

Ve na o ha e ahae e . . e e e
(&) Maatow vettital alep the vehlile ran viim Cea PRI
i Vehicle preuny oloatbhe ar by Vel ol the preateal vheel avan

e Vet be v 1 lem

H boar et cdenrsnis cwnctteal rieatance of woklcie's fratiing edpel

" Wl de Fiuly anile P T T

I Aetibval Clestane Al vell v’y feadiug eee L.
Cannle 1AY I BHIVEYE, VAR T 0BUTACL, THRET)

i
i

10 Nererele apy
Formth of Vrack on preand oo heel diameter L
" Velght nf Vel 1w PUSNHEE e e e
e Fiatatiy beqwers Uie Fiend 20l [ast wliepd centeriimes o o0 .
in fopf o8 dintaney e Lhe cautes ol pravily fe the [yont wherl
COLENTINPR L L o e e
i Wrtteal dlatam s CmC e entey ol gravkty e (the bl vheel
[ BRI R B N . kN v 1 X R ~
" n L u herurer ndtarent vheel center Llnes © D7 i HIVIP RIE [CF S U ] x
1l Mplr betveen o bl talled Lo 0 ol mmbace and 1. Hne oo
Hect g 10 anter ot waviry and the center af Lhe tear whesl (eond
whar | op DHIebl The whep ] baoaen i deterning depeariune snpbs Lo Aoy NA ]
¥ flavame trmn Hie cenier of pravity tu the center ol the 1ear vher)
cind whee) Wiert, The vharl b the e naed G lviereine dep
ATe anpie L. - [P - e ", HA 1
1] Wit beal climtanie (e the vrnmul 1o e center ol the pear e
ool wvewd o [dbord 0 e . to, (L] | M Wy PRy 1Y
" Tt Ustipnene plun aie petlon uf the 1em wierd Ciast wlerd o
DI, e wheal b he ind vmad tnaetarmrbine deparvim e anple,
dwr il v RV o . e e 1, (LN} V Wy, S| 1
i Bebllng Saling of Dlve ob splockat proed amdbes o 0 00 0 00 I, (LN} 1 . . Y Wh . 1
" He byt al 4ot puton uawd Vo b lermine depinadd arple o . o n M ]
— s o
1are mama b Dot i urhie e datn whopiog ern 2 W oare sl Iy LWantt bl ) [ wt 4 whaein)

i avaled (o obaciep
e de ddata whpetn, £ A welLide alats wheets, © AL Lmanle sulamdel,
He

67




Y TG Y o g 7 g s 7 o e g

Teble ) (Cartinumd)

[
it e =
et S T ITEX[INT ILﬂ. Nl  egwren Listed wied deled  Livies wind isied
contral (Continugd)
¥ Haalvun brahing foren the vehicle con develop/ vehicle woiphi . . . LI 4 aamed s ——
» loadod whosl vedlus - - oo e LL TSN 1.1 H -_ —k
» Tetsl ground gomipet sv0e . . L. L R . LU TR "1 H I PR
L Dlatance nhhh luu halau -lnt“nn setien mlu 'nh-l
falload ., . . A L IO | 11 2 L3 mawmed e — —
.l Neatms fotee the .m-- e -llhl-l ..... e Q8 — 4 Jael Vehicle Sataht
s e lat aule losd/grens wilpght (0.3 s wamimm). « o v o0 o b}] — — — ——
& Vahicle valad harsepuamt por ton (MHP/Veh Wi In tone. %en He, &) ., , - A 1 st ek —_—
(%) Travemisaion vearioww (Hydvaulir » 3 Pochanical ¢ 1y . . . . L ., B | 1 X e e —
[ Transaloaiom Aype (1TRAN » 1 Far senuslf JTRAK « 0 fur autmsatic) . - P 1 1 — e —
o© Final drive meat robh® o 4L L0 oo e e s s - o h3r 1 . ——
“ Yinal drive meer effleloney o o o e - . 1 T .
A Kumher of sear raijve In trmmsslseion . . . . . P e - o (1T 1 e —
o Lear vatios for tranmmleslon . L 0 0. s e e -~ (Saa alwal Y 1 K s e . — =
- Teansmtonton affledeney. o o o 0 oo e - s 4 aaveed —
L] Caar ratin frmms englne iv (roque rocverder . L, o - M 1 P e e
$1 Danuies prosencs wf & totqus converter lochup (N w 1) vea = o), , N 1 e — o —_—
L Input torque st which thi Intaue converlel Luives vore sessured , . fo-lh __NA__ | 1 e—e —. — —
A1} Kuphey of pulnt palre In Atvay TNED . o, 0 0 e - A W e
i 1Y ATaY EonIAlnind teTeim roRveLIeY [NPUL Spead YEIRUA FRAVERiSY
rarque rakln surve (Nee attarhed shoet (nr valuse) , . ., . 4, - _NA L o e o — . —
3] Nusber of polac palrs I Arvay T 4 00 0 00 0o 00y - M W o e —
% Arvay eomlaining Lerque (onveptey 1ovique wult (plylon corfiiefont
vorsus comwrtey vperd retin cuive (Boe aivavhed dhy fer valuss) - L W et ———
8 Wusher of polnl paivs In Arpay T80 ., L L e e - S’ . W e
" Atray contalning net enalne toraus vessus e tns apead cutve
(Hoe attached ahost for valuae), . . . o . . 0 oo o . LN 1 o e e s —
Sa Kuslor of pulnt pafos 6n the teaetlve (otea- wpowd vinwm o 0 0 0 L - I 1 —— e e .
(L Arrav vontalning trackfve foree spee’ W L L L L - {tNag_phaal Y — e . A
[PnTeate L
" Kombwy b pofnd palrs I Avrey VOB Uln C1NWPY o 0 000 - - 1 e e e v o
Al Aeray cembaining vahlole velavbiy vaysua shatar] hafpht a)
2,8 g vertival [ A A S R A R B RS S S TN (nex pluml 3 \ e e
LY} Huehet of polute In Avvae VB L 0 0 Lo - LA Al U [T TT ) Lo [
[T} Linited qunl dum 10 vibrallon v the dylver's sedal for surleve
sty Class b v v e I - (g shaal B 1 et e e e 2+ e i
Wagot
(3} Yahtode awhmmbng mpowl o o 0 0 0 h e e i N ] e .
b Velde le funding apeed o 0 0 0 0 0 0 e e e e e mph Lo ) Ay . - -
L33 amtllary vater propulalon facear (Ko = &) Yea = (B} . , . . - Il ] B —
hy imprees swasp anp v of the vehitade ¢ iHD fu DILY - L dug [} R -
ni tordlog Uepth on dpai0 hed&BY L L 0 0 e e o vt I | S .
b lms 1 &L ate novsally snsimed 01 ocaleaiated From aihier vah iharncierintbing (Cami g )

Vioma 42 32 are nuswally Hlnlod oy Yohicle Uata Shesin) Itrua 52 %) ey noimally
ol mioed (hom FACUH but v iginale throwgh wanutactuiers of vehicle's englue and
transmivalmsg Ltewa 29 67 atw obbalned from AHL dynswle wubmedely Liems 6347 ave
sotwally 1181ed o Vahibile Data heotu,

LLN ) TAL M velili la 4, RE) AN velilide dalu mheeial ) A0 dlynamic aulmndel |
& uthe

by the dynamlen submde) tn deiermine dynumi e relationy

[ n ol
helow 418 Llated in Ir tshle,

Nk

T
vy

s - Ay

1 ol 4 shanin}

e ettt . s .




| ~
¢ o fole) = ON e U - )
] [ 8\%3 t~ N% . [ vy s . 42
4 . cg > el e e N ™ )
! o NeoRvaXi ANV, 31} g
° «
i S0 O - . -
! Ci 00\ . » t~ M [{aYse] «~
: i Ko s KR ALA I W AV AY] S
AN (o]
' (32}
A SO(’)OOO MM\LHXJGD [} ~—
4 TN =~ Qe .
4 . mm%muxmo l\O\.-'tNr-‘l 0
oM M NN —
§
; 5 MHD AMOO Oy b= (e}
| }J LIS . a e v 9 ,-\-{ 4 QJ .
. . S0 M) AW D o~
i -4 PV VP IV
f ©w OcoopooQ HHNQQou X
(o)) : ~— G\N N . 'u . . . . ’
“ . T unD MW MY NN ~
. 4 " oA o AN A us [}V
- UN O e H
o
) W -4 ~N O O Ta) Nolr= RS THS
g MaNiega TAREed g
W 73 — .3
(%] OOQOQOOY —dO—dHU\ [a )
Y] R R A Ml RSA v s
w - OY vED (WO co W\‘Lr ML\) H N e
! (A8 w o AN~ ]
> (\i \D () el —
; / "y
" @
/ o~ q
‘ o w o CLOO FONQIO WO e
" ( Y ’ N (8 y
| - g 8 R e " e
‘ [ . . URE R RETAN S (@36 0
o J U R AV S N A [ &)
&4 e !
% .
(o]
O |
: ~ (&} (S O 0 Q PR \0 u) £ (V) \' (SN S)
i tH g Ty ded ) « |
! o . YU Q) QKON ‘D“ ) m w .% [TRANAY]
M U I ¢
v L] AV B U R
! ) f
- £) 1
i ]
! b
! U: AL Oy W Q O
., N .
: J (&) u\mmmm.i 4 O O N [ 2N14]
A &R I IAURSVRLA v el
. w
" bt
0
wi
i %) .
s i ,u| o L‘: 4 A4
‘ i} 1 TARNTT Y
{ 1 " i L
"
) (]
. " h
i 0
(R} a W i
| I8 o W (AN ilw
3] [ Ll A Eh 1
" o) be by ol llll V3]
10 n 3} l;l o ’ " !
» [l 3 ] 1}
"\ ‘gH wl b ! [ ] A 1
. wpr! i W ¢ O [$]
" wifra 0] S} i 11 W oad y
et 1IN 0l @ [ ¢)
Wl [ ! tq LU (] W w
it 11 € n 130 1' Wid-
ol [G] P ) { 5
;' wpet ] . wm REER] om
. N X ™ [ th e U) (V2
U}
¥
Y ‘ Lr;‘ ) (‘x”
K of W N W G-



(»3994s 1 Jo )

6et
0LST
8°L
9219
622
622

0059
0059
09€6
STy
9¢° 9~
9€° 2~
m'g
Tl2TT
ensee
t° 222
9° it

sanTeA

cut
‘ut/at
A
Qt
13/098-q1
13/098-q1
13/o98-q1
33/ce8=qY
13/aT
33/at
33/ax
33/at
13
12
13
13
13
1J3-In3
% 3-3u1g
S gntg
s3n1g

c c K31Amad) JO
* 0 f3TAwa) 3o

+ e e s e

£3 74919 JO J133C3) JO pIBAIO] JTXY 33®OTpuUl auaﬁd>\b+4 *

.

.

.

.

s 2 o o

e * e ¢ e o o o+ e & o

PLVQTIIUM

* JTXV juoxy 939y Butadg 3AT30933F TPIOL
pnmﬁwm :oﬂuoom 94Tl JO £/T sn1d 3udtaH dojg dumg

¢ ¢ o

» & e s »

¢ o e e

¢ 8 e s

¢« o s e

IV JuUcId uc pRwOT Te30L
* ITXV yjlanod Jo3 Jusisuo) Furdweg

aTXV patyl Iog juejsuc) Futdweq
ITXV pucoag 1oy rueyguc) Fupdweq
* ITXV jucay JOF 3UB3IUO) IJuldwe(q
9TXV y3anod Io} juwisuo) Jupxdg
9TXV pIfyl 103 3uw3suc) 3ujadg

3TXVY puodag I0J Juwls
9TXY juU0Id I0J JUBIBL

AqTARID JO 191uUd) OF SATIBLAY IIATXJ JO
* o AqTARID JO I3GUID 07 IATIVTIY ITXV yjanod jo
T £3TABID JO JISJUID O} IATIVIIY HTXY p+L UL JO
SATJWIAY 9TXV pucoas jo
SATIBTRY STXY U014 JO UOTIWOOTy

I93u3) 03
I133U3) 03

. s

¢ & s e e »

@ e & e e =

e e + o e 2 s+ e

~ Fuyadg

Jutadg
uof3Ieo0]
U033 8007
uoj3®o0]
uoI3®0077

BIIPUL JO JUIWON /T
|]323Ul JO USTWON

sged Bunadg g/1
$8%W Junadg
° SITXY JO °*ON

=+
Te
0c
61
g1
LY
°1
ST

€T
14

pe

NN IO~ RO

uogerauwtq

UOT3BOTJTIUSPI

o
=

(pepnTouo)) € 21q%L

w

A

70~



At e T W YT ™ e = . " un

(9 399ys)

3ona] 0318) gXy 'U03I-7/1-Z IVSEW 10J SUOTIDTPaiq psads peOy-3J0 UOSBAS-1aM AUBLII) ISay

A I e A 1t A Y R T

% °91qeL

0

(8399ys 9 3O 1) (penupiuo))  3UTISFL JO PUI .. .
e :2&vauww3
0t o1 3 yo2 £eat 9t 10 G¥IT 90T Pt [ mu g fe 932 69 pep
i L) 3 ¥'02 L4} 9°91 30 955 60 | 5 _ 5 252 0:c2 6°9 0‘p
& 3 [] M- T ot 53 80T s [ s % [3EY3 092 ' o°e
$ § 9 I H 2'91 %91 0°9 £50T 8 S s £ 252 go2 6'9 00
8 % 9 y'o2 2'81 991 5°9 50T 38 S $ 3 £°¢2 0 o2 6'9 9°p
$ s ] 02 2'9t 991 19 R2Z81 _gs S 14 s g2 002 99 20
$ $ 9 s'02 2'et1 5°9t 10 6¥0T 4o M 4 S g£e£2 8-02 89 0°0
6 $ 9 £'02  g'91 '3l 0‘3 8sy _ €6 s .5 s £'f2 _ 0602 &9 3'g
i T ¢ K2 314 £3T TyeY 0D »we 2 3 3 [ y'22 362 L9 T'0
$ $ 9 02 £t vt 59 98¢  T6 < 4 s v'ez 302 9°9 I'n
$ [ 2 7 et (2811 32 o 26 s g [4 [ ¥4 602 5’9 2°0
$ § ¢ 133 9T y'91 2°3 Ty 59 5 s S 952 9-32 £'9 9'0
§ 3 9 [R5 [ [ X3 20 L0¥ 8¢ ) 3y 9 0'y2 102 L's 3"
s s _ 9 __ & £er £°9% 00 Ty k3 __ % _ % .5, ___ L2 1-32 o S RN A TR S S SR
$ x4 9 502 geot 2'9% 2°0 9Ty 9% ) 39 z Tere T:02 F2s 1 [ R]
1] s 9 . §'t £ 2'33 0°0_ S48 &9 . 9 ? v Tewe . 3002 L'S T
3 [ 9 ¢'se £ 29t 10 (I »e 9 3 9 Tee2 T892 ‘g T2
[ [ 9 §'52 £ et T9% TQ ysy €3 9 2 g _ . _2'%sz__ 302 __s'% _3'p
$ S 3 g2 £ 8- 3% 30 ie 23 @ 3 9 €y2 Yooz s §'8
—_——S_ s 8 §'e2 ) 09t 30 f2f T8 s $ ° 0'62 0°y2 g'y T'0
[ [4 9 992 £ 6'5t ) K] 5%y c3 Fa 9 9 0'52 [ AR X4 I ] J‘e
$ % 9 9'02 £°31 '3 10 $¢ A { 9. 9 0's2 Y2 _ . LTH '3
$ 1 9 9°p2 £°8s ('st 2'0 tef  a¢ i 9 9 £eg2 ve2 Lty 9*0
$ s 9 9°02 1 } ] 9's3 2‘0 vy ot L 9 9 02 __9'p2 9'y 2'0
$ $ ‘9 [ 2L 4 £igt v st £ $5g 9L L 9 9 052 'y 138} G'3
S % 9 . er0z _g'es Tret__ L'0  _ Lg¥  &¢ ¢ 9 9 9'g2 v:e2 @ D't ___pSE g
oY ’ ) g2 9'es v o3 9°23 2913 &2 7 3 9 052 2 9%y LS
) ‘R4 [ 2 S AL §'83 rr3 00 _  »s0F £« s 8 b:g2 [ *4 EM ] et
: L (] 9 e'oz 06t § ot 62 §i3T V¢ L ? 9 9e¢c2 92 9y 3'3
i 9 9 (3 0's3 £ -3 5'3 el % ¢ 9 9 162 T Sy oo
3 ? T 9 o¢? [ R N 2 FEES P L 9 ] 142 92 5'y G
I 9y __ 9 . ®9T G kvl 303 (€8T 89 ¢ 3 9 1:92 9'y2 't '3
4 ’ 9 el T0Ted £y 5°0 £€6 99 i 9 g T'g2 2 S e
¢ 9 9 ece 0°6T  §'y3 00 g6t 0 L 9 7 1142 y'e2 Sy 1'9
¢ ’ € §'02 063 29t -2 §s59 99 ‘ E % 152 r'r2 £y FAK.]
L L 9 6'ot sl Z°yt 90 rsIt 59 I3 9 9 T4g2 *e2 0y £
I3 L 9 e32 06t T-9t -0 9441 0 L ? [ Z262 Tyryz ('€ yeg
: ’ 9 e'c? 0'43 Tyt 30 L4 S S A O3 ¢y _1-s2 ‘92 " 9's
By B R SRR LY S SN LE'S SR 13- MR TY- A S 1 ¢ ) 9 $'62 'z L8 279
L 9 9 6" 0's1 G»3 10 ) 73 by 2 9 6 T:0¢ 282 g'e T+
. 9 9 602 c'sy 6'tt 790 0sg 09 I 9 9 262 2-0¢ »o 3'n
l ’ 9 6°32 il 34 g:<r T2 435 8w &% 9 208 2-2% »'0 d'a
L 9 N 30l 0°63 (e T8 »rs S « 9 L) 2-0¢ 2:0¢ »0 343
L ) 9 b'zz _ Q'st S°€% _3'0  £90T 4§ L 9 ’ 2'0g 208 ‘0 D'y
cT T 3 B £ M Y A Eidl Z 35 R 9 9 T8¢ T 0T oo
t 9 s 032 bR 2's3 £°9 h4 111 1 ) 9 2'0% 208 g0 1
t 9 9 132 963 §°21 ‘s [A 23 S 1 L 9 ) 2°¢¢ *oz £°0 1z
1 [ 9 g3 £63 v [ (214 £s { 9 9 Z2°'0% 2°0¢ 2'0 1'e
1 $ S 2°'g2? Jece 0 (34 v62 ¢ ‘ ? 9 £ or 2°0¢ T8 3ts
$ $ s z'e2 _ 0'0¢ 6’9 90 522 1s Il 9 ? 2-2s 22t 99 0‘0
NPOQ  TIAIY TN TWMY JINATRT T RM0F LN RTT TR NRCG  13AL 7 4N WNO3Y TIINT NT W3OV LINATRT T elTNA T
43345 ONILIW]Y w0i3Y4 0330 13:21034¢ AINYLS.E NITHE=3y J33ds ONJLIJWIT 80:0Yy 03398 C3421Q3ud . 3IINVASI0 X
6 g L 9 S v £ [4 1 -] 8 L 9 2 ki €




(penuy3uo))

% 21498l

A R T T e h I
*%6°7€ S¥ ydw Q[ a0T3q .
(629345 9 3O Z) 1133 jou seop posas ITWM-uF
YITys UF UFBIIII JO_IUdDIY (ponuy3ucy)
R _ _ Lo~ . —— e D
I3 [ ] 9 1 33 ) M1+ ﬁ £EET 902 3 1 [ §'9 | M 9°92 0'n 496 2§
I ] 9 9'gl _£'A I-In.bhl|wl.n| 8821 _s41 < g a 591 2:51 Lep? fp Z5¢ e
2l . [ 96l £'s Z°eg ] [II3NET)S 3 S s s'91 B3 goe2 [} 8Ly ¥rt
' 4 .8 e'gl ) Fady 99 Yoy &Y. & & .. & . . .&'3¥__@'ey 02 T'0 TTa _ sp1
L ) 6 95t 6'¢ £t 0'0 ISTHETY $ $ . $*et MR} g2 2'9 95  ort
Il 9 Y M3 68 L°Ee (] 258 ssl AT _ 0t . &__ .. 931 @r 2*e2 0'a s sr1
¢l ’ s 9’5} 6's M3 59 8998 ol ) ¢ 6 9°93 2 YA g0 v "t
Y { ] & g°¢cl 84 _1'pe e'g 911 [T} 4 ("] 8 & 9°:91 AT 3:¢2 g¢n trs £RY
i [} 6 ¢} 6's 9°'ce 20 (Y YRR 13 4 ] '3 s 983 8'sl 9-¢2 g0 652 207
i | 'y §'s! A°'8 9°£e 2*0 0gR  IsT ] 8 . 6. 933 . £l 922  _3'n ___ 4T .. I»x
N ) " 50 9°'ge 38 Y 13 ® ) ) 987 693 §'ie L't v2 art
4 s 6 _ _8'e s'E8_J] 1°0 309 48 _ 0§ ___§ 9 _ _ D-a3 2 'sL 212 B2 _ g£eg sfI_
i L) 8 6’6 §°Sf 10 £99  ¢el $ $ 9 051 2'gT 3 €4 99 739  9fT
_ L 9 [] _B's8 _ 8¢ | 12 2% 187 [1 s 9 0°41 241 i3I8 f'n ___gcg L83
¢ [ 6 '8 2°c 2'0 9% 983 3 % % [Lr'}:; z'st 112 0'0 189  oft
¢ (] 3 0's1 . 03 &4 &Y __ceY & & 8 . __Q's1 __ 2'gl 2:12 . 82 _ os_ _ gfX_
[4 ¥ ] RAL ‘ 1 '8 ITIIIET ) s $ [ 081 2'st 9:12 LX) »$6 901
' [} 6 393 0t ' 30 _2ee 93 . s & _ % 0'at  Z's¥ __§°32 90 . m& _ €KY
] [ [y 3yl 0+13 »2s 00 £801 237 $ s 9 341 2'gt G 12 13 G99 281
L 9 9 2°9} 2'1% pr2g 10 Zetl 191 s < 9 14T Z'qy » 12 e ¢fg __ ILY
& [] 9 EA) ] y' 13 £ 28 b} LI T3S 1 < 9 T4t Z2'al 12 13 (2% [ 394
¢ __ 9 -9 ___29) eI 5728 0°0 _ 0403 &3 mll.m.llblll-ihbm _2'gYr __S£t12.. 0 313 £ag 2T
M ’ 9 AL I3~ gezg 18 98T 943 $ [ Tvst 2'st 2°12 2y 3Ty a2t
! I T ...-il.:.m.ﬁ.l-ﬁ.a. 2ree 00 L4RY (3§ nll-.w oAt . 2'€3 03z £'0  _ £TT_ (31
¢ ? 9 9t 1 6'T¢ 23 T3 T4 3 9 9 z2'at £-s3 g:02 [3] »T21 271
] [y [ n 3 33 £°0g 9°9 939  §¢3 < 9 9 2'¢3 £:63 §°92 9°0 I%¢1 323
] . ¢ 31 §'13 L'og 9°0 T Y ¢ 9 ? 2°41 [ g°02 03 99e7 o2t
o _e& 6 _ _  S'e} 1% £*0s %0 _ 9p  S4% _ 4 . 3 _ . 9 1Y)/ £:4% 4002 T2 | g22V gRY _
] ¢ . 9%l geIT  9t0r (2 W ul 9 9 €81 £'GT 902 19 9611 z23
5 ___9__ .P-I..limk*-: LA SUNY LY | UAE DR Y 1) S 2 1 i . _%2 ____9% __Rs} £:57 §:32 ' . 3021 12I_
[ N 6 £°¢ Tiz% 6°12 0°0 ogf 1t F; 9 ] £e81 Srgt §02 T-r 2szy 023
o %._ . _9 9 £¢t T'23  _ 6«2 13 Zest _ §97 I3 s 9 __ geal gl yog 13 3523 1%
It N 6 33 T2t 9°L2 10 k13 297 ¢ 9 9 £ 8y £'51 £'02 £ £8TT gl
L} an 6 . vl 2T ¢t 2432 For_ 9% L__ .9 9 A g£'g1 Gt . 92 PITATNES
$ . ) . T2 v £ 98T 09T ¢ s 3 2+ 02 6'¢T (1 32 2601 oIt
[} _ 6 [ gLy Te2% .12 22 L2y 591 S_ _.§ 9. _gr02 z2:91 $eLY . 89 e Tt gI1
$ [ 5 2'q £ 23 6°r2 19 T2t ¥33 [ [ 3 £2 29t I A 30 63TT1  ¢TT
v 9 9 £°33 v'23 9z 2°9 (RRY_ g93 3 % ) £eo2 2'93 A 8'9 4CT1 _ e%%
0% 3T P 9! R3] 9 r2 PR ¥56 2% S [ 9 £902 Er3 9 £LT 90 crtl  23%
$ < 9 _$'e! 3’8 02 928 125 T e & 9 202 2'91 £l 8*3 AGIT  ITT
% < 9 ) $'e 9z 32 1121 331 s s 9 £ 22 z2°91 £ 2= 6607 01T
S s 9 £79” LT L2 29 POZT  4cl 4 - 9. £092 . '93 2°.7 02 9211 ad1
s [ 9 £'8) $'ss L've 29 £I12T st [ [ 9 £L2 2'93 21 Y's 90t @01
e A __ 4 9 £°9% S°SY o Llw2 . Y3 ___geYy_ _(s3 . § 5 9 ____£°%2 AL ) SR 472 SN A5 MY Vs t 2SS S
$ 3 s K 'St 5 r2 13 221 357 ! ) 9 yei2 91 Tt 10 973 931
s s : £yl 38T 1 < 627 <6l ¥ ) 9 iz $'97 8791 Tee TR 134
1 4 9 r'gl s e 5'e? ve3 #9927 261 . 9 6 v 32 91 2°37 0'a (96 0T
$ 5 ? »'gt §' 3 » p2 22 (611 76T 4 .9 Y » 2 993 0.3 92 g6¢  £I1
% [ 3 §' 33 ¢ f1 w2 33 FET - < 9 6 v 2> 2:'9% 8- BRE s 20%
.8 _ _ & ____ 9. g 93 Li53 Towld _ T3 __4s36 183 e 9 8 v iz __§ P--Ihbn'tllhnhlb[
NRQQ 134370 an” PO LN I T L T SRR BiIND N¥0Q RETE R Chl » ,uu< aln" NJ] D32y AIND N 24100
G33¢S ONILiWi dT.3vs G3das 3,0732axd EION Y S S0 § NIYHST, C33dg onILIALY HOID 33348 J343iC3xs 3INVASIT X aiymwds

v
o
>




(839949 9 30 £)- (Pomy3uedy - ——— —— — - SR

s s T s e YLy » 19 0'0 £ gop 2T T e 5* 27 . : '
m $ $ Ul L L' »'39 38 ¥32 452 2 § M wmm ”M Mmm ww umn. mwm
H "w m “.w« MM MW “” awwu 2“ 3 9 ) 3 6L £° (e L3 esst  gr2
» o . . Qb - * L 3 ¢ __ & L6 | 4 ) M M : ‘
s H & R I L T I R e I e 1 1L S 143
e o £l *13 38 _ »32 4382 . . o “a
s $ $ oY o T:'l9  1'6 S serTE ey it w«.m T35 T e
||M $ m . “."“ M.M 0'1e “.“ 2501 nom g 9 9 AL A 8¢ T%% I MQ"ﬂ MH
5 [ ¢ ' &6 ce $ [ 9 * . ¢ ¢
m M m "4““ AM M..“ CPE2ZIT Te2 L ) . M"w m:- “.MM “:ﬂ L..wﬁ me
] L . 656 252 ¢ Tt T Te T et TRt WM 00 T vz
$ $ $ §'03 L' 140 268 882 9 - : o HH see 2
] _ . , 6 X R R » “ L . &
M m mx mw”m M.M M.s wan w2 ¢ « e |..!m..."d| M“ ) lw.%m m%wl ?»lunmm|
L . o ¥ 92 5 $ 9 »1 v . ‘ £L 152
m $ 3 67C¥ L 70 9 982 I ¢ ¢ u.: ...u u.um Ww .3“ '3
.- .."I.-: .ml: ||":.w~-..mar. } m“m. tpnﬁ.,-mn.u.ll»ilrhl, I SR LI ] S L _R'98  _ 8’0 281 £z
: . oL yiZ 5 9 'yt e @ : - -
S T N - R T < A T N N SO M O
$ $ M n.uu MM 1.0 N”. mwu muw m m 9 v s l'9e ~ Db'o | o028 282
: s % [ s'C3 e 5 6% T'0 TEELE )3 ¢ : s e 41 I N
: : : 3 ’ 'Y ' T 3T 1
. § 6 & 603 &4 __9'5% 30 £§21  8c2 $ § 5 . . o MMM omw
“ “ m "H“M M.M m.om "- TTeeeT 92 $ [ - n."w «.bl wkwm |“|.w LI I.mm~
. R U L_4'L  _ s'e% 243 et s 5 . ' , . .
£ E] s TeTIE U TN v'es 9 6207 92 s & &6 I”...wnm u.“ "hom w.lw!- »mp&wrn
S s 31 S ¢ T o _ st sz 5 s _§'eT 2 yi9f  0°p H
‘1% . Y 92 vz 3 3 ’ R 5
- m I S |m| N 1. £:4 . Ces | 10 6911 1 s ) |Im wl.mw -.w.m muo.v w“m. 434
s $ B30 S 5'9% ? sz2s 2.2 ¢ e & 7 ts 3 2'%f 19 ) H I
- % M -~ 5 kd ma i ».ul- _9'es ] _ogg 122 [1 H 6 961 Ch ] 2'9g 33 e zez
b3 H m mﬂ.w M» m.“m w 2L e s " & T TTuoer wi Fes  Tn ‘merulmwmwll
S : 4§ 592 5 s ? 9'g1 9 1 1n . ki
3 t T 44§ SRy S T 7 T Y : T : s E AR
. 3 0 Q. ﬂ . . *tn
s s s AL S T & TR T S s . Ter 89 aar I s
m $ 9§ 52 50 "¢ 7 B & 9 e 103 =
S5 s BM e aus 8 e s s S . 161 9s  sar 10 Tes st
: R St et i T S 133 S T B 173 TS
s H s Mg L piés I 44 . s 2 ('St 133 TS Y
.’ 3 . o i — - . ﬂ 3 ’ £ -
S LI L S N J00N I s o
s o , : $°9§ r ZLT3 T2 ¢ 9 9 £°51 0 Tigo .
$ ¢ s b4 1 rar 273%¢  »T3 Ty 092 L T ER 113 .u,o — vre: S R
$ S _$ £i3 oL 2755 $°0 898 552 ¢ 9 ’ fegr 308 i 23 Yo ees
R T B A K R R i R R o S B SR BRI Lo LB
.8 $ 5 3l L4 L'rs 990 gsy (52 Il ’ ’ PiET 9's negt 9% ME. n%
5 3 % YV 7 | 48 7 I S 71,0 T I 3 3 5T T8 5 es i4E] oTe Lo%
s s S gt il =13 < ¥IT 452 t 9 9 vat 3's §'ys 1 3 oam
$ [ S o”m. Fag'! 925 1 2 T 1+ L 9 9 “rist Jig Lori .5 Mwu s
s ; s LI IS 0T GRmogse 9 9 ¢'st  i°s Sps  3°: 2281 pos
n ] ‘o0 87 8¢ 2 ¢ 7y 9 1Py g e ) ¢ 5
s $ 5 zzh " Ly 58 £29 "3z 4 9 : o tery 12t
] ] - 2 2 ’ et . e . ,
nmmumuuz._.wumu._ mauZ nmmuu-.. ~ WA w1 w23V W N DNCT O LI RETE AT ..qu< :uaoi ﬂmumu :.o.aui wmwﬁ“: 1z
043 3¢5 C3191539d_ m‘wglfm_n 2 LR LT EN 333de ~N111a1T H3i0Vs 33345 33131G3ad JINVLSIS x N{vau3g
Wen, § oL

e e e . .
. At - A A AT e e
Tt REREAN S e - -




T

—T W T,

=

*26°69 w3 ydw QT ~OI9Q TI®3 3oU
(53234ys 9 Jo y) 990p pIds IZwidAw [[vIaAL YPOJya

NU
oy upwazes ,38eq, 3Qauwwwasg  CeWRHw®) o
s s % 8y o:L 0-¢p 1-0 92§ OO0» $ s s 2- a1 29 L £'0 t 17 1
£ & & 9'¢ 3L & 510 €95 a8 K 1 8 £e01 29 T2 _&*n b { ] 428
$ $ $ 0'¢ 'H3 L9 10 [T] gsk » ? N geat vy L*'99 10 ért  grs
9. & 5 __ _W B 9°99 | 140 IRy 68 e % b . R'BY 99 __ 9'y9 9'9___ C%» _ ¥
$ [ S 'z Q' Y99 20 dgs  est - 2 ? g0t 99 9:99 0°9 ofs ot
$ | 3 & L 3¥3 g i'98 2:0 .. IxL &SR 2. _ 1. U T ‘9T 99 .9°%9 __Q2°2 . ZSAT  gvp
[ 3 [ [ 1 3¥ 'R 4 198 (3] 688 »sf ) | ] ] g8y 99 999 [ M [ 12 Y
. £ [ b 473 o L 2:°68 'Y gye 168 2 2 | 3 _ £t 9°3 9499 38 Ire (37
[ [ S £'¢ o' ' £t T8y 258 ] ] 2 0t 9's §°99 I ] 81 2re
.. 8. _ 8 _ % . ¥4 0% 'S QP €'v  Z2EVT %S 0@ _ _® o R w:5% __ 99 _Z%99 _ L'P es  IPE
$ [ 3 'y ”e 98¢ 9y 98T (68 L L 8 Lot 9 529 '3 T 10
L) 1 .8 e 9 __T'% 09 06 _&9k S _ 5 __%® ____. L9 9°f . §°2% _ 2°0 _  sarld efe
S € . L3y e 822 38 Y TS $ % H 331 N £°29 9%y 56T gff
% £ 9 2y 't _4'2¢ 9°0 et 488 § _§ 2 A A Ll §°29 0°9 191 _ /8¢
[14 ot [} 4 s 8t av2¢e 0°0 ydg s8¢ 3 [ [ 201 L £°29 "0 g2t efp
[ SR TR lma.bnl ¥y 92 p OO0 59% g% 0 & & __ ___ %R L4 5% 0°0  sfz eff
[] ] [ O "y 'L 3 ] [T [ [ [ 2°0t ¢ g£e2¢ 9°¢ i »Cf
” 4 3 ’ [ 2 9*1 ik 3 ¢st _¢9¢8 ¢ % £ _®'9% L'¢ £ _ @9 %)Y g
® [ ] T 97 ‘s3] T°0 eILY 2sS % $ $ 9°3T (e £°29 09 csetT  z2ep
u “ [ b n.m b 9:'0 [ 74 S {§ S $ & b L) AP 29 A2 a2y Ifp
[ * e [ R R i} 2°e [T13 % [3 $ 333 [&) 12y [ 5] (179 ate
.82 ¢ [ T-m.o 9'gy 00 29 &F _ 8 $ £ 2:971 L1 $:29. .. Q-0 ILe. _s2e _
[ ] ) 5°S 2°69 0°0 [T T4 $ [ [ 90t ray) £°29 0°0 12 e2¢
. SO _& 8°3 _S§'S _3°89 _ 2D eev  uf 5 ) $ .93t L0 229 03 w2 g2f
3 [ 9 §°6 9's $'69 [ TR 3 $ $ $ 9°33 rary; 2°29 [XF] »6y  92¢
] $ L] [ S $'49 10 493 séf $ $ $ __§'01 ¢ 2°29 2°'g Tg3l  ¢3le
$ [ [ “.q“ .”_ X u." ma“ [233 [ $ 3 0 't w.wo 30 28»  ol¢
_ $ __ _8'6  _$'e9 _ 2'% _ 9% 48 ___§ $ 0§ _@'®Y__ {*g. %29 33 __ . _ Pi& . _£2%
3 m N i79% m’. 189 5 ¢ e e 3 [3 [ §'0t i 2°29 39 e 22
iim . 4 1°98 9 \HE!IP.'IBnIl:hI!MfLILI-i N8y gtz 0 Te29 . 0'p | 2ezd t2e
< [ 1°0 o'y 1°69 0°'0 [13 2 £ [ 3 FREL e 1+29 £°3 1§01 aze
$ ] ) 18 a6's 1'69 8 95¢ 89% S s S 201 I/ 129 _ 08'p 4£21 £33
[3 [ 9 108 0'9 189 [ 3] 632t 99%¢ s [ % 93, L'l 129 9's 0FT1Y ale
$ § __ 6 _ ____Yob 09 ey . 0°Q 444 L9 S ___§_ ___$ el oL g'2e 272 leg . (Il
$ $ 9 wqow o'y 159 60 846 93¢ < $ % 201 ie 329 o0 2v2 gle
$ s _ _e___  __ 3% 0’9 D's9  0'Q __To@_ g5¢ s & & _ _ _#0% £'¢____ 0829 83 ¢fzd g
s [ 1 [ A 31 ) e 0'sy (A4 ] [T TR 1 £ 1 11 g0t L 83 865 »tif
$ $ 'y 1'el a'e 0'gy G'0 o9 R9C ¢ £ 5 §:01 £L g°3 _sfe  ¢l¢
3 [ ® Yol [ K] () 08 ITEEEL3 3 § s FRERS [N [N 42 23t
. s _$ 6 Tet a’s 6'%9  3'8  g¥3  YI3L § § _ _ & _.. __ 01 _4a .02 ede_ Iz
s % 9 1703 0y 6°§9 10 1Z8T 05K $ s s 901 L 0°3 acyl olg
. .8 . & & _. . 1'th 0'e _ 6'sy 1'Q0 . spL eS8 s & & WY _ Ll .. 80 #0831 a0
$ $ s 3'0% o’e iL’9 38 el  9uR 3 < % 2ot e 9°c 521 gd¢
$ § [] 1'08 g'e Fad 1 ) i & ] F 1 P& £ s 1 53 £°£ £°19 83 £8T% 23¢
3 S 6 103 8's [N T 3] 68z  9af S s % 901 i 1°19 02 tezl €01
$ $ s 121 29 S99 39 $E®. sSS § . § . §_. 93T (34 °39 e“g 652 €0r
$ $ [ 103 'y ' 99 20 LL4 L&Y S < $ 991 L' 9°'19 22 869 »0¢
$ b ] .9 ol 'Y Z°99 23 fe{tr (sf s __ 8 __ _s_ SR'eT_ .ty 9:19 80 852t 0p
[ [ [} 2'el g9 [ 1] 2-¢ 129 258 3 [ s g¢:01 I3 513 8-t s28t  25¢
$ [ ] 2'91 g9 FAN L BNt WS £ {4 9 31 ¥ s [ [ g8t ('L $°19 2°9 [T A 414
[TY T ] hETY RIPT: “N23Y  LINA N1 wN3Y LINO AU 811NN Nn0g 13437 40 WNI3Y  LIND N1 #0232V LAINT N] 841N
C3348 SMIAIMIY 2042%4 83346 G3:903md  WAVLSIA X __Nivawd._ . 93igs SNIAfwi) MDLCV4 (3348 FI40C3ad . FINVLSIA X NIVEEAL

Sy, y -

a1 .2

A

»

74<

Pt St e = o

M
w




(839348 9 3o ©) __(eemupueg) —— npm
ds ¢y e O Tupiiasy Tevae 27°66 57 00 T uim gty 46 ‘upeases
TI® -uT -peeds-eSrasay \vuu YOTHA BRIV-JO- JTIIINY \.3.5 [3s0q,, N¢m o} uomnn eSvasay
$ . _5_ _  § 8y G |P...¢ __ %0 _ ee2 . _Try
4 4 v s s $ 89 9:g Y] 'BF) 2ys 2y
2 2 €'0 28 08 _ & _ & _ & %9 o' L33 _ 9'8 _f2____afy
2 2 8'd 236 &l 5 s s sy [ A7) 3-2 5221 3ty
! _ £ £ [l ) 29 74 4 3 S 3. P 2-g L°28 3-9 »2Y Zky
00N & £ i3 ) 04T Liv $ S s 'R 9% L8y 9°0 (S9T 3y
o2 3 _ 3'S _ _#z6_ 9%y § _ § a . _____®'9___ 0% __ ;'R 8°0 2200 gfy
| F ] [T T4 $ 5 S X 0 92°59 38 3687  oEy
£ $ 3°0 0583 iy € S ___ % 279 o'e 939 99 13T £Cy
2’ (ST £iY A [ $ e 1'g EN 1] [N vz 2t
hd | ] 44 2. $ s 89 8¢ 922 99 849 1Ly
3 0L Ly 3 [ $ 9 3¢ 9'38 09 80g iy
... L] 3°0 2y Qv 6 ] $ __ %'y 0% ?2°29 9°9 8Y2 a2
'} ¢ “un YU % m s 9 “.» s “J 86T &Z»
L ] o IS T 1) s £ 9 ' $'$9  0°0 _  _cée 2y
TTTeETT T % 070 T (9 [ 3 3 9 L 5°89 5% Ts¢ »?
$ $ 99 Yy 99t s ] $ 2'9 0°g $ 8t e-2 98e €3¢
[ ] [] [ 3] {13 [$13 [ [ 9 2'9 [ v ge 2 <30T sy
ey __ e ___ov Ly 26 T:8 0 f2L % _ 6 5 S 29 08¢ o »'EE 020 _geet g2
S . SR I I 1O S T N N N £ N T
) _ | -.. [ 3y 0§ - °9 L) *-m _ .ﬂu. Illnuﬂ 1
T Y [] 9 “Tvs8 [ 3 ) I5s 9 5 [3 3 (R} s [T g°s (ST DZw
% [ $ ® 1°68 09 LIST 35y s $ $ B9 Seg £'g3 3‘0 08¢ &1y
% {1 [ ] Y736 Ty Z4TT  G65Y [ [ 3 99 Ut T R &2 giv
4 3 . ® 0's¢  3°0 8 sy 0§ S _$ ___ B9 g Z-g9 COE T 33 B A
1} ] 9 £'9s 1% Sty - [SY [ 3 K3 39 i's [A T 02 Ya: 9ty
L] L L] $'2 _  r'8e 30 (T §s» & § s _8'3 3% 139 0°g 488 &Iy
s [ ] [ ] ? 3T LA} [ .11 [ 3 3 89 [ 139 12 &l %y
’ e L] 9 $‘de 2'90 69  v5p s $ S 8'9 3°f o‘ge 10 289 fiy
TR ¥ ¥ i "7 sIT 1S [4 H 3 §'9 LN LRE] ] 173 TREEAD
] '] i LN . 9°9s 2T  D4E_ 2y 5 S § 893 Qg £°¢®  3'0 _ aLIvl 1lpy
] (] L] 9 *y e £ Tcy 5 4 [ 8y v [ 3 g6y 0Ny
U 2 ] ] 9 Nk v 2'¢ 915y & 0 s 0§ &9 _ 03 (8¢8I s0% sl
13 3 ] L] iy 3 (11 2122 [ [ % 69 Ut it 10 1227 gfy
_ % $ $ _ 0 L& 90 £9Z_ ory S $ $ $'9 J's 4 | 1D Ry ‘9
[ [4 [4 379 Tr 76 (3 il (vy S [ 3 63 7T 29 T2 £0T 33y
$ $ 13 e ‘e L°99 8°9 990 Sry $ s __ 5 69 A S AT B ZZ1T gl
s $ % 9 ot 163 90 T90T  goy $ s 3 6'9 Tt * L9 13 svr 2y
s s $ e o't '3 3'0 g2y ey $ _ _§ __§ 6'9  0°'¢ g3 32 artIt g0y
$ $ < ) 6'e L8 00 &vIT vy < [ S L 8.5 29 19 s31T 20y
$ % M 0 _ ('gy  0°d 242 2vp s S § 8¢ gg 1°¢9 I3 £0yT  TOy
71| sz._ 40 WAS3T  [inva w1 W023Y  iu0 NT #LiNn Nngg 1331 N .SH: LIRN N1 WA23¥  JINM N1 siINA
03343 ONI InlY ¥0 Yy 07V4s C310103nd IONVISIT X wl¥wu3y  __ 033dx oNILINIY 3DiSVa 03345 J3L2103¥e . ISWYLSIC X N[VEEIL

(p3nuy3uo)) 4 ITgeEL

e e ———t, I
- — e —— -




(s332ys g9 jo 9) o L s

——— Y 5 - -
—_—— . - - - . [ - :

33 ] .
.n&’.]«ll
an

m LAk

NOTLV. 3338 "3M5V,580 32075 ISVIMOE . 079 49— 2's  Z°03 ..“
~§33Nv)sigdu NOTL hu 3 PRI e P L TE M.n HH
o s AITVISISIN ™™ "p'9 " 4'9 g%y ?:01 _S°21 ¥'LT p.uwwfmbn--%kr
N.

":“‘.
F:
o

E

>
0 x.lll lmul..  § 1 m@ﬂunx. VNG T FT9F CT gt wyigz -3'62_8°SC 9°Cy @'Y 9 .W

T e e _ S3iavvag 310 L'6» £'CS s'r5 9'9y .8y §-97 »'RT (97 gief —
_ . IedT INLATT HOd SOTWSY . Lo _ _— -

STONTASISIN YOILYII93A u..-rd,:. T

075 *3293unF D> 3BV WAY NOILJYYL L

i BEENETEFEETUERFTZYY.T I A AL B L B S N5

—— & NY_22v4308 > 37971 YAY_A1idvy, J e o u Li_.n 2
[ AN0 404 93=:7 "N > %34S 3IvaN0s U i3 Q°
- - lhn-h £ds 2DalXPh > MI2VANLS 3OV _v¥*3N PoysN Jfy== dgg=h - =N QG =N RE ELT

. CLITSETR]

- T =TT SIINN N 0L T 4032 35NVISIQ IN3Judd 80:3v2

wn
|

0 o
fi) 8°0
9 [N
[]
31

22 31l

76<

Avuvaauﬁoov 4y Igwl




§ arGge’l

S et e o

Ly e

23 )  aumid etz o d WA TET — ~ h -
souwes 3BA pur ‘alvrms ‘LIp icj widEarir wEIImg
Im [e] VOLITPEOD RIRIGTI A0S
[ 3¢ 14 991 [arieg 17901 [ 1 LM . ) s oot st SOAIFTRIE 18] IRIIITEE TN
. e [27) SN P, SN yyage rogicy lecyr- r . stary swe1
[ <28 ~4°26T o't T ITS-T6f ¥Ie€79L ] TTA-T°19 DTN EY WSV e o 2 4 (&) Gateq
*z [ 343 L34 LAf 1 L 14 " €« wt -l FOTIVFFALY 207 FESITES WM
o0°z-8 | oror=trc]ost-trot] e et-trs1] 630t SUH-ETR] 6B | YIT-CTH -9 sy BeRTs
(3F) &3T1397315
(3§ L -1 4 L~st [ 3 <4 T [ 3.3 3°5% k 149 TRTIITMAE 0] PEISTIM WTTA
"89] CE1-C) TSI Q1| v'R<"N £°9C€°8Z | 9N L s ey oy s30Ty
(27) Iwpowig w13
s [& ] L3 € € *z Y o mTwp ZTIEY
e e oL [ 34 [ *zI. 971« ("¥F) TIIwAIC WIS
L} i L] < v £ 4 1 14 VOTIDTPER] 17} FEITI[RG HATEL
*e £°1-9°% £°8-9°5 F9 3a M 4 £y L 305 28 4 71871 STI~§T - stary sWe1)
suscSinrg IoEZing
vy mopory 2441 EXPOREs ITEISPW
[ 3¢ ot a1 (3444 48 ¢4 [ X1 €T 5767 SSTIITPEIL 107 PEISITIE WMTIL
's-9 LIS ST-YLL YR-TN ] 17293 N L el Y -.hwﬂln.nL ey ey 28AT2
133) FRTOMeg IT333330
p4 1] £ 144 | ¥ e 'y b b 4 L2 IVTIDTPILY 153 FRISETES MMTE)
26r< zev-0"07 | s7er-1"01 | 0°01-z*» "3 | -1 0 hoey wEwy)
(33) S3Tue7 srorssec
’ n of v I FIIITPRA 0§ PRISEIIC MRy
Ti-0 *2-T1 SE-¥T v 29« afwy s¥eId
£%T) JIPIA ANWE ITHIIDY
£°5r 114 314 ” b 44 ] 4 BCTIFANL 197 PEIISTIE WEIPL
$°gh- fEEi~cez ) veeerer f orwt-iet vI-T°DI} CI-T'w o adary sewly
[*uF) JpeaTREN 1WITI8s TTEISYY
" t4t4  10d et L 4 ”1 E1%4 a1 3 our 91 0l RE 34 (¥ ITLITFII 0] PEIINTIY INTHR
DeZ-3t | SCT—0°08 |S2Z-1°TIZ | #¥I-T"SET |LIC-17Z0Z jCOT-1 4vE] ZCI=T"COT[ <CI-T7aC0| Cel— "1 W.nﬁlatn&n_ STERIZSTINI] SUELTPTSLTICTINI-OST OB IS T aban xo¥T)y
\Rag) w7Boy Sowecddy sy
oL c°sy o°of (-3 c'st L ¢ £f 1 SOTIDTpAL] 20} PEISITEG Wy
oL Ce-1°0% W1 wrl'or o-ror o1-1°¢ £-1°T -0 bt Riad =
{2) =1y
1 at [\ < L1 o o L3 *x b | xT 261 1] R4 wTIVTFALL 305 pRISH[Ag WEL
"o Tl-¢ £2-t 1= -1 sI-.1 ME TS =gl 2e=iv oHl1-1% L 1204414 CIT-19Y | CEI-TET s A oy vy
' (1w 3@ 1) w3lcaas sawpang,
X =3  £3 e 37T 8EY
1R, p3r = 11 ¥ PoUTRID F¥TIean »dal som;ITe
wor sazwen s
143 a 44 1t ot Y L ] IS » 1 - ., 3 be b IO SIWiID]
A
raquny el
AJFTTSOR punoxy ao0gy
Uurei1a9] [eBIaY

3QTIDSaq 01 Pas|) SISSE[] 1035e4 UTEAIo] PUB Si01oBq

ure1iaj

<




Table 6

Terrain Factors and Terrain Factor Claszas
Used to Describe Lineus Terrais (Streams)
as Used in This Study

1. Differential Bank Height

Clags Value Selected for
No, Class Range, m Prediction, m
1 0 0
2 N/M vank (0.1-1) higher than $/R 0.5
3 N/W bank (1.1-2) higher vhan S/ 1.5
L N/W bank (2.1-h) higher than S/E 3.0
5 N/ bank Eh) h.0
5 S/E bank o.1-1; higher than N/W 0.5
7 S/E bank 21.1-2 1.5
8 2,11 3.0
W) b0
2. Cap Side Slope
Clasa Value Selected for
No. Class Rang @, deg Prediction, deg
1 180-185 182.5
2 185.1-190 187.5 :
3 190.1-200 195.0 ;
in 200.1-210 205.0
5 210.1-220 215.,0
6 220,1-230 225.0
7 230.1-250 240.0
8 250.1-2G0 255.0
o 260.1-265 262 .5
10 265,1-270 267.5
(Continued)

(1 of 3 shevets) !
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Table 6 (Continued)

3. Water depth

5 Class c Value Selected for
3 No. Class Range, m Prediction, m

!

3 1 0~100 50

; ) 101-200 150

: 3 201~500 350

t L >500 500

L. Water velocity

Clasgs Value Selected for
No. Class Range, mps Prediction, mps
1 Ro water NA
2 o} 0
3 0-1 0.5
N ) 1.1-2 1.5
. ) 2.1-3.5 2.8
i " 3.5 3.5

) 5. Water width

\ Class Value Selected Class Value Selected
. Claus Range for Prediction Class Range for Prediction
3 No. m m No. m i
i 1 No water 0 L6 200.1-205 202.5
' Py 0.1-3 1.5 i7 205.1-210 207.5
3 3.1=-6 L.s L8 210.1-215 212.5
b 1.1-9 7.5 Lg 215.1-220 217.5
5 9.1-12 10.5 50 220.1-225 222.5
5 12.1-15 13.5 51 225,1-230 227.5
7 15.1-18 16.5 52 230.1-235 232.5
8 18.1-21 19.5 53 235.1-2ko 237.5
9 21.1-24 22.5 sk 2L0.1-245 2l2 .5
10 24,127 25.5 55 2L5,1-250 247.5
11 27.1-30 28.5 56 250,1-255 252.5
12 30.1-35 32.5 57 255.1-2/0 257.5 i
¥ 13 35.1-h0 37.5 58 260.1-205 2€2.5
S 14 bo,1-ks5 k2.5 59 264.1-270 267.5 !
o 15 45.1-50 u7.5 60 270.1-275 272.5 ]
1% 50.1-55 52.5 61 275.1-280 277.5
17 55 .1-00 57.5 €2 280.1-285 28.5
18 M0 .1-65 &®.5 63 285.1-290 287.5
g (Continued) %
W Q< (2 of 3 sheets) j
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Ta>le 6 (Concluded)

Class Value Selected Class Value Selected
Class Range for Prediction Clasas Range for Prediction
No. m ] No. m m
19 65.1-70 67.5 &4 290.1-295 292.5%
20 70.1=75 T2.5 n5 295,1-300 297.5
21 75.1-80 T7.5 66 300,1-305 302.5
22 80.1-85 8.5 67 305.1-310 307.5
23 85.1-90 87.5 68 310,1-315 312.5
2k 90.1-95 R.5 69  315.1-320 317.5
25 95.,1-100 97.% 70 320.1-325 322.5
29 100.1-105 102.5 71 325.1-330 327.9
27 105,1-110 107.5 T2 330.1-335 332.5
28 10.1-115 112.5 73 335.1-3%0 337.5
29 115.1-120 117.5 74 340,1-345 k2.5
30 120.1-125 122.5 75 345,1-350 347.5
31 125,1-130 127.5 76 350.1-355 352.5
3 130.1-135 132.5 77 355,1-360 357.5
33 135.1-1k0 137.5 78 360,1-365 38R .5
3k 140.1-1k5 1k2.5 79  365.1-370 367.5
35 145,1-150 147.5 80 370.1-375 372.5
3A 150.1-155 152.5 81 375.1-380 377.5
37 155.1-160 157.5 ae 380.1-385 27,5
38 1750,1-165 1.5 83 365.1-390 307.5
39 165.1-170 157.5 8u 390.1-395 32,5
Lo 170,1~170 172.5 85 395.1-400 397.5
41 175.1-180 177.5 86 400 .1-L05 Lo2.s
ho 180.1-185 182.5 87 L05.1-410 u07.5
L3 185.1-190 187.5 A8 410,1~L15 k12 .5
il 190,1-195 192.5 89 L15.,1-420 417.5
kg 195.1-200 197.5 90 Lzo.1-L25 Loz .5
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Table 8
! Density of Road Networks in Study Areas and Road Lengths
l Used in Predictionsz

STV RS R SR T e

Sample
Size Road Length Density
Area sq mi Type mi mi per sq mi

r West Germany 9k Primary 10k 1.1
Secondary & 0.9
Trails 583 6.3

ﬁ.’

Total 775 8.3

] Thailand 767 Primary 70 0.1

f Secondary 67 0.1
Trails 277 0.k
Total L1k 0.6
Yuma,, 501 Primary 84 0.2
Arizona Secondary 87 0.2
Trails 203 0.b

i Total 37k 0.8

’
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Factors Ct

[
i S
| Item DR
! No. Vohiele Traflor/Howitzer 1* 2
|
|
|
} 1 M151A2, 1/M-ton, kxh utility truck None R
| 2 1/h-ton, hxh utility truck 0 2
: 3 MI51A2, 1/h-ton, Lxd uiility truck 0 b

L 1/h=tor, hx? utillty truck 34 5.
5 MISIAZ, 1-ton, bxb utility truck M41G, 2-wheel, 1/b4-ton cargo trailer 0 0.
£ 1/h-ten, hxh utility truck 0 0.
7 M151A2, 1/4-ton, 4x2 utility truch o .
i 3] 1/4=ton, hx? utility truck 34
i
i O M2/LA2, 1/2-ton, hxh platform utillty fruck Nonu o o
} 10 Myl, 3 iston, hxh cnrgo truck None 0 0.
s 11 Ma/w1, 3/b-ton, bxb cargo truck M10IAL, 2=wheed, Theton cargo truiler Q 0.
12 M715k1l, 1-1/h=ton, bxh cargo truck None 0 0.
13 ¥MroM, 1=1/b=ton, bxb cargo truck 0 0.
1 M5C1, 1=1/heton, tx( carpgo truck 0 0.
; 14 l-l/h-tcm, Lbxh curgo truck 0 0.
! 1 M716B1, 1-1/h-ton, bxP cargo truck PP
17 1-]/‘4-?011, hxi? curgo toruck 4.0 3.
; 14 M/19E1, 1-1/b4-tou, bxh cargo Lruek M101A1, 2-wheel, 3/4ston cargo teailer 0 0.
) 19 xM70Y, 1-1/l=ton, hxh cargo truck MI0O1AT, 2=-wheel, f-‘,/h-tnn carpo trailer 0 O
: 20 M561, 1=1/b=ton, Gt cargo truck M10IA1, 2-wheel, 3/ heton cargo trailer 0 0.
f 21 MS01, ]~1/“-1,<m, txf: urego truck Mo, Thhmm, 1ight howltzer 0 1.
, o 1-1/letom, bxl eapgo ek FI01AL , D=wheel, 4/N-ton cargo traller 0 e
) 23 M715K1, 1=1/i-ton, hx? carpo truck MIOIAT, 2=vheel, */leton curg fradler ,J"h l‘f'
24 1=1/l=ton, hx2 caxgo Lruck M101AT, 2-wheel, 3/h<ton cnrgn trailer Wb
Hobes Tryrend
I'actors
Controlling Dedeription
1 Surtace gtrength < minimun requived tor one pasy
Lom1o 4o 0 Tractlon avallable <« aucface and olope resistances
* ¢ 3 Ubsteele interference
b Traction availuble < surtnce, slope, obutucle, and
vegelation resistuncey
H Ride dynumdes
O Surfacne and nlope reasistancen

‘ " ' Vintbility

i Iy red

; peet H Maneuver

" OSurinee, slope, obntacle, and vegetation
read atancen
L0 Acecleration and deceleration between obatoacelesg
* Inetors conbrol ) bur speed,

’ Q\ §'7<

PR e
e AT LY ST 7] TR Ty S —




A: Table 11
{ vretaprs Controlling lredicted Speed In Arend Terenin Undte (VIOO)
- - F'ereont, ’1‘ruvur:§j1
went Gernany Thall
3 nilop /i ™ A’ 7 T T o 7 B2} ) D) | o 3 N [
[’ nfopory 1 1/ leatton bnylond 4
; ot 3 o a0 e, 800 14t 2heo o 0,9 0 0 ey 2.0h 0 .2
\ T ) Wi G 8eLh Puyy o) oy 0 0 w3 1.2
. \ hoio OG0 s i T A B SR T< DR c Iy B ¢ 0 1.% 2.5 9. b
: , i 0. ) 200 T PO R U DU </ IV IR PR SR il 1.0 L 12 0,74
DML Cewten], 1 eton appe ted ey ) oL e sy e 0Ll DD 0, 0L 0 1.0 8.y 2k h.f)j
v A, 0o T T O T « Do B 0 (T Y T 0 0 S P~ O A O X
C e e ey s 1D bl 0.9 W 2.0 1L,y 3l Pl
[, RN AR VRS TON R /TN S PR A R (B < U PR o 0 | S 0% T T ¢ B 400 PO < MO W
E Cuborory O3 1702700 Tnsdond i
Lone N Veoowd 0 Ue.e 1L 0L Dhc oolh 0,y 0 00 7.9 1 104
. !
? catopary 1 4 hattorn Ty lood
y-:'
i et N Ay o,e 00 WLyt A Dy 1, 000 0 1.7 20 46
5 MU S mabe b fomton e e e 3 YUoonp D o Bp o o100 0% Ik 3 1 0,90 by
- i
} aboegeepy g 11 ion [RINARSLL ]
i
b T 3 [PREENES JERY by, 1,00 oL 2o 10 00 0 ) 1.0 1%.9 3.5
! ) O T o s T PO (I I T P R 0 200 20 0.9
[’ 0 phoor 00 oL 18 Lhoosheoe2 100000 0 2.0 1.8 0.7
5 ) Yoo O 0 Wy dpoaogp¢ 2.2 1.3 0.2 Uk 00 e300 2h 4b
] S a0 00 0 Weoh o 10,10 9,0 218 4y ol o e fy o 00% 0 LY
& < h LR ¢ IR T haor hye ol 24,00 e 000 Ok 1.2 ‘v 0.y 2.4
Ef Mio ity o Mmt o e e T b Yr0.e 0 oLl Ly 0.y ML PLL Quo AL 0,1 L 3.0 9.2
§ oMo haton g freidler o) G, e 0 Cre,h 1009 0.y @b b0 0.y 1k 0.1 .y 2.3 9.k
Mo SMeton apps trailer 2 oo, 0 e, 18,00 0.y Zhy 0.8 049 0 510 P00 .3 049
E M Vow Loy 9 1.9 o 9 Wl o hoo ool 1,1 0.8 1k L4 2,0 00 0.7
sMiv. Do ety A e e Ty g R I Weod 14,9 s eped oo aklh e w300 1.9 3l
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0 Tercont Troverse Dlstance

! Thallnnd Arizona

L i 4 Ty Y i 7 B 9 10 ) 2 3 T B ) ¥ 5] 9 10
¢ ————— —— — re— — — A - ro——— —— — c— ——— am— v — L —
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Yo 0 2 20 b 0l 1y 1.3 04 1.6 0 0.3 00 0 P35 0.3 1.3 3.7 O 0.5
50 0 VLD L2 0 1Y 1 0. 1 0 0.2 s 0 20,7 0,% ©.1 Lo 0O 0
0 .3 %2 % bl ey 0w 0 1 0 st 0y 0 22,5 0 1.6 3.6 0 GHL1
[ (LU O N T Y R o F .5 0,1 0 o 0 1.y 37,3 0 20,0 O 1.0 390 O 0
0 L2y o e g 1.9 0 1. 0 3,7 0% 0 o0 0 1.2 %6 0 0Y 4
SALE 001 Ly pr e 0 1 1,2 01 G0 1.y %3 00 200 00 1.1 3900 0 0
L 20 s b sk o ke 0,3 0.3 1 @ 8.0 0y 0 24,0, 0 1.5 4.6 0 e 8
(B e ke 0wl 02 00 0 0 33 33 0 39 0 1 e 0 0
'1

Yo 0 TSt L 1o o 2 0.3 b0 6 0.3 0,5 0 24, 1.0 0.2 1.6 0 e
'

.0 0 Ly 2o S 0,3 b 0 3,0 72,0 0 003 Q0 3 007 0.9 k2 0 033
A L 1 009 by 003 13,4 0 L, 61,0 0 3,/ 0 0 1.8 o 1.2 0.2 0 19,8
-0 0 1.7 19 3.y 0,2 149 2,9 4,4 61,9 0 0.3 0,5 0 43,9 0.3 0.7 ka0 00,3
g O 0 2.0 2% w9 0 1wy 4 09 oy 0 0.3 0 0 hi.6 0.2 0.7 3.0 Y34
.0 0 2.0 1.4 o.7 02 19 34 1,n oyo2 0 03 0 0 12,7 0.3 0.7 0.6 0 UL
SALh o 03,0 2. 4k o 13, 2.5 0,3 0 0 C.2 %/.% 0 20,2 0O 1.8 ko, o2 O
JEL e Yy 00y 1.9 0 7,1 2,0 0,2 0., 0 %7 0,5 0 W 0 1.3 ko oo vy
CUBLL 1L ey 00y 20 o 0.y 2,4 0,10 0 0 LS 3.3 0 200 0 1.ho3u8 0 0
bbb 0.1 1.7 3,0 4,2 0 14,3 2.0 1,0 Q.8 0 3.7 0L 0 41,1 O 1.0 4.0 0 49,8
Pl 0.1 1Y 2.3 0.8 0 11,9 Wl 0,5 Y.t 0 L £ 0 W 0 0.0 3.0 0 L3Lh
£oo 0.1 2.0 2,9 0.7 2,0 31u.H @8 w0 03 00 30,0 0.3 0.8 3.0 0 oY
'"Elh.h L.h o200 v, 0.7 1.0 10,0 B %0 0,0 0 03 00 0 3,1 0,2 0./ 04 0 0,0
2 (PR VO < BN UL/ R T U O (R 1 0 TSN < DV o DR IR0\ 0 L.y 4§49 0 20,0 0 1.9 394 0 0
S8 1h v T 2000 o2, 0,50 0, 0 A0 0 0 0,60 0O 1.9 k.o o H9.48 ‘
(<70 TR Y- I B T T ¢ Wb 1 0, 0 0 3.4 37,3 0 19,4 0 1.3 3.7 0 0 j
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Item "
No. Vehdele Prailer/llowiizer i 0" _}_‘
24 MASA2, p_]/ =ton, Oxt vargo truck Nrnes n o.h 0.2
20 2-1/2=ton, hx? (151 in. WB) nrge truck None 30 4.3 0.3
27 M3A2, 2«1/R=ton, txl cargo truck None v h o 2. 0.3
28 MisA2, 2=1/0«ton, Gx(+ cargo truck MIOLAD, 2=wheel, 1+1/2=ton cargo trailer 0 Wk 0.2
20 MibA2, 2- 1/ =ton, OXt cargo tLruck M10P, 10%um, 1lght howitzer 0 1,0 0.2
30 0=1/2aton, bx? (151 in. W) eargo Lruck Mll’l‘»/\"‘ Pawheel, 1-1/2-ton carpo trailer P TS - P N |
31 M35A2, 2e1/2-ton, Oxh cargo truck M1 A._. 2=wheel, 1=1/2-ton enrgo bLrailer e ut 0.4
30 MB13, be=tou, Ox( cargo truck Nome 0 0.7 0.1
33 Moye, Yeton, HBxB cargo truck 0 ok 0.2
3h Setott, Oxh carpo truck 4.4 0,1 0.2
3% MB18, Yelon, Oxh carpo truck 3.4 o, 0.1
30 MR1Y, beton, 66 eargo Lruck M114A1, 1%9mm, howlteor 3. 11,9 0.
37 MOYG, S-Lon, Bxf carpgo truck M114AT, 19, howliger 9,0 3.0 0.2
Kh] Heton, Oxh cargo truck b Tor, pross towed Jond (12,000 Tb)aw S P,y 0.4
39 MB13, Yetou. fal cnrgo truck Pendlur, gross Lowed lond (12,700 1)« bi.0o 3.4 0
Lo M520K1, 8-ton, hxlt curgo truck None 0 0.9 0
(‘.ut‘,n-‘rm“i 4
W1 MW8, 4beton, OxO Lrnetor Lrack M1 1, hewheeld, 12<ton, alnke semdtbrudley L1, o 4.4 0
ho Yetou, Oxh (152 e W) frnctor frack MIZYPATC, Bewlioel,y 12<ton gemitrallor o0 0.
lhq Yeton, Oxb (140 tn. W) Lracior truck MI2YALC, hewhool, 192<ton seallraller Yo o23.% 0.4
W M818, S=ton, Oxl traetor truck RIZPALS, Heawhuol, 29=ton, Tow=bed semitrailer  W1,0 14,2 0O
Coteprony ?!
by MI23ATC, 10=Lon, 0% trnctor bck MIOAT, h=wheel, Dbeton, Jowsbed gemitawiler Ll 3.5 04
ko 10-ton, Oxh (182 in. WH) teactor MIZOAL, bewhool, @=ton, Jow=bod sembtaaller B21 0 15,1 0.
truch
Catepory 1€
by, 2ee1/oston, BB Leetor Lruek M, Mewhioel, 92«1/Peton, heavy equipmeut h1.0 15.2 0
_ tranaporter, Tow-bed aemftrailor
he 20-1/0=tony Bxh femebor Lk MACE, S=wheed, S0=1/2bon, heavy equipment 10000 O 0
trutporter, low-bed osemitialler
by MILYAL, nemored, tfull-tracked, personnel onprlor None 0 0.l 0.4
50 M!,"{h”l*)l, full=travhed, carpgo onrrler Nuhie 0 0.1 0.4
51 MOOAL, 10U=mm gany tull=teacked, combut Lank None 0 0.1 0
52 MiBAL, 1/h-tom, hath ubidity truek None 0 0.4 0.1
9% MIYl1Al, 1/14-1,()1], hxly utility truck None ) 0.% 0.5
Sh xMb10, 2-1/2-tan, BxB cargo truck None 0 o 0.
55 1/bweton, hxl utility truck (85 in. WB) Nona 0 a.b o.
S0 Experimental, 5~ to B-ton, 8x8 cargo truck None Q o.h o
57 20.1/2-ton, 26 tractor truck MT4T, O-whedl, 50-1/f-ton Leayy equijwent 21 151 ©
transporter, lov-bed seyltraller
% M11LAL, 1%% wn howitzer umed in lleu of traller.
88<
e |
-

|"a m——— T
|
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Table 11 (Coneluded) '
Tercent Traverse 1
Woesl Germany Thalland
',/Howltzer T ) 3 T D) 0 T 2] 9 10_ 1 ) 7 N 5
tntopory i P=1/PTon baylond
fone Q ok 0,2 0O hoor o e 1By Booo oLk 0 0 2,0 1.8 34,0
Jone 2hoL0 003 B0l B0 an L 40 1y 0.8 ok Bl 1.2 s 0.5 4.y
fone Lho e 00 Wroo a8, b1 20,7 2,0 04 B 1 0 0.3 0.9
b-ton cargo trailer u WL 0,2 0 2.3 19.0 0.2 17wy 00y 2k 1h 2,0 0,9 32,4 9
ritzer 0 1,0 0.2 3. h9y0 1900 4.9 19,9 3,3 2.2 14 0.0 2,0 3,7 3.7 4
B-ton cargo traller b 23S 004 001 WL,y 1dul o 0.% 2.1 R0 03 B 2L Ly 0.8 3.
P-ton cargo trailer 00 . 0 0 LO.2 i L o ATy L0 0.3 B 1 o 0.6 1
Cnbopory G SaTon Payloud
None 0 0,7 0.1 0 h0.9 192 W2 Por 1,9 0.3 1 0.1 w8 0.9 93D
0 0. 0.2 0 bo.3 19,0 8,7 2134 4.2 0.9 0 0 2,0 1,0 2.0
k01 0,2 0 1.9t 8.9 ehey e w2 8 0.1 0 0,1 1%.%
Wb 0.1 0 o B 8% 200 ) 0.2 YE 1. 0 0.1 .3
wr 14119 0.1 0.1 Wb ahe 0Ly Pl 1,1 0,30 484 1, 0 0 8.4
Ll who%e 0.2 00 P by 1,0 1.0 0 L B4 1,4 0 0 0.2
Rond (12,700 1) Sy 0,0 01 o 90 201 171 200 0,1 ML a0 0 19,6
loud (12,700 1u)ew 41,0 % 0 0 ML s by 200 P03 Bs2 LA 0 0.6 7.1
Culapory Y1 Balon Puylond
|
Noue b) 2,9 v 0 99,0 2.9 0.1 H04 9 0,9 b 0.0 0.0 0,9 2.4
}‘ ey By GaTon Practor with 12=%on, haWheo! Trailer
‘>”¢'.on.ztuv.e demltraller h1,0 5,5 0O 0 204 ot ARV Y PR B SR TR ¢ DR .0 1.4 0 Q. LYy
fton demiteudler Wheotoy 0,1 0 10,0 1, 0 10,2 0.1 ) Ma 1w o 0.9 O,
on demitraller hRen 00 0,1 B0 40 0.1 3.1 0L Wl ML P 0 0 13,0
;:ton,low-bvd gemitrndler W1,0 100 O 0 PO S 00 s Dy 02 By Dy 0 0 6.1
y rategory 93 10=Ton Tenotor with @4=%on, Y=Whuoi Trailer
.r.:";ou, Tow=bod demiteailer 42,) Y 0.1 0 29,8 B 00 2e.) o o 100,00 0 Q 0 0
bon, low=bed semitealler B2.1 10,1 0,1 9 ”1,8 0.8 0.1 1,9 4.2 0.1 W0.0 0O 0 0 0
N Cubepory 103 22-1/P<0on Trretor witl S2=1/0Ton Tradlor
%.E-Lun, Lienvy squipment n1,0 L0 0 R3PS CHR AP VR ¢ P PR OO S PR Y PO G - (/S £ B L B ¢ 1.0 5.7
knd gemitraiior
[A=ton, heavy agulpment .0 9 0 0 9 0 0 0 0 0 100, © 0 0 )
34 semity, ey
‘\‘\ Uabopory 111 Treacked Vohioelos
x’Nmm n 0.1 0.2 o S0.8 0.y 2.8 0.3 hsro0.2 0 0 0.8 0.9 2.
¢ Nune 0 0.1 0.0 0 S0 10,00 1,1 20,0 %03 14 0 0 0.7 0.9 5.9
Y Neno b 0.1 o 9 W6 29.6 0.5 b ok 06 O 0 ) 0 0.9
A
N
M Cutepory My Other Vehiclew
' None 0O 0 01 0 5385 11,00 9.0 2.8 0. 1.0 0 0 S5 25 g
b, None 0 0.4 02 0 9.6 7.6 13,3 2k 0% b 0 Y] 2. 2N e
o Nune 0 0 v o 9.3 1%.6 1k 246 5.1 0.8 0 0 2.0 1.7 g
| Uategory 13! Additionsl Vehiclew
. None 0 Q.4 u.3 0 53.8 0.9 13,4 2bg 5.8 05 0 725 2.8 5.9
' ¥one 0 ok 0 0 .00 399 9.0 16 8.3 09 0 ! O\ 0.9 0.
| 2<ton hewyy egquipment k21 151 o o .8 9.9 0% 169 0.6 0.2 00 o Q 0 o
- o semitrailer
<
{
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Table 1k

Areal Traverse Characteristics as “"Sem" by the Vehicles

| |
- !
West German Thailand Arisnoa \
TP Lowe | HIgh* Low |  Hign* low |
V. ..» mph 6 2 3 ]'
100 1 0.1 ' i ?
VOO’ mph 11 b 7
7 b 0.1 2
Percent GO 99 97 99
86 1L &2 (
Terrain Factors Controlling ,f”” ’
Soils and ~ pes, % 18 1 1
27 80 5
Ride, % k9 2 3l
Ly & Lk
Obstacle Overrida, % 1 Th o7
1 5 L8
Vepetation and Other, % 32 23 1
28 9 3

#{irh = Three high-mobility vehicles (M056, MAS6, M113)

*%Iow = Three slandard vehicles with molility reduced by front-wheel drive
denial (M71SE1M,M35A2M, MB13M)
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Table 15

FPercentage of Areal Terrain GO for Selected Military Vehicles

Payload ﬂig& Mobility Standard Mobility Mobility
Category] Tramsects Transects Trangects
(tons)| VehicleiW.G. T A VehicleW,G, T A VehicleW.G. T A
1/4 MIS1A2 }199.4
25.1
-— 99.2
1/2 M274A2 |99.6
21.0
99.2
3/4 M37B1 |99.4
95.8
99.7
1-1/4 |M561 99.4 M715El |99,1
96,2 82.4
99.7 99,2
XM705 |99.3 :
96.5
59.6
2-1/2 M35A2 99,4
96.2
99.7
5 M656 99.4 M813 96.2 MB18/ 55.4
97.0 83.9 M127A1C€ 12.7
99.7 99,7 92.0
8 M520E1 | 99,3
84,0
99.7
10 M123A1C/] 54.3
M172A1 | 0.0
96.3
22-1/2 #37&6/ 1 43.7
M747 11.2
92.0
Ref M113 99.7
(Tracked) 98.4
100.0
IL<
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lf' eI

vmo for Selectead Military Vehicles

Table 16

Payload: High Mobility Standord Mobility Low Mobility
Category] Transects Transect:s Transects
(tons) ! Vehicle |W.G. T A Vehicle|W.G. T A VehicleW.G. T A
174 M151A2 | 4.8
' 0.1
3.0
1/2 M274A2 | .1
0.1
3.3
3/4 M37E1 5.0 |
1.5
3.5
i-1/4 |M561 5.7 M715E1l | 4.9
- 104 005
2.8 ) 2.9
XM705 5.1
1.7
0.5
2-1/2 M35A2 4.3
1.7
3.2
5 M656 [ 6.6 M813 | 3.3 818/ |0.2
1. 0.6 M127A1Q 0.1
4'1 2'6 0'8
8 M520E1 3.6
OIS
3.3
10 M123A1C/|0.2
M172A1 0.1
0.9
22-1/2 746/ 10.2
M747 0.1
0.9
Ref M113 6.8
(Tracked) ! 3.2
! 5.9
93<
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: Table 17
Average Speed on Type 2 Roads for Selected Military Vehicles
i _ |
Payload: High Mobility Standard Mobility Low Mobility !
! Zatzgor Transccts Transects Transects :
3 (tons)| Vehicle [W.G. T _ _A _|Vehicle|W.G. T A Vahicld’E.G." T A
) 1/4 Mi51A2 |32.2
i 37.0
1 34.5
b 1/2 M274A2 [10.6
i 3 707
3/4 M37BL  [28.4
/ 3781 32.9
g 1 31.0
E 4 1-1/4 |M561 29.0 M71581 [30.4
F“ f : 30.7 3.1
v 29.1 32,1
b ; XM705 |30.4
1 , 31.3
(3 29'6
' 2-1/2 M35AZ  |25.5
- 3 2502
£ 24.2
i; v
. ' 5 M656 26.0 M813  [21.0 Jmna/ 20.5
3 25.3 17.5 M127A10 16.9
5 24.3 17.2 16.7
& 8 M520E1 |20.3 -
16.9 \
-2 16.7 »
|
l 10 M123A1C/} 7.9 ‘
-y M172A1 5.8 !
% 5.7 ‘
¥ |
I3 22-1/2 746/ |11.6 '.
b4 M74/ 8.7 \
8.5 §
EA Ref M113 23.2 l
g (Tracked) 21.7 1
I‘ 21.1 |
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i i Table 19

; i Ranking of Off~Road Performance of Study Vehicles
: Using V.. a8 the Criterion, West Germsny Traverse

. : 90
| ! (Using updated Vo, from Addendum I)° -t
51 : Yo
) ; Vehicle Bpeed 100
3 { Rank Ho. Vehicle Jdentification ¥ph % ¥o Go
N 11
! ; 1 56 S5~to 8«ton, 8x8 (c) 12.4 0.3
:“v :" 2 33 MSG- S-ton. 8‘8 11-9 006
\ U 3 lh 561. 1—1/"-’00!1‘, Gﬁ 1-003 °I6
: ; L 37 W656, S-ton, Bx8/Ht 16.0 7.2
; ‘ 5 20 M561, 1-1/l-ton, Gxb /v 8.9 0.6
f, ‘ 3 13 XMTO05, 1~1/l-ton, lxb 8.8 0.7
P 7 2 1/U-ton, Lxh (100 in. WB) (c)* 8.k 1.0
i , 8 21 M561, 1-1/U-ton, 6xb/H 8.3 1.2
{ ¥ 9 10 M3T81, 3/4~tom, lxk 8.1 0.6
-(‘, ' 10 6 1/4~ton, uxk, (c)/mee Bt+ 1.0
5 11 1 M151A2, 1/4-ton, Uxh 7.9 0.6
i 12 3k 5-ton, 6xk (c) 7.9 3.7
. 13 15 1-1/k=ton, Uxh (100 in. WB) (¢) 7.5 1.0
4 14 55 1/b4~ton, Uxl (e) (85 in. WB) T.4 0.6
i : 15 12 MT15KL, 1-1/M-ton, bxk 7.4 0.9
; . 16 5 M151A2, 1/k-ton, Uxb/T T4 4.0
: 17 11 M37B1, 3/4~ton, bxb/T 7.3 0.9
' 18 3 M151A2, 1/4-ton, kx2 T.3 8.3
K 19 18 MT1SEL, 1-1/Uk-ton, lxb/7 6.9 0.9
4 20 16 MT15KL, 1-1/b-ton, kx2 6.7 7.2
i 21 25 M3%A2, 2-1/2-ton, 6x6 6.6 0.6
! 22 19 X705, 1~1/4-ton, bxb/T 6.4 1.0
g 23 22 1-1/b~ton, lxk (e)/T 6.4 6.5
; 2k 17 1-1/k~ton, Ux2 (c) 6.1 Tl
! 25 N 1/4=ton, bx2 (c) 6 9.1
4 26 27 M35A2, 2-1/2-ton, 6xb 5.9 7.2
! 27 2k 1-1/4~ton, Lx2 (c)/7 5.5 9.1
: 28 9 M2TLA2, 1/2~ton, Uxk 5.3 0.4

29 32 M813, 5-ton, 6x6 5,2 0.8

30 29 M35A2, 2-1/2-ton, Gx6/H b7 L.6
- 31 23 M71581, 1-1/b-ton, bx2/T 3.9 9.1
P 32 28 M35A2, 2-1/-ton, 6x6/T 3.5 L.6
! 33 31 M35A2, 2-1/2-ton, 6xk/v 3.2 9.0
; (Continued)

SCommercial (c). (1 of 2 Sheets)

##ppgiler (1),
tHowitzer (H).
ttValugy without declmals are eslimuted per Addendum 1.
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Table 19 (Concluded)

Vgo v
Vehicle Speed 100

Rank No. Vehicle Identificutign mph E No Go
3k Lo M520E1, 8-ton, 4xlb 2.5 0.7
35 26 2-1/2-ton, Uxb (c) (150 in. WB) 1.3 1.2
36 36 NB13, 5~ton 6x6/H 1.2 15.5
37 7 MISIAZ2, 1/U~ton, bx2/T 1.0 18.0
38 8 1/4«ton, bx2 (c)/T 0.8 20.9
39 43 5-ton, 6xb (c)(150 in. WB)/T 0.5 27.2
Lo 35 M313, S-ton, 6x 0.5 28.0
L1 38 S5-ton, Gxb (o)/r 0.k at.2
L2 30 2-1/2=ton, 4x2 (c)(150 in, WB)/T 0.4 28.0
L3 39 NBL3, S-ton Gxl/T 0.2 Ly.6
Lh L1 NB818, S-ton 6x6/T 0.2 by, 8
ks Ls N123AlC, 10-ton, &x6/7 0.2 45.7
46 Ly MB18, Suton, Gxl/T 0.2 56,2
by 57 22-1/2=ton, 8x6 (c)/T 0.2 57.2
L8 L6 10-ton, 6xb (182 in. WB)/T 0.2 57.3
Lo Ly XNTL6, 22-1/2~ton, 8x8/T 0.2 58.3
50 L2 5-ton, Gxb (), (152 ia. WB)/T 0.1 Th.1
51 L8 22.1/2~ton, &4 (c)/T 0.1 100.0

97«
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Table 20

Ranking of Off-Road Performance of Study Vehicles
Using VQQ a8 the Criterion, Thailand Traverse

(Using updated V

90

frow Addendum T)

£

WL\ Wi

10

Vehicle
No.

Vehicle Identification

13
25
56
10
33
1k
20
32
1e
ko
19
11
28
18
2l
29
55

WV AT -

1%
16
17
22
23
24
26

IN705, l-l/b=ton, kxh
N35A2, 2-1/2=ton, €x6

5~ to B~ton, 8x8 (c)®
M3TBL, 3/b-ton, Uxk
N656, 5-ton, 8x8

N561, 1-1/keton, 6xb
W561, 1-1/b=ton, 6x5/TW®
mu » 5-1‘.0!1 » 6‘6

NT15E1l, 1-1/M-ton, Lxl
N20E1, B-tou, Uxk
INT705, l-l/b-ton, Nxb/T
N37BL, 3/b4-ton, Uxb/T
M35A2, 2-1/2-ton, 6x6/%
R71581, 1-1/kotou, bxb/T
N561, 1-1/k=ton, Gx6/Ht
M35A2 N 2"1/2""*00“ &G/H
1/4=ton, bxl (u){BS in. wB)
M151A2, 1/k-ton, bzl
1/k=ton, 4xl (c)

M151A2, 1/b4-ton, 4x2
1/b=ton, kx2 (c)

MIS1A2, 1/4-ton, bxk/T
1/k=ton, kxb (c)/T
M1$1A2, 1/4-ton, 4x2/T
1/k~ton, 4x2 (c)/T
M2'ThAZ, 1/2=ton, bxl
1=1/b=ton, dak (c¢)
MT15EL, 1-1/b-ton, 4x2
1-1/4=ton, Ux2 (c)
1=1/b=ton, Uxb (c)/T
M71561, 1-1/U=ton, kx2/T
1-1/boton, Ux2 (c)/7
2-1/2-ton, 4x2 (e¢)

(Continued)

5.9
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%Commercial (c).

#ipegiler (T).
thowitzer (H).
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Tabie 20 /Concluded)

Y90 v
Vehicle Spoed 100
No. Vehicle Ideut;fgc;tiog mph ! No Go
27 M3SA2, 2=1/2-ton,.6xk 0.1l 80.1
30 #=1/2-tou, hx2 (c)/T 0.1 38.8
3l N35A2, 2-1/2-ton, 6xk 0.1 80.5
34 S«ton, 6xk (¢) 0.1 78.5
35 N813, 5-ton, 6xk 0.1 80.0
36 MB13, 5-ton, 6x6/H 0.1 79.1
a7 M556, S~ton, 8x8/H 0.1 79.8
38 S~ton, Gxb, (e)/T 0.1 81.0
39 MB13, S«ton Gxl/T 0.1 87.3
L1 NB18, 5-ton, Gx6/T 0.1 87.3
Lo S-ton, 6xi (c)(152 in. WB)/T 0.1 1.5
L3 S5-ton, Gx4 (o) (150 4in. WB)/T 0.1 g1.0
Ly N818, S=ton, Gxb/T 0.1 87.8
L5 N123A1C, 10=ion, 6x6/T 0.1 100.0
k6 10=ton, 6xk (c)/T 0.1 100.0
Ly XN7L6, 22-1/2~ton, 8x8/T 0.1 8s.8
u8 22=-1/2-ton, 8xb (e)/T 0.1 100.0
51 22-1/2-ton, 8x6 (c)/T 0.1 100.0

(2 of 2 Bhuatb;
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Table 21

Ranking of Off-Rosd Performance of Study Vehicles Using

\/

90 as the Criterion, Arizoowm Traverse

(Using updateu Vg  from Addendun 1)

9

[}

Vehicle Identificut

Vehicle

Rank __NQ.

1 37

2 55

3 34

i 33

5 12

6 18

T 23

8 16

9 13
10 10
11 1
12 9
13 3
1k 56
1y 29
16 Lg
17 25
14 11
19 38
20 Lo
21 27
22 57
23 1k
2k 20
2 21
26 5
27 T
28 19
29 36
30 39
31 Lt
32 L3
33 32

M656, S-toa, Bx8/Ht
1/4=ton, bxb (c¢) (85 in. wB)
S~ton, G6xb (¢)

M556, S-ton, 8x8

MT18E1l, 1-1/4-ton, Lxk
MTL15El, 1-1/b=ton, lLxk/pee
NT1581, 1-1/be=ton, 4x2/T
NT1581, 1-1/b-ton, kx2
XNT705, 1=1/l=ton, Lxh
M3TB1, 3/4-ton, lxk
M151A2, 1/b=ton, lxb
N2TLA2, 1/2-ton, kxb
M151A2, 1/b-ton, Lx2

b= to 8=ton, 8«8 (c)
M35A2, 2-1/2-ton, Gx6/4
2a-1/2-ton, 8xk fc)w/w
M35A2, 2-1/2~ton, 6x6
M37B1, 3/4=ton, bxb/T
5=ton, Gxli (c)/T

M520K1, 8-tom, Lab

M3%A2, 2-1/2-ton, 6xb

0201 /2-ton, 8x6 (c) /T
M561, 1~1/4=ton, 6x6

M561, 1~1/4=ton, Gx6/T
N561, 1-1/4-ton, 6x6/4
M151A2, 1/4=ton, Lxb/o
M151A2, 1/4-ton, hx2£T
XMT705, 1-1/b-tonm, Yxb/T
M813, S-ton, 6x6/4

MB13, Y-ton, Gxb/T

XMTU6, 22.1/2-ton, 8x8/1
5-ton, Gxk (150 1n. wi)(c}/T
MU13, S-ton, Gx6

(Continued)
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wegiler (1).
tHowi Lzer (H).
11Values without decimuls are estimates per Addendum I.
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Table 21 (Concluded)

‘ 90
Vehicle Speed vloo
; Rank No, Vehicle Identificetion mph ! o Go
~ 34 28 M35A2, 2-1/2-ton, 6x6/T 2.9 8.0
35 31 N35A2, 2-1/2-ton, 6xk/T 2.9 8.0
36 35 M813, 5-ton, 6xb 2.8 6.3
5, 37 k1 M818, S-ton, 6x6/T a. 8.0
[ 38 Ly M818, Y-ton, Gxb/T 2.4 8.0
5 39 ue 10-ton, 6xb (182 in. WB)(c)/T 2.4 8.0
Lo L2 S=ton, 6xb (152 in. WB)(o)/T 2.1 8.0
L1 Ls M123A1C, 10-ton, 6x6/T 1.k 8.0
42 2 1/b-ton, lxb (e¢) 0.3 37.5
; Ly 6 1/4-ton, kbt (¢)/T 0.3 38.8
| Ly 4 1/U-ton, bx2 (e) 0.3 38.9
) hs 15 1-1/b-ton, kxb (c) 0.3 39.6
: 46 8 1/b-ton, k2 (o)/T 0.3 40.6
Ly 22 1-1/b=ton, kxk {(¢)/T 0.2 ko.9
: L8 1 1=1/k=ton, kx2 (o) 0.2 L1.0
' ko 2k 1-1/4=ton, kx2 (c)/v 0.2 b2.2
» ' 50 26 2-1/2=ton, Ux2 (150 ia. wB)(c) 0.2 %9.4
51 30 2«1/2-tom, bx2 (150 to. wWB)(c)/T 0.2 50.3
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Table 22

er' nce of Study Vehicles Using Speed on
Type 2 Roads V? as the Criterion, West Germany Traverse

(Vsing updated V_, frow Addendum I)

\

Yehjcle Identificgtion

Vehicle

Runk No,
1 3
o 1
3 13
4 5
4 19
6 2
7 I
8 1k

9 10 M3T8L, 3/

10 3k
1l 20
12 21
13 6
ik L3
1y 33
16 25
17 27
14 12
19 16
20 56
21 38
02 11
23 b4
2k 26
24 18
26 23
2T 14
28 1
29 29
30 37
31 28

MLS1A2, 1/U=ton, hx2
NIS1A2, 1/k-ton, Lxk
XNT05, 1-1/hetoa, kxh
N151AZ, 1/U-ton, Lxk/Twe
XNT05, l-l/b=ton, kxb/T
1/beton, 4xb (c)®
1/bwton, 4x2 (c)
N561, l-lﬁh-ton, 6x6
-ton, lxb
5-ton, &xli (c)
N%61, lel/U<ton, 6x6/fT
M561, l=l/b-ton, 6x6/Ht
1/b=ton, 4xb (c)/T
S-ton, 6xbd (c)(150 in. wWB)/T
“656' 5-1‘«0!1. 8!8
MSM‘ 2-11’2-1301‘)., 6‘6
M35A2, 2-1/2-ton, 6xh
MT15EL, 1-1/b<ton, lxb
M71581, 1-1/b4<ton, Ux2
e to Bton, Bx8 (c)
S5-ton, Gxb (c)/T
M3TBL, 3/4%-ton, bxb/7
1/b-ton, Yxb (e) (85 4in. WB)
o=1/2-ton, kx2 (c)(150 in. WB)
M7TLSEL, 1-1/b-ton, lLxb/T
M715EL, 1-1/4~ton, kx2/T
1-1/b-ton, kxb (¢)
1e1/k=ton, 4x2 (c)
M3YA2, 2-1/2-ton, 6x6/H
M6456, S-ton, B8x8/4
M3SAZ, 2-1/2-ton, 6GxG/T

(Continued)

Type 2
(vz) (Vi)
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Wrrptlar (1),
tHowitzer (M).

11Valuva withoul decimnils are estimmtes per Addendum I.
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Table 22 (Concluded)

Vehilcle

Rank No. Vehicle Identification

32 30 2-1/2~ton, 4x2 (e¢)(150 in. WB)/T
33 22 1-1/4=ton, bxli (c¢)/T

34 2k 1-1/b=ton, 4x2 (c¢)/1

35 32 NB13, S-ton, 6x6

36 35 MB13, S~ton, 6x4

37 31 M35A2, 2=-1/2~ton, Gxh/T

38 by M818, 5-ton, Gxb6/T

39 L M818, S-ton, 6xk/T

ko Lo M520El, 8-ton, 4xb

L1 36 MNAL5, S-ton, 6x6/H

ko 39 MB13, 5-ton, 6xb/T

L3 8 1/4~ton, kx2 (¢)/r

Li 7 M15182, 1/k=ton, Lx2/T

5 W XMTL6, 22-1/2«ton, 8x6/T

46 48 22-1/2=ton, Bxb (¢)/7

157 9 H:.”Tuﬂﬂ v 1/2“"30“ [y uxh

L8 57 22=1/2«ton, 826 (¢)/T

L9 by M123A1C, 10=tca, &x6/T

50 L6 10~tou, Gxb (c)(162 in, WB)/T
51 L2 S-tou, 6xb (c) (152 in. WB)/T

2
o

Speed
R

20,5

- - * . . - * - - .
MOV WWwlow

o B o R B
v~ bR REEEEE

*

Type 1
(v)

Speed
~nph

(35.9)
(37.6)
{37.6)
(35.9)
(35.9)
(35.9) '
(35.9) 4
(35.9) i

Orno elile

SN PN N TS N T
Dt Vsl Nhatt? Vet Vsl Nt NtV Nt o

GRRRRERY
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Table 23

Ranking of On-load Performance of Study Vehicles Using Speed On 1lype

2 Roads (V2) as the Criterion, Thailand Traverse

2 {(Using updated V2 from Addendum I)
ﬁ Type 2 Type 1
: v, vy
: Vehicle Speed Speed
j Rank No, Vehicle Identification mph mph
] 1 1 M151A2, 1/4-ton,4x4 37.0 (57.8)
: 2 3 M151A2, 1/4-ton, 4x2 37.0 (57.8)
; 3 5 M151A2, 1/4-ton, 4x4/T 34.6 (48.7)
\ 4 7 M151A2, 1/4-tom, 4x2/T 34.6 (48.7)
5 2 1/4~ton, 4x4 (c)* 334+ \57.8)
6 4 1/4-ton, 4x2 (c) 33 (57.8)
7 10 M3781, 3/4~tom, 4x4 32.9 (53.3)
8 6 1/4~ton, 4x4 (c)/T** 32 (48.7)
9 13 XM705, L-1/4-ton, 4xéb 31.3 (57.8)
q 10 56 5- to 8-ton, 8x8 {(c) 31.3 (53.2)
v 11 14 M561, 1~1/4~ton, 4x4 30.7 (53.3)
. 12 19 XM705, 1-1/4-to-., 4x4/T 30.7 (53.3)
13 20 M561, 1-1/4-tom, 6x6/T 29.1 (53.
14 21 M561, 1-1/4-ton, 6x6/Ht 29.1 (53.3
15 11 M378B1, 3/4-ton, 4x4/T 28.8 (53.3)
16 a3 M656, S5-ton, 8x8 25.3 (48.7)
; 17 25 M35A2, 2~1/2-ton, 6x6 25.2 (48.7)
: 18 27 M35A2, 2-1/2-ton, 64 25.2 (48.7)
: 19 15 1-1/4-ton, 4x4 (c) 24 (57.8)
: 20 17 1-1/4-ton, 4x2 () 24 (57.8)
: 21 40 M520E1, 8-ton, 4x4 23.8 (29.7)
: f 22 37 M656, 5-ton, 8x8/H 23.8 (29.7)
, i 23 12 M715E1, 1-1/4~ton, 4xé4 23.1 (57.8)
; ) 24 16 M715E1l, 1-1/4-tom, 4x2 23 (57.8)
: { 25 22 1-1/4-ton, &4x4 (c)/T 23 (53.3)
I@ : 26 24 1-1/4~ton, 4x2 (c)/T 23 (53.3)
?1 27 43 S5-ton, 6x4 (c) (150 in. WB)/T 23 (48.7)
28 34 5-ton, 6x4 (c) 23 (45.0)
; i 29 18 M715E1, 1-1/4-ton, 4x4/T 21 (53.3)
5 ; 30 23 M715E1, 1-1/4-tou, 4x2/T 21 (53.3)
i : 31 k! 5-ton, 6x4 (c)/T 21 (38.4)
‘ : 32 26 2-1/2-ton, 4x2 (c) 20.7 %9.7)
: 33 55 1/4~ton, 4x4 (c) (85 in. WB)  20.1 (57.8)
| ; 34 28 M35A2, 2-1/2-ton, 6x6/T 20.0 (48.7)
) 35 29 M35A2, 2-1/2-ton, 6x6/H 19.8 (68.7)
\ ; (Continued)

! * Commercial (c)
%k  Trailer (T)
Howitzer (H)
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Rank

36
37
38
39

41
42
43

45
46
47
48
49
50
51

Table 23 (Concluded)

Vehicle
No. Vehicle Identification
30 2-1/2-ton, 4x2 (c)/T
31 M35A2, 2-1/2-ton, 6x4/T
42 S~ton, 6x4 (c) (152 in, WB)/T
32 M313, 5-tomn, 6x6
35 M813, S~ton, 6xé4
8 1/4-ton, 4x2 (c)/T
41 M818, 5-ton, 6x6/T
44 M818, S5-ton, 6x4/T
36 M813, S5-ton, 6x6/H
39 M813, S~ton, 6x4/T
57 22-1/2-ton, 8x6 (c)/T
48 22-1/2~ton, 8x4, (c)/T
47 M746, 22-1/2~ton, 8x8/T
9 M274A2, 1/2~ton, 4x4
45 M123A1C, 10-ton, 6x6/T
46 10-ton, 6x4/T

Type 1
w,)

Spei
mph

(48.7)
(48.7)
(48.7)
(48.7)
(48.7)
(48.7)
(48.7)
(48.7)
(48.7)
{48.7)
(34.9)
(35.5)
(35.5)
(24.8)
(29.7)
(29.7)
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Table 24

Ranking of On-Road Performance of Study Vehicles Using Speed On Type
2 Roads (VZ) as the Criterion, Arizona Traverse

: (Using updated Vz from Addendum I)
; Type 2 Type 1

: v,) vy

: : Vehicle Spee? Speed

; : Rank No. Vehicle Identification mph mph
: ! 1 1 M151A2, 1/4-ton, 4x4 34.5 (48.5)
, 2 3 M151A2, 1/4-ton, 4x2 . 34.5 (48.5)
: 3 5 M151A2, 1/4-ton, 4x4/T 32.5 (42.5)
) ‘ 4 7 M151A2, 1/4-ton, 4x2/T 32,5 (42.5)
§ 5 2 1/4-ton, 4x4 (c)* 3177 (48.5)
: 6 4 1/4-ton, 4x2 (c) 31 (48.5)
- 7 10 M37Bl, 3/4-ton, &4xb 31.0 (45.6)
f 8 56 5-8-ton, 8x8 (c) 29,7 (45.4)
. ; 9 13 XM705, 1-1/4-tom, 4xé4 29.6 (48.5)
8 : 10 14 M561, 1-1/4-ton, 6x6 29.1 (45.6)
o o 11 19 XM705, 1-1/4-ton, 4x4/T 29.1 (45.6)
. 12 6 1/4-ton, 4x2 (c)/T 29 (42.5)
' ; 13 20 M561, 1-1/4-ton, 6x6/T 27.8 (45.6)
g | 14 21 M561, 1-1/4-ton, 6x6/HT 27.8 (45.6)
0 ; 15 11 M37B1, 3/4-ton, 4x4/T 27.5 (45.0)
; : 16 33 M656, S5-tom, 8x8 24.3 (42.5)
i 17 25 M35A2, 2-1/2-ton, 6x6 24,2 (42.5)
> 18 27 M35A2, 2-1/2-ton, 6x4 24.2 (42.5)
j 19 15 1-1/4-ton, 4x4 (c) 24 (48.5)
i 20 17 1-1/4-ton, 4x2 (c) 24 (48.5)
21 40 M520EL, 8-ton, 4x4 23.1 (27.8)
22 22 1-1/4-ton, 4x4 (c)/T 23 (45.6)
23 24 1-1/4~tom, 4x2 (c)/T 23 (45.6)
24 43 5-ton, 6x4, (150 in. WB)/T 23 (42,5)
25 34 S-ton, 6x4 23 (39.8)
26 12 M715E1l, 1-1/4-ton, 4x4 22.4 (48.5)
: 27 16 M715E1, 1-1/4-ton, 4x2 22 (48.5)
; 28 37 M656, 5-ton, 8x8/H 21.4 (42.5)
J 29 18 M715El, 1-1/4-ton, 4x4/T 21 (45.6)
, 3¢ 23 M71SE1l, 1-1/4-ton, 4x2/T 21 (45.6)
31 38 5-ton, 6x4 (c)/T 21 (34.8)
32 26 2-1/2~ton, 4x2 (c) (150 in., WB) 20.2 (43.1)

(Continued)

(1 of 2 sheets)
* Commercial (c¢)
%% Trailler (T)
+ Howitzevr (H)
1+ Values without decimals are estimates per Addendum I.
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Table 24 (Concluded)

Type 2 Type 1

(Vz) (Vl)

Vehicle Speed Speed

Rank No. Vehicle Identification mph wph
33 55 1/4-ton, 4x4 (c) (85 in. WB) 19.6 (48.5)
34 28 M35A2, 2-1/2-ton, 6x6/T 19.6 (42.5)
35 30 2-1/2-ton, 4x2(c)(150 in. WB)/T 19.3 (42.5)
36 29 M35A2, 2-1/2-ton, 4x6/H 19.2 (42.5)
37 31 M35A2, 2-1/2-ton, 6x4/T 19.1 (42.5)
a8 42 S-ton, 6x4, (152 in. WB)/T 19 (42.5)
39 32 M813, S-ton, 6x6 17.2 (42.5)
40 35 M813, 5-ton, 6x4 17.2 (42.5)
41 41 M818,5-ton, 6x6/T 16.7 (42.5)
42 44 M818, S5-ton, 6x4/T 16.7 (42.5)
43 48 22-1/2-ton, 8x4 (c)/T 16.7 (29,0)
44 36 M813, 5-ton, 6x6/H 16.6 (42.5)
45 39 M813, S5-ton, 6x4/T 16.6 (42.5)
46 8 1/4-ton, 4x2 (c)/T 16 (42.5)
47 57 22-1/2-ton, 8x6 (c)/T 9.9 (32.0)
48 47 XM746, 22-1/2-ton, 8x8/T 8.5 (32.5)
49 9 M274A2, 1/2-ton, 4x4 7.7 (23.7)
50 45 M123A1C, 10-ton 6x6/T 5.7 (27.8)
51 46 10-ton, 6x4, (c) (182 in. WB)/T 5 (27.8)
(2 of 2 sheets)
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ADDENDUM 1

APPLICATION OF EXPERIMENTAL RIDE DYNAMICS
RELATIONS FOR SELECTED VEHICLES

1, Mobility evaluations given in the main report were based on
predictions made with the AMC Ground Mobility Model (4MC-71), of off-road
# . performance of the several vehicles, Because of the large number of vehi~
cles involved and the short time available for their evaluation, it was
necessary to use as input to AMC~71 ride-speed limits for each vehicle as

a fuaction of surface roughness; these imputs were computed by a simpli-

fied ride dynamics simulation. In recognition of possible inaccuracies
! incurred by use of the simplified dynamics, adjustments were made to

calculated ride-speed limit curves for a number of standard military

vehicles for which relatively rellable experience factors were available.
Where such experience guidance was unavailable, computed values were used
directly.

2. Study of overall speed predictions by AMC-71 for off-road and

S

on secondary roads and tralls shows that ride-speed limits, in general,

control operational speeds of some one half of travel distances in second-

ary road and trail operations and iu off-road operations in the West

R

Germany and Arizona transects. Predicted overall speeds are accorvdingly
sengitive to the relative accuracy of assigned ride-speed limits. Whereas,
as discussed in the main report (puragraph 5.2.2), the influence of ride~

speed errors 1n overall projected speeds off-road Is attenuated by (es-

sentlally) the total complexity of the offi-road situatlon, the influence

of the errors on secondary road-speed predictions is relatively direct

(paragraph 5.2.6). In addition, on sccondary voads ride speeds over rela-

tively minor roughness (as compared to many oif-road surfaces) become con-

trolling, and the gimplifiled ride dynamies modeling appears least reliable
in the low range of roughnesses {(up to about 1.5 RMS).

3. In recognition of the importance of ride~gpeed inputs to the

N
g
£
5
¥
F
g.
L5
38
g

overall mobility evaluation, a two-week field program was conducted during
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July 1972 in which five commercial vehicles, ranging from a 1/4-~ton truck
to a 5~ton tractor with l2-ton trailer, were ride-tested over four courses
varying in roughnesg from 0.5 to 2.2 in RMS.* Ten available military
vehicles covered in the initial study were run at the sawe time to check
the adequacy of the empirical courrections used in the study for this group
of vehicles (see Table I-1). Tests were run using a v-ride meter recently
developed by TACOM to measure directly the vertical power abaorbtion at
the driver's seat during operation.

4, TFrom the results of tests of each vehicle over each course at
several speeds, experimental 6-watt ride-level curves were established for
all 15 of the vehicles involved. Ride-speed limits for each vehicle, read
from smooth curves through the experimental points, are given in Table I-1,
along with similar values representative of those used in initial evalua-
tions. Those vehicles whose calculated ride-spoed limits as used in the
main study were adjusted by an experience factor are indicated, und places
where original values differ from measured values by more than 2 wph and
more than 50 percent are underlined.

5. Except tor the values for the XM410, which was included in the
study solely as a reference vehicle, ride-speed limits used in evaluwting
those wilitary vehiclus for which experience adjustments were possible
adre consldered close enough to messured values that overall on~ and off-
road gpeed predictions as presented in the main report may be generally
accepted. Ride-gpred llmits assigned for these vehicles appear to have
been slightly higher than measured values, however, except in the case of
the M813, Limits agcigned to the MB18 tractor with M127A1C trailer are
algo in good agreement, cven thouga no exverience udjustuent was made.

6. Cn the other hand, ride-speed limits assigued to the commercilal
vehicles, as was suspected at the time the wain report was prepared, differ
significantly from measurced values, The lighter commercial vehicles were
assigned values that appear too high; the heavier vehicles, values that

appear far too low.

* N. R. Murphy, Jr., aud A. 5. Lessem, "Ben' hi-Mark Field Tests of Vehicle
Site Dynamlcs (Unpublished).
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7. In view of the results in relation to the commercial vehicles,
the commercial vehicles for which measurements were available were rerun
in AMC-71 on roads in the West Germany transect, and in all three off-road
transects. For even-hunded comparison with the commercial 1-1/4-tomn, the
M715El was also rerun using the messured ride-speed values. V100 and Vgo
results are summsrized in Table I-2, und on-road speeds in the West Germany
transect in Table I-3, In each case along with the corresponding values
from the original evaluations. Results for all aix vehicles in cross-
country operations in Thailand were unchanged because of the high per-
centage of soft-soll and/or obstacle No Go's experienced, and they are not
shown. (No Go's were, of course, unaffected hy the change in ride-speed
limits.)

8. UBased upon these results, it appears that V90 and V2 speeds tor
the commercial vehiclos, the M715El ilo.various conflgurations, and the XM410
should be reassigned as given in Table I-4. (Original valuss in Table 10

should be used to cowpare the M715EL and the XM705.)
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ADDENDUM 1T
EVALUALTON OF ADDYTIONAL VEHICLES

1. At the request of the WHEELS Study Group, three additional commercimsl
! vehicles wure evalusted durlng August using AMC-TLl, ws follows:

i é Itenn No. Vehicle

ﬂf ! 55 1/b=ton, bxh utility truck (85 in, WB)

i? : 56 Experimental 5-8 ton 8x8 cargo truck

:,?l‘ i 22-1/2-ton 8x6 tractartiuck, with M{L7 heavy

equipment transporter

2. lrincipul characteristics of these three vehicles in the formut
of" Tuble Y of the nain report wre given In fable II~1l, Detalled vehicle
! input intormation, in the formut of tha® given in Appendix C, i given in
Tubles 1I-2 through Iled.

3, Becsude of the unusual foautures of vehicle %6, wnd of the known
criticality of dynwnics Lehavior to AMC-71 speed predictions in the three
study transects, Oewutt ride-upeced und 2,5-g vbnotacle=crossing speed limits
for thig vehicle were detormined experimentally in tests conducted wt
Cumy Roberts, Calit., during Aupuut. Theso values were uded in the AMC-T1

S

e b A N S o

==l

i S pa e

- m -

P

predictlons.
k, Kide dynamics for vehicle 55, whose wuspension and mass con-

figurution closely xescmbles thet of the M38AL 1/k=ton, were assumed to be

similur to those for the M3LAl, Dynumic speed limits for item 55 were

uccordingly mude similnr to values meesured tor the MiBAl, lynamic upead

limity for item 97 were usuvumed to be similar to those for the other two

vehiclow in its weight cluss evaluated in the main study (items U7 and 48),
5. Bpeed and No Uo predictions for thu three¢ awdded vehicles were

:‘ ﬂ ‘
4
i
119
£
%

made using AMC-7l, Off-roud and on-road predictions were uwgain made for

the Wost Germany, Thullund, and Arizons transectu,
6. AMC~T1 predictions have been incorporuted (us Category 13, Additional

Vehicles) in Tubles 10 and 11 of the main report and in the revised rankings
given in Tables 19-2k,

. II-1 116<
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Table 11-2

Values of Vehicle Charactevigtics Used fn ANC-71 Ground Wobility Wodal

Vehicle Charscterigtics

OO\IOU.UND—L&

[T - ol e o
| ~N & - S W N - O

19
20
21
22
23
24
25
26
7
28
29

i
2

Diman-
Idantificatiog sions

Vebicle type (NVEH = 0 for txacked and 1 for wheeled) -
Gross vhhicle weight kips
Track typs (NFL » O for nwaflexible and 1 for flaxible) ia,
Grouser height for tracks; number of tires for wheeled tire ply rating -
Tive ply «ting -
Gross rated horsepover bhp
Nusber of people in vehicle on normal mission -
Winch capacity {(usa 0 for no winch) kipe
Humber of tracks or tires -
Nuwber of axles -
Vahicle width in,
Vehicls leugth in,
Truck width or vominal tire width in.
Wheel viw diamster in.
Recommnded tire pressure (highvay) pei
Recommended tive p e (cros wy) pui
Ares of une track shos (tracked) or number of whasls (vhesled) iu..2
Numbar of bogles (tracksd) or chain indicator wheeled (0 = no chains, -

1 w» chaine)
Maximus vr. tical stap the vehicle can climb in.
Vehicle ground clearance at the center of grsatest whesl span i,
Minlwum vehicls ground clearance in.
Masr eud clesrsnce (verticsl clearance of vehicle trsiling edge) in.
Vehicle departure sngle deg
Vertical clearauce of vehicla's leading edge in,
Vehicle approach angle ' deg
Langth of track cn grousd or wheal diswater in.
Height of vehicle pushbar in.
Distanca betwaen [iret wid last wheel center lines in.
Horimontal distance from ths center of gravity to cthe froat wheel ia,

ceuter linss
Vertical discance from the center of gravity to the road whael in.

center linse
Haxiwuu span betwesn adjscent wheel center lines ia.
Aagle batwesn a lins parallel to the ground surface and the line com- deg

necting the center of gravicy and the center of the rear wheel (road
wvheal or idler). The whesl is the one ueed to determine departure

aagle
(Contiuuad)

118<

Vahicls Mo,
3

1
3.23

136

13

18
42
18
47

18
85
A5

U]

85

1
32.6
NA

8

12
225

”~ & O

299
16

45

34
15
34
65
22.5
35
52
41
208
108

32

102

NA

1
17
Kh
2%
18
523

2%

120

2.5

45
h

27
11

82
32
43
46
32
197
75

20

NA

(1 of 3 shasts)
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Table 1I-2 (Continued)

Vahicle chqncmri.gig

 Dimsa-
No. Identification agone
3 Distence fram the ceater of gravity to the ceuter of the vear whasl i,
(rosd wheel or idlar). Ths wheel is ths one used to detsrmine
depsiture mgle
34 Vertical distance from the ground to the canter of the rear whaesl in.
(rosd whael or idlex)
35 Track thickness plus thes radius of ths resr whesl (rasd wheal or 1dlar). im,
The whesl ig the ons used to determine departure mugle (vheeled » RW),
36 Rolling radiue of tixe ox sprocket pitch radius in,
37 Weight of rigid point used to determina spproach mgle in
a8 Maximum braking forca tha vehicle develups -
3 3 Loaded whesl radius in,
: &0 Total ground coutsct area m.z
41 Distance vehicle spans bafore significaat motion bagine in,
42 Haximuw force the pushbar cen withstand kipe
L 43 Maximum aile losd/gross vehicle weight —
"“‘ 4 Vehicle rated horsspower per toa hp/toa
‘i . 45 Traneniseion type (0 = sutomatic; 1 = manual) -
&b ¥inal drive gear ratio -—
‘ [Y) Pinal urive gear efficlency _—
’ &8 Number of gesre in trassmission —
; 49 Gear ratioe for transmission -
‘»( 50 Transmission sfficieucy s
51 Gear ratio from eugine tu toxque couvertar —
52 Danvtes presonce of 8 torqus couverter lockup (Mo » 0, Yes = 1) —
53 Input toxque at which the turque convectex ouxves wexe wessured -
' 56 Nusber of point pairs in urray THEL (ses item 33) -
}’ L1 Arrsy contsining turque couverter input spsed versus convaxtar torque -
v ratio curve
;‘ 56 Number of point paire in ervay TTM (see item 57) -_—
57 Array containing torque converter torgus multiplying cosfficienc -—
3 varsus converter spesd ratio curve
‘} 1] Number of paint pairs in axray TTK (sae item 59) -
% 59 Array contsiniug net engine torque versus augine spead curve --
¥ 60 Numbar of point pairs in array VOOB (ses item 61) -
3' 61 Array contsining vehicle velccity versus obstacle hefght at 2.3-g -
1 vartical acceleration
f' 62 Number of poluts in axvay VRIDE (swe ftem 63) —
' 63 Arcay contaioing ride dynsmics versus speed curve -
! 64 Vehicle svissing speed mph
E‘ 65 Vehicle fording spesd mph
? (Cont inuad)
ﬁ
; 119-<
/

3. 3% AL
| 7Y MA [ TY
14 .3 1.4
pT} 22.3 1.4
14 22,% 21.4
18 3% i
0.8 0.8 0.8
14 22,8 21.4
NA 1 7Y 1Y
15 26 23
3.25 32.¢ V.29
Q.5 0.23 0.25
LY} 13.6 5.9
a 1] 0

&, 27 6.40 5.73
0.9 0.9 0.9
6 w0 [}
See tablas XI-)

0.9 0.9 .5
MA [ 73 UA
A A NA
WA NA NA
NA Ma WA
WA NA KA
NA NA NA
NA NA NA
10 17 Y ]
3ee table 114

30 26 30
Ses tuble IX-3

7 7 ]
See tuble IX-6

0 0 [+]

2 4 2

(2 of 3 shwats)
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Table 1I-2 (Comcludad)

Vehicle Characteristics

No.
66

67
68
69

I‘entifica.ion

Auxiliary water propulsion factor (0.5 » No, 0.8 = Yes)
Ingress swamp angle of the vehicle
Fording depth or draft height

Recommended tire pressure (sand)

psi

3 % 3
0.5 0.5 0.5
60 60 60
21 45 25
15 7 15

’
i
[

(3 of 3 sheets)



Table II-3

Transmisgion Gear Ratios Used for Self-Propelled Vehicles
Vehicle Characteristic Number 49 In Table II-2

Vehicle
No. Gear Ratios for Trawsmission

55 8.22 3.8 3.34 2,46 1,55 1.0
56 11.18 8,04 4,98 3.58 2,91 2,09 1.93 1.39 1.39
57 4,00 2,68 2.07 1.35 1..04 0,69

1.0
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Table 1I-4

T

Tractive Force-Speod or Engine Speed-Engine Torque
9 Felations for Vehicle Characteristic No, 59 in Table II-2
i
[
‘ Vehicle Number
55 56 57
Engine Engine Vehicle Tractive Vehicle Tractive
Speed Torque Speed Force Speed Force
‘ rpm ft-1b mph ib uph 1b .
4 800 115 0 25,000 0 55,000 1
] 1200 115 1.5 21,000 2.0 54,964 ;
£ 1600 115 2.5 17,300 3.1 46,099
, 2000 115 4.0 12,000 3.8 37,233
[ 2400 112 5.0 10,400 5.3 28,369
2800 108 7.5 7,000 8.2 19,503
1 3200 103 10,0 5,000 10.0 16,312 !
”E 3600 96 12.5 4,000 17.3 10,638 f
X 4000 88 15,0 3,300 20.0 9,574
7 4500 80 20,0 2,250 30.0 6,915
E 25.0 2,000 40,0 5,851
I3 30.0 1,750 50,0 4,610
X 35,0 1,600 58.0 1,773
‘T 40,0 1,500 58.0 0
4 45,0 1,250 !
E 50.0 1,200
‘? 55.0 1,000
e 55.0 0
E
K
¥

Rad

preH]

122<
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Table I1I-5

Obgtacle Height-Speed Relations for Vehicle Characteristic No, 61
in Table I11-2

e

Vehicle Number

55 56 57
Obstacle Vehicle Obstacle Vehicle Obstacle Vehicle _
Mugnitude Speed Magnitude Speed Magnitude Speed ;
1 131.2 1 88.4 2 74.6 p
2 131.2 7 88.4 3 74,6 :
3 58.3 8 67.7 4 42.0 ;
4 32.8 9 53.5 5 26.9
5 21.0 10 43.3 6 18.6
6 14,6 11 35.8 7 13.7 I
7 10,7 12 30.1 8 10.5 4
8 8.2 13 25.6 9 8.3 ’
9 6.5 14 22,1 10 6.7
10 5.2 15 19.3 11 5.5
11 4.3 16 16.9 12 4.7
12 3.6 17 15.0 13 4.0
13 3.1 18 13.4 a4 3.4
14 2.7 19 12,0 15 3.0
15 2.3 20 10.8 16 2.6
16 2.0 21 9.8 17 2.3
17 1.8 22 9.0 18 2.1
18 1.6 23 8.2 19 1.9
19 1.5 24 7.5 20 1.7
20 1.3 25 6.9 21 1.5
21 1.2 26 6.4 22 1.4
22 1.1 27 5.9 23 1.3
22 1,0 28 5.5 24 1.2
24 0.9 29 5.2 25 1.1
25 0.8 30 4.8 2% 1,0
26 0.8 40 4.8 27 0.9
27 0.7 28 0.9
28 0.7 29 0.8
29 0.6 30 0.7
30 0.6 40 0.7

123<




Table I1-6

Ride-Speed Relations for Vehicle Characterietic No. 63 in Table II-2

e, e, e e

- o T T

P

Vehicle Vehicle Vehicie }
55 No._ 56 No, 57
SPD RMS SPD RMS SPD
mph in.  mph in. wph
60 1] 58 0 58
60 0.2 58 0.2 58 .
23 0.5 32 0.5 28 : :
14 1.0 28 1.0 8 |
7 2.0 11 2.0 4
5 3.0 4 3,0 3 ’
k] 8.5 2 4,0 3 ‘
9.0 2 i !
124~




Table YI-7

Speed Limits Used in Study, wmph

B e ——

Speed Recommended Towed Speed

Dynamic Speed Linilts
Used in Vehicle

Vehicle Limit from TACOM Data Shects Data File
No. Vehicle Nawme mph_ Off Road On Road Off Road On Road
Category 1: 1/4-ton Payload

55 4x4 Coumercial 65 - - 60 60

(85 in, Wheelbase)
Category 6 or 7: 5- to 8-ton Payload

56 8x8 Experimental 568 - - 58 58

Commercial

Category 10:

22=1/2-ton Tractor with 52-1/2-ton Trailcs

57 8x6 Commercial/M747 40 —— 36

40 40

e




Table I1-8

Vehicle Characteristice Used in Dynamics Submodels

Vahicle Nuwber
?

No, Identification Dimensions 55 S 57
Ride Dynawics Submodel
1 Number of axles - 2 4 4
2 Sprung wase slugs 86,6 758 2440
3  Sprung mass divided by two sluge 2 43.3 379 1220
4 Moment of inertia slug-ft 720 38,400 33,602
5  Moment of iunertia divided wslug~ft 360 19,200 16,801
by two
6 Location of front axle ft 3.9 9.0 9.8
relative to C.G.
7 Location of sacond axle ft -3.17 4.16 4.75
relativu to C. Gc
8 Location of third axle ft - ~4,31 ~1.6
relative to C.G.
9 Location of fourth axle ft - -9,2 -6.6
relative to C.G.
10 Location of driver ft 0.6 10 11.6
ralative to C.C.
11  Spring comstant for froat 1b/ft 2850 9000 12,475
axle
12  Spring conutant for second 1b/ft 2850 9000 12,475
axle
13 Spring constant for third  1b/ft - 9000 16,124
axle
14  Spring constant for fourth 1b/ft - 9000 16,124
axle
15 Dawping coustant for front lb-sec/ft  142.5 75 720
axle
16 Dawping constant tor second lb-sec/ft  170.5 75 720
axle
17 Damping constant for third 1lb-sec/ft - 75 720
axle
18 Dawping constant for fourth lb-sec/ft - 75 720
Obstacle Dynamice Submodel
19 Total load on front axle 1b 1365 8620 15,550
20 Bump stop height plus 1/3  in, 7.58 14 9
of tire section hc {ght
21  Total effective sp ing 1b/1in, 475 1500 2060
rate, front axle
22  Wheelbase ia. 85 218 137
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VEHICLE MOBILITY ASSESSMENT
FOR

PROJECT WHEKLIS GTUDY GROUP

AVPENDLX A: BNVIRONMENTAL DEGCRIPLIION O MOBILITY ‘I'RANSKCTS
APPLNDLX B:  UERRAIN AND ROAD DATA

APPENDLX C: VEHICLL DATA¥

APLRNDLX D SAMPLE OURPUYL LIGTLINGS

APPENDIX li: OFF-ROAD MOBLLITY DPROF1LES JFOR ARKAL LLRHAIN®
APPLLDLY 3 FACYORD CONTROLIING GPulpks

¥ Original inpuls.

dee Addendum 1 for reviged aynumice characteristics,

Addendva 11 for churacteristice of additional vehicles.

#¥ peviuvions and additlons not included,
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APPENDIX A:  ENVIRONMENTAL DBESCHIPTION OF MOBLLITY TRANSECTS

1. WLl GERMANY

1.1 Location
The transect, loceted in the southeuwstern scctlon of West Gormuny
(fig. Alu), is bound by the following map coordinutes: lutitude 49° 02!
to 492 O North, and lougitude 87 39¢ to 92 20 cust. ‘he truusect is
3k owide and 82 km long.  Severnl alr photos ot the wren within the
trangecety loculed ws chown in fig. A20, uwre given In tigs. A3w, A3bL, und
Ase,
boo Phyolopruphy
The Lrangeet 1o located L the Bavortian Plateowys, whiech o o
Goneh by tetargulne repton coverdng moul of southoern Gormuny . 'The aversge
elovation at e cool endd o the frannect Ty about, 3 my end nt Lhe wesl
cod oaboat 189 oy eiving ooreliet of about 1Y0 me Whe Lranseet 1o crosned
coith b sorth by Ghe Heokoas Blyvee, o Lelbuwtary of the Philue River.
bt Lhe elver, the nreea 1 mostly hilly with the hillg capped with
Sotelatone unl elbain by aholoy dome pectiom: o Lthe Wiy neen are rurted,
but tor e e parl, Lhe terentn Bnorol Ll Weogt o Lhe elvery B upren
i tableland, which consietn mostly of undulating to genlly undnloting
terrain wcborlaln pelomarily by Thuentone,
Loy Beedusgrewngy e
The Neckar River fo the maln viver in the awrea. Several smualler

rivers wnd sthreams oripinabe o or crogs Lhe Lrangectl ol various angled.
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Flat, nurrow terruces ure trequently found wlong the river and streem
banks,  LDome strewm channels huve been modified, and the banks may huave
mun=mude dtructures to protest wgulnst erosion.
Lh o golly
‘The solly ure muinly vesidual with cluays and silts developing
tram Lhe shales snd limestones. leoluted putches of alluvial sands and
gravels ure touind aloug former strewm coursey, Depouits of loess are
cammonly tound addacent o the Neckur River.
1.% land use
Loout 7O percent ol the avea in the truncceet is used tor agricul-
thuce with geolo the pelucipnd erop, Paoture lands are common.  The higher,

nilly Jandu aod some ol the bobttomlunde are used tor forest, but iu some

L Ly weens,y vineyurds are Coirly comwson oo the hllluides and are wssociuted

WHOH mnneamudes Leprraoes,

o6 Weabhier und olimnte

Lotpr=term monthly rulnfull nnd wean Loemperature dabe For Slutigard,
which 1o dn the wlefnity o the study arece, wre shown in f'ly. Mo, TG con
beosern that the raintats a Paicly evenly dlctriboced Whroughout the yonr,
raie trom o b o peromo Lhyy with bhe beuvier amountls oceuering

dueing the summer geason,  he ralntoel) wnounte and disteibolion would

D dionte it exevsstve soil weltingg would ot ooeur oxeepl in the Jow=lying

Mrent, Loods fairly high soil s ovength would exlol most of Lhe tlme in aveay
with rensonable sorlfuce droinege.  The mean monthly tomperature pattern is
typleal ol teaperate clinntes, wilh nn inerease in mean temperoture from

dunuary to Jduly or Augush ond then o deerenge to Devcember.
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The long-term maximum snow depth by month in the ares of the

transect is uws follows:

Month Depth. in.
Out 0.4
Nov 1.6
Dec bt
Jun 5.1
I'eb 8.7
Mui 55
Apr 1.6

The gnow cover rurely remalos on the ground more than two or threc dayu,

except, ducing becoember, January, and ¥February, when it nsy remuein for

prriode of one Lo three weeks.  Durding thls time the aversge snow depth

L.oogenerally tesn than 4 o,
L7 koud network
A falrly well=developed network of’ prinury, scconduary, and trall-
tyy e ronds ealst in thoe wreew. Muny trall-=type roads oceur throughout, the
Conntryside,

Pt Mowng and villngres

vevernt towns and villapes are locoloed foslde the transech ) the
peineipal ones Lelng Kivehbedm wn Neckar, Geesmreigheim, Bormigheim, and
L then,
oo THALLANL
Dol dwention
The trangceeo, located tn the south centrol parct of Thailand
(fig. AlL), is bound by the tollowing muap cocrdinates: lutitude 1h° 19!

C

to 140 W' porth and longi tude 106" 52! Lo 100° S eust..  The tronsect

A3 130<
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is 3 km wide and 53 km long. Several air photos of the area within the
transect, located ag ghown in fig..A2b, are given in figs. ASa, A5b, and
ASc.

2.2 Physiography

The transect lies within the Bangkok Plain, which congists of

alluvinl sodiments. The Bungkok Plain lies within the Central Valley,
which g one ot the principal physiographic regions in Thailand. Near
the cvasty the Bungkok Pluin is about 120 km wide, and at the northern
vud, which is about 20U km from the coust, it is about 60 km wide. Little
reliot i found fu the urew. In the northern end (about 8 km) of the
transeet, the tloadplain 1ies slightly sbove 40 m, and the southern half
Tess than U om.  In the gouthern half of the transect three small islands
' voleuwnic hilis vecur where the clevation ranges from 30 to GO km above
the pludne In the northern end, the hills rise to 200 to 300 m above the
pluln. The hilly have steep slopoes and contwin limestone. Bxcept for the
BLLD arens, the transecl ju generally level.

Yo Drajnugewnyy

The ouk ltiver, a tributary ot the Chaeophrayo River, crosses
th vpeangect vomoenst o to west at sbout 20 km south oft the norih end.
Large and smwacl canals and strewns cross the transeel ul various locations.,
All streame and canuls are used {for irrigation,

Beginning at the gouth end of the transect and extending about

10 km nurthward, tat alluvial clays arce found. Continuing northward {rom

this point and extending northward for 38 km, the soils are alluvial lean

131<

Ak

e — e e




e

= 2

clays with some occurrences ot fat clay. Continuing northward, the soils
for the next 2 km are calcareou: -luys, From this point tec the northern
end of the transect, the land is hilly, and the soils are residual formed
from limestone und igncous rock.

2.5 Land usc

Most of the land in the transect is used for growing rice, which
is flooded during the growing sceason. The landg used f{or rice cultivation
are crossed by muny dikes, ranging from 10 to 20 in., in height. Oome small
areas ure elevated for growing vegetables and sugar cane, The hills are
covered with trees and Lrush., Trees are also found along the banks of the
i Bak River and of some of the larger streams.

2.0 Weathor and climate

T long=-term rainfell and mean tomperature doba vrecorded tfor
Lopburi sve chown in tig., Alb, The rajontall ineresses steadily “rom obout
I in. in January to about 1l In. in Ueptember and then decrouses Lhrough

Oecember. burdng the growing seucon (May-September) the rice ficlds ore

fiooded, cuusing the soils to remain soft during this period.  From November

to Murch, rico is not cul ivated, and Lhe raintall is such Lhat, Bhe vice
ficlds become firm.  The range in variation v rean monthly temperaturce
is tuirly small, with the lowest temperatures oceurritne in November,
December, amd Junuary.

2.7 Bkond network

The road network is nol Luo well developed in the area of thu

transcel, OSome primary und sccondary roads sre found, but the heaviest
density occurs o trati-Lype roads. During the wet seasgoun, preblems are

encountered in traveling on Lrail-Llype rouduo,
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2.8 Towns and villages

The principal towns and villages in the area uare Ban Kaho Yai,
Ban Phu Khai, Ban Mai, Ban Hlin Kong, Neng Phra Vang, and Amphoe Nong Khai.
3. ARLYONA
3.1 Lecation
The Arizona transect is located in southwestern Arizona (tig. Alc).
[t i3 V-shaped, end iuvs boundaries wre described 1n flg. AZ2c. The transect
iv 3 km wide, und the southern boundary of the lower leg is 36 km long and
the outer side of the leg lylng in & northeasterly direction 1s 18 km long.
Juveral alr pohtos of the ares within the trangect, locuted ati shown in
Cig. Az, ure glven in tigs. Aba, A6b, and Abc.
302 Physiography
The tronsecel 1s locuted in the gection off the Busin und Range
praysiographie provinzae known ug the Soncrun Desert. Most of It 1w locuted
ot 4 broad alluvial wpron that huo developed along the southern wnd wewslern
sides of Castle Dome Mountains. The western end of the truuseel (apex)
lies on the western flank of o large, relatively tlet hill (1ot Hill), which
1ises about 100 f'L above the regional slope of the apron wnd cauge o change
in the pattern and dircetion ot the reglonel drainage system.  About 6 m
trom the north end of the Lranceclt, a cluster of hillu riuce abruptly ubove

the genoeral surface of the apron.  The gurfae-. of Lthe apron ou which the

h
!
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transect is located 1is geuerally level, bul some gectionn of the uorth and E
cast ends of the transect are hilly. i
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3.3 Drainageways

The alluvial apron js drained by many branching and braided ephem-
eral washes. The lurger washes have broad steep~sided channels from less
than 3 ft to occasionally over 25 ft desp. Locally, the drainage pattern
is almost parallel; the washes cross the transect generally in a north-
south direction, with the drainese flow in a southerly direction., Castle
Dome wash is the main drainage feature in the transect crossing tke western
end in a north-to-south direction. This wash runs into the Gila River.

3.4 guils

The soils are mixtures of alluvial sand, gravel, and silt. Thei:
camposition and texture are largely a function of their source or origin
and their distance trom the source. Bouldery and gravelly materisls are
found close to the mountain sources in the alluvial fans and in drainageways.
The f'iner alluvia wre deposited in the lower purts of the aprons. A desert
pavement consisting of pebbles vccurs on undisturbed apron surfaces. Under-
neath the pebble surface cover, silt and sand mixtures are found. Jn the
western section of the transect, the surface is unduluting and contains
sandy muterial and a sparse pgrowth of desert vegetztion. Micro dunes are
found in this arca.

3.9 land use

The transcet is lcoated on the Yuma Provinz Ground uscd for mililary
testing activities. Palo verde, ironwood, creosote bush, and hycium comprise

the dominant vegelation.
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3.6 Weather and climate

T AT SN

The long-term monthly rainfall ard mean temperature data for Yuma

&

ure shown in fig. Abe. August is the only month in which more than 0.5 in.

¢

é 1 rainfall occurs. The rainfall for the other months ranges from about
% J.1 to O.b in. April, May, June, and July are the driest months. The

? nean tompersture pattern is bell shaped, with the highest temperature

% o. rurring during the June-to-September period and the lower temperatures
1

g svcurring during the fall and winter montlis. Diiferences in seasonal

!

rainfall are so small that soil strengths remain essentially unchanged.

3.( Road network.
The» density of various types of road networks is very small in

p *hoareus.,  This is dictated largely by the type of land use. Most of the

K
Y
oy

repion o used no weapons impact arens, which are creossed by trail-type

R

roade Lnly.

7
3

.0 Towns and villages

N towns or villages occur in the transect, nor are there any
towno o villayos near the areca., Yuma, Arizons, is the principal city

2o Lhe aroa,
! ! r
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[Fig. |+ Fig. T \Fig.
LA3e TA3L - . |A3a

W o
o

West Germany

A5

o

s S

114°15'y

32°58'24"N ;
b, Thailand :
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Fig, A2 . Location of air photos along transccts
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Scale

Air photo of West Germany transect - middle section

Tig. A3b.
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ASt. Air photo of Thailand transect - middle section
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Scale

air photo of Thailand transect - north section

Fig. ASc.
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1:30,000

Scaie

Air photo of Arizona transect -~ east section

Fig. A6a.
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APPENDIX B: TERRAIN AND ROAD DATA

This appendix contains the off-road terrain and on-road data used
as dnput data fu nodeling mobility. The of{-road terrafn data consist
ot desviiptions tor arecal and l{near terrain uw {ts,

Lo AIAL TTATH
The tervatn factors and terrain factor classes used to describe

areal terrain untis are piven in table Bl, Obstacle geometry terms are

detined in table B2, Tahles B3, B4, and B5 present the data in terms of

class tor ecach factor for West Cermany, Thailand, and Arizona transects,
respectively.

LLVLAR LRALY

(rrrain data (streams) used In this study are given in

#7 defines the terrain

oo Haear
tal le o ter e Hest Germany traverse only,  Table

LG e imilar data were net avallable for the Thailand and

SO Traver e,
L Py pATA
o tactors and roaad factor classes uses to descvibe privary,

Lant trlal-type rosd units are piven fn ranle B, Tahles B9,

e b
e an ELY afye the road data In terms of class for each Tactoy for

Thailand, and Avizena road samplies within the traverses.
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Slope )
l—W0B —-]

—W0B — Horizontal

1, Obstacle approach angles (AA). The angle formed by the inclines
at the base of a positive or top of a negative vertical obstacle
that a vehicle must gense in surmounting the obstacle.

2, Obstacle base width (WOB). The distance across the bottom of the
obstacle,

3. Obstacle spacing (VOS5). The horizontal distance between contact
edges of vertical obstacles

4. Obstacle vertical wagnitude (VOM). The vertical distance from
the base of a vertical obstacle to the crest of the obstacle.

5. DObstacle length (VOL). The length of the long axis of the obstacle.
AR

Table B2, Deiinition of obstacle geometry terms
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/1.

Table B7
Hydrolopic Geometry Terms

Sorth or West South or East

T~ - il h— . Lo
\" .

Difierential Bank Heipght (BD) - The differenc: fu clovac.on of the
tv .- banks.

gp Slde Slope (THI, RBA) - The anple formed by the bounding tueldne
it the tor of the hydralogic feature. The anule 15 measuced with
~egpect to the horizontal.

Jater Depth (WD) - Maximwa depth of water ' channel.

Hater Width (RW) -~ The width of the gtream .t warer level

Water Velocity (WS) - The maximum velocity of water Iu a colimnsl
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APPENDIX C: VEHICLE DATA

Data required for each vehicle as inbut to the AMC-71 wobility model
are contained in the following tables:

Table

Table

Table

Table

Table

Table

Table
Table

Cl

c2

c3

C4

c5

cé

c7
c8

Values of vehicle charactaristics used. In this table,
the vehicles are identifiad by numbers as given in table 10
or table C7

Transmission gear ratioz, vehicle charscteristic No. 49
in table C1

Torque converter chbaracteristics, vehicle chararteristics
Mo. 55 and 57 in table Cl

Tractive force-speed or engine speed-engine torque relations,
vehicle characteristic No. 59 in table Cl

Obstacle height-speed relations, vehicle rharacteristic
No. 61 in table Cl

Ride-speed relations, vehicle characteristic No. 63 im
table C1

Maxinum speed limits used in study
Vehicle characteristics ugsed in dynamics submodels

174<

e ——— ke et Sty




B

v

Vehicle Characteristics

Dimen-

No. Identification sioms 1 2 3 "4 5 & 7
1 Vehicle type (NVEH = O for tracked and 1 for wheeled) .- 1 1 1 1 1
2  Gross vehicle weight kips 3.2 3.2 b 4.3 5.2 k.
3 Track type (NFL = O for nonflexible and 1 for flexible) in. M NA NA NA  NA HA NA
L Grouser height for tracks; number of tires for wheeled tire ply rating -~ L i N 6 6 6
5 Tire ply rating -~ 6 G 6 6 6 6
6 Gross rated horsepower bhp 71 111 7N 111 71 111 7
7  Number of people in vehicle on normal mission -~ 2 2 2 2 2
8 Winch capacity (use O for no winch) kips 0 0 0 0 0
9  Number of tracks or tires - i 6 6 6

10  Number of axles -- 2 2 2 2 3 3

11 Vehicle width in, an 70 6L 70 n 70 6

12 Vehicle length in, 133 165 133 165 236 268 2

13 Track width or nominal tire width in, 7 G 7 G 7 6 7

14  Wheel rim Adiameter in, 16 16 16 16 16 16 1

15 Recommended tire pressure (highway) psi 23 L3 23 45 23 hs 2

15 Recommended tire pressure (cross-country) psi 20 20 20 20 20 20 2

17 Area of one track shoe (iracked) or number of wheels (wheeled) in.2 4 b l N N L i

18 lumber of bogies (tracked) or chain indicator whecled (0 = no chains, - 0 0 0 0 0 o]

1= chaing§

19 Maximum vertical step the vehicle can climb in, -- - -- - -- -

20 Vehicle ground clearance at the center of [reatest wheel span in, 12 12 12 12 12 12 1

21 Minimum vehicle ground clearance in, 9 9 9 9 9 K S

22  Rear end clearance (vertical clearanze of vehicle trailing edge) in, 18 17 18 17 18 17 1

23 Vehicle departure angle deg 37 26 37 26 37 26 K

2k Vertical clearance of vehicle's lead.np edge in. 13 18 18 18 18 18 ]

25 Vehicle approach angle deg 66 43 66 %! 66 L3 ¢

2%  Length of track on ground or wheel diameter in, 30 28 30 28 30 28 :

27 Height »f vehicle pushvar in. 18 18 18 18 18 18

2€  Distance between first and last wheel center lines in. 85 100 85 100 85 100 ¢

29 Horizontal distance trom the center of gravity to the front wheel in, 45 50 L5 50 L5 50

center lines

30 Vertical distance from the center of pravity to the road wheel in, 10 10 10 10 10 10

~enter lines

3). Maximum span between adiscent wheel center li-es in. 85 100 85 100 85 100

32  Angle between & line parallel to the ground surface and the line connect- deg NA NA NA NA NA NA

ing the center of gravity and the center of the rear wheel (road wheel
or idler), The wheel iz the one used to determine depariure angle

13 ‘istance from th? center of pravity to the center of the reer wheel (rosd in. HA NA A NA NA NA

wheel or ldler.. The wheel is the one uved to determine de-
parture anrle
3L Vertical distance from the iround to the center of the rear wheel in. 1h 13 1L 13 1h 13

‘road wheel or idler)
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YC-T1 Ground Mobility Model
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Vehicole Characteristics

Dimens

! ‘
{ No. ldentiticution sleng 1 P 3 L5 __;_l
35  Track thickness plus the radius of the rear wheel (road wheel or idler), in, 1h 13 14 13 1L 13
The wheel la the one used to determine departure angle, (whecled RW)
30 Rolling radiuc of' tire or sprovket pitch radius in, 1Y 13 1 13 1 13 4
37 Helght of rigld polnt used to determine approach anygle in, 18 1M 18 18 18 18 !
) 38 lMaximum braking torec the vehluele develops -- 0.8 0,8 0,8 0,8 0.8 0.8
f 39  Loaded wheel radius in‘o 14 13 1h 13 1 13 ;
! Lo Total yround contuct arew in,” HA 1A NA NA A NA
, L1  Dliutunce vehicle apuns betory significant wotion bestlng 1n. 1y 14 1Y 14 15 1y 1
L Maxlmum forev Lhe pushbar can withstund kips 3.0 4 300000 3.2 L 1
L3 Maxlmum exle load /prous vehinlu welght - 0,% 0,5 0.5 0.5 0.5 0.5 .
il vehlele rated horsepower per ton hp /ton hl Y% i LY 33 L3 !
L5  Transmisolon type (0 = wutomatics 1 - inuul) - 1 1 1 1 1 1 ‘
o Flool drive gesr ratlo - Lo b2y WoBe bor B L2T
Ly Final drlve geuar efticiency - 0,9 0,9 0,9 0,9, 0,9 ().96J
Lt thusber of rears In trangmission .- 4 " L | h y
L9 dear ratlos for transmisulon -- :
S0 Trunamisclon of'ficiency - 0,9 0,9 0.9 0.9 0.9 0.9
: 51 desr ratlo from enptine to torque converter - A HA HA A HA HA
b2 Denotes presence of u lorque converter lockup (Ho O, Yes = 1) .- NA HA HA lA HS A
53 Tuput torque at which Lhe torjue comnverter curves werc measured .- A NA WA HA NA NA
54 [umbur of polot palre In arcay THEL (see item 59) .- NA A NA NA HA NA
Y5 Array centalning torgue converter input speed versus converter torque -- NA HA HA NA NA NA
ratlo curve
40 Humber of polnt padro In arrey TIM (oo 1tem Y7) -—- NA NA NA WA NA HA
Y7 Arvay contalnlie torque converter torque multiplylingg coet'ticlent versus “- NA NA HA NA NA NA
ronverter opoed ratio curve
LH thmber of polnt palre In avreay TTF (ser ltem 49) -- 19 13 19 13 19 13
L0 Array containing net engine torjue versus enplue sgpeed curve -
GO hunber of polut palra in arvay Yool (see ftem (1) - 23 29 23 29 23 29
O] Array contalning vehlele veloelby versug obatacle helpht at Y= ver- -
tical ucceleration
te Hunber of' palnts in array VRIDE (see Jtem 3) - ( 4 g 8 9 Y
[ Arrvay contulning rlde dynanmdce versas speed cwrve
(il Vehlele swlmndne apeed mph 0 0 0 0 0 0
4y Vehiele fordling speed mph e n 2 2 H o
0 Aux!llary waber propulsion factor (0,% - No, 0,8 Yes) -- 0.5 0. 0.5 0% 0% 0.
[ Trress owunp nigle of the vehlele deyr 0 GO 6H0) 60 60 00
(2} Fordim: depth or drat't helpght in, el 14 21 13 21 13
£ Keecamnen lod tlre preasure (sand) pul 1Y 15 1y 19 15 1y

e W Bee Table '3,
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Table €1 (roncluded)

Dimen=-
ylony

in,

in.
in.

in,

2
in,

in,

kipe

hp 'ton

S N N ' O AN AN R M - I W PN E S U UV A I W R W I
1 13 1h 13 1 13 n 16 14 1 19 18 16 1Y 1 19 18 18 1y
i 13 h 13 14 13 11 h 14 14 19 18 1Y 1 19 16 19 18 18 19 1
18 10 18 14 1 14 o0 2) 2l 19 20 o 19 1 19 29 22 20 1Y
0, 0,4 0,8 o 0 0,8 08 08 08 0.8 0,8 08 0.8 06 08 0K 08 08 0.8
lb 13 1 13 1L 13 11 1 1+, 1 19 18 16 1Y 16 19 1K 18 15 !
HIN Y A A 1A MA NA NA NA NA MA NA NA NA NA NA NA HA NA
1y 1h 14 1h 1 1h 0 IV vy 17 19 20 IV 10 17 17 20 20 16
LWl .00 3.2k hy o B B8 9 8.4 B.h 88 9 9 7
0.5 0.4 0,9 0% 0, 0.5 LY 0w 0Y DY 0% 01 0.%  0.% 0,5 0.% 0,35 0.3%5 0.4
Ly v 33 W3 53 L3 1h 20 1k Ny 36 23 o ho o1 o8 18 17 09 i
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i
how' ot T ST Oy QR TN N VIR 1 R TN o AN L B SRR W0 & A % I TN ¥ 980 oY LT T wE bl bt
0.9 0,% 0.9 29 09 0,9 0,4 0,9 0,9 0,9 1 0.9 0.9 0.% 0,9 1 0. 0.9 0.90
4 ' h ‘ y . ' 8 8 8 R 8 £ K 8 B ) 6 1

Table €2 f'or Valuss H||1
0.9 0.%, 0.9 0% 0,9 0.9 0,9 0,4y 0,9 0.9 0,9 0.9 0.9 0,9 0.9 0.9 0.9 0,9 0,9
TA LA HA NA 1. 1A NA 1A NA BA NA NA NA NA O HA NA NA NA NA ]
TA A 1A NA HA HA NA NA NA NA NA NA V7)Y NA A KA NA NA fA |
it i A NA NA NA RA HA HA NA A NA NA NA NA NA iIA NA NA
I TiA A NA NA N NA WA NA NA NA NA NA NA NA NA i NA N
A A 1A NA NA MA NA NA NA HA NA NA NA NA HA A NA NA NA
A A 1A A HA lA NA NA NA NA HA NA NA NA NA NA NA NA NA
i A tA NA WA A A NA MA NA NA NA NA NA NA NA NA NA NA
19 13 19 13 19 13 oo oo i 00 u 30 09 1h oY 8 30 30 il
See Table Ch tor Valuos Us
29 29 23 29 RX] 23 o1 s} n 3 Y 19 03 31 RE) e 19 19 11
Juee Table Y for Valuss Um
' 3] 3 9 g 9 O h " ] 0 "t B 7 K 1 i t f
Jee Tul e 6 for Values Us
0 ) ) 0 0 0 0 0 0 0 0 2.9 0 0 0 ] DhDy 0
o 2 R 2 2 n 0 2 2 2 2 2 2 ¢ 2 2 n ? 2
0% 0,9 0,5 0.5 0.5 0% 6,% 0., 0.9 0.9 0.5 0.9 0.5 0.5 0,9 05 0% 0,5 0.5
0 0 L0 ) 00 60 10 ) 50 {0 60 1% H0 H0 0 60 1% 1Y 60
o1 13 i 13 o1 13 18 20 30 H0 20 3t (0 19 60 20 37 ¥4 19
15 15 14 1Y 1Y 1} 2 1% 1% 15 1% 10 14 1 14 1, 1 10 "
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i Table C3 ]
" i
§ Torque Converter Characteristics for ‘
. Vehicle Characteristics No, 55 snd 57 in Taile Cl
)
i :
P i
; ' For Characteristic No. 5L, Vehicle 48 ‘
b Eangine
) Torque Converter fipued
i Speed Ratio _kpum
) 0.0 1900
' 0.10 1880
| 0.40 1860
¢ 0.40 1840
! 0.46 1860
3 0,52 1880
A 0.58 1900
N : 0.70 1950 i
" . 0.75 1980
. ‘ u.80 2020
! ' 0.85 2080
: , 0.90 2110
" i 0.92 2140

Foxr Churacturimtic No. 57, Vehicle 48
" Torquu Couvarter Torque Convarter
f Speud Ratio Turque Ratio
0.0 2.610
0.10 2,340

N 0.20 2.150
0.40 1.750
" 0.46 1.626
# 0.52 1,519
ﬁ' 0.58 1.390
0.70 1.226
} 0.75 1.147
i 0.80 1.068
y 0.85% 0,981
3 0.90 0.956
) 0.92 0,933
W
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Table C6

Ride-3peed Relation for Vehicle Characteristic No. &3 in Table Cl

i Vehicle Vehicle Vehicle Vehicle Vehicle Vehicle
i No. 1, 3 No. 2, & No, 5, 7 No, 6, 8 No. 9 No. 10
‘ RMS SPD RMS SPD RMS  SPD RMS SFD RMS SPD RMS SFD
i in, mph in., mwmph in. mph in. wph 1 . mph in. wmph
0 60.0 0 60,0 0 30.0 0 30.0 0 25.0 0 50,0
£ 0.5 60.0 0.88 €0.0 1.0 30.0 1.42 30,0 0.26 25.0 0.5 50.0
§ 1.0 32.0 1.5 25.0 1.5 15.5 1.5 26.0 1.0 5.3 1.0 30.0
! 1.5 15.5 2.0 18.0 2,0 80 2.0 18.0 2.0 4.4 1.5 10.0
2.0 8.0 2.5 7.0 3.0 4.6 2.5 7.0 5.0 4.0 3.0 4.4
‘ 3.0 5.0 3.0 6.0 5.0 2.5 3.0 6.0 8.0 3.3 6.0 2.0
: 6.0 2.5 5.0 3.0 9.0 1.0 5.0 3.0 8.0 1.4
) 9.0 1.0 9.0 2.0 2.0 1.9
‘ Vehicle Vehicle Vehicle Vehicle Vehicle Vehicle
; | No. 11 No, 12, 16 No. 13 Yo, 14 Bo. 15, 17 No, 18, 23
; ‘ RMS SPD RMS SPD RMS SPD BMS SPD RMS SPD RMS SPD
* in. @ph in, mph in. mph in., wph in, wph in. mph
: ‘ 0 30.0 0 60.0 0 60.0 0 55.0 0 60.0 © 0 30.0
: ; 0.95 130.0 0.5 60.0 0.48 60.0 0.5 55.0 0.5 60.0 0.96 30.0
i : 1.5 lo0.0 1.0 30.0 1.0 25.0 1.0 25.0 1.5 15.0 1.46 13.0
J : 3.0 4,0 1.5 13.0 2.0 7.0 2.0 14.0 2.0 7.0 2.0 6.2
! i 6.0 2.0 2.0 7.6 6.0 1.3 3.0 5.0 3.0 4.0 4,0 3.5
% 9.0 0.7 3.0 4.0 8.0 1.3 5.0 2.0 5.0 2.5 6.0 2.1
; 6.0 2.0 8.0 1.2 9.0 1.0 8.0 1.5
- 8.0 1.2
b Vehicle Vehicle Vehicle Vehicle Vehicle Vehicle
i No. 19 No. 20 No. 21 No. 22, 24 No. 25, 27 No. 26
i RMS  SPD RMS SPD RMS  SED RMS SPD RMS SPD RMS SPD
& in. mph in. wph in, mph in. wph in. mph in. mph
i 0 30.0 0 30.0 0 55.0 0 30.0 0 50.0 0 60.0
i 0.92 30,0 0.9 30.0 0.5 55.0 1.12 30.0 0.5 50.0 0.1 60.0
. 1.0 25.0 1.0 25.0 1.0 25.) 1.5 15.0 1.0 21.5 0.5 24,0
: 2.0 5.3 2,0 12.0 2.0 11.0 2.0 7.0 1.5 10.0 1.0 15.5
) 5.0 2,0 3.0 5.0 3.0 5.0 3.0 4.0 2.0 7.5 2.0 2,2
f 9.0 1.3 5.0 2.0 5.0 2.5 5.0 2,5 3.0 3.0 3.0 2.0
b 8.0 1.3 8.0 1.4 9.0 1.0 4.0 2.5 9.0 0.9
‘ 5.0 2.3
p 7.0 1.3
(4. 9.0 1.0
o (Continued)
A (1 of 3 sheets)
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Tabie C6 (continued)

Vehicle Vehicle Vehicle Vehicle Vehicle Vehicle
No. 28, 31 Ho. 29 No. 30 No. 32, 3% No. 33 No. 34
RMS SEN RMS SPD RMS SPD RMS SPD RMS SPD RMS SPD
in, wmph in, wmph in. mph in. wph in. mph in, mph
0 30.0 0 47.4 0 30.0 0 50.0 0 50.0 0 60.0
0.48 30.0 0.5 47.4 0.45 30.0 0.1 50,0 0.5 50.0 0.12 690.0
0.50 28.0 1.0 20.4 6.5 24,0 0.5 32.0 1.0 19.6 0.5 4.0
1.0 16.0 1.5 9.5 1.0 15.4 1.0 12.5 1.5 17.0 1.0 3.0
2,0 3.0 2.0 7.1 2.0 2.2 1.5 11,0 3.0 8.0 9.0 2.0
3.0 2,0 3.0 2.8 3.0 2.0 2.0 5.0 6.0 3.0
9.0 1.0 4,0 2.4 9.0 1.0 3.0 2.5 $.0 2.0
5.4 2.0 5.0 1.5
7.0 1.2 8.0 1.1
9.0 0.9
Vehicle Vehicle Vehicle Vehicle Vahicle Vehicle
No. 36, 39 No. 37 No. 38 No. 40 No., 41, 44 No., 42
RMS SPD RMS SPD RMS SPD RMS SPD RMS SPD RMS SPD
in, wph in. wph in. wph in. wmph in., mph in. wph
0 50,0 0 50.0 0 60.0 0 30.0 ¢ 60.0 0 60.0
¢.15 50.0 0.50 50.0 0.14 60.0 0.8 30.0 0.2 0.0 0.2 60.0
0.50 31.0 1.0 19.6 0.5 3.8 1.1 23,0 0.4 50.0 0.5 12.0
1.0 12,7 1.5 17.0 1.0 2.6 1.5 9.0 0.7 31.0 1.0 4.0
1.5 11.0 3.0 8.0 9.0 1.0 3.0 4,1 1.0 12,5 2.0 3.0
2,0 3.0 6.0 3.0 8.0 2.2 2.0 3.6 3.0 2.0
3.0 2.0 9.0 2.0 3.0 1.8 9.0 1.0
5.0 1.9 4,0 1.4
9.0 1.1 8.0 1.0
Vehicle Vahicle Vehicle Vehicle Vehicle Vehicle
No..43 No. 45 No. 46 No. 47 No. 48 No. 49
RMS SPD RMS SPD RMS SPD RMS SPD RMS SPD RMS SPD
in. wph in, wph in. wph in., mph in. wmph in, wph
0 60,0 0 40.0 0 20.0 0 136.0 0 38.C 0 60.0
0.20 60.0 0.12 40.0 0,38 20,0 0.1  36.0 0.1 38,0 0.2  60.0
0.5 17.0 0.28 32,0 0.50 4.0 0.5 17.0 0.5 11.8 0.47 60.0
1.0 3.9 1.0 3.9 1.0 2.4 1.0 6.0 1.0 6.3 0.50 39.0
2.0 2,2 5.0 1.0 4,0 2,0 2.0 4,0 2.0 4.2 1.0 16.8
5.0 1,2 3.0 0.5 2.0 0.8 4.0 2.3 3.0 4,0 2.0 9.8
9.0 1.0 9.0 0.8 9.0 0.8 3.0 8.1
8.0 3.0
(Continued)
(2 of 3 wheets)
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Table C6 (concluded)

Vehicle Vehicle Vahicle Vehilcls Vehicla Vehicle :
No. 50 No, 51 No. 52 No, 53 No. 54 No. ‘
RMS SPD RMS SPD KMS SPD RMS SPD RMS SPD RMS SPD
in, mph in., wph in. mph iu, uph in, mph in. mph
0 37.5 0 60.0 0 60,0 0 60.0 0 50.0
0.5 37.5 0.47 60.0 0.2 66.0 0.20 0.0 1.0 50.0
1.0 15.0 0.50 239.0 1.0 12.0 1.0 19,5 1.5 23,0
2.0 643 1.0 16.8 2,0 6.0 1.5 11.0 3.0 14.0
3.0 3.3 2.0 9.4 3.9 5.0 3.0 6.0 6.0 12.0
9.0 2.0 3.0 8.1 4.0 3.0 9.0 1.0 7.0 3.0
8.0 3.0 5.0 3.0 9.0 2.0
8,0 2.8

(3 of 3 sheets)
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Table C7

Speed Limits Usad in Study, wph

Spesd  Recommended Towed Speed

Dynsmic Speed Limits
Used in Veohicle
Data File

Vehicle Limit From TACOM Dats Sheets
No. Vehicle Newe uph Off-Hosd  On~Road
Category 13 1/4-ton Payload
1 MLS1A2 (4xé4) 65 — -
2 4x4 Commercisl - - -—
3 MLS1AZ (4x2) 65 — -
4 4x2 Coumaercial —_ —_ -—
5 ML51A2 (4xd) /M4L16T 65 30 50
6 4x4 Cow./Mél6 - 30 50
7 M151A2 (4x2)/M4l6 65 30 50
It 4x2 Com./M&l6 -— 30 50
Catagory 23 1/2-tun Paylo
9 M274A2 (4x4) 25 - -
Gutegory 33 3/4~ton Payload
10 M3781 (4x4) 55 - -
11 M3/B1 (4x4)/MIQLALT 5% 30 55
Cutegory 41 1=i/b4-ton Paylogd
12 M715EL (4xb) 64 _— -
13 XM705 (4x4) 66 - -
14 M561 (6x6) 55 — —
1% 4x4 Commarcial - —_— —_
16 M715E1 (4x2) 0 - ~—
17 4x2 Coumarcial - — —
18 M718E1 (4x4)/M101AL 64 30 L1 ]
19 KM/05 (4x4)/MI01AL 66 30 55
20 M561 (6x6)/M101Al 55 30 55
21 M561 (6x6)/M102H 55 10 —
22 4xd4 Cow. /MLO1AL — 30 58
23 M715E1 (4x2) /MLO1AL 64 30 55
24 4x2 Couw./M101A) - 30 55
(Continued)
184<

Off-Road  On-Rosd

60 60
60 60
60 60
60 60
30 50
30 50
30 50
30 50
55 55
30 35
60 60
60 60
55 55
60 60
60 60
60 60
30 5%
30 55
30 55
33 55
30 35
30 55
30 55

(1 of 3 whaets)
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Vehicle
No,

Vehicle Name

Table C7 (Continued}

Speed Recommsnded Towad Spesd
Limit From TACOM Dats Sheetw

Dynamic Spaed Limits
Used in Vehicle
Datu Fila

uph Of f ~Road On=Road

25
28
29

3l

40

4%
4o

47
48

Category 5: 2-1/2-ton Payload

Off-Road Ou-Road

M3542 (6x6) 50 - - 50 50
4xé Cowmmercisl - - - 60 60
M3I5A2 (6x4) 50 —— —— 50 50
M35A2 (6x6) /M105A2 50 20 S50 20 50
M35A2 (6x6)/M102H 50 10 - 50 50
4x2 Cowm./M105A2 -~ 20 50 20 50
M35A2 (6x4)/ML05A2 50 30 50 30 50
Category €: S~ton Paylowd
M813 (6x9) 52 -— - 32 52
M656 (8x8) 50 - - %0 50
0Kkéd Commerclal - - - 60 60
MB13 (oxd) 52 -- - 52 52
M813 (oxb)/ML14AL 52 - — %2 52
MG56 (8x8) /M114A1 50 - - 50 50
6x4 Cow,/12,7004 —— - - 60 60
MB13 (bxd)/12,700# 52 - -— 52 52
Categury 7: H-ton Payload
M520K1 (4x4) 30 - - 30 30
Catugory B3 S-ton Tractor with 12-ton, 4~Wheel Trailer
MB18 (6x6) /ML27ALC 52 20 50 20 50
6x4 Cow,/M127A1C - 20 0 20 50
ox4 Com./M127A1C - 20 50 20 50
MBLB (Ox4)/ML27A1C 92 20 50 20 50
Catogory 9:  10-tou Tractor with 2%-ton, 4-Wheel Trailex
MI23A1C (6%6) /ML72AL 44 20 30 20 30
6x4 Com./M172A1 - 20 30 20 30
Categovy 103 22-1/2-ton Tractor with 52-1/2-ton Trailer
XM746 (Bx8)/M747 36 - 36 36 36
8x4 Com,/M747 - - 36 36 36
(Continued)
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Table C7 (Concluded)

Dynawic Spesd Limite

Speed  Recowsended Towed Speed Used in Vehicle

Vehicle timit  Frow TACOM Data Shustu Dats File
Nu. Vehicle Neme wph Off-Road On=-Road Off~Road  Oun=Road

‘Category 11: Ratergnce Vehicles

49 M113 (Tracked) 40 - —~— 60 60
50 M548 (Trackoed) 39 - - 37.5 37.5
51 M6UVAL (Tracked) 30 - - 60 60
$2 M3IBAL (4x4) 71 n— - 60 60
53 MLSIALl (4xb) 65 - — 60 60
54 XM410 (8xU) 5% - -— 50 50

(3 of 3 sheets)
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AVPENDIX D: SAMPLE OQUTPUT LISTINGS

This wppendix includes a complete sample of output listings for the
the M35A2 2-1/2-ton, 6x6 cmrgo truck, as follows:

performance
Tal'le
Tal'le
Talle
Talle
Talle
Tal'le
Tatile

of
Il
ne
N3
Dl
DY
D
"

-

-

In
In
In
In
On
On
On

areal terrain for West Germany traverse, wet season
areal terrain tor Thailund traverse, wet sewson
areal terrain for Arizone traverse, wet scason
linear terrain for West Gormany traverse, wet semson
road for West Cermany trauverse, wet scaton

road for Thailund traverse, wet season

roasd for Arlzone iraverse, wet season
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: Table Db

T Wast Cermmay Wet-Jesuon Linear Terrain Predictions

( Vory High Rlver v

..7 Vehicle Mobility Crosming Tiwe 110

Q 1. MISIA? L/iwbon, Mk truck, utility 103.0 0.1 2.6

] 2. 1/leton, bx4 truck, utility 113.0 .2 2.4

' 4, MISIAZ 1/h-ton, bx2 truck, wtility 79.0 33.2 1.3

! k. 1/h-ton, b2 truck, utility 76.0 38,8 0.8

i b MI51AP L/leton, bx2 truck, wtility 1.0 k1.8 1.2

’ G. L/leton, Uxh truck, utility, w/Mu16 103.0 k6.3 2.0

j . MISIAZ 1/b-ton, b2 truck, utility L.0 LL.y 0.4

| ' 8. 1/h-ton, bx® truck, ubility, w/Mil6 k3.0 L6.9 0.b

: 9. MOTHAD 1/0-ton, bxh truck, pluiiorm, ubility 58.0 0.5 1.5 |
g i 10, M37ul 3/l-ton, Uxb truck, cargo 122.0 9.5 3.9 f
? 11, M3/ 1-1/beton, bxbd truck, cargo, w/M1O1  102.0 15.0 3.0 3
i’ 12, M71581 1-1/b=ton, Yxb truck, cargo 101.0 10,4 2.7 ;
) 19. XM77%5 1-1/li-ton, Lxh truck, cargo 127.0 &4 L. |
B 1h, MyG1 1lel/beton, OxO truck, cargo 149.0 3.2 Y.1 !
[ 15, lel/M=ton, hxb truck, utility 49,0 26.8 2. :
T 10, M71%1 L=}/ li-ton, Lx2 truck, cargo ‘10,0 135 1.0

i 7. 1-1/h-ton, 4 truck, utility 68,0 50,0 0.8

,' 18, M7T15BY 1=1/heton, bxh truek, carpo, w/MiOL  9L.0 16.0 2.9

? 19, XM70% 1-1/h~ton, hxb {ruck, carge, w/M101 98.0 13.4 0.8

"( D0, M501 1-1/b-ton, (xO truck, cargo, w/MLOL 1L7.0 13.8 3.

} #1., M6l 1-1/b-ton, 6uh truck, ceargo, w/M1O2 106.0 13.8 3.9

3 02. 1-1/h-ton, Uxk truck, cervo, w/M1OL 67.0 50.6 0.8
! 23, MTLSEL 1-1/h~ton, Wk truck, cargo, w/MLOL (0.0 8.k 0.8
p 2k, 1-1/4-tom, Lx2 truck, cargo, w/MLOL w.0 53.2 0.7
; 25, M35AQ 0-1/P-ton, (xG truck, caryo 100.0 8.1 3.6
' o6, @<1/a-tom, Lx@ truck, cargo, (150 in. WB) 39.0 53.3 0.4
k DT, M3YA2 D-l/2-ton, Oxb truck, cerps 56,0 11.6 1,0

{continued) ( 1 of 2 theety)
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Table DU (Concluded)

Very Wigh —Hivey UFoss- Vv

Vehicle Mobility  ing Time 114
28. M3YA2 2-1/2-ton, 6x6 tyuck, cargn, w/ML0% 55.0 13.5 1.2
29, M3ISA2 2-1/2-ton, Ax6 truck, cargo, w/N1O2 .0 13.5 1.3
30, ©-1/0-ton, Ux2 tiuck, carwo, (150 in. WB), w/ML0Y% 33.0 38.1 0.3
31, M34A2 2-1/2«tou, Oxb truck, cargo, W/MLOY by.0 16.9 0.7
32, MB13 Y-ton, oxO truck, cargo 89.9 7.0 2.9
33, Mosh S-ton, CxB truck, cargo 169.0 3.2 5.9
3k, Yeton, Oxb truck, cmrgo Ls.0 368.1 1.1
35, MBL3 Seton, Gub truck, cargo 38,0 11.2 0.3
3, M813 Y-ton, 6x0 truck, cargo, w/MLLY 38.0 13.0 0.5
Y. MO Y=ton, Bx8 truck, cmrgo, w/AMALL 8L.0 10.0 1.1
38, bS=ton, Oxh truck, carge, w/trmiler# 23.0 Y3, 0.3
39. M813 5-ton, oxb truck, caryo, w/trailex¥ 31.0 14.8 0.2
Lo, My20EL B-ton, truck, carpo 4r.0 9.7 0.%
LL, MHLY S=ton, Ox( truck, tractor, w/Mi27 31.0 15.1 0.2
L2, bS-ton, ‘wh truck, tractor, (1% in. wWu), w27  17.0 by 0,1
b3, s=ton, Okl truck, tractor (150 in. Wu), w/Minv 8.0 5h.0 0.3
Wi MBL8 %eton, txb truck, tractor, w/Milv 30,0 15.1 0.2
by, MIQIAIC 10-ton, ‘x" truck, tractor, w/MLY 10,0 1%.1 0.2
by, 10wton, w0 truck, tractor, w/ML?7, (180 ia. wo) 1b.o UX 0.2
Wy, RM7hO PDWL/a-ton, Bx8 truck, tractor, w/MTAT 28,0 'rhy 0.2
Wy, 00wl/0-ton, Sub Lruck, trector, w/MThyY 15.0 0.8 0.1
L9, MI131AL Personnel, Jull-tracked, Carrier 1hy .0 " 5.2
#  Use MILBMIAL 19%ma howiteex (2 of @ sheets)
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APPENDIX E: OFF-ROAD MOBILITY PROFILES FOR AREAL TERRAIN

This appendix presents the off-road wobility profiles for the vehicles
used in this study (figs. E1 - ES4). Each figure presents proffiles for
a single vehicle for the three stpdy traverses. The figures ure presented
in the samo order as the vehicles are listed in table 9. In each case,

the vehicle nuber follows the figura number.
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APPENDIX F: FACTORS CONTROLLING SPEED

A complete speed output for a given vehicle includes the percentege
? ' of traverse distance at which each of 10 factors causes immobilizations
or controlled speed. In fig. Fl, this information ia presented in the
form of histograus for each vehicle in the off-road areal terrains in
each traverse. (The vehicles are presented in the same order as listed

: in table 9.) The percentage of traverse distence is plotted against ench
% of the 10 controlling factors, identified by nuubers, as follows:

/ Controlling

g Factor No. Description

| Factors Cauging Tmmobilization

: 1 Surfuce strength less than minimum required for
; ' one puass

! : 2 Avallable traction legs than total of surface

: and slope resistances

; 3 Obstacle interfeience

j ; N Available traction less thun total of surface,
| slope, obstacle, and vegetation resistances

? Factors Controlling Speed

! 5 Ride dynamics

; 6 Total of surface and slope resistunces

; 1 Visibility

¢ ' Meneuvering

; 9 Total of surface, slope, obstucle and vegetation
K reslstances

! 10 Acceleration und deceleration between obstacles

LX67<
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