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SProject WHiM.XL is a study to evaluate the performance of individual standard milita.y
trucks both off and on road in relation to their missions arid to cash savings p'Asible
through the elimination of special military automotive features, such as front-wheel

1 Idrive, or the use of commercial vehicles in some missions. Such evaluations can only be
J based upon the most reliable assessments of mobility performance possible. The AMC-71

Ground Mobility Model was used to assess the off- and on-road speed performance of a
group of military and commercial vehicles and vehicles with trailers or howitzers. total •
ing 48 cases of direct interest and 6 reference vehicles, ranging from 1-ton gross vehic Le
weight to 90-ton gross combined weight. The terrain data used in predicting off-road
performance were obtained from transects, or strips of ground, about 3 by 52 km located
in West GemarW, Thailand, and Arizona, each representatives of different types of climat ac
zones and terrain conditiono. The road data used in predicting en-road performance were
collected from segpents of primary. secondary, and trall-type roads;.each segment was
approxlmately 100 mileL long. Both off- and on-roLd performance was predicted in terms
of speed for all vehicles and vehicle-trailer or -howitzer combinations included in the
study. Off-road speed was predicted for traverses made up'of five straight lines equallr
upaced along the length of the trrAnsects. On-road speed waw predicted for the total
length sompled in each road category. Several off-road terrain traverse speed predicti
were made. These included speed JaAde over a combination of areal (patches of hwsogeneo i
terrain) and linear (streams and rivers) terrains identified as V11 0 , speed over areal

q,• terra (Vl), and Lree)d over areal terrain with the worst 10 percent removed from con.
,ideratlon Vq0). On-road speed predictions were made for trails (V ) so-condary roads
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Errata Sheet

VEHICLE MOBILITY ASSESSMENT FOR PROJECT WHEELS STUDY GROUP

1. Table 9, Item No. 42 - Under column 6, "Horsepower per Ton (hpt),"

change "8.2" to read "13"

2. Table 9, Item No. 44 - Under column 3, "Trailer-Howitzer," change toK: read: "M127AlC, 4-wheel, 12-ton semitrailer"

3. Table 10, Item No. 44 - Under column 3, "Trailer-Howitzer," change to
i,2ad: "Hl27AIC, 4-wheel, 12-ton semitrailer"

4. Table 11, "Item No. 44 - Under column 3, "Trailer-llowitzer," change to
read: "M127AlC, 4-wheel, 12-ton semitrailer"

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

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 to read "18"

8. Table Cl, Characteristic No. 44, Vehicle N- 42. Change to read "13"
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WHEELS Study Group," and was extended by letter to CG, AMC, from the

Director, WHEELS Study Group, dated 30 June 1972, subject: "Phase I1

Add.tional Requirements for Vehicle Mobility Assessment for WHEELS Study

Group." The requests 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.
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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 to

metric units as follows:

Multiply _ To Obtain

(1) inches 2.54 centimeters

(2) square inches 6.4516 square centimeters

(3) feet 0.3048 meters

(4) miles (U. S. statute) 1.6093 kilometers

(5) square miles 2.5899 squart kilometers (100 hectares)

(6) pounds 0.4536 kilograms

(7) pounds per square inch 0.0703 kilograma per square centimeter

(8) tons (2000 Ib) 907.19 kilogiams

Metric units of measurement used in this report can be converted to

British units us follows:

Multiply-- By To Obtain

(.) kilometers 0.6211 miles

(2) meters 3.2808 feet

(3) centimeters 0.3937 inches

xiii



SUM4ARY

Project WHEEIS is a study to evaluate the performance of individua:1

standard military trucks both off and on road in relation to their missions

and to cash savings possible through the elimination of special military

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

vehicles in some missions. Such evaluations can only be based upon the

most reliable assessments of mobility performance possible.

The AMC-71 Ground Mobility Model was used to assess the off- and

on-road speed performance of a group of military and commercial vehicles

and vehicles with trailers or howitzers, totaling 48 cases of direct

interest and 6 reference vehicles, ranging from 1-ton gross vehicle

weight to 90-ton gross combined weight. The terrain data ut.ed in pre-

dicting off-road performance were obtained from transects, or strips

of ground, about 3 by 52 km located in West Germany, Thailand, and

Arizona, each representative of different types of climatic zones and

terrain conditions. The road data used in predicting on-road performance

were collected from segnents of primary, secondary, and trail-type roads;

each segment was approximately 100 miles long.

Both off- and on-road performance was predicted in terms of speed for

all vehicles and vehicle-trailer or -howitzer combinationm included in

the study. Off-road upcd was predicted for traverses made up of five

straight lines equally spaced along the length of the transects. On-road

speed was predicted for the total length sampled in each road category.

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

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

terrain) and linear (streams and rivers) terrains identified as Vll 0 , speed

over areal terrain (V 1o 0 ), and speed over areal terrain with the worst

10 percent removed from consideration (V ). on-road speed predictions
were made for trails (V 3), secondau• roads (V 2), and primar roads (V 1.
Performance In terms of percentage of off- and on-road areia1 terrains in

the traverses fnd trails, respectively, that the vehicles could not traverse

is alto irndicated. Rankingb of the performance of the vehicles considered

were made on the basis of the V and V speeds for each transect or road

network.

xv Preceding page blank



Examination of the main study results showed that predicted average

speeds were in many areas 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 also evaluated subsequent to the main study (Addendum II).

xvi



VEHICLE MOBILITY ASSESSMENT FOR PROJECT WHEELS STUDY CROUP

1. If•DUCTION

This study was performed by the U. S. Army Tank-Automotive Command

(TACON) and the U. S. Army Engineer Waterways Experiment Station (WES)

for the Department of the Army WHEELS Study Grotp (WSG), which is res-

ponsible for an analysis of the Army's wheeled vuhicle program.

1.1 Objective

The objective of this study was to asess the off- and on-road

performances of a group of standard and modified military wheeled vehicles

and commercial wheeled vehicles with and without trailers. The group

represents a wide range in mobility and payload capabilities.

1.2 Backgreund

Project WHEELS is a stvaff study to critically exauine the Army's

wheeled vehicle fleet. An important aspect of the examination is an

evaluation of the off- and on-road performances of individual standard

trucks in relation to their missions and to cost savings affected

through elimination of special military automotive features, such as

front-wheel drive, or through uuc, of commercial vehicles in certain

missions, Such an evaluation can be based only upon the most reliable

assessments of mobility performance.

luring the planning phase of Project WHEELS, WSG personnel asked

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

Materiel Comaand (AMC) ground mobility research program, to suggest the

moet reliable methods within the project time constraints of assessing

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



1.3 Approach

A critical review of current applicable off-road mobility tech-

noloSy revealed that study needs would be best set by using the hMC-71

Ground Nobility Model (A4MC-71) to obtain off- and on-road speed

perforumances for each vehicle configuration in one or more represen-

tative terrains. Terrain data available at WES for several stripe of

terrain or transects (each approximately 3x50 kin) located in West

Geruany, Thailand, and Arizona (use Appendi•ms A and B) wave used in the

study. Necessary vehicle data (Appendix C) were obtained from TACO(,

Aberdeen Proving Ground, WES. the Study Group, and vehicle manufacturers.

Although AMC-71 was developed from many years of prior mobility

research, it is a first-genaration model. Accordingly, some Judgment

was recognizad as necessary for obtaining the reliable on-time

information needed.

2
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2. AMC-71 GROUND MOBILITY HODEL

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,

maintainability, fire power, etc.

2.2 History

TACaI, WU, and the U. S. Army Enp 4neer Cold Rlgioun Research

and Engineering Laboratory (CHRRL) are responsible for conducting ground

mobility research for AMC. In FY 71, a unified AMC ground mobility

research program was Implamented with the capabilities of all three

laboratories geared to achieve comon goals.

At that time, s review of military user requirements for vehicle

mobility information revealed a common need for a uniform, reliable,

objective analytical procedure for estimating the performance of a

vehicle in any specific operational environment. To meet this need,

the technology of off-road vehicle performance, developed over the

preceding 25 years of Army-sponsored research, was inategrated into a

first-generation model during FY 71-72. The model, called the AMC-71

Ground Mobility Model, was formed by coupling the significant vehicle-

terrain-driver interactions that affect off-road vehicle performance.*

This model is a digital computer program with some analog computer

aubmodels for evaluating vehicle dynamics. The analog outputs *re

interfaced manually with the main digital program. AMC-71 is available

on computers at TACDH &nd WES.

"C A draft report on AMC-71, including programming instructions, is
being prepared for publication.



The current compatible terrain data files consist of mall-scale

areal terrain unit maps of one transect each in Puerto Rico, Weat Germany,

Thailand, and Arizona. Each transect is about 3 km by 50 km. In the near

future, a similar map will be completed for a transect in Alaska. Maps

of linear terrain units (i.e. streams) at the same scale a the areal ter-

rain unit 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 computer files for easy use.

In iLs present configuration, AMC-71 has been and in being used

in studies to evaluate:

A., Craters as barriers to vehicle movdm-,nt

It. The perfornance of self-propelled howitzers and prime mover-

howitzer combinations for selected world terrains

c. Concepts for a Main Battle Tank

d. Performanca of the XR311 and the military jeep for several

selected terrains

e. Performance of 1/2- to 3/4-ton vehicle teot bed over a

variety of terrain conditions

Its use in Project WHEELS is the most extensive practical applfcation

io date.

2. 3 Basic Premises

The performance of a vehicle at any moment is the result of a

complex interplay among many different characteristics of the vehicle,

numeroum features of the particular turrain in which it is operating, ita

immediate past operating history, and elections and constraints imposed

by the driver. AMC-71 postulates that the maximum practical speed of a

sound vehicle at any moment, including zero (or No Go) is the proper

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

the many system parameters potentially involved must be quantified in

engineering terms that will permit calculation of probable vehicle opeed

as limited by onh or more of a number of possible specific terrain-

"vehiclv-driver interactions. Table 1 outlines system attributes



considered in AiIC-71 at this timm.

The endless variability of real terrain can be represented by

a mosaic of pieces, each of whilch, to some feasible resolution, can be can-

sidered uniform (daterministically or probabillatically) in terms of mea-

surable factors affecting vehicle responses. Such a subclass of terrain

is called a terrain unit. An areal terrain unit is currently character-

Ieed by 13 measurements (in class intervals) reflecting the type and

strength of surface materials, slope, prevaili•g ground roughnass, dia-

crete obstacles, and vegetation (table 2, column a); a linear terrain

unit by 9 measurwomnts covering type and strength of surface materials,

cross section, and vstcr depth and velocity (table 3, colun b); and a

road unit by 5 measurements expressing surface type, strength, *lope,

curvatu', and roughness (table 2 column c).

Maximum practical speeds for a vehicle in each areal, linear

terrain, and road unit within an area, calculated from validated engineer-
ing relations, can be combined by suitable procedures to predict the per-

formance o f the vmhiclkt along any given path in the real terrain, and/or

to accumulate a statistical representation of vehicle performance in the

area as a whole.

2.4 Structure

The basic structure of AMC-71 is illustrated in fig. 1. Per-

tinent vehicle cbaracteristics (table 3) and complete data on all terrain

wnits in an area are stored in computer files and accossed as needed by a

central performaunc module. The performatce module accepts deacriptors

for a single terrain unit and, after examination of a range of possibil-

ities, outputs to a temporary file the mazium possible vehicle speed in

the terrain unit and an identification of the controlling relations. The

entire terrain fila for an area is iteratively exmined, one unit at a

time, until performance in each unit ham been determined and sto-rod. At

that point, answers in the temporary file are organized, sultabli com-

bined, analysed, printed, refiled, ett., by an output routine designed

to meet the needs of the particular study.

5



The basic output of AMC-71 is vehicle speed in each of a series

of areal terrain, linear terrain, and/or Yoed units. 'the further process -

ing of these speeds caus develop performance padictionae along specified

paths, determine optimum paths between selected points under various

constraints, and/or generatm statistics concerning the vehicle's per-

formance in the terrain as a whole.

The centmil performance module, the heart of AhC-71, has three

parallel forms: oue to handle areal terrain, a second to =umine linear

terrain (rivers, stream, ditches, roadr, etc.) offering identifiable

linear barriers to vehicle crossing, and a third to predict performance

on a network of roads. A given study may involve use of one, two, or

all three pet formance modules. The areal and linear modules together

are identified as the off-road model, and the road module is identified

as the on-road model.

A more detailed structure of the areal terrain performance

module is shown in fig. 2. Terrain and data files are accessed by each

submodel as needed. In the areal terrain performance m 1--"s, each ter-

rain unit description is combined with the vehicle characterization to

calculate a number of possible opertting speeds as limited by power mid

power train characteristics; available traction; motion resistances

engendered by solls, slopes, amid overriding of obstacles and vegetalton;

local mwatuvering to avoid vegetation and obstacles; rlde and obstacle-

crossing dynamics; visibility restrictions; and acceleration and braking

performnace. The logic of the model examines the least of these several

upeeds as influenced by obstacles and vegetation and performs a speed

atialysis to decide how much to override and how much to avoid. From

this iL determines the maximeu feasible vehicle speed within the des-I cribed terrain unit. The module repeats the procedure three times for

each terrain unit (where re, uired), once with the vehicle running

straight upslope, once running directly downslopo, and once rutining

along the slope contour.. The average of these three speeds is assigned
to the terrain unit as whole; when upelope operation is No Go, the

other two are also taken to be No Go. The areal terrain performance

6
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module is constructed with a subsodel to assess a time penalty for No Co

situations, rather than to accept a zero speed with its Implications 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 Co's.

The composition of the linear terrain performance module is

diagramed In fig. 3. The module is structured to account for fording

(where possible), swimming (where possible), rafting or bridging (where

necessary), ingress, anl egress. Like the areal terrain performance

module, the linear terrain performance module determinUs speeds (in

terms of crossing times) and No Go's and asseuses time penalties for

No Go's, In recognition of the fact that the Army will arrange the

t 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 is 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, linear, and road speeds for a vehicle in a terrain

(or road) unit art predicted for discrete patches of terrain. The prin-

cipal means of interpieting these for an area is to examine the perfor-

mance along specific or generalized routes, or traverses, through the

area. Traverse predictions are madc by adding traverse times across

a-.aal and linear terrain units.

2.5 Cucrent Statue

Although AMC-71 is a first-generation model, it is considered a

major advance over previously available ad hoc simulations of off-road

vehicle performance, in completeness and realism (principally in

accepting a full array of real tarrain data), relative dearee of valida-

tion, and overall reliability. During its formulation, however, some

gaps and weaknesses in the prior, less coordinated research were re-

vealed; several problems of interfacing laboratory idealizatiotus with

field realities required judicious resolution; and many important areas

* 7



for future validation, refinemenL, and useful extension became evident.

Accordingly, AMC-71 is still very much work-in-progress.

Major simplifications upon which an AMC-71 performance model is

currently based are:

a. Terrain is made deterministic (in the present instance, by

using the mid-range values for each class of each descriptor).

b. The driver acts only as a governor who imposet speed limits

based upon fixed absorbed power (ride) or acceleration (obstacle

crossing) limits occurring at his seat location, or upon forward via-

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 is considered in examining for

obstacle interferences.

e. Performance is predicted for a single vehicle operating on

a one-pass basis.

f. Possil~le surface slipperiness or pronounced soil layering

is not accounted for.

&. No provision is made for transition speeds from one terrian

unit to another, oT for approaching or leaving a major liuear terrain

feature.

h. All tire traction performance is calculated on the basis of

standard, military, nondirectional, medium-skid, cross-comntry tires.

AMC-71 can predict speed performance for wheeled and tracked

combat and support vehicles. Modeling of pitch-articulated vehicles is

incomplete, and dynamic modeling has not yet been generalized to handle

pitch articulation or bogie suapeniiions without special programming.

Careful validation of the AMC-71 off-road model and submodels

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



Oklahoma, and Yua Proving Ground, Arizona, with four conventionally

configured vehicles--two wheeled (M151A2 1/4-ton, 4x4 utility truck,

and H35A2 2-1/2-ton, 6x6 cargo truck) and two tracked (M113 armored

personnel carrier and M6OA1 tank). The Fort Sill tests , in which all

the vehicles maintained traverse speeds ranging from 10 to 30 mph,

&howed that predicted speeds were within k4 mph of measured speeds in

#11 cases. 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

supension 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 useful in current and near-future simulations, provided only that

its limitation& are not completely overlooked in the interpretatic and

application of final results.

9i
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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:

a. Quantify off-road mobility

b. Quantify on-road mobility.

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

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

slip differentials.

e. Assess performance changes due tL denial of special shallow-

water fording features, such as waterproof ignition.

f. Demonstrate the effects of multiple vehicle operation on off-

road mobility performance,

Objectives a and 1 were to be pursued for each military and colmer-

cial vehicle and vehicle-trailer combination in a group of 48 of direct

nterest and 6 reference vehicles (table 9). Weights ranged from 1-ton

gross weight for individual vehicles to 90-ton gross weight for vphicle

combinations. Objectives c through f were to bp 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 ontput analyses and formats

suitable 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 addition, the Go-No Go advantages of pitch artic-

ulation Jn negotiating large, single obstacles were not formulated.

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

3.1.1 On-road performance

The flow chart for the on-road performance model was

k presented earlier (fig. 4) to emphasize its basic similarity to the areal

performance module from which it was derived. The on-r -I model was, in

fact. made operational specifically to meet the requirements of this study.
" Power train, slope, and ride dynamics suboodels from the areal module were

used in toto. The soil strength submodel was ased for unsurfaced fair-

weather roads; whereas constant gross motion icesistance coefficients 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

shown in fig. 5. Note Lhat the on-road model can predict No Go's in ee-

1 pecially severe conditions, such as might be encountered in wet seasons on
!unsurfaced, fair-weather roads and trails,.i

3.1.2 Front-wheel-drive denial and towed trailers

Formulas used in the soil-vehicle submodel for computing

vehicle cone index (VCI), which is the minimum soil strength required to

complete a prescribed number (1 or 50) of passes of self-propelled wheeled

vehicles operating on fine- and coarse-grained soils, apply only to all-

wheel-drive vehicles. Because this study included vehicles with front-

wheel drive capability denied and with towed loads, provision was added

to compute the minimum 1-pass soil strength requirements (VCII) for such

vehicle configurations.

A compatible traction submodel was formulated. The order

of change that occured in VCI 1 requirements for fine- and coarse-grained

soils due to front-wheel drive denial and to towed loads in illustrated

in the following tabulation.

M35A2 2-1/2-ton. 6x6 Cargo Truck

Drive M 1 1
Configuration Trailer Fin-a-Grained Soil Coarse-Grained Soil

6x6 -- 27 26
6x4 -- 37 36
6x6 M105A2 .34 27
6x4 M105A2 40 50
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3.1.3 Large tire deflections

Computations of VC1I in coarse-grairied moils use actual
operating tire deflection. However, normal computations of VCI1 for

fine-urained soils use 10-15 percent deflcction, which is characteristic

of standard military tires at recommended off-road inflation pressures.

The M52OE1 8-ton, 4xJ cargo truck is equipped with earthmover tires
designed to operato at approximately 25 percent deflection. The standard

VC1I calculation for this vehicle was modified by reference to the

results of WES soil bin research in clays, which show a reduction in
1

'VCI 1 for fine-grained soils, in this case, of 30 percent.

3.l.)i Reduction in fording capability

Reductioiu in fording capability was handled by the exist-

lng fording submodel of the lineur performance module, once a suitably

reduced fordinp depth limit was assigned as a vehicle characteristic.

3.3.5 Effects of traffic on vehicle off-road performance

To examine the order of effects of multiple vehicle oper-

ation on the speed predictions, the standard 50-pass soil strength crite-

rion, VC 0 3 was introduced in place of the 1-pass criterion, VCI 1 , ini

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

tion 7, zistances as a result of the trail-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 terrains, averape terrain unit speeds are limited by the slow speeds

ii:12
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necessary tv reduce shock to a tolerable level whlile negotiating reg-

ularly occurring characteristic obstacles, such as small dikes and ditches.

Both limits are essentially dynamic, and severity of response at the

driver's seat is asumed to be the criterion.

The modeling of vehicle dynamics differs fundamentally from
that of other elements in AMC-71. The mathematical simulation of

dynamic response requires the time-constaiing solution of differential

equations; whereas the other su1,models essentially involve rapid solution

of algebraic equations. To include dynamics effects on vehicle per-

formance in this study, it was necessary to exclude from consideration

the use of mn available sophisticated ride dynamics submodel programed

for an analog computer and to select a simpler and more rapid approach

havi•g an all.ebraic structure. The gain in time i* paid for by de-

Greased ac.uracy.

M3. 1 Ride dynamcs subedael

The simplified ride dynamics submodel used was based on

*... J-ride dynamics mcdel 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

motions at the driver's seat are used to compute absorbed power; tire

compliancer are not considered. However, the basic structure of the sub-

model is straightforward and allows existing terrain data to be used

directly.

The submodel is used by specifying a number of pertinart

M istructural and geometric vehicle parameters. It outputs a graph of

driver absorbed power versur 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 n square (RMS) elevation. Intarbection of the

6-watt comfort limit line with the absorbed power curve in any tereain

roughness defines the limiling vehicle speed for that roughness. Where

several intersectioar can occur. a judgment is made us to which ,Is

13



appropriate, the most frequent choice being the blghoot speed iater-

section. Because the submodel ts linear, apeed limits for any roughness

can be determined from a single absorbed-power curve for one roughnosa

simply by altering the power icale properly. For example, dividing the

ordinates of the 1-in. MC, elevation curve by a factor of four is

equ.valent to inputting a terrain roughness of 1/2.-in. IM45 elevation;

multiplyig by four is equivtlent to a terrain roughness of 2, Speed*

obtained in this manner, plotted against roughness. make up the 6-watt

ride limit cuives used In the performance module per at. An example to

shown in fig. 7.

luitial trials of the original V-ride subsodel resulted

in unreasonable dyntaaic responses for many vehicles. A set of imodifica-

tions was devised that improves its apparent performance. These vere

AW follows: I . For sinhle-axle suspensloas, tire spring and

damping rates were considered in series with suspension spring and

damping rates. The spriug and damping rates of dual tires were computed

as parallel combinations of those of the individual tires.

b. TAndsm axles on bogied suspensicma were regarded

as indspeudently suspended oi, springs of one-quarter the spring rate of

tho actual, bogia mpving. This fraction was obtained by considering de-

pnrtures from squilibrium position of the true suspension spring incurred

by the incremental elevation of one of the tandem axles at a tine, and

seemed reasonable in terms of the ride-smoothing effect of the bogied

arraUgeMent In most operations.

c. Both cargo trailers and *m*trailers were hatdled

by determining the static load transferred to the pintle or fifth wheel,

computing an "effective mass" corresponding to this load, and adding

this quantity to the inertial. waso of the tractor vehicle. The pitch

momant of inertia was not altered. Articulated vshicles war* treated as

tractor-trailer combinations.

Trails of the V-ride submodel with the above modifica-

LOons resulted in Improved dynamics predictions, but discrepancies from



exparience wiere still apparent. To asks a final adjustment to the ride
predli 'ions, estimates of maximuma speeds for the principal individual

vehicles in thfl study, each in moderately rough field terrain (approx-
binte F44S elevation - 1.5 in.), wave solicited from two indspeadmwat

expert sources connected with neither TMXCiI nor WES. The degree of
concensus Is Illustrated in fig. R. T1he two speed asseesmmets for a
vehicle were averaged to "asigni a bench-mark speed limit for each
vehicle corresponding to 1.5-in. RMS elevatiun. 'this bench maork wasn

used to adjust the absorbed power scale on the basic ride limit-asped
curve so that the 6,-watt limit was achieved at that speed when the
roughness was at an RU4S elevation of 1.5-in. Fio. 9 compares computed
and experienced 6-watt ride speeds at this roughness. The only trend

discernible in the corrections Is that of the calculations to overestimate
the speeds of vehicles In which the drivaks'5 seat is close to the vehicle

center of gravity ond to underestimiate speeds when driver position in

well forward.

Kide-limilt speeds at other roughnesmes were read from

tite absorbed power curves so adjustud, con the assumption that the

general shape of the computer curve was due to major body uotions and

was essentially valid. A~n example of a ridt-limit curve that required
major adjustment is shown in fig. 10 for the 14656 5-ton~, BxB cargo

truck. The same basic scale adjustment was used for each vehicle with

and without its appropriate trailer. No adjustments were made to

calculations for tractor-,traller cumhinaLfons or other vehicles not

covered in the brief exp4orioxlce survey.*

3.2.2 Obstacle dynaimico submodal

Otice the iunalog dy namico auboodel is not up for the ride

dynamics of a vehicle, the vertical acceleration at the driver's seat

whken the vehicle to crossing eingle obstacles of various sizes is readily
obtained an a special cama. In the premoot study, the &nalng dynamics

si'bmodel was niot used. Neither were any sim.,lifled sanalyses available.

*See Addenduait 1.
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However, from an on-going research program, reliable

test data oan the speed that produces the aumeed limitiog 2 .5-S vertical

acceleratiou at the driver's seat while the vehicle is crossing standard-

Ized, rigid, convex obstacles of various hetihts were available for four

conventional wheeled vehicles (NIS5AlI, 137i1, 113SAI, and X2GI409), o*.

fully articulated wheeled vehicle (MSXA 2-1/2-toss lOxlO cargo teat bed )4

and two conventilonal tracked vehicles (1l13 and MOAI). Examinatlou of

detailed test records indicated that, despite later Influences from the

rear axles, the controlling high acceleration was generally associated

with front-axle (or wheel) impact upon returni•g to base-line level.

Witt, this insight, a Judicious choice of apparently controlling vehicle

parameters, and swc dimensional reasoning, an expression for obstacle-

limited speed versus obstacle height was developed, which back-fitted the

major levels and charecteristics of the field data curves quite reasonably.

The dimensionless expression used is

V 1 ' K
VIC -Wl j,. (h/L) 2

where, in consistent wilts,

V - vehicle speed

B - distance fro- axle at equilibrium to bump stop plus one-fifth of

tire section height

a - acceleration of gravity

K - total spring rate on front xls as used in the ride dynamics

suhuwode 1

W - weight on front axle

h - obstacle height

L - wheelbase (Note: bogied susention cotits a one xle located

at center of leaf spring; for pitch-articulated vehicles.

measurement is for front unit only.)

This relation was applied uniformly to all of the

wheeled vehicles in the study and to the M54SA1 5.-ton tracked cargo

carrier. For the other two tracked vehicles (I413A1 an4 M60A1)

16



cusaidered in this study, the avallahle experimental obstacle height-

speed relations for 2.5-g level of vertical acceleration were used

directly int lieu of the above.

3.3 Speceir.Output Formats (see Aection 4.3)

The basic output of AMC-71 Is a linting of each terrain unit,

with each associated potential speed limit (V-soil, V-ride, etc.) and

the final anmidirectional average speed for the unit. Subsidiary list-

ings of terrain and vehicle inPut values also are available.

3.3.1 Revised basic listing

ior the present study, the basic AMC-71 output for each

ve•icle wsax rnnsolidated Into a sequantially numbered listing oa terratu

units in decreasing order of final speed-made-good in the unit, as

Illustrated in table 4. For each terrain unit, the columns in table 4

shows

a. Coluto 3 - Total percentage of sample distance (or

crossinps) represented by that terrain

unit
b. Column 4 - Accumulated percentage of total sample

distance starting with terrain unit in

which the vehicle had the highest speed

c. Column 5 - Speed in the terrain unit, mph

d. Column 6 - Distance-weighted average speed in the

accumulated distance (4 above), mph

e. Column& 7-9 - Coded diagnostic indications (flags)

of reaso- s for No Go or controlling

speed consideration in the unit vhen the

vehicle was operating up, down, and

acrowu slopus.

E* xperimental obstactle-heigh tC-ail)etd reltLons uWMd for couldaercial 5-8 T
BxU. See Addanduau 11.



The final line in the revised basic listiog (table 4,

shoot 5) gives the average speed for the total sample distance (or

nritber of crossings). At earlier points in the list can be found

average speeds at various other percentages of less severe terrain--as

determined by the vehicle itself--or percentage in which average or

in-unit spoed-made-good does not fall below a given level. The last

accuoulatad distance before in-unit speeds drop to 0.1 mph is the per-

centagn of the total sample that is Go for the vehicle. Samples ot

each type of information are indicated in table 4.

An analysis of the diagnostic flags Is printed out at

the conclosion of each listing (table 4, sheet 6). This shows in percent

the accumulated distance in which each No Go or speed control was

operable for the firast 50 terrain units, the first 100 terrain units,

etc., and finally for the total sample.

The coaplete output for the wet-season off-road and

on-road perfoiaances of the M3bA1 2-1/2-ton, 6x6 cargo truck In all

three selected study traverses (Wuut Germany, Thailand, and ArLiona -

see section 4.1) is givvn in Appendix D as a full example.

3.3.2 Speed profile curves

A special routine was written to display the

speed versus percent distance information of the revised basic listing

as a curve mhowing accumulated average speed as a function of percent

total distwrct. Theue will hunceforth be referre' to as vehicle-speed

profiles. A sample oet of profiles for areal terrain speeds and on-road

apeeds in the three selected study traverses is given in figs. 11-14,

inclusive, for the M35AI 2-1/2-ton, 6x6 cargo truck. Off-road areal

terrain speed profilnu ýor all the vehicles in the study are given in,

Appendix E.
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4. APPLICATION PARTICULARS

Exercise of ANC-71 in support of the study involved selection

and/or development of suitable terrain data, uelection and characteri-

zation of the vehicles, adoption of an approach for orgnizsing the

results, and establishment along the way of some further ground rules

to fix a few remaining options.

4.1 Terrain Used in the Study

The terrain in which a given vehicle operates has an over-

riding. influence on its intrinsic performance and also on its per-

formance relative to that of other vehicles in the a&= terrain.

Selection of test terrains accordingly has a major influence on study
results.

The detail with which ANC-71 modela the complex terrain-
vehicle-driver interactions is its main strength, for it systemati-

cally and even-handedly examines the coupled effects of individual

and combined terrain factors. Corollary to this, use of AMC-71 re-

quires terrain data in terms of quantitative factors and revolutions

that are not usually available. The time frame of the present study

did not permit extensive neo compilation of the requisite terrain

data. Rather, avallable data had to be used to the greatest extent

possible.

4.1.1 Areal %vrrain data

The most time-conauming class of data to collect, pri-

marly because of its relative quuntityo in that describing areal

terrain. Fortunately, when the atudy began, complete quantitative

areal terrain ,aps at a scale of 1:12500 for three terrain types nf

interest were available from on-going research. Theme maps cnv.•r

modest sawples of cross-country terrain, or transects, (about 3 km by

50 km) in West e(fleriny, Thailand, and Arizona.* Terrain factor

A fourthW~ taicin Vuer~to Rico was also avaiLTable!, ýU-t wasn not used;
whereas work on one other, in Alaska, was not far enougkh advanced for
it, to be considered for use at this juncture.
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information tor each map permits its use for predictions in wet, dry,

and/or -nverAge seasons. Specific geographic locations and orientations

of the Ohree transects are shown in fig. Al, Appendix A. The section

of the areal terrain unit map for the West Cermany traniect shown in

fig. 15 illustrates both the resolution of the terrain unit maps used

and the comovlxity of that particular terrain. Table 5 identifies

the areal terrain factoAu used and the intervals for the factor

classem of each, anrd fig. 16 defines the obstacle geometric factors

involve4d.5 Complete terrain unit listings by identification number

and class numbers for each factor for the Wust Gernany, Thailand,

and Arlizona traverse or routes over which predictdons were made are

giiven in Appendix b.

It must be emphasized that none of the small mapped

transects are fully representative of Olw larger geographic areas with

which they are identified. Each was delibertatly welected during the

resuarch that generated them to repilsuLt a distinctly different,

typically difficult terrain having some nmeaningful world-wide importance.

The West Cermany transect is considered typical of moast

it central G~ermany and similar well-drained, hilly, partially forested

uplaad areas throughout Europe and elseuhere in teaparate climates. It

is aoL raprusuentative of North European peat country, coastal lowlands,

or Alpine topuography, I'le Thailand transect io condIdered to be repro-

sentaLive of suhtropical deltaic amd coastal plains under rice agriculture;

th,, Ar1zonia transect to be typical of arid, subtropical. desert country

'outside of m.najor dime arvas. A more detailed description of each of the

three tranects is given in Appendix A.

Clearly, these three tranuects constitute only a sisal

vmiple of possible world-wid, terrain types. As a small sample, it is un-

avoidably hiMtsd. None Lheless, the three transects cover both a useful
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rge of geographic situations of potential interest, ard a wide range

of complex terrain-vehicle-driver confrontations.

The WSG elected to have its vehicles exercised by

AMC-71 over the available West Germnany, Thailand, and Arizona transects,

all under wet-seasons conditions. Differences in rainfall betueen

seasons In the Arizona transect are so Small that soil strengths are

unchanged within the resolution of the available terrain data.

To obtain an area-weighted speed for a vehicle in all

of the terrain units in a transect, the total relative area occupied by

each should be known* and available tr the computer in storage with the

terrain descripturs for each terrain unit. This kind of time-consuming

sývlomeration lad not been accomplished prior to the study. As an

expedient, estirates of areal characteristics were obtained for each

area by sampling it continuously along five equally spaced parallel
s8traight lines running its length. The specific paths selected are

.,irntlited an traverses. 'Sections of thes sampling, lines are shown

din fceg. 1. All uit terrains crossed were recorded, and the total

distance In each v&4 accumulated. These totals were normalized on the

Lasis of the total length of the five lines, and the area was constdered

as thouth it wns made up wholly of the terrain units encountered, in

the resulting proportions. The following tabulation shows a comparison
of the total number of terrain units in each transect with the number

picked up by this sampling procedure.

Total Niumber o0 Number Used
Y Moility Transect A real Terrain Units in Study

West Gemnany 1141l 48i

Thailand h85 255

Arizona 405 2k?

UNote that a sinlglfaerran uz'it may ei$ on in one connectee
patch within a traverse, or as a number of' discrete patches throughout.
For the present analysis, relative occupancy ofnly is required, regard-
less of continuity or distribution.
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4.1.2 Linear terrain 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 requisite

linear terrain data for the West Germany transect only could be compiled

from available 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 analogs 7 to characterize each of

the 124 intersections of the five areal sampling lines (260 kn) with

identifiable linear features.

Linear terrain factors and the class .ntervals 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 and their relative occurrence

are given in the listing of linear terrain units in Appendix B.

Following a preliminary analysis, 28 crossings (com-

prising 17 different river types) were found to be No Go for all of

the wheeled vehicles in the study, 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 realisLic mission

would require negotiation of crossings of this severity by any vehicle

without preplanned engineer surport. Those terrain units eliminated on

this basis are identified in the listing in Appendix B.

4.1.3 Road data

The road networks selected f-Nr 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
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DEUTSCHLAND 1: �0000 series M745 map sheets L6918 and L6920 between grid

lines 6918 and 6920. Ceographically, the boundaries are 49" 03' 26w,

N latitude and 1:99 00' h0 " N latitude, and 90 20' E longitude and 80

140' E 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, 515L II, and 5155 11, with the

boundaries 1h* 10" N latitude, and l4" 50' N latitude, and 100 h5'

E long-tude and 101" 00' E longitude. The roads quantified near Yum1,

Arizona, are those occurring on the ARIZONA 1:50000 series V978 map

sheets 3149 1 and 3149 IV. The boundaries are 330 00' N latitude andJ 32o 45' N latitude, and 1140 00" W longitude and 11V0 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, generally unpaved Wut improved, plus paved roads less than two

lanes wide

c. Trails or type 3: Unimproved and fair weather

roads and trails of at least one vehicle width

Each type was quantified separately in terms of the road

factors, factor classes, and ranges, as shown in table 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, readily identifiable from the map

legend, slope and curvature were measured directly from the maps. Slope
was obtained by measuring distances along the roads between contour

lines. However, since the contours did not indicate road cuts or fills,

some judgment was required to account for these road construction

practices. To approximate this, maximum slope in any type 1 road segment

was limited to 7 percent (slope types 1-3); that on any type P road to

27 percent (slope classes 1-7). Type 3 roads were assumed to follow
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the natural slope of the terrain and had no slope limitations imposed.

Road curvature is defined as the anile at the center of
8the curve subtended by an arc of 100 ft. Curvature was measured from

the maps with templates at the same scale. A curvature class ciuld be

assigned to each curve or intersection discernible at the 1:50000 scale.

At each intersection, all of the measured curvature was assigned to the

lower class of road involved, or where roads of the same type intersected,

to the shorter section or to the non-throuugh road as appeared appropriate.

Throw•'h villages and cities, only the primary roads were followed and

road units defined accordingly.

Every unique 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 road unit quantification, surface strength and

i -lurhness, were assigned indirectly as described below.

All type 1 and type 2 roads were considered to have

adequate !,earinp capacit: for all vehicles, even in the wet season.

Accordingly,°, constant motion resistance coefficients were assigned for

all wheeled vehicles: h'o lh/T for type 1 roads (essentially paved), and

70 lb/T for trpe 2 (essentially gravelled). 9 On the basis of experience

and judgment, ',.et-season surface strength of type ? roads in West Germnany

and Thailand was arl'itrarily related directly to the drainage situation

and, hence, to recorded slope, as follows:

a. Slore less than 2 percent; poorly drained: RCI

'1-100 (strength class 5)

b. Slope 2.1-7 percent; moderately drained: RCI = 101-

i,-0 (strength class b)

c. Slope greater than 7 percent; well drained: RCI =

1.)1-220 (strength class 3)

Surface strength for type 3 roads in the Arizona traverse was assumed to

Ie as great as th'- soil strength in the surrounding area, which was gen-

erally greater than 280 cone index. 'ius, fo." Arizona, RCI - 280 was

used for all type 3 roads.

2h



No special relation for surface slipperiness was in-

troduced; however, to account for the general loss of traction on wet
i0

roads, traction on all roads was reduced by 20 percent.

Since surface roughness patently could not be measured

on the 1:50000 maps, type 1 roads were amasied to be relatively smooth

and free of surface irregularities, tyrpe 2 roada somewhat less smooth,

and type 3 roads much less smooth. Accordingly, a minimu= surface rough-

ness of o to 0.h-in. RMS elevation was assigned to type 1 roaxs. To

account for expected variability in the other two types, surface rough-

ness values of 0 to 0.4-in, and 0.5- to 1.5-in. RMS elevation were

allowed for type 2 roads, and 0 to 0.4-in., 0.5- to 1.5-in., l."- to

2.5-in., and 2.I- to 3.5-in. for type 3. In these latter two classes,

one of the allowable values was randomly assigned to each road unit.

Lonp 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 manner

as off-road traverses.

Roads in each type were sampled within each transect

until a total of approximately 100 km per type had teen characterized.

As expected, total mileage in the three classes was generally least in

type I and greatest in type 3. Where there was not a total of 100 km

of a type 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

excess of 100 km, appropriately reduced areas within the transect were

sampled to obtain at least 100-km total traverse. These were spotted

about the total transect area so as to reflect apparent differences in

r-ad density, relief, land use, etc.

"The road unit maps were constructed in the same manner

as off-road linear terrain maps. The road unit maps for type I arid type 2

roads in the Western Germany 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. Tahle 8 summarizes areas and road lengths (in miles)

sampled for each road type in each traverse, and associated road

densities. Complete road unit listings by identification number and

class numters for each factor in West Germany, Thailand, and Arizona

are fiven in Appendix R,

4.2 Vehicles Considered in the Study

The )8 vehicles, modifications thereof, and vehicle-trailer

Xi} comi inatiins of direct interest to the WSC were selected by that group.

Six* udditional vehicles also were characterized, three wheeled and three

tracked, as experience references. All 54 are listed in table 9** along

with a summary of some of salient characteristics and performance parameters.

In Appendix C, the quantification of parameters for each vehicle and

vehicle-t.-ailer comiination necessary to implement AMC-71s including,

relations oltained from the dynamics submodel, is tabulated an inputted

to the computer files. Sources from which requisite data were compiled

are shown in table 3.

The values characterizing the vehicles, and, of course, the

final outputs as well, reflect the following ground rules established

jointly with the WSG:

a. All military vehicles and trailers were run, both off and

on road, with the payload specified in Armyv characteristics data sheets

fcr off-road and cross-country operations.

Each comnercial configuration was run with the same pay-

load as the military vehicle with which it was nominally competitive.

c. Soil and dynamics performances were calculated in all

cases at tire pressures recommended in the characteristics data sheets

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

N Plus three additional wheelea vehicles, see Addendum IT.

'* See Addendum I for updated dynamicoi perfrmance data on some vehicles;
Addendum II for data on three additional nicles.
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soil predictions were based upon maximum practical tire deflections

(i.e. further reduced pressures) taken in all cases as 25 percent of

the tire section height.

d. M&aLim= operating cr towing speeds for specific vehicles

and trailers were imposed where officially recommended (see Appendix C).

p. Consultation with the U. S. Army Artillery Board indicated that no tow-

ing limitu were necessary foi- the few vehicle-howitzer combinations
S~included.

)4.3 Orgwuization of Results

In light of both the further uses to which the WSG proposed to

put the AMC-71 output and the i•me limitutions, a ututiatical represen-

tation of euch vehicle's predicted performaice vs4 deemcd appropriate.

SThe 'basiu statistical measure seLected ums average off-road speed within

an area and, separately, averaiu speed on the associated roadu (appro-

priatcly claused). For preueW, purposes these averuge speed3 would be

defined as simple area (or distance) weighted averages of maximum ipeds

within the terrain uLi~tu (or road units), without conuideration of

accelerations and decelurations during tranuitions from one terrain unit

to the next. This greatly simuplified the necessary organization of

terrain data and its final interpretation.

Further, It wau rec(ogni'•ed that tat least two levels of off-

road mobility were involved in the Army's long list of mxisiorns. For

forward-urea missions requiring the highest mobility, avernge speed in

the area as a whole, including delays for crossing linear terrain

features encou~ntered, was deemed ag propriate.*

* Since lack )f precomliled, detailed terrain data (section 4 .1.2) in
fact made it possible to devolop linear terrain crossing-time predictions
for the West Germany transec only, both the speed For 100 percent of
the areal terruin units only (denoted VI 0 0 ) anO speed with linear terrain

crossing ,1elay'j added (V 10 ) are shown for this traverse, and VO0 only

is given for the other two (see table 10).
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For madium-mobtlity missions, where avoidance of some of the

least favorable sections of terrain vould be normal and acceptable,

average speed in that part of the areal terrain left after eliminating

the worst 10 percent of thu area was accepted as more realistic (V9 o).

A subsidiary statistic desired was the percettage of the area

in which the vehiclo was mobile (percent Go). The routines to output

these figures, plus some iia•nostics, have been described in section 3.3.
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5.0 SWNARY MD DISCUSSION Or MSULTS

5.1 Results

Off- and on-road average speeds (mph) predicted by AMC-71

for all vehicles in each of the three study traverses are sumarized

iii table 10.* The vehicles are ordured by puyload lass with mil~it&ý

and comercial vehicles with frout-whenl drive denied included in each.

Predictions for reference tracked and wheeled vehicles are grouped at

the and of the table. For each traverse, columns from left to right
present;:

a. V1 1 0 - West Germany traverse only; average speed in all

terrains, including crossing times for linear features, except the

approvimately 25 percent jud.Ed to require engineer support at all times

1. 0 - Average speed in all areal terrains (i.e. with no

stream crossings)

c. V9 - Average speed in 90 percent of areal terrain in which

each vehicle maintained the highest speeds

d. V3 - Average speed on trails and fair-weather roads

(type 3)

e. V2  - Average mpeed on unsurfaced, all-weather roads

(type 2)

f. VI - Average speed on surfaced roads (type 1)

&. Percentage of ar•al terrain in which operation was Go

h. Pe,-cunLage of type 3 roads on which operation was Go

TaLle ll** w•uWrUriZcs Lhe No Go or speed-controlling terrain-

vehicle interactions for each vehicle in each areal terrain in terms of

the percentage of traverse distance in which each such interaction was

operative.

These predictions answer the baeic WSG questi,,ns concerning

off- and on-road performance of standard military and commercial vehicles

and vehicles with front-wheel drive denied, with and without trailers,

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

* Table is updated to refltecL rcuulu shiown in Addenda I and 11. Original
p)Ldictions are preserved ii Addenudutm 1.

** Original results only, pllus three additional vehicles.
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They consider no route selection or optimizatLon beyond that reflected

in the V9 0 speed. Performance predictions are for wet-season operation

of a single vehicle, and do not include any Influence of possible local

slipperiness or pronounced layarinS Ln soil streagth.* They include

arbitrary, but reasonable, time penalties for negotiating No o situations

as needed to cover the terrain to the extent inteuded (100 perceat vith/

or without *trenm crossings, or 90 percent). Questions concerning tire

tread or differential design are not sddressed.

Whereas the princJpal speed predictions refer to single vehicle

operation, table 12 illustratas for four sample vehicles the order oC

degradation in off-road performance that can be expected when the number

of vehLcles involved in an operation In *o large that as may as 50

vehicles must pass essentially in file during croas-country travel.

Table 13 presents, for the tractor-trailer combinations In the study,

predicted maximui speeds possible when the vehicles are negotiating

smooth paved roads up a 3 percent grade, down a 3 percent grade, mad

on the level, with a 70-sph absolute speed limit imposed.

5.2 Realism and_ Reliability o~f tho Results.

The usefulness of the results to the WSG depends on a clear

assaosis ent of their limitations. If the logic of AMC-1 is acceptable

and properly executed, there are still five broad classes of errors

that could be involved.

.. Type I: Input errors, either in vehicle characterization

or in terrain information, starting at the basic source, but possible

right through to typographic errors in entering the dtaa to the computer

b. Type II: Errors in the suboodels that determine physical

response

c. Type III,: Errors arising because of the particular treat-

mant of terrain data in terms of class intervals

d. Type IV: Output errors in transcribing computed results to

W Or, in the West Germany transect, of possible snow cover.
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final reports, curves, and analyses--triviol, but potentially as die.

ruptive to the results as any other

e. Type V: InterpretatLon erroro due to ignoring or misuoder-

standing asemaptions and limitations

Preceding sections have outlined basic limitations of AMC-71

and the assumptions used, including those specific.ally made to handle

this study. 1,rror type V will b. addressed in the following paragraphs

by examining the apparent influence of the AMC-71 limitations upon the

results iqi context of other postulated error types (except IV, which,

along with transcription errors in type X, have been largely eliminated

by muLhodical checking).

I.?. Terrain um-d.

The moat curwory examination of t•hle 10 shows that

terrain inpute, as expected, huve a umajur influence upon ell ort-road

speud prullctioni. Areordinply, it hears repeating that the three

utud, transeots must noL he construed as represunting the entire

reOrraphical area 1wV which they are conveniekitly deignated.

Llupplementinp the controlling, descriptions presented

in Appendix A, the vehieles in the studv have gveerated a vehicle-

oriented anal:*,,ie of mw' areal features of the tra'rseas. TUble 14

showal how the tveavtrigeN "%ppear" to three hi#h-iuo•iltttv vehicles (whose

viewpoints are remarkatbly homovenous); and as they are "seen" 1,y three

standard mobiltv vehir. r; with thIir perf'ormance levels reduced Iy

front-wheel drive denianl (whose concensus, while clear, is not quite

as slarp) . In termu oI &real featurea, the I'liailand traverse in most

reutrictive to vefhiole perfonta,•ce. It is characterived by weak soils
(affrectiri, the low-mohlliLy vehiltes) and numerous obstacles (rice paddy

dikes), which aflect the h.•h-mohuility vehicles to which the soils per

me do nut present a major impedimeut. The West Germany traverse is the

most varied, with roug.hnon, vegetation, soils, antd slopes all strongly

influencing the overall perl'ormance. The Arizona traverse from a

vehicle standpoi1t n maInlry obstacles (erosion feaLures) and roughness.
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5.2.2 Simplified ride dynamics maodeling used

Tables 11 and 14 show that the final speed predictions

in all. traverses were affected strongly by the 6-watt ride lovel (West

Germwty and Arizona) and/or the 2.5% obstacle-croaning speed limits

7(hailand and Arizona) assLined to the vehicles by the simplified

dynamics modeling outlined in 3.2. Where the ride dy•atics computations

used were tuaed to experience prior to final traverse precictionu (as

for moot standard militavy vehicb-i), estimates of ride speed limits

for a given vehicle may still be subject to at much as a *25 percent

error in some of the less severe terrain roughness classes. In the

,, case of vehicles (including all of the commercial machines) where such

tuaing wan not feasible some estimates from the modified V-ride model

could be in error by tvice thiits amon.

because, in the off-road situation, ride speed limits

generally come into coammad at relatively high speeds, their Influence

oi overall average epeeds in small (loes than 10 percent. for a *25

percent speed variation, even when ride limits account for 50 percent

of the controls). Moreover, in a typical terrain unit in which ride

speed is selucted as limiting, other limits (power or visibility, for

exwmple) are frequently not much higher, wo that a large error in the

ride speed limit on the plus side would in practice often be effectively

trutcated by replacement by another lesser limit in assigning the in-

Utlit apeed. Thus, the best estimate is that possible errors In the

average off-road speeds shown due to simplification in modeling the

ride dynamics are probably leus than t +5 percent to -10 percent for

standard military vehiclepi; +10 percent to -20 percent for all others.

The dynamics obstacle-override speed situation is

similar, but in the worst cases, as for the more mobile vehicles in the

Thailand and Arizona traverses, where as many as 75 percent of speed con-

trols involve this limit in conjunction w'.ri the acceleration-braking sub-

model for the vehicle, finial tverages may be in error by 10-20 percent

Sn some c"es. The ride and ohstacle dynamics eubmodels are totally

SSee Addendum 1.
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independent, however, so there is no reason to "tpact any systematic

correlation in the two errors.

5.2.3 Terrain factor clasn intervals

The basic terrain 4ata represent the actual coutiuasm of

each terrain factor value in terus of practical class ranges. As noted In

section 2.4, AMC-71 presently examines performance by using only the

midrange value for each terrain factor claus, thereby replacing nature's

continuua by a step function. For this reason the possibility exists

for assigning a Go to one uf two vehicles and a No Go to the other, on

the basis of very small differences in dirccc•,y related vehicle character-

istics. Where the terrain Is sufficiently varied, such occasional, ex-

aggerated discriminatious will generally give. only a slimght and acceptAble

advantage to the wore favorably configured machine. Where, on the other

hand, the terraiu factor claws involved is extensive, tho resulting

distortion can produce wholly unrealistic differences in the performance

predictions for two vehicles that vary but little with respect to only one

characteristic. Preliminary runs showed that this was occurring with

the 3/4- and 1-1/4-ton vehicle predictions in the Thailand traverse,

which is characterized by many rine paddy dikes of man-%Ade uniformity.

The model was calling No Go'e for 70 prcent of the axou for the M715H1

and XK705 vehicles, and passing the M3751 on the basis uf less than 1/2-in.

difference in ground cluerance. Thin ~ar clearly unrealistic. After an

examination of the total situation, tht grouid clearances of the M71591)

and XM70S were arbitrarily increased for computation purposes to that

uf the M3701 and the off-road speed predictions were rerun. lReults

given in tables 10 and 11 reflect these judgment calls. There appeared

to be no other important distortions In using the terrain data in this way.

5.2.4 Geieral internal consistency

Tables 15 and 16 exr*actud from table 10, organize

predictions for a number of standard military vehicles for quick, critical
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comparison. Table 15 shows percentage or a&eal terrain that is Go, and

table 16 gives V1 0 0 ` The vehicles are grouped by payload class, arbi-

trarily classed as high, sLtadard, or low riobility oit the basis of ap-

parent design1 Intention; and each table presenta we type of prediction

for each vehicle in each of the throe traverses. All off-road spoed

profiles for these vehicles are included in Appendix L.

Still mother ctrasscut of the basic pradictioa, is pro-

sented in figs. 21-240 for the vehicles li-tud in tublew 15-16. These

histograms show percentages of the areas in the thvee traverges ULoer

the several No Go aid speed controls fur several st"adard military

vehicles, again arranged to facititate direct comparisons. Fig. 21 sitvs

als ba&i liles tLhC M35A2 2-1/2-ton. 6x6, and the M151A2, 1/4-ton, 4 x4

trucks. Fig. 22 comiparew the 5-ton payload claar, high-, standard-,

and low-uohility vehicles; fig. 23, the wtandard vehicles (without

tuwed loads) in tho 3/4-ton and 1-l/4-ton-payload clastes; and fig. 24

those in the high-Biobility class. (`.Kgend material for all four figures

indica~t, a reasuuring deogree of internal consistency. Prosessions are

orderly, reasonable, a&nd/or explicablo.

Thu redu.cwd performsanc: of the 1/4- &uid 1/2-ton vehicles

In the lhailand traverse (tables 15 and 16) in due largely to Lheir

L.ability to suruount the chatracturistic rice paddy dikes. Porforuance

if the M5201,3 and hite M813 in the saute area are reduced, aa cowpared to

that u( sowie of the otlher vehiclek, vt•wtlt tally by their higher soil
%trvrngth rtiquiJrtimenlti;.,

The jorogresuioir of speed controls from one factor to

anuther is well illuatratod in fig. 22. The hiih-mobility vehicle (M656)

had only mtinor difficulties with Boil strengtth in any of the three tra-

verses, and speed control nccordinstly passes to other faietorr. In the

West Germany traverse, speeds were limited itt decreasi•g order of areal
frequency by ride (factor 5), the need for mapeuvering to avoid large

trees (factor 8), slopes with suile effects included (factor 6),

visibility as liSitred h1y vegetation and braking (factor 7), resistatace as

augmeente(I by the need or choicte to overtide vegetation (factor 9), and,

*Not updd ted per Addendumi I
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finally repeatedly slowing to cross an obstacle and then accelerating

again (factor 10). In the Thailand traverse, for thot M656 while en-

countering a few obstacle hangups (factor 3) and obstacle traction (fac-

tor 4), No Go was largely limited by obstacle crossing speeds with

related acceleration and deceleration (factor 10). When the going was

otherwise good, visibility (factor 8) finally limited speed to less than

the power maximum. In the Arizona traverse, obstacle crossing (factor 10)

dominated; where"s, because of the sparsity of vegetation, visibility

was noi limiting, and ride speed (factor 5) became critical, still below

the flat-out power limit. Note, however, that engine power and gSr aring

entex significantly ir.tv all obatacle-controlled speeds (factor 10)

through the acceleration capabilities of the vehicle.

The standard-zobility M811 (fig. 22) has a similar

contirol profile in the West Germany traverse; but in the Thailand tra-

verse, it ancouktered soil strength No Go's (factor 1), and in the

obotacle fields ride (factor 5) limit speeds to less than its accelera-

tion capability would allow (factor 10). Visibility (factor 7) played

a lesser role because speodu were generally reduced. Ride and obstacle

factors (5 and 7) trade off in the name way in the Arizona traverse.

The low-wobility MXlt-M127A1 truck-tractor combination

(fig. 22) encountered serious soil No Co's in Wiest Cervmriy and Thailand

traverses (factors 1 and 2). and traction difficulties even in Arizona

(factor 2). A relatively small percentage of No Go area quickly de-

graded overall average speed-made-good because travel time accumulated

rapidly when forward progress was at the rate of only 0.1 mph, even

when distances were relatively short.

Figs,, 23 and 24 illustrat' the same points, and again

show good internal consistency.

5.2.5 Treuanent of vehicle articulation

Of the two articulated vehicles among the WSG vehicles,

the 1561 1-1/4-ton, 6x6, and tae M520E1, only the former is pitch arti-

culated. Since AMC-71 presently looks only at vehicle motions in the
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center line vertical plane, only the M561 appeared to it as articulated.

The minor special modeling incorporated to handle ride and obstacle

dynamics and possible obstacle hangups (for it and for towed units) seems

to have worked reasonably well.

Although no attempt was made to model the special ad-

vantages of pitch articulation in negotiating 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 only, so

that the possible effect of underestimating the M561's overall per-

formance due to the omission is minor. In still other terrains this

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

,,.hicles for which experience adjustments to calculated ride speed limits

were available (see Table 18) predictions for the tractor-trailer and

commercial vehicles On type 2 and type 3 roads are suspect because of the

controlling influenLce of ride speed limits. As shown in Fig. 9, needed

adjustments were frequently large, especially for the heavier vehicles.

Moreover, factors which attenuate ride-speed errors in their effects

upon overall off-road speed predictions, discussed in 5.2.2, are not

operative in the more limited on-road "terrain," nor in the on-road speed

range.*

Power anOd gearing differences among vehicles, which might

be expected to appear in type 1 (primary) road performance, were, in fact,

The asterisk notation (**) in [he table of results, Table 10, denotes

cases where field tests run after the main report was completed estab-

lished 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 tractor-trailer 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 is a unique mix of design features

t optimized within constraints of required performance, available tech-

nology, reliability, maintainability, transportability, producibility,

and first- and lift-cycle costs. Available technology and the weighting

of constraints change with time; performance and reliability change

with mission and the terrain and environment in which the mission must

be carried out. The multitude of t~ecessary trade-offs, even in the third

decade of the computer age, must still be made largely on the basis of

r 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 complete and
even-handed a procedure as ham been done here by the employment of AMC-71.

The results speak well oa the evolutionary design process in the develop-

nwent of military vehicles, and also lend considerable credence to

AIMC-71 in this broader application to include nonstandard vehicles.

Because of the overriding influence of teLrain upon the

performance of any vehicle, special care has been taken to describe and

analyze the terrains 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, among them, to provide an ade-

quate basis for diucriminating among performance qualities of the study
vehicles in a broad range of missions. However, the observed sensitl.viLy

of predicted performance to the particular terrain examined emphasizes

that a definitive performanc- evaluation demands consideration of a

37



broad spectrum of environmental conditions truly representative of the

operational theater.

The above and other caveats associated with AMC-71's

incomplete state-of-development have been offered, and areas where the

existing objective methodology has been tempered with judgment have been

identified. On-going research to validate and improve AMC-71, greatly

stimulated and focused by this contact with the real world, will result

in an increasingly realistic, increasingly useful tool as time gods 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 needed 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 can be saved, but at what cost in accom-

plishing military missions' Full exploitation of the results achieved

herein requires consideration of the missions a given type of vehicle

is 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 conditions

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 units) 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 ranking varies somewhat with the terrain, and percentage of

No Go is not strictly related to the V rating. Note also that the
90

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 V9 0 speed differences of less then

Smph are probably not significant.

Tables 22-24, inclusive, give similar rankings based upon

average speeds on secondary (type 2) roads (V2 ), with speeds on primary

(type 1) roads (VI) also shown.*

Two more elaborate procedures for assessing the relative mission

performance of the vehicles have been proposed, both involving some

judgment of mission requirements by experienced military profession 4s.

The first establishes a number of mission classes and, for each, appro-

priate weighting factors for various aspects of overall performance

(V110 , V1 00 , V9 0 , V3 , V2 , V1 , and perhaps others). These can be applied

to an array of the AMC-71 results to provide mission-oriented quantitative

indexes of relative vehicle suitability for each mission in each terrain.

Even at this point, however, some further judgments are still required,

because ratings and rankings applicable directly to mission performance

again vary somewhat with the terrain.

A second suggested alternative is to establish experience

bench marki 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.

SUpdated per Addendum I.
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TRAVMRSE O1 ROAD SPEED PREDICTIONS

SPECIAL OUTP17?S

Fig. 1. General flow diagram of AMC-71 Ground Mobility Model
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Fig. 4. Schematic flow diagram of on-road performance prediction model

44<



I Td
a 1-0 wI Dr Q

6h4. %a4 in . ne 4C

u Ia
Id 04 C3

%a4 1%4-SmP-

~~4V %n(I

10
I0 to

P-4 II o6 * IM .~r.4

145<

Y



L,..)

cL Q V for 94S 4liwa-

,ride

rie tian 1in.'

-, I II

0 0o 5'.00 1-00 Is,00 20,000 5,O0 -30.0'
Speed, mph

Tertasn RNS elevation 1.00

Vehicle ID: M352

Fig. 6. Example of absorbed power versus speed relation (M35A2 2-1/2-ton,
6x6 cargo truck)
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Vos
Direction of Travel AA

AAA-

,�-"�-~wO~ -~.i V-WO Horizontal

1. Obstacle approarh angles (AA). The angle formed by the inclines
at the base of a positLive or top of a negative vertical obstacle

that a vehicle must sense in surmounting the obstacle.

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

3. Obstach'I s pacin_ VOS). The horizontal distance between contact
edges of veitical obsLacles

4. Obstacle vertical magnitude (VOM). The vertical distance from

the base of a verLical obstacle to the crest of the obstacle.

5. Obstacle lenth (VOL). Thu length of the long axis of the obstacle.

Fig, 16. Dufinitliu of obbtacle geometry terms
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North or West South or East

RWB

1. Differential Bard: lteiphjt (B)) - The 6iffrrence In elevation of tbe
two bani:g.

2. Gapd•, ld o ,pe. (CI-11, MIA) - The -ragle formed by Lhe bounding incline
aL the top. of the, hydroloý, Ic fpaturp. Thc angle is measured with
respect to the hori.LcnLal.

3. WaLer Depth -l.') -ax;iitum depth of water in channel.

4. Water Width (i~W) - Thc width of the streanm at water level

5. Water V,,locitv (UF) - Tie max:imun velocity of water in a channel.

Fig. 17 iiydruirogic conetry terms
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Table~ 1

& Terrain, Vehiclo, Driver Attributes Used in
Oft- and On-Road Performance Prediction Models

Te~rrain or RodVehicle Driver

4 Off Road

Surflace mtaterial Geometric Reactrion limit
Type Mchai cat Reoniin itac
Strnt Inetia V-ie ii

Surface geometry~ Vetcl ceerto
Slopelit

CUs t obtale Hoiona acclertio
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Table 6

Terrain Factors and Terrain Factor ClameAs
Used to Describe Linen: Terrais (Streamsa

as Used in This Study

1. Differential Bank Height

Class Value Selected for
No. Class Range, m Prediction, •__

31 0 0
2 N1W bank (0.1-1) higher than $IF, 0.5
3 N/W bank (1.1-2) higher than S/E 1.5
4 N/W bank (2.1-L) higher than S/E 3.0
5 bank 1) 1.0

S /E bank 0.i-i higher than N'/W 0.5
7 S/E bank 1.1- 1.5

(• L) 4.o

2. Cap Side Slope

Clasi Value Selected for
No. ClIL138 ank . deg PredictionjL de._

1 180-1.85 L82..5
2 185.1-190 187.5
3 190.1-200 195.0
4 200.1-210 205.0
5 210.1-220 215.0
6 220.2-230 P25.0
7 230.1-250 24o0.o
8 250.1-26o 255.0
0 260.1-265 262.5
o0 265.1-P-70 267.5

(continmd)

(I of 3 sheets)

78<



Table 6 (Continued)

3. Water depth

Class Value Selectsd for
No. Class Range, . m Prediction, i m

A 0-100 50
2 101-200 150
3 201-500 350
4 >500 500

4. Water velocity

CLass Value Selected for
No. Class Range, mps Prediction, mps

1 No water NA
2 0 0
3 0-1 0.5

S1.1-2 1.5
"2.1-3.5 2.8
"3.5 3.5

5. Water width

Class Value Selected Class Value Selected
Claas Range for Prediction Class Range for Prediction

No. _M m No. _ m m

1 No water 0 46 200.1-205 202.5
2 0.1-3 1.5 47 205.1-210 207.53 .4.5 48 210.1-215 212.5
h ).1-9 7.5 49 215.1-220 217.5
5 9.1-12 10.5 50 220.1-225 222.5

12.1-15 13.5 51 225.1-230 227.5
7 15 .1-18 1i.5 52 230.1-235 232.5
8 18.1-21 19.5 53 235.1-240 237.5
9 21.1-24 22.5 54 240.1-245 242.5

10 24.1-27 25.5 55 245.1-250 247.5
11 27.1-30 28.5 56 250.1-255 252.5
12 30.1-35 32.5 57 255.1-260 257.5
13 35 .1-NO 37.5 58 260.1-265 262.5
114 l4O.i-45 42.5 59 265.1-270 267.5
15 45.1-50 h7.5 60 270.1-275 272.5
1' 50.1-55 52.5 61 275.1-280 277.517 55 .l-' 57.5 62 280.1-285 282.5

18 60-1-65 62.5 63 285.1-290 287.5

(Continued)

79< (2 of 3 sheets)



Tale 6 (Concluded)

Class Value Selected Class Value Selected
Class Ranje for Prediction Class Range for Prediction
No. m m No. m m

19 65.1-70 67.5 64 290.1-295 292.5
20 70.1-75 72.5 65 295.1-300 297.5
21 75.1-80 77.5 66 300.1-305 302.5
22 80.1-85 82.5 67 305.1-310 307.5
23 85.1-90 87.5 68 310.1-3.15 312.5
24 90.1-95 92.5 69 315.1-320 317.525 95.1i-100 97.5 70 320.1-325 322.5
2 -' 100.1i-105 L02 .5 71 325 .1-330 327.5
27 105.1-110 107.5 72 330.1-335 332.5
28 110.1-115 112.5 73 335.1-340 337.5
29 115.1-120 117.5 74 34o.1-345 342.5
30 120.1-125 122.5 75 345.1-350 347.5
31 125.1-130 127.5 76 350.1-355 352.5
32 130.1-135 132.5 77 355.1-360 357.5
33 135.1-14o 137.5 78 360.1-365 362.5
34 140.1-145 142.5 79 365.1-370 367.5
35 1145.1-150 147.5 80 37').1-375 372.5
3,; 15o.1-155 152.5 81 375.1-380 377.5
37 155.1-16o 157.5 82 380.1-385 ?".5
38 160.1-1h5 162.5 83 305.1-390 367.5
39 165.1-170 167.5 84 390.1-395 392.5
4o 170.1-170 172.5 85 395.1-400 397.5
41 175.1-180 177.5 86 )400.1-405 ý0 .5
)12 180.1-185 182.5 87 W05.1-410 407.5
43 185.1-190 187.5 88 41o,1-4i5 412.5

190.1-195 192.5 89 415.i-420 417.5
15 195.1-200 197.5 90 420.1-425 422.5

(3 of 3 sheets)
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Table 8

Density of Road Networks in Study Areas and Road Lengths
Used in Predictions

Sample
Size Road Length Density

Area Si mT mi per sa mi

West Germany 94 Primary 10L 1.1

Secondary 82 0.9

Trails5863

Total 775 8.3

Thailand 767 Primary 70 0.1
Secondary 67 0.1

Trails27o.

To+Atl 1I4 0.6

Yuma, 501 Primary 84 0.2
Arizona Secondary 87 0.2

Trails 203o.4

Total 374 0.8

li,,<
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Itemi

I N1151A2, I/h-ion, xhx1 util it~y 1,ru~ck Norre 0

2 M11.,I/-ton, ),::2 util ity truc?, 0 4.

4 Ml 12 /4:toki; 4X utility truck 3.4 5.
5 M.L51A2, h/-o,1 x1

4 utility truck m41(,, 2-wheel, 1,4-tort cargo tra~iler 0 0.ý
11I/4-tc'n, NA~ util ity truch 0 0.

71 M151A2, l/14-to'i, 14 x2 utility truck 0 17.
B ~~1/4-ton, lrx2 utility truck I "

j M27'14A2,I , 12-ton, 14x14 platformi uit~llty truck Mont! 0 0.

10 MT'l(1, :3/4-toni, )4x) (ýAr~go truck. NoXne 0 0.

11 M*.iflll, 3/4-ton, hxit cargo truck 01iO1A.1 2-whice, /4-ton cargo truiler 0 0.

1.2 M7115ki , 1.-] 4-ton , )1xI1 cargo trucký Nonle 0 0.

I 3ý Yy '1( Th, I 1- 0-1on 4x4t efrgc) truck I0 0.
14 M561,`11-3 -trm, hX( cipwrp~ truek 0 0.
15 1-1/4-torn, 4xh ctirgo truck 0 0
If M715l1 , 1 -1/14-torr, 4X," e.1jz'f1c truck I 3.4 I 3.
17 .t-1/J4-ton, );x12 3rotruck h 3.4 3
I~ ý m I I1'ýk E 1-]4tm x cargci truck Nil O1AI , 2-whcel -/4t-1 caLrvo ti-iiler 0 0.
V) )241(05, 1- tnlrj crirgo truck, N1IOA] j2-whuel, 3/h-ton -irgop trailer 0 0.
20 (~1,114itn, XY. arfrc truck Ml OJAI , 2-wheol, A/4-ton -arg'o ted] or 0 0.
2'. MV), t 1h .inl, lxr; ur~gu truck. 1l101, 1 15hAll, 11h ~hinowitzer 0 1.

1-1/hin, Xh -trgo t1*1uck '( ]A -winwel, 4 -ton rgu L ru.I L3cr 0
23 M75;1, -/1-ihxV" cm-t( truck 14:103 A] ,2-wheot , *'/,.l - .a rg, ixi 11121 ".4n 5

214 h-/-oi X2 inargo truck 14101A] ,2-Wlroi12, 3jA4 - Lozi oikrgo ri Icr 4 .h

M in tr11 Dearr i ptloti

I LOurlnce a truegth < milninnmii requl red Col, onle IMU!

Gb-nc. go V Tractioti avai 1,0 Ic :-'nu.Tnce and silope reviantances

4 Traction avallable <. ruriace, aiope, oibutacic, anid
vegetatioln roirotaincou

h Jdde dynamic a
S1urtfcoe and n lopp vonisrtaticen

.JJOQ7 Vi ribility
8 Maineuver

Ourltnce , a Iiqwo, o~m~ll.,ii., anid vogt.atftionn

10 Accolernitlor ujid dec I era ti on lnctween iho tiwlesl

' I~e,{jri f) I tC) ll !;p ~ I.d

L -~ . ~ .4.S7a
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Itemii
No. Vehic-le ______Ic_),/]low cr/U 2c.tzrP

25i MA5A2, 2-3/2-tori, fuxb targo truck 0ni 0 .4 0.2
2 L-)3/2-tori, )I2 e(1' ill. W10 -arl. truok Norio. ~. 0.3

27 M13WA, 2-2/2-tori, OX4l olrgro truck Nono'l 1
i 3. 0.2

28 M¶52 P-/-oi x'eig rc I~A2, P-wheel, 1.'1/2-tnrl. vtrgrn tm'l2er 0 4,4 0.2
2( , M35,A2 , 2-1/2-tori, 1xtý (argo tiuolk MIPV 1011urruri, 31tl ghi. wwtzelr 0 1,.0 0.2
30 2-1/2-toi, 14xP ( 191 in. Wil) rargo tru,ýk Ml(CS'AP 2wh, 1 -1/2-icon crva 1r:4Vllr .4 , -i t- 0.3
'31 M35A2 , 2-1/2-ton , ox)i4 cLrfxe truclk M.105A2, l.-wheol, 1-1/--toll oltrr'~ L11filuer '3,11 0. .

'32 MW13, I)tuii (,x(. ourgo truck Now.. 00, 0 .

P M650,5-toll 8xA carg±vo truck o.40.
34 M -Wld, OX' CIsiL *ru4 0.1, 0.2

'i 88 )- Woil 0)X14 lago truck '3.4 Pit -0.
36 M81 3ýj, ')-11oll, (xl. cOvgo bruck Ml3 1il, hrn, howlfmI i'j. 4 11.) 0.1
37 M(-1)6, I '- Lon , HXR LI'PU truck 141114AI , llhnnrr, how ltv/Ar 'j) .4 . - 0.2

iA , ')t:l ()Xl4 OR IpO truckTil r groul;i towl-d Ilod (32 ,(CO lbm )d .* .

40 M52ODk1, 8-tori1 hX~l "Urp!o' truck tbmve 0.9 0

Il1 M81.8 * -tool, xl tritctor t ii,-k IJlC 4-l. -oi tk voiiiii l~r~lur ilj 'o 1., 0
42 5)-taii, hx11 (112 ill. * W) l.)-ftvtov Ivuoli 1`132YAIU, 14-wljotr II2-toiuon o~i trallux' ý. I ,0.), 0.3
4t i 5-toil, (40l ( 1lJO Ill. W41) trAL-tor~ tMuck 14I27AIt, 4 -whol'3, IP-tun ureiliirullr' '04 21 -i .

414 MW d W -oi xhtrco truck 14 127AlC , N~-wheel, L2%-toi, low-bed aemintri'li3r 41.0 1 1.2 0

('iii ~sryc 9:

45, M123A18 , 3 0-toki, ,* ( tviLLtopv truck Ml 72A1 , 4 -wlit1, '-r , , 3uw-bvul ouvmi tnt3r 4 1 3j.', 0 .)
46 IU-tUII , ()Xil ( 18L ill.* Mi) trtiCtUr M' 72"Al , 4- whji i Li-or, 1 w-be aunlat.millr 4231~)*3

COtk tgrlvy IC

147 xMiyb, 2-/-u i~X8 'l''itotm Mr',`W7(i , 'i-wl itI,'-/toi li'raVy PiLjIIiiVIlL Ill-. 1,.2 0L

14 81 2P-01/-tori, 801i Irtu,i'tytm' k M',(147, 'i-wilmI , lll`1-1/2-Ltoll, holiVy liquijinIiii '1( 0 il o

)to MI l tA * iinil'od, Vul I -l'A1.,Kt, porniaw~ul our 1- IN ~lawi 0 0.1 0 1 ý

50 M54O1`4, lull-trrrckuti ofti-gu oti'--r Nunl 0 0.1. 0 1 d
5 1 MLJOA1, * 105-iunl g~ull, Vul-iaft1i.i~dt 0, I iilJiat tankR N.one 0 0.*1 r

')2 MVIAI , 1 A4 -ton. u ,ll utLi lly truow Nllf 0 0.~4 m,
53 Mll5]A1 , 1/4-t.ti, bA1 uLIll ity truck OlIv 0) 0.4 0o.;

54 x.ili0o21P-eu, 8x f-ul ' ro true k Nowe 0 0.4 o.ý

55 1/4-tori, 4x4l utili~ty tr'uck (85 ill. WU) on 0 0.14 U.:,
5(. E\ kerizerrrta1, 5- to 8-tori, Wx13 caxgv truck Nn .
57 J 22-1/2.-tori, 8x6 trac~tor truck lM747, 6-ial 5s.,_jgtorr iiallvy gquipwalit 4,".. 15.1 o

traruunpurter, 1ijy-T~tnl utrtrrailii

*'MiliAI, 155 null howitzer usmed In laieul oralruler.
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Table 14

Areal Travwae Characteristics as "Saem" by the Vehicle

West Ge rmany Thailsnd

LOW"* High Lo- w Hi * Low"*

V10O0 Mph 6 2 3 1

Von, mph 11 4• 710.12V0,tpho .1 2

Percent GO 99 97 99
86 14 82

Terrain Factors Controlling

Soils and ' jpes, 18 1 127 80 5

Ride, • 49 2 31S6 i4~

Obstacle Overridi, 1 1 74 672. 5 h

Vepetation and Other, • 32 23 1
28 9 3

*Hiph = Three high-mobility vehicles (M65(), M656, M113)

**Low= Three standard vehicles with molility reduced by front-wheel drive
denial (M715E1M,M35ANM, MS13M)

sI<



Table 15

Percentage, of Areal Terrain GO for. Selected Military Vehicles

Payload RI Mobility . aidari Mobility _ _ Mobility

Category Tra-mser.-ts Transects Transacts
(tons) Vehicle W.G. 7 A Vehicle W.G. T A Vehicle W.G. T A

1/4 MI5LA2 99.4
25.1

99.2 _

1/2 H274A2 99.6
21.0

99.2

3/4 M37B1 99.4
95.8

_.... .... .... ,. 9 9 .7
1-1/4 M561 99.4 M715E1 99.1

96.2 82.4
99.7 99.2

XK1705 99.3
96.5

S~59.6

2-1/2 M35A2 99.4
96.2

99.7

5 M656 99.4 14813 99.2 H818/ 55.4
97.0 83.9 M127AI 12.7

99.7 99.7 92.0

8 M52OEl 99.3
84.0

99.7

10 123AIC 54.3
M172A1 0.0

96.3

22-i/2 KH746/ 43.7
M747 11.2

92.0

Ref M113 99.7
(Tracked) 98.4

100.0

92<



Table 16

Vl00 for Selected Military Vohiclm

Payload HiLh Mobility Stand3rd Mobility Low Mobility
Category1 Transects 1 Traimeet Transects
(tons) Vehicle W.G. T A Vehicle W.G. T A Vehiclar W.G. T A

1/4 M151A2 4.8
0.1

______ _____ ___ _______3.0 _ _ _ _ _ _ _ _ _

1/2 M274A2 .i
0.1

3.3

3/4 M37D1 5.0 1.

3.5

1-1/4 M561 5.7 M715E1 4.9
1.4 0.5

2.8 * 2.9

XH705 5.1
1.7

0.5

2-1/2 M35A2 4.3
1.7

3.2

5 M656 6.6 M813 3.3 M818/ 0.2
1. 0.6 M127AIC 0.1

4.1 2.4 0.8

8 M520E1 3.6
0.5

3.3

10 K123A1C/ 0.2
M172A1 0.1

0.9

22-1/2 746/ 0.2
M747 0.1

0.9

Ref M113 6.8
(Tracked) 3,2

5.9

93<



Table 17

Averaze Speed on Type 2 Roads for Selected Nilitary Vehicles

Payload• High Mobility Standard Mobility Low Mobility
2a1.?gur Transects Transects Transects

(tons) Vehicle W.G. T A Vehicle W.G,. T A VehicleW.G. T A

1/4 MISIA2 32.2
37 .0

34.5

1/2 M274A2 10.6 7 .

7.7

3/4 M37BI 28.4i

32.9
31.0

1-1/4 M561 29.0 M7l5El 30.4330.7 34.1
29.1 ' 32.1

XH'705 30.4
31.3 29.6

2-1/2 M35A2 25.5
.25.2

S~24.2

2 M656 26.0 M813 21.0 818/ 20.5
25 . 2. 3 17 .5 17 2 M 127Al( 16 .9 1 .

24.3M ]723.2121.

8 M520I 20.3
16.9 16.7

10 iql23AlC/ 7.9
MOW2A 5.8

5.7

S22-1/2 01746/ ii1.6

SM74 / 8.7
8.5

: Ref M113 23.2
(Tracked) 21.7

I 21.1

9"<
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Table 19

Ranking of Off-Road Performance, of Study Vehiclom
Us.ng V as the Criterion, West GeruW Traverse20

(Using updated V90 frcu AdUdui )" -

90 VVVehi cle Speed Vl00
Rank No. Vehicle Identification _ 100o Go

1 56 5-to 8-ton, Wx8 (c) 12.4 0.3
2 33 M4656, 5-ton, Wx X1.9 0.6

3 14 m561, 1-1/hi-ton. 6 x6 10.3 0.6
14 37 14656, 5-ton, 8I'Ut 3..0 7.2
5 20 4561o , 1,/4-tou, 6x6/' 8.9 o.6
6 13 XMT05, 1-1/4-ton, 4A1 8.8 0.7
7 2 1/4-ton, 4x4 (100 in. WB) (a)* 8.3 1.0
8 21 m4561, 1-1/4-tou, 6x6/t1 8.3 1.2
9 10 M3TB:, 3/4-ton, 4 4  8.1 0.6

1o 6 1/ 4-ton, 4x4, (c)/T'f att 1.0
11 1 x141A2, i/4-ton, 4z4  7.9 0.6
12 34 5-ton, 6x4 (c) 7.9 3.7
13 15 l-1/ 4-ton, 44 (1O0 in. wB) (c) 7,5 1.0
14 55 1/l-ton, 4x4 (c) (85 in. WB) 7.4 o.615 12 mmTI•, l-i/4-tou, 44• 7.4 009
16 5 9151A2, 1/14-to, 4x4/T 7.4 4.0
1 11 M371B1, 3/ 4- ton, 4x4/T 7.3 0.918 3 I53iA2, 1/ 4 -ton, 4x2 7.3 b.3
19 18 1715k, 1-1/4-ton, 4x4/T 6.9 0.9
20 16 w1r51, i-i/ 4 -tou, 142 6.7 7.2
21 25 M35A2, 2-1/2-ton, 6-6 6.6 0.6
2? 19 X9705, 1-1/4,-ton, 4x4/T 6.4 1.0
23 22 1-1/4-ton, 4x4 (c)/T 6.4 6.5
214 17 1-1/4-ton, 14x2 (c) 6.1 7.14
25 4 1/4-ton, 14/2 (c) 6 9.1
26 2T M35A2, 2-1/2-ton, 6x4 5.9 7.2
27' 24 1-1/4-ton, 4x2 (c)/T 5.5 9.1
28 9 M274A2, 1/2-ton, 44x 5.3 o.4
29 32 M813, 5-ton, 6x6 5.2 0.8
30 29 M35A2, 2-1/2-ton, 6x6/H 4., 4.6
31 23 M715E1, 1-1/4-ton, 4x2/T 3.9 9.1
32 28 M35A2, 2-1/1'-tou, 6x6/T 3.5 4.6
33 31 M35A2, 2-1/2-ton, 6x4/T 3.2 9.0

(VCoritl. nued)

*Commwrcial (c). (1 of 2 Sheets)
*•Trailer (T).
tHowitzer (1).

itfaluqu ,without decimals are eutizmted per Addendum 1.



Table 19 (Concluded)

V90
Vehicle Speed 100

Hank No. Vehicle Mdentification mph No Go
34 40 M520El, 8-ton, 4•4 2.5 0.7
35 26 2-1/2-ton, 6x4 (c) (150 in. WB) 1.3 14.2
36 36 M813, 5-ton 6x6/14 1.2 15.5
37 7 M1l5A2, 1/ 4-ton, 4x2/T 1.0 18.0
38 8 1/4-ton, 6i2 (c)/T 0.8 20.9
39 43 5-ton, 6A4 (c)(150 in. WD)/T 0.5 27.2
40 35 M813, 5-ton 6x4  0.5 28.0
41 38 5-ton, 6x4 (o)/T 0.4 27.2
42 30 2-1/2-ton, 4 2 (c)(150 in. WB)/T 0.4 28.0
43 39 H813, 5-ton 6x4/T 0.2 44.6
44 41 M818, 5-ton 6x6/T 0.2 44.6
45 45 M123AIC, 10-ton, 6x6/T 0.2 45.7
46 44 m818, 5-ton, 6x4/T 0.2 56.2
47 57 22-1/2-ton, 8x6 (c)/T 0.2 57.2
48 46 1O-ton, 6x4 (182 in. WB)/T 0.2 57.3
49 47 X4746, 22-1/2-ton, 8X8/T 0.2 58.3
50 42 5-ton, &~4 (c), (152 in. WB)/T 0.1 74.1
51 48 22-1/2-ton, 8x4 ()/T 0.1 100.0

(2 of 2 Shoets)
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Table 20

Rankiaig of' Off-Rtoad Perf'ormnance of' Study Vehicles
Using V 90an the Criterion, Thailand Traverse

(UigupdatedV romAddendum 1

Veh9c0 V

Veil peed 100
j ank No. Vehicle Xdentification mIg~l N o Go

1 1 X705, 1-1/14-ton, 14x4 5.9 3.5
2 5 35A2, 2-1/2-ton, 6x6 5.3 3.8I

3 56 5- to 8-ton, &X8 (00 ~ 4.1 0.9
4 10 7437Bls 3/14-ton, 4x14 3.9 14.2
5 33 74656, 5-ton, Wx 3.14 3.0
6 114 x561, 1-l/t4-ton, 6z6 3.1 3.8
7' 20 X4561, i-1/14-ton, 6.A6/Td# 3.1 14.4
8 32 Ju813,, 5-ton, 6x6 1.9 16.1
9 .12 NT1S~l, 1-1/14-ton, 14x4 1.5 17.6
10 W4 74520E1, 8-tou., 14 4 1.5 16.0
11 19 174705, 1-1/14-ton, 1414/T 1.2 18.1
12 11. 14371, 3/4-ton, 14z4/T 1.1 i8m4
13 28 ?435A2, 2-1/2-tun, 6x6/T 1.0 18.7
14 18 H71591, 1-1/40tLou, 4x4/T 0.9 19.1
15 21 74561, l-i/14-tonU, -~6/ut 0.7 19.8
16 219 1135A2* 2-1/2-ton 616/li 0.7 20.2
17 55 1/4-ton, 4X14 (o)b5 in. W'B) 0.1 714.9
18 1 K151A2, 1/4-ton, 4;&~4 0.1 714.9
19 2 1/4-ton, 4x4 (a) .i.1 75.7
20 3 M451A-2-, 1/14-ton, 14 2 0.11 78.9
21 4 i/4-ton, 6z2 (c) 0.1 90.3
22, 5 M4151A2. 1/14-ton, 4x4/T 0.1 76.1
23 6 1/4-ton, 4x14 (c)/T 0.1 78.6

A M1ý51A2, 1/14-ton, 4z2/T 0.1 81.3
25 8 i/4-ton, 4x2 (c)/T 0.1 90.2
26 9 27424A2, 1/2-tori, 4x4 0.1 79.0
27 15 1-1/4-ten, 4x4 Wc 0.1 79.8
28 16 V1415E±, 1-1/14-ton, 4s.2 0.1 42.7t
29 17r 1-1/4-toni, 4.x2 (c) 0.1 88.0
30 22 1-1/4-ton, 4x4 (c)/T 0.1 80.5
31 23 forl5ka, 1-.1/ 4-ton, 4x2/T 0.1 81.5
32 24 1-.i/4.-ton, 4x2 (c/T 0.1 89.0
33 26 2-1/2-tori, 4x2 Wc 0.1 87.6

(Continued)

T*Comuercial (e).
#01frailer (T).
i'llaqitrzer (10. (1 of 2 Sheetv)



Table 20 ýConcluded)

V90
Vehicle Speed V1 0 0

Rank No. Vehicle identtIqCtion m % No Go

34 27 M35A2, 2-1/2-ton,6x4  0.1 80.1
35 30 ý-1/2-to-, 4x2 (c)/T 0.1 38.8
36 31 335A2, 2-1/2-ton, 6x4 0.1 80.5
37 34 5-ton, 6&4 (c) 0.1 78.5
38 35 X813, 5-ton, 6A4  0.1 80.0
39 36 M813, 5-ton, 6.%61H 0.1 79.1
40 37 M656, 5-ton, 8xW/H 0.1 79.8
4i 38 5-ton, 6U4, (c)/T 0.1 81.0
42 39 M813, 5-ton 6x4/T 0.1 87.3
43 41 M818, 5-ton, 6x6/T 0.1 87.3
44 42 5-ton, 6x14 (c)(152 in. WB)/T 0.1. .5
45 43 5-tou, 6X4 (a)(150 in. WS)/T 0.1 81.0
46 44 118, 5-ton. 6x4/T 0.1 87.8
47 45 X123AIC, 10-ton, 6x6/T 0.1 100.0
48 46 3.0-ton, 64 (c)/T 0.1 100.0
49 4, XNr146, 22-1/2-ton, &K8/T 0.1 88.8
50 48 22-1/2-ton, U4 (c)l/T 0.1 1000.
51 22-1/2-ton, 8A6 (c)/T 01 100.0

(2 of 2 Sheeti;



Table 21

Ranking of Off-Road Performance of Stug, Vehiclos Using
V0 the Criterion, Arizona Traverse

(Using updatea V90 from Addend= 1)

Vgo

Vehic3le Speed V1 00
Hank No. Vehicle Identificotism mp N 1o ao

1 37 4656, 5-ton, 8x8/Ht 6.6 3.7
? 55 1/4-ton, 4x4 (85 in. WH) 6.4 0.3
3 34 5-ton, 6x4 (W) 5.8 3.7

S33 x656, 5-ton, 8W8 5.4 0.35 12 U715E1 1-1/4l-ton, 4x4 5.1 0.8

6 18 XT1591, 1-1/4-ton, xl4/T*# 5.0 4.2

8 16 WI411I, 1-1/14-ton, 4x2 t4.
9 13 xuIo5, 1-1/ 4-ton, 4x4 4.8 0.3

10 10 MM3T1. 3/4-ton. 4x4 4.7 0.3
11 1 M14.1A2, 1/4-tori, 4i4  4.7 o.8
12 9 14274A2, 1/2-tons, 4x4 4.7 0.8
13 3 M151A2', 1/4-ton, 4 z2 4.4 4.2
14 56 5- to 8-ton, 8W8 (a) 4.3 0.3
15 29 M35A2, 2-1/2-ton, 6A6/U 4.3 7.9
16 148 22-1/2-ton, 8AA (I)/T 4.3 8.0
17 25 M35A2, 2-1/2-ton, 6Q6 4.2 0.3
18 11 M33BI, 3/4-ton, 4x4/T 4.2 3.7
19 38 5-ton, 6x4 (c)/T 4 8.0
20 4o0 m5m20J, 8-ton, 4z4  3.9 0.3
21 27 M35A2, 2-1/2-ton 6x4 3.8 8.0
22 57 22-1/2-ton, 8x6 (c)/T 3.7 3.7
23 14 m4561, 1-1/4-ton, 6x6 3.6 0.3
24 20 4561, 1-1/4-ton, 6U6/T 3.5 0.3
25 21 m561, 1-1/4-ton, 6x6/n 3.5 0.3
26 5 14151A2, 1/4-ton, 4zli/ýi 3.4 4.2
27 7 X1$.A2, 1/4-ton, 4x2/T 3.3 8.5
28 19 XMT0S, 1-1/4-ton, 4z /T 3.2 3.7
29 36 M813, 5-toi, 6x6/11 3.1 3.7
30 39 M813, 5-ton, 6x4/r 3.0 8.0
31 47 nr4T6, 22..1/Li-ton, 8x8/T 3.0 8.0
32 43 5-ton, 6xQ4 (150 i11. Wb)(u)/T 3.0 8,0
33 32 M813, 5-ton, 6A6 2.9 0.3

(Continued)

OComorcial (c). (3. or 2 Ghoets)
**T'railer (T).
tHowit zer 00l.

iVafluee without do-imals are eatim&Los per Addendum 1.
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Table 21 (Concluded)

Vehicle Speed 100
Hank No. -Vehicle Identitication ____InoG

34 28 X35A2, 2-1/2-ton, 6x6/T 2.9 8.0
35 31 X35A2, 2-1/2-ton, 6x4/T 2.9 8.0
36 35 14813, 5-ton, 6x4  2.8 6.3
37 41 14818, 5-ton, 6x6/T 2.4 8.0
38 44 4818, 5-ton, 6x4/T 2.14 8.0
39 46 10-tou, 6i4 (182 In. WB)(c)/T 2.8.0
14o 42 5-ton, 6x4 (152 in. Wb)(o)/T 2.1 8.0
"141 45 4123AIC, 10-ton, 6x6/T 1.4 8.0
4L 2 1/4-ton, 1•4 (c) 0.3 37.5
43 6 1/4-toi, 4x4 (W)/T 0.3 38.8
44 4 1/14-ton, 4I2 (a) 0.3 38.9145 15 1-1/ 4-ton, 4 (W) 0.3 39t6
46 8 /14-ton, 4-2 (a)/T 0,3 40,6
47 22 1- 1 14-ton, 44 ()/T 0.2 40.9
148 11f :-1/4-ton. 14x2 (" ) 0,2 141.o
49 24 1-1/ 4-ton, •4.x (c)Oh, 0.2 ,42.2
50 26 2-1/2-tou, 42 (150 Lx. Wil)(c) 0.2 49.4
51 30 2-1/2-ton, 14z2 (15o in. WI)(a)/T 0.2 50,3

or 2 Shoots)
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Table 22

RA6i4 Of' OnzBQ. Pertorrnce of StudY Vehicles Usingw Speed on
Type 2 -oads (VC2 ) as the Criterion, West Germany Traverse

(Using updated V 2 from Addendum i)

Typeo2 Tye 1

(2) 1Y
Yahicle Speed S~peed

Iti, No, soshi..cle XL~gt~iagation mph~ aph

1 3 m.5lA2, 1/ 4-ton, 6x2 34.1 C39.0)
2 1 xi51A2, 1/4-ton, I4 32.1 (39.0)
3 13 xwoN75, 1-1/4'to4, 14x.4  30.4 (39.0)
4 5 X151A2, 1/4-ton, 4x4/To* 30.14 (35.9)
5 19 XWT05, 1-1/4-ton, 4x4/T 29.4 (37.6)
6 2 1/4-ton, 44 ()* 29.2 (39.0)
7 4 1/4-ton, 4 z2 (c) 29t1 (39.0)
8 14 X561, 1-1/4-tan, 6 x6 29.0 (37.6)
9 10 M37T1, 3/4-ton, 4x4  28.4 (37.6)

10 34 5-ton, 6x4 (c) 27.6 (34.3)11 20 m561, l-i14-toa, 6x6tT 27.2 (37.6)
12 21 x561, 1-1/4-ton, 6x6/Hi 27.2 (37.6)
33 6 1/14-tou, 14z4 (0)/T 2't (35.9)
14 43 5-tono, 6Q4 (c)(150 in. WB)2T )6.6 (35.9)
15 33 m656, 5-ton, 8Wc 26.0 (35.9)
16 25 M35A2, 2-1/2-tono, 66 25.5 (35.9)
17 27 X35A2, 2-1/2-ton, 6x 4  25.5 (35.9)18 12 MtiSul, l-i/4-ton. 4a4 25.3 (39.0)
19 16 wf15m1, 1-1/4-ton 142 25 (35.9)
20 56 5- to 8.-tan 8x8 1c) 25.0 (35.5)
21 38 5-ton, 6x14 tc)/T 25 (31.6)
22 I'L X37BA, 3/4-ton, 4x4/T 24.6 (37.6)
23 55 1/ 4-ton, 144 (c) (85 in. WJ) 24.4 (39.0)
24 26 2-1/2-ton, 42 (a)(150 in. WB) 23.3 (36.2)
25 18 m115)x1, 1-1/14-tou, 14x4/Ti 23 (37.6)

26 23 [1]5ba, 1-1/14-tou, 4x2/T 23 (37.6)
27 15 1-1/ 4-ton, 4x4 Wc) 22.4 (39.0)
28 17 1-114-ton, 4x2 (c) 22 (39.0)
29 29 M35A2, 2-1/2-ton, 6x6/H 21.9 (35.9)
30 37 M656, 5-ton, 8x8/I1 21.6 (35.9)
31 28 M35A2, 2-1/2-ton, 6x6/T 21.4 (35.9)

(Continued)

*1 rroumler ( a).

i-Howitzer (00).
1tValues withouL decimlls are estimates per Addendum I. (i of 2 Sheots)
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Table 22 (Concluded)

Type 2 Tlype 1
(v2 ) (v1)

Vehicle Speed Speed
Rank No. Vehicle Idpatification ...... n ,, l

32 30 2-1/2-ton, 14x2 (c)(150 in. WB)/T 21.2 (35.9)
33 22 1-1/4-ton, 4x4 (c)/T 21 (37.6)
34 24 1-1/4-ton, 142 (O)/T 21 (37.6)
35 32 M813, 5-ton, 6x6 21.0 (35.9)
36 35 M613, 5-ton, 6x4 21.0 (35.9)
37 31 H35A2, 2-1/2-ton, 6x4/T 20.5 (35.9)
38 41 M818, 5-ton, 6x6/T 20.5 (35.9)
39 44 M818, 5-toa, 6.%4/T 20.3 (35.9)
4o W0 M520EI, 8-ton, •x 20.3 (.26.2)
41 36 MAIS1, 5-ton, 6XS/1i 19.3 (35.9)
42 39 9813, 5-ton, 6x4/T 19.2 (35.9)
43 8 1/4-ton, 4x2 (c)/T 16.5 (35.9)
44 7 m153)2, 1/ 4-ton, 1x2/T 15.9 (35.9)
45 7 M7r46, 22-i/2-ion, 818/T 11.6 (49.7)
46 48 22-1/2-ton, 8x4 (O)/T 11.5 (C9.7)
47 9 %274m,, i/2-ton, 4x4  10.6 (22.8)
48 57 22-1/2.-ton, 8U6 (c)/T 8.5 (26.9)
49 45 14123ANC, 10-ton, 6x6/T 1.9 (26.2)
50 46 10-tou, 6x4 (c)(182 in. WB/T 7r (26.2)
51 42 5.-tou, 6x4 (c) (152 ira. WB)/T 3 (35,9)

1 <eetal
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Table 23

Ranking of On-:oad Performance of Study Vehicles Using Speed On lypa
2 Roads (V2 ) as the Criterion, Thailand Traverse

(Using updated V2 from Addendtu I)
Type 2 Type 1

(V2 ) (V1 )
Vehicle Speed Speed

Rank No. Vehicle Identification mph mph

1 1 M151A2, 1/4-ton,4x4 37.0 (57.8)
2 3 MIA2, 1/4-ton, 4x2 37.0 (57.8)
3 5 MI51A2, 1/4-ton, 4x4/T 34.6 (48.7)
4 7 MI51A2, 1/4-ton, 4x2/T 34.6 (48.7)
5 2 1/4-ton, 4x4 (c)* 331t t57.8)
6 4 1/4-ton, 4x2 (c) 33 (57.8)
7 10 M37B1, 3/4-ton, 4x4 32.9 (53.3)
8 6 1/4-ton, 4x4 (c)/T** 32 (48.7)
9 13 XO705, 1-1/4-ton, 4x4 31.3 (57.8)
10 56 5- to 8-ton, 8x8 (c) 31.3 (53.2)11 14 M561, 1-1/4-ton, 4x4 30./ (53.3)

12 19 XM705, 1-1/4-to-., 4x4/T 30.7 (53.3)
13 20 M561, 1-1/4-ton, 6x6/T 29.1 (53.3)
14 21 M561, 1-1/4-ton, 6x6/Ht 29.1 (53.3)
15 11 M37B1, 3/4-ton, 4x4/T 28.8 (53.3)
16 33 M656, 5-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, 6%4 25.2 (48.7)
19 15 1-1/4-ton, 4x4 (c) 24 (57.8)
20 17 1-1/4-ton, 4W2 (o) 24 (57.8)
21 40 M520E1, 8-ton, 4x4 23.8 (29.7)
22 37 M656, 5-ton, 8x8/H 23.8 (29.7)
23 12 M715E1, 1-1./4-ton, 4x4 23.1 (57.8)
24 16 M715E1, 1-1/4-ton, 4x2 23 (57.8)
25 22 1-1/4-ton, 4x4 (c)/T 23 (53.3)
26 24 1-1/4-ton, 4x2 (c)/T 23 (53.3)
27 43 5-ton, 6x4 (c) (150 in. WB)/T 23 (48.7)
28 34 5-ton, 6x4 (c) 23 (45.0)
29 18 M715E1, 1-1/4-ton, 4x4/T 21 (53.3)
30 23 M715E1, 1-1/4-tonL, 4x2/T 21 (53.3)
31 38 5-ton,6x4 (c)/T 21 (38.4)
32 26 2-1/2-ton, 4x2 (c) 20.7 (49.7)
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 (48.7)

(Continued)

* Commercial (c) (I of 2 sheets)
** Trailer (T)
t Howitzer (11)

tt Values without decimals are estimates per Addendum I.
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Table 23 (Concluded)

Type 2 Type 1
(V2 ) (V )

Vehicle Speed Seli
Rank No. Vehicle Identification mph mph

36 30 2-1/2-ton, 4x2 (c)/T 19.4 (48.7)
37 31 M35A2, 2-1/2-ton, 6x4/T 19.4 (48.7)
38 42 5-ton, 6x4 (c) (152 In. WB)/T 19 (48.7)
39 32 M313, 5-ton, 6x6 17.5 (48.7)
40 35 M813, 5-ton, 6A4 17.5 (48.7)
41 8 1/4-ton, 4W (c)/T 17 (48.7)
42 41 M818, 5-ton, 6x6/T 16.9 (48.7)
43 44 M818, 5-ton, 6x4/T 16.9 (48.7)
44 36 M813, 5-ton, 6x6/H 16.8 (48.7)
45 39 M813, 5-ton, 6x4/T 16.8 (48.7)
46 57 22-1/2-ton, 8x6 (c)/T 10.1 (34.9)
47 48 22-1/2-ton, 8x4, (c)/T 8.9 (35.5)
48 47 M746, 22-1/2-ton, 8x8/T 8.7 (35.5)
49 9 M274A2, 1/2-ton, 4x4 7.8 (24.8)
50 45 M123AIC, 10-ton, 6x6/T 5.8 (29.7)
51 46 10-ton, 6x4/T 5 (29.7)

(2 of 2 sheets)
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Table 24

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

(Using updated V from Addendum I)
2

Type 2 Type 1
(V2 ) (V1)

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 MI51A2, 1/4-ton, 4x2/T 32.5 (42.5)
5 2 1/4-ton, 4x4 (c)* 3 1tt (48.5)
6 4 1/4-ton, 4x2 (c) 31 (48.5)
7 10 M37BI, 3/4-ton, 4x4 31.0 (45.6)
8 56 5-8-ton, 8x8 (c) 29.7 (45.4)

9 ii XK705, 1-1/4-ton, 4x4 29.6 (48.5)
10 14 M561, 1-1/4-ton, 6x6 29.1 (45.6)
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)
14 21 M561, 1-1/4-ton, 6x6/H t  27.8 (45.6)
15 11 M37BI, 3/4-ton, 4x4/T 27.5 (45.0)
16 33 M656. 5-ton, 8x8 24.3 (42.5)
17 25 M35A2, 2-1/2-ton, 6x6 24.2 (42.5)
18 27 M35A2, 2-1/2-ton, 6x4 24.2 (42.5)
19 15 1-1/4-ton, 4x4 (c) 24 (48.5)
20 17 1-1/4-ton, 4x2 (c) 24 (48.5)
21 40 M520E1, 8-ton, 4x4 23.1 (27.8)
22 22 1-1/4-ton, 4x4 (c)/T 23 (45.6)
23 24 1-1/4-ton, 4x2 (c)/T 23 (45.6)
24 43 5-ton, 6x4, (150 in. WB)/T 23 (42.5)
25 34 5-ton, 6x4 23 (39.8)
26 12 M715EI, 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)
29 18 M715EI, 1-1/4-ton, 4x4/T 21 (45.6)
30 23 M715E1, 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)
** Trailer MT)

t Howitzer (H)
iA- Values without decimals are estimates per Addendum I.
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Table 24 (Concluded)

Type 2 Type 1
(V2 ) (V1 )

Vehicle Speed Speed
Rank No. Vehicle Identificat!.on mph mph

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 1135A2, 2-1/2-ton, 6x6/H 19.2 (42.5)
37 31 M35A2, 2-1/2-ton, 6x4/T 19.1 (42.5)
38 42 5-ton, 6x4, (152 in. WB)/T 19 (42.5)
39 32 1813, 5-ton, 6x6 17.2 (42.5)
40 35 M813, 5-ton, 6x4 17.2 (42.5)
41 41 M1813,5-ton, 6x6/T 16.7 (42.5)
42 44 M818, 5-ton, 6x4/T 16.7 (42.5)
43 48 22-1/2-ton, 8x4 (c)/T 16.7 (29.0)
44 36 1813, 5-ton, 6x6/H 16.6 (42.5)
45 39 M813, 5-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 I

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 (AMC-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 function 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 reliable 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

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

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

J, ary road and trail operations and in off-road operations in the West

Germany and Arizona transects. Predicted overall speeds are accordingly

sensitive to the relative accuracy of assigned ride-speed limits. Whereas,

as discussed in the main report (paragraph 5.2.2), the influence of ride-

speed errors in overall projected speeds off-road is attenuated by (es-

sentially) the total complexity of the off-road situation, the influence

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

(paragraph 5.2.6). In addition, on uccondary roads ride speeds over rela-

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

trolling, and the simplified ride dynamics modeling appears least reliable

in the low range of roughnesses (up to about 1.5 RMS).

3. In recognition of the importance of ride-speed inputs to the

overall mobility evaluation, a two-week field program was conducted during

i-i
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July 1972 in which five commercial vehicles, ranging from a 1/4-ton truck

to a 5-ton tractor with 12-ton trailer, were ride-tested over four courses

varying in roughness from 0.5 to 2.2 in RMS.* Ten available military

vehicles covered in the initial study were run at the same time to checkVI
the 3dequacy of the empirical currections used in the study for this group

of vehicles (see Table 1-1). Tests were run using a v-ride meter recently

developed by TACOM to measure directly the vertical power absorbtion at

the driver's seat during operation.

4. From 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 1-1,
along with similar values representative of those used in initial evalua-

tions. Those vehicles whose calculated ride-speed limits as used in the

main study were adjusted by an experience factor are indicated, and places

where original values differ from measured values by more than 2 mph and

more than 50 percent are underlined.

5. Except for the values for the XM410, which was included in the

study solely as a reference vehicle, ride-speed limits used in evaluuting

L.hose military vehicles for which experience adjustments were possible

are considered close enough to measured values that overall on- and off-

road speed predictions as presented in the main report may be generally

accepted. Ride-sp.ed limits assigned for these vehicles appear to have

been slightiy higher than measured values, however, except in the case of
the M813. Limits asll~gned to the M818 tractor with M127AIC trailer are

also in good agreement, even thouga uo exiluevience adjustment was made.

6. On the other hand, ride-speed limits assigned to the commercial

vehicles, as waa suspected at the time the main report was prepared,, differ

significantly from measured values. The lighter commercial vehicles wele

assigned values that appear too high; the heavier vehicles, values that

appear far too low.

* N. R. Murphy, Jr., and A. S. Lessem, "Beni i-Mark Field Tests of Vehicle
Site Dynamics (Unpublished).

1-2
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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-handed comparison with the commercial 1-1/4-ton, the

M715EI was also rerun using the measured ride-speed values. V a10 and V90

results are summarized in Table 1-2, and on-road speeds in the West Germany
S transect in Table -3. In each case along with the corresponding values

from the original evaluations. Results for all six vehicles in cross-

country operations in Thailand were utchanged because of the high per-

cuntage of soft-soil and/or obstacle No Co's experienced, and they are not

shown. (No Go's were, of course, unaffected )y the change in ride-speed

limits.)

8. Based upon these results, it appears that V90 and V2 speeds for

the co.miorcial vehicles, the M715El ian.various configurations, and the Xm410

should be reassigned as given in Table 1-4. (Original values in Table 10

whould be used to compare the M71lIE and the XH705.)

A I-3 110<
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ADDENDUM II

"EVAI,.AATION OF ADDITIOUAL VEIi4ICLI

1. At the request of the WILE.LS Study Group, three additional comercial

vohicles were evaluated during Augurt using AMC-71, an follovs:

Itu!n Ho. Vehicle

55 1/4-ton, 4x4• utility truck (05 in. WB)

56 Experimental 5-8 ton 8x8 cargo truck
'I'57 22-1/2-ton 8x6 tractortvuck, with M747 heavy

equipment transporter

2. P'rincipal ch-racteristics of these three vehicles in the format

of Tuble 9 of the issin report are given in Table 11-1. Detmiled vehicle

input information, in the format of this. given in Appendix C, iL given in
4 l'ableu 11-2 through 11-6.

3. Becuswe of thu unusual features of vehicle 56, and of the known

criticality or dynamlcs behavior to AMC-(1 speed predictions in the three

study trunmects, 6-watt ride-upeed and 2.5-g obataclu-crossing speed limits

for this veihiclu wcre determined experimentally in tests conducted at

Camp ilobertu, Calif., during Auguut. Thues values were used in the AMC-T1

lpredictions.

It. Hide dynmuiiic for vehicle 55, whocu suspension and muma con-

V iguraution clouely resembles tha.t of the M38A1 i!4-ton, w.;re assumed to be

6idilur to thoue for the M36A1. Dynamic speed limitu for item 55 were

accordingly made similar to values measured for the M38AL. Dynamic speed

limitu for item 57 were asuumed to be similar to those for the other two

vuhlcles in its weight class "valuated in th-j main study (iteis 47'( and 48).

5. Bpeed and No Uo predictions for the three added vehicles were

made using AMC-1,. Off-road and on-road predictions were again made for

the West Germany, Thailand, and Arizona transectu.

6. AMC-71 prodictions have been incorporated (as Category 13, Additional

Vehicles) in Tables 10 and 11 of the main report and in the revised rwnkina,4

given in Tables l.9-24.

/,i,16
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Table 11-2

Values ot Vehicle Charactevistics Used it W-71 Ground Mobility Model

Vehicle Cara~cte~ritic
Aimen- CI

NO Identification Aim.s 55.7

1 Vehicle type (WVWJ - 0 for tracked sad I for wheeled) - 1 1 1

2 Gross vhicle seight kips 3.25 32.6 177

3 Track type (NML - 0 for uafleoibl eand I for flexible) in. MA UA YA

4 Grouser height for trackal number of tires for wheeled tire ply raring - 4 a 24

5 Tire ply *ting - A 12 15

6 Groes rated horsepower bhp 71 225 525

7 Nuber of people in vehicle o noraalmiaaou m 2 3 3

8 Wunch capacity (use 0 for no winch) kips 0 0 0

9 Number of track@ or tired - 4 6 24

10 Number of axeas - 2 4 a

11 Vehicle width in. 64 96 120

12 Vehicle length in. 136 299 668

13 Track width or nominal tire width in. 7 16 1i

14 Wheal rim dieter in. 16 20 "2.5

15 Racmmended tire pressure (highway) psi 23 45 90

16 Rscummendod tire preasure (cross-country) pei 20 12 45

17 Area of une track shoe (tracked) or number of wheels (whoeled) in.2 4 8 24

N1 Humber of boi•es (trscked) or chain indicator wheeled (0 - no chain, -- 0 0 0
1 - chaiim)

19 K•eimm vr.,ticel step the vehicle can climb in. -- -. -

20 Vehicle ground clearance at the center of greatest wheel span in. 13 34 27

21 Nin.Lm~m vehicle ground clearance in. 9 is 11

22 lasr end clearance (vertic, l clearance of vehicle trailing edge) in. 10 32 40

23 Vehicle departure angle dog 42 65 82

24 Vertical clearance of vehicle's leading edge in. 1i 22.5 32

25 Vehicle approach angle deg 47 55 45

26 Le•gth of track ca ground or wheel diameter in. 30 52 46

27 Height of vehicle pushbar in. 18 41 32

28 Distance between firet end Lost wheel center lines in. 85 208 197

29 Horizontal distance from the center of gravity to the front wheal in. 45 108 75
cmnter liaew

30 Vertical distnce from the ce, ter of gravity to the road wheel in. 10 32 20
center lines

31 Maxima span between adjacent wheel center lines in. a5 102 '7

32 Angle between a line parallel to the ground surface and the line comn- deg MA NA NA
necting the center of gravity and the center of the rear wheal (road
wheel or idler). The wheel is the one, ueed to determine departure

(Continued) CI of 3 sheets)
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Table Il-2 (CGtinued)

Vehicle Chaeact.zristies

No. ldentiticatigan ato 55 57M

33 Diatncae from %he center of travity, to the cunter of the rear wheel IV. MA MA MA
(road wbhe1 or idllr). The wheel is the one used to datermine
departure angle

34 Vertical distance frem the ground to the enter of the rear wheel in. 14 22.5 21.4
(read wheal or Idler)

35 Track thickaess plus the radius of the rear wheel (road wheel or 1d1er). in. 1.4 22.5 21.4
Th. wheel is the one used to determine departure angle (wheeled w RV).

36 Rolling radius at tite or sprocket pitch radius in. 14 22.5 21.4 I
37 Weight of rigid point used to determine approach mangi in 14 34

3B Naximum braking force the vehicle develops - 0.8 0.8 0.6

39 Loaded wheel radius in. 14 22.5 21.4

40 Total ground cootact area in.
2  MA MA NA

41 Dietance vehicle spans before significant motion begins in. 15 26 23

42 Malxmum force the pu-hbae can withetand kipe 3.25 32.9 0.1

43 ntIma. seale load/grose vehicle Weight - 0.5 0.25 0.23

SVehicle rated horsepwer per con hp/toa 44 13.6 5.9

45 Traeeao type (0 - automatic; I -menal) - 0 0

46 Miacl drive Sear ratio - 4.27 6.40 5.73

47 Final #rive Sear efficiency -- 0.9 0.9 0.9

A8 Number of geaees in trenemissiun - 6 10 6

49 Gear ratios for transmieslon - See tabla 11-3

50 Traensmision efficiLucy 0.9 0.9 0.9

51 Gear ratio from e*"I"e to torque converter - A NMA KA

52 Denuotee presence of a torque converter lockup (No - 0. Yes - 1) - MA MA MA

53 Lnput torque at which the torque converter ourves were measured - NA MA NA

54 Number of point pairs in array THSl (see item 55) -- MA NA MA

55 Array containing torque converter Znput speed versus conve•ter torque - •A NA MA
retlo curve

56 Number of point pairs in array TThI (see item 57) - NA NA NA

57 Array containing torque converter torque multiplying coefficient - NA NA NA

versus converter speed retio curve

58 Number of point paire in avray TTN (see item 59) - 10 17 14

59 Array containinrg net engine torque vreua eangine speed curve -- 3ee table 11.4

60 Number of point paire in array V005 (see item 61) - 30 26 30

61 Array containi•ng vehicle velocity versus obstacle height at 2.5-g -- See table 11-5
vartical acceleration

62 Number of points in array VEIDN (see item 63) - 7 7 8

63 Array containing ride dynamics versus speed curve -- table I1-6

64 Vehicle ewimming speed moh 0 0 0

65 Vehicle ford•ng speed mph 2 2 2

(Continued)
(2 of 3 *hnets)
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Table 11-2 (Concluded)

Vehicle aiaracteriatice

!No. sioenrsfiea.,o mioru 55 56 57

66 Auxiliary water propul]'ioa fictor (0.5 S oc, 0.8 - Yes) - 0.5 0.5 0.5

67 Inreas swamp fngle of the vehicle dea 60 60 60

68 Fording daptU or draft height in. 21 45 25

69 Reconemndd tire pressure (sand) psi 15 7 15

(3 of 3 sheets)
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Table 11-3

Transmission Gear Ratios Used for Self-Propelled Vehicles

Vehicle Characteristic Number 49 In Table 11-2

Vehicle
No. Gear Ratios for Travamission

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 1.0
57 4.00 2.68 2.07 1.35 1.04 0.69

06



Table 11-4

Tractive Force-Sppcd or Engine Speed-Engine Torque

Relations for Vehicle Characteristic No. 59 in Table 11-2

Vehicle Number
55 56 57

Engine Engine Vehicle Tractive Vehicle Tractive
Speed Torque Speed Force Speed Force

rpm ft-lb mph lb mph lb

800 115 0 25,000 0 55,000
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

3200 103 10.0 5,000 10.0 16,312
3600 96 12.5 4,000 17.3 10,638
4000 88 15.0 3,300 20.0 9,574
4W00 80 20.0 2,250 30.0 6,915

25.0 2,000 40.0 5,851
30.0 1,750 50.0 4,610
35.0 1,600 58.0 1,773
40.0 1,500 58.0 0
45.0 1,250
50.0 1,200
55.0 1,000
55.0 0

Jifr
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Table II-5

O6stacle Height-Speed Relations for Vehicle Characteristic No. 61

§1• in Table 11-2

Ii

Vehicle Number
55 56 57

Obstacle Vehicle Obstacle Vehicle Obstacle Vehicle
Magnitude Speed Magnitude Speed Magnitude Speed

1 1.31.2 1 88.4 2 74.6
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
7 10.7 12 30.1 8 10.5
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 - 4.0
13 3.1 18 13.4 .4 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
2, 1.0 28 5.5 24 1.2
24 0.9 29 5.2 25 1.1
25 0.8 30 4.8 Z5 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

1 <



Table 11-6

Ride-Speed Relations for Vehicle Characterietic No. 63 in Table 11-2

Vehi cle Vehicle Vehicle
Nu. 55 No. 56 No. 57
RHS SPD RMS SPD RHS SPD
in. !EhLn ph in. nmh

0 60 0 58 0 58
0.2 60 0. 2' 58 0.2 58
0.75 23 0.5 32 0.5 28
1.0 14 1.0 28 1.0 8
1.7 7 2.0 11 2.0 4
3.0 5 3.0 4 3.0 3
9.0 3 8.5 2 4.0 39.0 2

124<
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Table 11-7

Speed Limits Used in Study, mph

Dynamic Speed LiAtlts
Speed Recommended Towed Speed Used in Vehicle

Vehicle Limit from TACOM Data Shects Data File
No.' Vehicle Name mph Off Road On Road Off Road On Road

Category 1: 1/ 4-ton Payload

55 4x4 Commercial 65 60 60(85 in. Wheelbase)

Category 6 or 7: 5- to 8-ton Payload

56 8x8 Experimental 58 58 58
Coumercial

Category 10: 22-1/2-ton Tractor with 52-1/2-ton Trailc'

57 8x6 Commercial/M747 40 -- 36 40 40

125<



Table 11-8

Vehicle Characteristics Used in Dynamics Submodele

Vehicle Nuaber
No. Identification Dimensions i5 56--

ki~ds Dynamics Subsodel

1 Number of axles - 2 4 4
2 Sprung mass slugs 86.6 758 2440
3 Sprung mass divided by two slugs 2 43.3 379 )220
4 Moment of inertia slug-ft 2  720 38,400 33,602
5 MowenL of inertia divided slug-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 second axle ft -3.17 4.16 4.75

relative to C.G.
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

relative to C.C.
11 Spring constant for front lb/ft 2850 9000 12,475

axle
12 Spring constant for second lb/ft 2850 9000 12,475

axle
13 Spring constant for third lb/ft -- 9000 16,124

axle
14 Spring constant for fourth lb/ft -- 9000 16,124

axle
15 Damping constant for front lb-sec/ft 142.5 75 720

axle
16 Damping constant for second lb-sec/ft 170.5 75 720

axle
1/ Damping constant for third lb-sec/ft -- 75 720

axle
18 Damping constant for fourth lb-sec/ft -- 75 720

obstacle Dynamics Submodel

19 Total load on front axle lb 1365 8620 15,550

20 Bump stop height plus 1/3 in. 7.58 14 9

of tire section hL Lght
21 Total effective sp ing Wb/in. 475 1500 2060

rate, front axle
22 Wheelbase in. 85 218 137



VliC MOLiILITY AMEZMEIElT

PP'OJIECT W111EE G3TU1) GRO0UP

APPENDIL)X A: XVIIHONME1NTAL DI'UCHIPv1I1N 01 M013ILITY THABA31CTO

AIPLIINDIX 11: TEBR~AIN AND) ROAD) DATA

JUTE'iNDIX C : VEH1I.CLE DATA*

APPE'1NDIX E~: O1'F-1OAD 140BILJITY PH01U'11i; Y011 AIUAlb TUMilAIN"*

*orignaul iflpu~tA. Lleo Adde~nd=r I for ruvised uynwaic eliaracLerintica,
Adde~ndl-f 1i for ciaracteriuLiczu of7 adiditional veliiclcei.

Slwevi!uiwr anid addit~ionn noL included.

27<4



APPE~NDIX A: 1Vr1VRoNMENTAL DEiOtCLIPTION 01~' MOBILITY THANSECTS

1W1'LJ'1 GEHMANY

Tilt. tawioucto locut,.Ld in the~ southcuu~turn tievtion: of~ WouLt Giormatny

fig~, Ala), is~ bounid by the hiol low] nj.K IIIP coovdinutju. 1.Ttitudu 49u 02'

Lo 149)0 04 ' Nr'th , aid .luigi tude iiý 391' to 90 22' LUtt. TIhe truitiuct is

3~ km wIL W ird d t1ll I 0nLj 2v'n air p Loth of theu reu~ wi thiui thu(.

A V

'1. ,r*uia~ct, ½ lu 1c.,iy.d 1it the11 NVILI-tal P1lutluu , Whi: 'I Iu ua

IL.1 IL1,i It iLdit 11 , (I vilig LLiuI ol about, 190 111. .VIll: il-rU,'I , I'l crouliod

I Ii I1 . 2 ''r I Ac! fl o lll rj Ii j roI I. ur*WLI.,'1,1. I. r P111114- PI 'I

ILL 'iii v~ii ' 'III(! l~ou I:.,, If oly 111. utiu wi , I UiI( to l ijtL oui Ll Wd 1 .11til 1

tILL uhl vl~tlmly by lii,.i 1 1l cn ieruir

'III' ~ ~ pl rJ'L'kLL y IV. I t i' IiI I .oIV I V I 11. IL l.. U v'a LIILkC

Ply 'n ~~id!'It ' 'b-Ofl H1) 1; TtI HIl lIr rIt )fi I III.Iuf-i iti 1arUi narlg leiU



Flat~, xitir'ow t rruceu a~re 1'rtuquent2.y I'ound ulong the~ river and stream

bank-u.. LjoIinou .Lrouii uiainiolu1 hiavu buen modified, anid the banksa may have

Iinur-iuWde titzw: turkvu to pruLYLut ugu.1nst erouion.

.1.4 Lo I Iu

Thu outl 1 urt' mutinly rouidual with cla~ys a.nd uiltis deveioping

La¾.flii Lh, -flialou LArd lituuetvonet. Isolated putcheu of' sMlljviul Wsridu and

jt%'uve1.; ueo 1'uLutt uluut; Wr~iriur utruwnu courueu. Depouitu 01 1oUBL are

A.Iilulluly Vi Uiiii iuijwcelti Lu thI.. Nceiku~r 1liver.

1.5, Niliid uuo

PAutut 70U pvrooii.n ot' thio aL-vu~ ini the tr unuet iu uucd t~i'r agricul-

1 litu t WA IhI gl tiii jsr-1ipi on I1v0-r la~nds Ill 'oliunoii. Thiu HligheIr,

lii Ly :;iidu t1n1)i ý,Uilu (A, Lilt UkjLLuiu1anidL urt.; uuu.d i'or 1'urcut, but 1-ii uiiore

l 1 tV iyirA LI-0 rl'trLLy cutiati-ii .)ni thc liil.1 dAIus Lnid Lire u~usociuLud

.6 WI'L191 Midk *v OlII~1iifl; Wi.

W~ux-to rI iulli lhy 1,uj'.. it iiJ und uwan tLIA1Ipe I'llti I'tU du. a 1kw L u~ttga rt,

W~i cii'A 1, Init i chL to L)tVI ilP .ltidY IWOt~. t ý;hmwin in Ng~. Ahu. Ii (L can

thu ,' h a' IirlI' I VfLII .;-) LI tfiII. R u mlJ --Iiji t')(,L t Ill~.L n L1i ton d lol] i lic

wi1t~ l IL.L; JhraJtL,' a;~rlc Urul lugi. 111ii trwn.Ž Iiiiuiit-,iiy tuiipuruLurc' ptattu~rr is3

t - yI I -1.dh,111rhal, t Ii I I IiL t 1 wi.i . n 11 1 LtI IIICI !I !ir l tu I Ln ti i t eitiierti. ur c i'r om

J tnu c Jul iý/) iI ' r AuiJ il:ll i t ~i I t~i iii a d(wnro-tsel to Li' ii&i

129J
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The 1onV. -trm maximum snow depth by month in the area of the

tranoec~t ij us fotikl.J wný

Month Depth, in.

Oct 0.N
iNov 1.6
Dee 4.7
j Uri 5.1.

Feb 8.7
Mul- 5.5
Apr 1.6

I iho; ufluw co~ver Purely rumioul nun the ground wore than two or threo dayu,

VXI!PptL du rin Dpo~I uibir , danunnry , and February , when i.t nay re.ma~i n for

wri uds o' ona. to th roe wvukn;. During tiil. t ime the uverage unuw depth

1 .7 k~oad ni-I.Work

A Wlu.Iiy w-11-doveloped nutwoi'k ol pri wry , ;(.coitdar'y, and Lrnaii-

tyl * * imdu "x iu in Lho uc a. Many trail -typoe ronds txueiv 1.1 re augtul IW.

--,In t y3I .

6. T'1)WIIJ and vlrgi

Wwrktownu and vii1IJ.(&'i are ioeLLI.A i i t-Idc tho tirannet., the,

0 1 i H"i 1I n'i Llul;- KIVCWlhu =n Hcckar hrrgei, Beeuiip'.lm, and

TVtl'U1nsv(, loca.Lr d I.n thy nounLh ventrul part Qi Thai land

Mig . Alb), in Locund by the 14 low ing mrap) quardirates:1a Iu tiide 1lI0 15'

to 14o 441' north and longI toil 1 0(0 5)' to 1000 514' can 'I. . Thu transeoL

A3 1~30<



is 3 km wide and 53 km long. Several air photos of the area within the

transect, l.ocatted as shown in fig..A2b, are given in figs. A5a, A5b, and

A5c.

:..2 Phy! tography

The transect lies within the Bangkik Plain, which consists of

ailuvi'iA o.diments. The Bangkok Plain lies within the Central Valley,

which IL oiv, uf the principal physiographic regions in Thailand. Near

thIL' cLIWt , the, banlgkok Plain is about 120 km wide, and at the northern

,.hld, which is about :*OU0 knm from the coast, it is about 60 km wide. Little

r.lif is found hi the ures,. In tire northern end (about 8 lkin) of the

trllall..ot , 1.t r'lwodplali lies slightly above hO m, and the southern half

],I*L'-i LL I, :rf. I. 1 thit- southern half of the transect three small islands

W vul,,-,idc hil; occur wh:rvo the vievation rangeu from 30 to 60 km above

11- 1 Intll. I ri tVht nurthit'rti ,:nd, the hills rise to 200 to 300 m above the

%.. Th hit Is havu steep s].oplf' and contain limestone. Except for the

L, I rt mrtr, , t.h, triannsl:,t JII ge nrally lcvel.

Tihe Pl't >iak hivur., a ,.rihutitry of the Chaophrayo River, crosses

tt r,";t, *. :','m ~j,.:t t,) woLJ ut. ut.ab ,ut 20 kil south of' theu niorth end.

Lar•;,e uanI nwu z canal:;, tri:. cross the Lranject at. various locations.

All :.tr' t,,- .ini c'ara :; ar, ui:d '.,;r irrigation.

b.giinming at the iiuuth Lid of the transect and extending about

io kt• nurt.hward, fat alluvial clays are found. Continuinri northward from

this ,uhit, arid txtnulirig northward for 38 km, the soils are alluvial lean

131<A



clays with some occurrences of fat clay. Continuing northward, the soils

for the next 2 1km are calcareou.! -'ays, From this point to the northern

end of the transect, the land is hilly, and the soils are residual formed

from limestone and igneous rock.

2.5 Land use

Most of the land in thr transect is used for growing rice, which

is fioodud during the growing sc.,ason. The lands used for rice cultivation

are crosn-d by many dikes, ranging from 10 to 20 in. in height. Some small

aI'eas arl'2 elevated for growing vegetables and sugar cane. The hills are

(.Uvered with truvs and brush. Trees are also found along the banks of the

PaL Oak Rivcr' and ar o' so o1 the largur atremps.

2. i.5 W ,arh. vand climate

1n lung-term ruinfall anrd mean tmpurature data recorded for

,jlbur :nro'' !:h.-,w4v in Ut8i. AS , W ' .lminfa.L increases :te'rlily "rom aibourt

I in. in Jdaniuary to about 11 in. in LOeptember and then deruin'ses ,hrough

,:u:m,.r, D)uring th- growing ,,auon (May-vptertmbur) the rice fields vre

!'ioodcd, euausn, the sollo to remain soft du] ig this pa<riad. F'i'omir November

Lo Ma4riCh, I'.' I;; iion 'Ui' UOU Ct. , Unid L,: rainfall W. BLuch thait, ;hlr .iec,

fivids beoa, firm. Tlihj r:i•njý, ill variation i! 1W,,QLI vtontthily t.ripeu rat lor

is fairly surel., 1, with thl,, lwu•n l.'inp,.raLut e:; .o ur inlri 1w in1 1 Viovem)(r,

Dcembr, and January.

2.'( iý01.d nietwurk

The road n,_ twork is not tWu well developed in the areaz o(' Uhu

transect. Some primary and occondary roads arc uxourid, but the hacviest

density occurs in trail- Ipe roads. D)ur Ing thp w(t seasun, jprcblems are

,!t•counter'-d i trawvuiint on trail -type roado.

A5 132<



2.8 Towns and villjage

The principal towns and villages in the area are Ban Kaho Yai,

Pan Phoi Khal, Ban Mai, ban Ilin Kong, Nang P1hra Vang, and Amphoe N'ong Khai.

3.1 Location

Thu Arizona transect is located in- southwestern Arizona (fig. Ale).

Lt io V-shaped, ~rrd i~s boundaries -.re described in fig. A2c. The trimsect

iL, 3 kin widQ, unttc the southern boundary of t~he lower leg is 36 kmr longe and

the outer oidu ol' the leg lying in a northeasterly direction is 18 kill long.

211.kvorai air pohtou oif the aretý within the transect, locuted at; shown in

Vie. AI.,, aRVC givenI in fign. A6a, A6b, and A~c.

l'hL trVAItsCt, iLI located iL -Ohe seQCtiOD Of the BUUsn and Iang

I 1inh1-pOVin.Ce known au tite ESonorui Desert. Most of' it iu locatted

jxi u Lt'oud Wdluviul upron that has dcvelopcd along the siouthurn and wL'L:Ltu~rn

(ioft' asLlu Dome Mouuntains. The western end of the tvuinsect (ape)x)

llo oitt the wesLturn flailk of a large, rulativuly flat 1h111 (VLt Hill) , whiich

Hii us about 1.`0 ft abovo Ulu- regional slope 01' the apron and causle- a change

L n Ulu p~attern and dl ree(tion of' tlu regional drainage systecm. Aboutý 6 hut

trxim the- north enid of' the I-rar-ecL, a clusteur of hills; rise abruptly abouve

F ~ ~ il th'e ,r.I~Uri'Wce 01' the api'ott. The sum-fti of the uproti ont whi cht the

trans~ect. is located is getteval ly level, but, LI~li 0tWec'tili.1oti 01'l leiortli and

east ends of' the transect are hilly.

1L33<
A6



VI
3.3 Drainageways

The alluvial apron Js drained by many branching and braided ephem-

eral washes. The larger washes have broad steep-sided channels from less

than 3 ft to occasionally over 25 ft deep. Locally, the drainage pattern

is almost parallel; the washes :-ross the transect generally in a north-

south direction, with the draine-e flow in a southerly direction. Castle

Dome wash is the main drainage feature in the transect crossing tle western

end in a north-to-south direction. This wash runs into the Gila River.

3.h4 Soils

The soils are mixtures of alluvial sand, gravel, and silt. Thei±

composition and texture are largely a function of their source or origin

and their distance from the source. Bouldery and gravelly materials are

found close to the mountain sources in the alluvial fans and in drairirgeways.

The finer alluvia ure deposiueu in the lower ya.rts of the aprons. A desert

pavmemnt consisting of pebbles occurs on undisturbed apron surfaces, Under-

neath the pebble surface cover, silt and sand mixtures. are fount, Jr the

western section of the transect, the surface is undulating and contains

sandy material and a sparse growth of desert vegetation. Mic.ro durnes are

found in this area.

3.5 Land use

The transect is Icoated orn the Yum.a Proving Ground used for miliLary

testing activities. Palo vertle, ironwood, creosote bush, and hyciwr comprise

the domirnant vegeLation.

13A<
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3.6 Weather and climate

The long-tern monthly rainfall and mean temperature data for Yuma

are shown in fig. Ahc. August is the only month in which more than 0.5 in.

it' rainfa1l occurs. The rainfall for the other months ranges from about

J.! to 0.4 in. April, May, June, and July are the driest months. The

scan ti'wperature Ipattern is bell shaped, with the highest temperature

o, :urring durin~g the June-to-September period and the lower temperatures

-.-,-urring dur. ng the fall and winter months. Diiferences in seasonal

ritiif'all are zo jmali that soil strengths remain essentially unchanged.

.[ 7 e~oad network.

'h'h deonsity of' various types of road networks is very small in

"ar.a. This is dictated largely by the type of land use. Most of the

' i.:ui :ic; weapons impact arens, which are crossed by trail-type

4,.. 1 ';Jw~Ls arnd vi 11l].g s

towns or viallges occur in the transect, oor are there any

tjw:-,: ?rc vjllar,,; near the! area. Yumna, ArizonaH, is the principal city

135<
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APPENDIX h: TERRATN ANT) ROAD DAI"A

Illts appieldix contains the off-road terrain and on-road data used

in inmt dti iii r olde ing mohbIlitv. The off-road terra 4 n Oata consist

0I ipt.im:; tor areal and linear terrain ii, Its.
. [~~. AN'-Al, T.'A

S'hli, tcrv:iin factor!: and terrain factor classes used to describe

-ircal terrain enli. ari, Ir" lven in table 131, Obstacle geometry terms are

deti nd in tail' !'2, Tab les B3, 154, and B5 present. the data in terms of

c lass otr each factor for W.'est CermanV, Thailand, and Arizona transects,

rei.pc, ivye l v

1. '.1 AP '1.I,-P AI N

I;, ill-;.r (it'aill dIta nstrParls) used in this stidy are given in

S-it It, r rOw t'st 4;ermainv traverse only. Tbloe 10 defines Lhe terrain

. ,. illar dot a w.,rv, tnt va ilable for tlie Thailand and

I A 'A'!.\

.o I .; ond r ade frt •,r ci *.snl'.' I1 d t|o 'i-s c 1 - o p ri A:'OyV

', ,,! i", ;,'; t miai-tvo , rn;:, uni t, ar' piven Jn1 taillc VP. 'l'ablIes B(,

w,; U I %w1 v' ti' ro;1 I;ita I I.1 t rms of c L•Ann br i'amh Flct for

1,,:' ha i liand , ;ind Ai / zonj ri il sniplI .E, It I 1 1 the traverse) .

(Ir, | a f
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AA A
O~~&I~bAA AAM V

WOE B Horizont al

1. Obstacle approach wigsles (AA). The angle formed by the inclines
aL the base of a positive or top of a negative vertical obstacle
that a vehicle must sense in surmounting the obstacle.

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

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

4. Obstacle vertical magnitude (VOM). The vertical distance from
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.

Table B12. De*Inition W obtLJacle g0(X1tAry term,
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£1. . ~uSouth or EaSL

T~i PBA~

TN ftereintiij Lsankj lic ght (BD) 111Pe di ffCLeIeC lij o-L-'ac..on o! the
?,. anka

2. 1~Sd lJ.j.Sf..~dA - hiLpe o yhe bmniali-i toghcline
I(the f oi of- the hydrn1oloi c f.'iituve, The nn1 a 1 ine*suce'd W111.

.!SpeIct to tho horl zontal .

.3. 4altpr Dep th (WR - Maximiun depth of water ' i-auriie.

Ii. Water WIdth (RW) - The width of the atream i~k WaILr level1

5. Watery Vloity (WS)- The maximum veloci ty of- watr IJio cl 17-

4T .

165<



Cld r4 V!

0C

.00

4-in

"4C

o to 14 4

N r

4>1 ( 4 -4

k4 -4 (.4 4

44-

Uad

(q -4 -

40 4

-49

JL660



#44.

4jllq UA.Mfl C- (D Ci C) .4.4N tb C- CD m .4

ý44~~ *)RJS . 4 .4 4 -o .4 .44 -4.444 A .4 .4 ý.4 .4

-d~ i1~~l 4~ 4 -4 -4 *-A .- I 1- -4 .-4 '-4 -4 ý4 -4 .- 4

1)i~r urod A .-- 4 .4 4 -4 .4 .4-4 ..4 i 4 1,4 r- .4

CM 0

IN ) it) .4 (0 '44 U) N'4 I V) it 10 ) -4 t

')n 4) ,\ ý 4 tOtpC 4 4NV)-0

-4 -1 - -4 .- - - -1 4 . -4 1 .f 'A_

4 . -

,-4 -4 -

-4 -4 4 .4 .- 4 14 --4 -4 -4 4 '

]if) *.LJ I'll .4. . .- ,4 -4. -) ..I .4 4 N4. .-4 11

4 4 4 - 4 1

167<



.. 114KI4IAf.4 ' -j V, 0 ~ m' ) .0 %ON W#7% a? C -Z ' W -C4.v M~C 0 -1

~S.3ICt3.4~,,3t~JlPC\, - Q -j N _, m~- Ci j C¶ CJ CJ CQ. - , C3Q

od4k *.'. 1~j ) 01 C) (v C) 0 " C') M l M ( ) m ' CM. M ' c )i cc') C') C') c-) r) Cv) cl, vý () v')

.. 3U. V6U C\1 0. J r,, 0.) IN~( CVJ N' M! C%~(J IN n c'! (M~ W) 0" CU, (V C 1

U)

00
u

6H

aJ 0

(n

41A1 *3\.Jn C') ( ) f(\! C\~CI) C\1 01 '2 C\) C\)a (C\) (mI (C") 0' C\1 C') C") CU ) o." fm ')( C\) C") C\1 63C'

(V ;7 i %I (- W (% C) (AIV) 7 L 0 - LY M -,) -; \.'M -ý' L 1, r- W t,%



'A

C' .0~N..C .bCN 6fl in~ N ý~0 0~ 0 C- 40 N' ~ 0 QD '0
"OIdaeS uT qjý& A *i *0 A c-4 * ... 4 Z. .* . .

4) I'4-~N 0

DL' Ajn3l L- A in .ý .4 N4 Alq '0 C'- N v4.. ~ 4 .4 La C- a~ .4 - .
.4c )ý c 4nNP N. v . .4 .v cq ) e

.4 -4 -1 -4 ý4 *4 .4 .4 *4 .4 .4 lm Y) 4 4 4. 4. . 4. - 4.

-4- 4 4ý

o4 .0r n 0to n t

144

td u r 4LY J4N V)4 kf) .. .4 r4 % I
.4

Qd~ ~ ~ ) ( 10 .1)4)f 10 ' f ) 4) . C) j -1) It) LO L4) 10 .4) It) Q .0 '0)

-4 (-4 )4 .4 (3 .)4 C#4' (24

I6*9<



wlI v p - V,

.dT - N S SSSI

a C

0 0 

C.- 4 '-4

E-4 4J1

040

ad uou - 1 ~ -4' -4 -4

-la



CJ CO

-C 0

S6P4 .0 
-Zfl inU P c3 j..j' m

~ALC\U ) CC C%' ) W M

*CA 4ltfl dux ;- n 7

0)

'-.

' ~ ) V ~ w wQ U; v )' . 9).

i~oj r- o I' ou') tol r) uin krn,

truý in to ki lf in v i) 11) U'.)

04 't ~y'* '.~ vj ' ~ Ix -



-Q,-

U) m z7 U)O%o t- w n C.,sc

'i'dol -. - -------- ---I
UC

.- I M

-l U

14 &j~

r4 C. I- V* * l n 41

~d4L P ~ -- '- - - - - *- -4.- 4

ci do/, %

172<



op.

'44
0

'-4

sG4ULjft0Oj ~3~Zl i ~ -4 A ~N~ 4. ~
2dolS v t

qq~ua~Ufl aojan -4- 0 o -4 .A .i LQ .1Ž .4 ., .4"

adLoUjn zctýwot Daý

-4

H wun 'aTdweS ul q49u.-I ~

ý4 -4

09QUq~noU D:OUJflS V) .0 ' 4'22 .- N-4 .') .1) AI

adolo -4 '-4 .-4 ý4 .- 4 .- 4 -I .-4 .4 -4. -4 -4 AN I\ N

T4juaq" az:ejjns - -1 ~1 4 ý4 .4 . -4 ý -4 .4.4 .-4 -4

ad9awm uý zzt ot i



APPENDIX C: VICLE DATI

Data required for each vehicle as input to the AMC-71 mobility model

are contained in the following tables:

Table Cl - Values of vehicle characteristics used. In this table,

the vehicles are identified by numbers as given in table 10

or table C7

Table C2 - Transmission gear ratios, vehicle characteristic No. 49

in table C1

Table C3 - Torque converter cbaracteristics, vehicle chararteristics

No. 55 and 57 in table C1

Table C4 - Tractive force-speed or engine speed-engine torque relations,

vehicle characteristic No. 59 in table C1

Table C5 - Obstacle height-speed relations, vehicle characteristic

No. 61 in table C1

Table C6 - Ride-speed relations, vehicle characteristic No. 63 is

table Cl

Table C7 - Maximum speed limits used in study

Table C8 - Vehicle characteristics used in dynamics subrodels

174<
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4

Vehicle Characteristics
Dimen-

No, Identification sions 2 37

1 Vehicle type (NVEH = 0 for tracked and 1 for wheeled) -- 1 1 1 1 1 1 1

2 Gross vehicle weight kips 3.2 4 3.2 t 4.3 5.2 4.

3 Track type (OFL = 0 for nonflexible and 1 for flexible) in. NA UA NA NA NA NA NA

4 Grouser height for tracks; number of tires for wheeled tire ply rating -- 4 4 4 4 6 6 6

5 Tire ply rating -- 6 6 6 6 6 6 6

6 Gross rated horsepower bhp 71 1ll 71 111 71 ll 73

7 Nlumber of people in vehicle on normal mission -- 2 2 2 2 2 2 2

8 Winch capacity (use 0 for no winch) kips 0 0 0 0 0 0 0

9 Number of tracks or tires -- I 4 4 4 6 6 6

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

11 Vehicle width in. 64 70 64 70 64 70 61

12 Vehicle length in. 133 165 133 165 236 268 2:

13 Track width or nominal tire width in. 7 6 7 6 7 6 7
14 Wheel rim diameter in. 16 16 16 16 16 A6 11

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

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

17 Area of one track shoe (tracked) or number of wheels (wheeled) in. 2  4 4 11 I 4 )4 4

18 :Nmber of b ies (tracked) or chain indicator wheeled (0 = no chains, -- 0 0 0 0 0 0 0
1 = snains)

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

20 Vehicle ground clearance at the center of greatest wheel span in. 12 12 12 12 12 12 1

21 Minimum vehicle ground clearance in. 9 9 9 9 9 ") 5

22 Reat end clearance (vertical clearanc_-e of vehicle trailing edge) in. 18 17 18 17 18 17 2

23 Vehicle departure angle deg 37 26 37 26 37 26

24 Vertical clearance of vehicle's leadrng edge in. 13 18 18 1,8 8 18 1

p25 Vehicle approach angle deg 66 43 66 13 66 43
9¶ Length of track on ground or wheel diameter in. 30 28 30 28 30 P8

27 Height of vehicle pushuar in. 18 18 18 18 18 18

28 Distance between first and last wheel center lines in. 85 100 85 1O0 85 100

29 Horizontal distance from the center of gravity to the front wheel itt. 45 50 45 50 45 50
center lines

30 Vertical distance from the center of gravity to the road wheel, in, I1 10 10 10 10 10
center lines

31 ,aximum span between adjacent wheel center liies in. 85 100 85 100 85 100

32 Angle between a line parallel to the ground surface and the line connect- deg NA NA NA NA NA NA
irq" the center of gravity and the center of the rear wheel (road wheel
or idler). The wheel is the one used to determine departure angle

"33 ;stance from the center of gravity to the center of the rear wheel (road in. TIA NA NA NA NA NA
wheel or Idler' The wheel is the one uced to determine de-
parture ani-le

314 Vertical distane from the iground to the center of the rear wheel In. i4 13 114 13 i, 13
road wheel o-r idler)
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.1"
0  

t : . .:

2 ___ 14 5 ~ 0 3

1 1 1 1 1. I 3 1 1 I ' .'

- 4 3.2 4 4. 1. .. '

NA NA NA :!A NA N'A NA NA %A ';A "A % ",

4 L 4 L t, .,
U b .• , !, j ", 1, t 2, t

11 71 Ill 71 Ill 71 Ill. 1".'' " " 1,'' ...
2 2 2 2 ;2 2 2 2 . I
o 0 0 0 0 t " ; " ,

4 4 4

2 2 2"
70 '1. 70 ,4 70 4 70 0 7" '3 ,"

"3 i65 133 b' 23' > 2. : li; " ,

6 7 t 7 7 1 " '.

16 i: j' 1', 1> 1' 1, 1-2 l' 1; I 20 I,

45 2'3 4' 23 4yA 4 ' 12 I 0 NI .' .,'

20 20 2n 2o 20 2 ' 20 10 4:. 40 7 ' .... ."'

4 4 4 1 4 I 1. 4 4 I,

0 0 0 0 0 0 '

12 1.22 1 12 1 12 12 1 V ' ' 1 I
9 9 ,1 I ,'1 ' ' ,8 11 11 10 !, l''

17 18 17 I'l 17 lq 17 11 22 . ,,

26 37 2' .7 2' 37 2' . , ' 2' '

18 18 18 tl 18 18 1i 2 I ll 24 1 _ "

4,1 '6,j !'1 ,, K 1,' 1,0 44 1 1 il"

28 30 20 n 28 30 28 2i.l . l .b , .> "

133 1, 33 1!'- 18 18 9 8 27 :h 24

10o o 35 1"I0 0, 100 inn 10 ',7 11 12 : , , '

50 50 1I 0 5. ,' { '" 1lB / H"

1.0 LO I0 in 10 1 10 1 1l n P 1; I'' I.

100 65 100 8. 100 p' 1-0 5 11 11,9 12,' ,

rLA NA IIM IA ,A :ux :A\ ;A iA ILA HA ;IA :;A .

"NA M NA IA M NA NA ;iA NA WIA ;A IIA IA :A ' ,., " .

13 l4 13 A ll 1: 1 1 13 1 I'.. 1 f" 1'' i



kic-71 Grounid Mobility Model

Vehicle Number 
40 4122 3 l• 25 2L• -IL 38 2 0 • 2 3l• 3 I -'. -, 4,• , 41 '44 V. ' 4

1 . 1. £ 1 1 1 1 i 1 1 1 1 1 1 1 1 1. 1 1 1 1 1 1

9.8 11.2 ),8 18.8 14.5 1.,q 24.5 22.2 20.2 24.1: 31.S 2 5.2 17.' 31.8 44.5 37.9 30.3-1 44.5 143.2 1,.1 1.3 .l.8 55,-"I i'3.6
NA ,A UA NA NA NA NA NA NA ,A 1A 'IA NA TIA NA .A ,fA NIA NA NA IIA NIA MA :A

6 6 1, 10 6 10 12 12 8 i 10 10 10 12 10 12 1 4 114 4 14 111 14

8 8 3 8 i0 8 8 8 9 " 12 10 10 12 12 10 10 1? 10 12 12 10 ].2 20

140 114 1140 140 131 140 1110 11,0 131 11h0 >0 10 .... 290 2" ]1 225 2i0 21 . 2 ,0 .35 30 2 .0 300

2 2 2 2 12 2 2 2 2 2 2 2 2 " '

( 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 T 0 0 0 0 0 0 0

. 10 ( 1" 12 12 A 12 10 1 10 1 1I 10 112 1 4 14 14 14 114 14

3 3 2 4 3 4 3 14 3 *; 4 i C
7'? 853 70 9ý? 90 of, 9. : .,. Qt '. " 7 k1 7 0 05 07 108 07 7 -1' :7 '11

352 352 352 21L, 2314 22 4 42. 528 -394 1.214 301 27,, 2 144 301- 50'< 1480 14I41 50¼ .7, '5 WS13) 4,91 4

,8 9 S 9 8 9 1 ,1 11 1" 1 11 11 18 1 ll 1' .1 1i 11 11 1.4

, 1" 2, 20 20 20 20 20 20 20 20 20 20 20 ?0 20 20 20 3 20 C0 20 20 2 4

(0 27 '0 57 70 57 57 !7 70 57 75 30 70 75 7; •0 70 7¼ 140 70 71 70 70 5

P7 27 `7 40 140 40 40 140 40 140 35 -O 07 .'. .3,7 140 ;' "'

4 4 1' 10 10 10 10 1.0 Q 0 9 I0 10 10 10 '0 U1 10 .10 10 10
0 n 3 0 0 0 0 0 0 0 0 0 0 0 0 n 0 ) 0 0 0 0 0 0

-. .. ..- 18 -- 1,3 13 1.8 -- A.• -- -27 .. .. . . '7n.. .. .. . .. ..

t i • I I 11 13 1.] 1-.) 19 1-3 111 23 20 22 C? ý . 201 2-1 23 23• 2• 4 i 21, 2.

8 '11 10 11 Ii 1.1 10 11 11 12 10 i1 11 12 10 11 214 12 Ti 11 12 1'

12 2-, .2 .3 2' 32 "•' 32 2' 32 27 ,2 28 27 07 52 21 2'7 '1 32 30 •0 .2 .'

1.. 25 13 40 2, 140 140 4I0 25 4 - 4 32 1,4 );2 32 4v , 14 142 :32 3'7 70 7¼ 'i. 70 .

15 1? 15 21) 18 2'1 I1 2 1ý 23R "'),~1 II 1 M o4 i4 11 2 1 ,0 ' ,

1.5 1') .2. 23 10 2") 29 29 ,3 • •1) 3,B '24 •i4 54 t0 :1, .I, 1,, 3' 2' .0 ,2 1

1"'1, 12' 131 178 151 i 1 ,1/9 1701 151 L( . 0, 20' 1 :'2 ; ,' 2 2, 11 2 237 .W', 11,7 1)'1 1,• 21

8'3 1 493 1.01 109 1.01 101 101 100 " 101 101. 1 10' 101 101 101 11( 1,0 l01 7. ' 87 11.4 107 ,'7 1l48

1¼ 1 5, "i25 .25 ,5 0, ,. , . 1, 1' 1' 1) i- 15 1.3 19 11 1]1 13 1 1- 1.l

131 12 t 31 1.VO A 51. 13 1 'i 130 151,. 10 15," Y) 1 ,s 10 1, , 10 1 "P 1 ,: 2, 1140 1:-1 1. 114o 151

NA NA UA 3A IhA NA NA IA .A IA :NA NA NA NA NA INA b\ IA ZIA NA NA hA ;A :;A

IIA NA :A IIA IIA NA NA HAA NA A A 'IA HA IA IIA NA RA IA NIA NA NA NA :IA Mb\ NA

15 1". ',5 11 1]7 1 1 8 1 1 ./ I8 21 1p 1 1 , 1 IS I.'1 11 1I 1. 1.0 L11 23



I 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 1 1 1
.7,6 31.L 144.5 37.9 30.3 44.5 43.2 58.9 51.8 51.8 8C.9 96.6 82 179 166 23.4 26.5 104 3.5 3,2 mI
(A NA NA NA NA UA NA NA NAA NA NA M A NA NA NA 1 I 1 NA NA NA
.0 10 12 1 0 12 12 4 14 14 14 14 14 111 24 24 " 1 1 1.5 4 4 81

.0 IL 12 10 10 12 10 12 L. 10 12 20 10 22 18 NA NA NA 6 6 6

25 250 250 210 225 250 211 250 335 230 250 300 118 60o 52; 20M 202 750 70 71 iffl,

1 3 2 2 3 2 2 2

I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

.0 10 12 10 12 12 I, 114 114 Ill 14 14 114 21 24 2 2 2 4 14

1 3 44 5 I t4 2 5 5 5 5 5 8 1 NA NA NA 2 2 4
Ji 97 97 9' '1 97 108 97 17 979/'( 115, 11.5 12) 20 105 lo0- 1143 0'4 (,4 "

t]44 301 505 480 41w w505 7 ', il8 40') 4,8,14 538 f' )14 12, 7) 7'10 19:; 227 273 139 P'5 I

0 11 11 1" 9 11 183 11 11 1 11 14 11 113 18 15 15 28 7 7 1),

t0 20 20 20 20 20 3 20 20 2 2 NA NA NA 23 23 18

ro 75 75 30 70 75 4O 70 70 70 70 5) 70 qo 410 NA NA NA 20 20 30

10 35 3 4 'O 30 35 2 7 5 140 1o O S5 25 ;', Ij, }" NA NA NA 1, 4 20'

LO 10 10 8 10 10 14 10 10 10 LO 10 in 8 3 O0 90 ]'M 1 4 8

S0 0 0 0 0 0 0 0 0 0 0 0 0 10 10 12 0 0 0

i2 2 " 1 3 20 22 23 29 23 2) . 18 - 2' , - 17 Z! V NA NA ILA 11 12 '

.0 11 11 12 10 11 2o4 12 11 11 12 1 9 11 11 16 16 18 83 ' 13

13 27 27 52 2'8 2 31 32 34)'3 32 35 15 43 'it /', 23 4(0 1f, 13 P9

j:? 32 1i 0 3;-'- ' "7 7O 75 1 1 4 yo 7I ,I ILy 8 .2 23 35 43 3) 1 7 70

1J4 34 34 38 21 34 A .3 21 30 j;! Ili .0 ' t 3', Ito 50 145 20 18 "5

42 4 ,' I,, , It, H. 45 5:' 35 W O '0 57 ' 40 - ,, 5

) 4 2 h2 '1 I h8 1,' .1 1, 4 4,;• 14 5) l,2 4' I4 1415 1iO 1.71 Ito At( 0 1 4H

i.}81;) O 20 ,{},' 2r), 1•81 2)' ."2'35 144 I'U' 175 3414 :'1 ;-07 ':"4 1' 10'; l 111 1". Ill 81' 1/7

1,03 101 101 11.41 1O IOL 0 f7, 07 1114. 107 117 111• 1,} 1:1 1;" 5:1 ';..5 h0 '.

i) 1') lP 15 1 ) I' 11 1- 1 1 1 1.3 1. 18 'I 24 21, 1H1 3', 10 IVi 25

38 5 , 2 152 ')0 13"4 1 P)5 11)o 1:'4/ 1 1) 1 4f0 IS] I57 1 IOf I 4, ,A NA NA I 115 7/

IA NIA INA IIA NA NA IA NA HA NA IIA IIA ItA NA RA il1 I .1 25.1 NA NiA NA

"£ NA NA HA NA IA NA NA IIA NA IL A NA NA HIA NA A Ml 1 11 NlA MA NA

1 1 1 1 18 1.) P" , P) 1 P) Vr) ;'9 1') P, ! 1' I f, ]& 1 Ill 1l4 I' .

","1 '34' : ,fh ,'r4 :1l (

iI



No. Vdiit.1hution lr ' 3 1

35 Track thiokneuu plua the radiuu of' the rear' wheel (road wheel ot, idler), In. 114 13 III 13 114 13]
The wheel la the one uued to dueurmndnc dvp~irture ungie. (wheeled oiw)11

3( olling radluc o1' t~re or aprookut pitc-h radiuu in. 114 33 V113 14 13 u

37 I1Light of' rigid poiiit ut~ed to determnlje apprmoah angle in, 18 1 H 18 18 18 18

38 1-1&x1mumi braking 1'oroc tho. yehiclu duvuloj; - 0.8 0.5 0.9 8 o.8 0.8 0.8

39 Loaded wheel radiua In. 14 13 14 13 114 13

40 Totul ground countuct area I ir. RA MA NA DIA ILA NA

41 Dlsstunce vuh~clu apans bel'ore sini'lcic t motion begi1isu In. 15 14 i5 14 15 14s

41 Ikx~imnws f'orce Lhu puOhhsir cani wi the tssd kI pit 3.,, 4 3.2 " 3.2 14

43 Maxinujn axle load/groxus vuhileu weight -- 0.5 0.5 0 .5 0.5 0.5 0.5

44 Vehicle rated 1sor~epowin, pu- tot; Ill 'torl 1014 ('5 ,4 115 33 43

45 Trunomitniulon type (0 - iutoritic; 1 itu~tmuu) -- 1 1 1 1 1

14L, Finl d,1VL! Cro6I' rkt,1 4o- 1.d 8 2, 1.8- 4.27 14.813 14.27

47( Final drive gear erv1icivitcy -- 0.9 0.9)4, 0.9 ) .9t, 0.9 0.96

413 Putiibei' o1' rsumi%; In tranutrtusj~oni- . i 1

49 'Lux, ruttlou L'os trwsemrnluutor

50 Truti;gsluuaies t urv1,'1cvt;'y 0.9 0.9, . 0.9i 0.9 0 . %J

51 UU1141 MUtCO Iroin Urigi ne to tOV-114V COWNverter R- A NA NA 1 A NA ILA

5.` Densote.- p~'nrsetmo of' a tov'iue .-onsvertur lockup (110 0, Yet; I) -- IIA IIA 11A NA hJA

53 IillUt tor'11W at W111,21 thL tov' juL conivertor curvea Were meajurvd m N NA IdA IIA NA NA

54s riumbutu of' polrit pnil! It i aremv TNMi (uee Item 55) -- NA NA NA NA IIA NA

55 Arraty onmtti mlrij to,'q'se oonverter input npuini vcrmuu convertor torque -- NA rIA NA NA NA IIA
utitlo ou'vt2

wNumber of' 1al ot pict ru lit urray T'11 (lieu i turn 57) -- NA NA NA 14A IA NA

57 Array cotta iri us torquc ,011vurter torque multi IiyIntg vac'o' ieni ot Veu'ui45; - - A N4A TA NA NIA NA
"nortvtt'ri upoull rat'L ourr'l~V

,)h Nlimuilur of' po inrt i1 u'u; In asrlsy 17t (roeo I tuir '-9) - 19 I 1 1 19 1,4

5() Array oorta~rull is riot 4i-mis'i44 torlu h vqnV:mlti e14141 oue uhed' 11ivet -

60 Nwrbut' of, pollit pni r'o Ini array "l (see !tem (i.) - 2,3 29 23 29) 23 29

.I Ar'av 'otiturltdrip vehiclie velocity vertuutJ nhu
t
a,ale he'4ltlt at 2.5pver- -

N umbe~r oh polnttu In urrayv \'Il' (zuee Item ( 3) (j 6 6 8 9

I Armay cýuntulintt , ll u JIl'ytititill ver vot; opt u uuirn iJve

Is Vuh.'el L t wItrisirlmus 11umen m iph 0 0) 0 0 0 0

S Vehi clv h'urdint, upuew1 mulh p p 2 2 L,

'. Aux Iilliy waster' It'iul1t~ilotI 1'mmor' ((u.1 No, 0.81 )(CO) -- 0.5) 0.5 0.5 0.5 0.5 0.5

7 Irilrrei; rflWullp ofg~uu' the vefi I Ve dci f-)( 60) 60) 60 ('0 (00

P slitdej~t.1 01' 111101, heie gt lIn. P1 1,3 12 13 ?1 13

1) kvar'neriur led t I rv premntivu't (r1U pl~i tI m 15 15 15 V) 19j 15

II 176



Ta~ltt Ci. (Onoclailde

1;n 1 oi o .4 7 1 10 11 If' 13 I1T vTT h) P0 ;.u P2

in. 14t 13 V, 13 1. , ]14 VI 1 3 11I I 1(. 16 19 18 1t l- tS 1,, 1 19 18 18 15

in. IIiI 1I It, 13 01, 1i V4 13 11 i,11 0 18 1S 1 15 16 19 18 113 15
in. I1It Vpi 1V 18 1 8 ji0 I14 18 n0 ?4 211 29 29 1 22 1S 243 1 1 19 219 22 22 1. 1

- - 0.0 o.8 0.83 ( 00 '), 0.84 0. A 0,8 0.8 o. 8 0.8 o.8 ii .8 o.8 0.8 0, 0i . t3 o.8 0(.8H 0.8 0.8 0.8

in. 14t 13 Illt 23 1!t 1.3 11t 13 11 It. 1, IC 11 1) 18 15 14. 1 5 16 1') 18 16 1.5

!I t." NA A A 11A AA N A IIA NA MA NA NA RA NA NA NA 11A NA NA NA NA HA NA

in S ~ 1 it 1 l~1' lt 2 17 ill 17 It) 1)0 le 1 17 1 17 1 ( 20 16

3~ .2 1, 4 3.: 4t12 I 2 I 2 7.t 81t .4 8.8 14 7 8.4t 7 8.14 8.8 9 9 7

-- 0.5 0.5 0.5 0.5 0.5 0.5 0,()5 0. ().5 0.", 0.5 0.5 0.5 f),315 0.5 0. 5 0.5 0,5 0,5 0.35 U-35 0,5
lpt - 44o 1t ; 55 tt 5 33 Ili 'I,1 143 14t 20 ill 2?8 3(, 23 40 28 Ito I'l 2?8 1.8 1.7 20

S 1 1 1 1, 1.f h-b 14 ,? 7 l , 41 1 1 13' 1 17
-- I~" t.2( i.l~ it. It8 I.,Y It~ lJ7 io'(5,8 5.~ 587 '.7 Y 5 14.J 51.8 14. 5 .87 .17 55'( s' I(

r)- 0.3 Q.~ 09 .9*09 03 09 09 4 .9 .9 0.9 1 0.9 0.96)( 0.') 0., 0.9q 1 m, 0.91 0.96~f
-- 1 itIL t ' 8 8 8 8 8 6 ; 8

~~~~~.)~~~~~~e 
Table . 1) .~ 11 ., . 3 .j . . .9 . . C? Vot' Values 11 -o C. iq,)0':- . 0.~ "1 0." 0t(, 0.9 0't . 0.9 0~.' )g)O.) 09 0.9 0.9W 0.9 0.9 0.9(Y6

-- , MA I NA NA IIA NA Hit. hIA HA A NA NA NA NA NA NA NA A NA A NA A
N A A N N [I N A N A h A A A N A NPNIAN A N A NIA N A N A N A N A

-- NA NA NA NA NAA NA NA II A NA NI A NA NA NA NA NA N DA N1A NA NA NA NA

:- % NA N [A [NA NA NA 14A NA NA NA NIA NA NA NA NA NA NA PIA TA NA NA

11 A A N [ IA NA (A NA NA NA N A NA NA NA NA N A NA NA NA NA NA NA N A N A

-- NA NIA [MA NA NA NA NA [IA N4A N A NA NA NA NA NA NA NA N1A NIA N A NIA NA

-- NA IA N1A NLA NA NA 11A NA [IA INA NA NA NIA NA NA NA NIA NA NA NA NA N A

-- 19 13 19 13 1') 1 3 1.9 11 2211 22 29e 8 10 ill p(li )2 8 '40 30 lit
Oue 2Tablto 114 for' Va timlUgt

2-- ' 01) 23 29) 1? 1 29 2)3 23 21. 29 219 :23 2 1 1 '3 3 3 2? 1) 1)
Ute 'ITablej C5 lot' Vauluuu Us

11 0 9 9 9 (, 1 ' ( '( 7 8 7 ' Y 7 7 81
LIee TatIL 4?'. Co - Vatllea Oa1

mpl t it C 1 00 0 (t 0 0 4) 0 0 0 2.5 ( 0 0 ;2. .5 0

()0.,,5 05 0, 5 05 0.5).5 5 0.5 . 0." 0.5'1 0. 5 0.5 0.5 0.5 0.5 05 0.5 0).5 0,.5 0.5 0.5

(lei', (0 10 ()o (';o t,1 0 (. 0 60 o 6o (;0 Oo (.0 W0 15 (10 60 t) ,0 '0 It 15 11) tO0

;, 2 1 1. '13 P2L 13 PI I j 18 (100 o 20~ 15 ('0 15 l) 1 (0 N 7 15

td 15ý 15 15 1. 1 15) 15 15 V> 1 15 11) p5 V) 12 I Ill 'l 5 1 12..)



________________________ __ , _ ___ __ _ ... ... _i ., ."__, ,,...._.._____.,' _': -- -- ;' ..__. ,' _______,____,

8• U4  3' 1', 1' l B iI 17 1't Pt 114 1 I' . ' I'1 1 1 4' Ii) nl ['1 [l i ' .P+ [") 1'4 ],

8 i4; 1Pt 1' ' •' I' 17/ 32. 11+4 1>4 1'? 1. 1 ' :,1 1;' 1f I'D 1 [,1' ['4 Bl' I1 [vi .19
:10 -I- . !"
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(',1! 4),11 0', 11 .. ", '),[ (+0,+.q fl, ,4 (1) bi+ I l l.'11 it f t [t+• t*' i,. Cf' .'i; ff (1, ,'' t t,,'' i0,8 4, 1 4~• 44, [14 Ct*~ 51 , ft .1 0 P )' tl " 1b ' .i t 19 "10 1~f Ml I'l" 1 1" '• I i I , I 1• I l +i, + ' '

['A NA [IA NA I 'A NA A [A IA NA [NA A IA ;IA IIA ;LA IA 'IA IA IA IA [IA QA NA

4 ,'l 7 M A1 7 [ 8 . 8 ] . ' 1 . 8 1 8, 8 1 , 4, I , . t ., ' '" , 1 7 . ' ' ., , 1 . ' , .2 1 7 . H 4' I ')2 p i 1 . , .i ,
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t
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"J"I 1.7 :"6 'I 5?i 15 [8 1¼ [1 1. i( Ii , ['1 I 11 H ', II I L LP '10
't . 1 1 1 1 1 1. 1 1 j 2 I I I f 1 0 1 T 1.
!,if , r 7 I I'(' I. tt' * N t m ,;. * ' " yy ' . 7 t ,' . ,t 7 , '' i *I4[i *. )1.f '0.' . , i".:.f .i , Ii I, -i!i At C+ I I ,114 Ie1,, '., I.I,,, 4h l o b.1I

0.9 0.,') 4 f) .,) o. C.') n.'', n,,+i (., ( 0,': ), ) f I. ( I',') t,. I (1'.,, 14,'; ( t,') - I.4 ".1 00.4 1,t)t 4),) Ol) , (Ut)

S H m 10 (i 10 10 10 [4 1 , ,, I t , 4) 't t 'I , i ,

iC.I for '.aluu ilaud

C-) (>). ft ' - 1i (.,'1 0.') •. i, '.: t 4}* 0 o
4 

)) it I t Ii ti 0 .(iJ ff,'4t 1),: t, ) ( . 4I I , 'I Ci, (0,t -, ().,If 4, l

NA NA NA NA NA [.A I:A A M A IIA :A A INA IA MIA A IA [IA I NA [[A IIA IIA ['IA IA
INA , NIA AA [ NA IA IA NA INA NIA HIA NA A A ;IA INA IA [IA [IA UA N[A NIA [IA IIA UA

NA NiA NA 'IA NA [IA A NA [NA IA Il/N ;IA IA IA NA IA NA 'A [t IIA iLA IA iA IIA
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Table C3

Torgue Converter Characteristica for

Vehicle Characteristics No. 55 and 57 in TaLle CI

For ChLrocteristic No. 55y Vehicle 48
Engine

"Torque Converter Speed
Spued Ratio r. _

0.0 1900
0.10 1880
O•40 1860
0.40 1840
0.46 1860
0,52 1880
0.58 1900
0.70 1950
0.75 1980
0.80 2020
0.85 2080
0.90 2110
0.92 2140

For Choracteriwtic No. 57. Vehicle 48
Torque Converter Torque Converter

Spuud "Lio Torqtue Ratio

0.0 2.610
0.10 2.340
0.20 2.150
0.40 1.750
0.46 1.626
0.52 1.519
0.58 1.390
0.70 1.226
0,75 1.147
0.80 1,068
0.85 0.981
0.90 0.956
"0.92 0.933
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Table C6

Ride-Speed Relation for Vehicle Characteristic No. 63 in Table Cl

Vehicle Vehicle Vehicle Vehicle Vehicle Vehicle
No. 1, 3 No. 2. 4 , No_. 5 7..8 No. 9 No. 10
RMS SPD RMS SPD IKS SPD RMS SPD RMS SPD RKS SPv
in. mph _in, Eph in mph in. xsah mph in. ph

0 60.0 0 60,0 0 30.0 0 30.0 0 25.0 0 50.0
0.5 60.0 0.88 60.0 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 8.0 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 9.0 1.9

Vehicle Vehicle Vehicle Vehicle Vehicle Vehicle
No. 11 No. 12, 16 No. 13 flo. 14 No. 15, 17 No. 18, 23

RMS SPD RMS SPD RMS SPD ERS SPD RHS SPD MS SPD
in. mph in. mph in. mph in. mph in. Mh1 in mph

0 30.0 0 60.0 0 60.0 0 55.0 0 60.0 0 30.0
0.95 30.0 0.5 60.0 0.48 60.0 0.5 55.0 0.5 60.0 0.96 30.0
1.5 10.0 1.0 30.0 1.0 25.0 1.0 25.0 1.5 15.0 1.46 13.0
3.0 4.0 1.5 13.0 2.0 7.0 2.0 14.0 2.0 7.0 2.0 6.2
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

Vehicle Vehicle Vehicle Vehicle Vehicle Vehicle
No. 19 No. 20 No. 21 No. 22, 24 No. 25, 27 No. 26

EMS SPD RMS SPD RMS SIA) RMS SPD RMS SPD mg SPD
in. mph in. ph in. mph in. mph in. Mnh in.., mp2h

0 30.0 0 30.0 0 55.0 0 30.0 0 50.0 0 60.0
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 2A2
9.0 1.3 5.0 2.0 5.0 2.5 5.0 2.5 3.0 3.0 3.0 2.0

8.0 1.3 8.0 1.4 9.0 1.0 4.0 2.5 9.0 0.9
5.0 2.3
7.0 1.3
9.0 1.0

(Coutinued)

(I of 3 sheets)
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Table C6 (continued)

Vehicle Vehicle Vehicle Vehicle Vehicle Vehicle
No. 28, 31 No. 29 No. 30 No. 32, 35 No. 33 No. 34

RMS SPn RNS SPD RMS SPD RiS SPD RiS SPD RNS SPD
in. mph in. ph in. mph in. mph in. mph in. .. h

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 60.0
0.50 28.0 1.0 20.4 0.5 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 2.0 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 5.0 2.0

5.U 2.0 5.0 1.5
7.0 1.2 8.0 1.1
9.0 0.9

Vehicle Vehicle Vehicle Vehicle Vehicle Vehicle
No. 36, 39 No. 37 No. 38 No. 40 No. 41. 44 No. 42

RMS SPD I.N SPD RMS SPD RNS SPD RNS SPD RMS SPD
in. mph in. mph -in. mph in. mph in_. mph in. mph

0 50.0 0 50.0 0 60.0 0 30.0 0 60.0 0 60.0
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 Vehicle Vehicle Vehicle Vehicle Vehicle'No..,43 No. 45 No. 46 No. 47 No. 48 No. 49
RMs SPD RMS SPD RNS SPD EMS SPD RMS SPD RMS SPD
in. ph _iLn. up in. mph in. mph in. mph in. mph

0 60.0 0 40.0 0 20.0 0 36.0 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
O.iG 17.0 0.28 32.0 0.50 4.0 0.3 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 9.0 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 uheets)
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Table C6 (concluded)

Vehicle Vehicle Vehicle Vehlc).ý Vehicle Vehicle

No. 50 No. 51 No. 52 No. 53 No. 54 No.

mHS SPD 1LM SPD RMS SPD RMS SPD RK8 SPD M SPD

in. mph in. mpnh in. mph In. tMph in. mph in. -MA

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 60.0 1.0 50.0

1.0 15.0 0.50 39.0 1.0 12.0 1.0 19.5 1.5 23.0

2.0 6.3 1.0 16.8 2.0 6.0 1.5 11.0 3.0 14.0

3.0 3.i 2.0 9.4 3.0 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 WheutS)J8<



Table C7

Speed Limits Used in Study, mph

Dynamic Speed Limits
Speed Recommended Towed Speed Used in Vehicle

Vehicle Limit From TACOM Date Sheets Data File
No. VehicluZ Name mph Of f-Load Oi-tosd Off-Ro3aad .g

Category i1 1/4-ton Payload

1 KI51A2 (Ox4) 65 -- - 60 60
2 4x4 Comwercial -- 60 60
3 .SIA2 (WM2) 65 .... 60 60
4 4x2 Comercial - --- 60 60
5 KM1A2 (4x4)/N416T 65 30 50 30 50
6 4x4 Cum./H416 - 30 50 30 50
7 MlSlA2 (4x2)/II416 65 30 50 30 50
b 4x Com./1416 -- 30 50 30 50

Category 2: 1/2-Luil Payload

9 H274A2 (4x4) 25 - --

Catolury 31 3/4-ton Payload

10 M37H1 (4x4) 55 .... 55 55
11 H3751 (4x4)/M1O1AIT 55 30 55 30 55

Category 40 1--/4-ton Payload

12 M715El (4x4) 64 ..... 60 60
1.3 XM705 (4x4) 66 - -- 60 60
14 M561 (6x6) 55 .... 55 55
1'5 4x Co-w-urcial -... 60 60
16 M715LI (4x2) 50 -- - 60 60
17 4x2 Couuurcial - - - 60 60
18 M15ElI (4x4)/M1OlAI 64 30 55 30 55
19 KKT05 (4x4)/MI01AI 66 30 55 30 55
20 M561 (tjx6)/MIO1Al 55 30 55 30 55
21 M561 (6x6)/MlO2H 55 10 - 55 55
22 4 x4 Cuw./MIO0AI -- 30 55 30 55
23 M75I5L' (4x2)/MIOIAI 64 30 55 30 55
24 4x2 Cuo,,./MIOAI -- 30 55 30 55

(Continued)

(1 of 3 sheets)
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Table C7 (Continued)

Dynamic Speed Limits
Speed Macomwended Tow#Ad Speed Used in Vehicle

VQIdicle Limit From TACOM Data Sheets Data Film
No. Vehicle Name mph Off-Road On-Road Off-Road On-Road

Category 5: 2-1/2-ton Payload

25 M35A2 (6x6) 50 50 50
26 4x4 Comiarcial -- 60 60
27 3.35A2 (6x4) 50 - -- 50 50
28 M35A2 (6x6)/K1O5A2 50 20 50 20 50
29 H35A2 (6x6)/H10211 50 10 50 50
30 4x2 Cum./M1OWA2 - 20 50 20 50
31 M35A2 (6x4)/Ml05A2 50 30 50 30 50

Category 6: 5-ton Paylosd

2 HS1,3 (bx) 52 - - 52 52
31 M656 (8x8) 50 .... 50 50
J4 6X4 CozuWurcil .... 60 60
35 M813 (bx4) 52 .... 52 52
3b M813 (bxb)/Mll4AI 52 .... 52 52
37 1656 (8xd)/M]14A1 50 .... 50 50
38 6x4 Cow./12,70O# ..... 60 60
39 4813 (bx4)/12,7000 52 -- - 52 52

Category 7: 8-ton Payload

40 M520E1 (4x4) 30 .... 30 30

!;Latu.ury 8: 5-ton Tractor with 12--ton. 4-Wheel Trailer

41 4818 (bx6)/MJ,27A1C 52 20 50 20 50
42 6x4 Coni./MI27A1C -- 20 50 20 50
41 bx4 Cou./MI27AIC -- 20 50 20 50
44 H181 (bx4)/MI27AIC 52 20 50 20 50

Cat~gory 9: 10-tun Tractor with 25-ton, 4-Whael Trailer

45 M123AIC (bk6)/M172AI 44 20 30 20 30
46 6x4 Cum./H1172Al -- 20 30 20 30

Category 10: 22-1/2-ton Tractor with 52-1/2-ton Trailer

47 XM/46 (8xS)/M747 36 -- 36 36 36

48 6x4 Cm./M74/.. 36 36 36

(Continued)

(2 of 3 wheeta)



Table C7 (Concluded)

Dynamic Speed Limits
Speed Recowended Towed Speed Used i.n Vehicle

VLIe Limit Frov) TACOW DUta Sheots Data Vile
Vehihcl Name Mph Of f-Ued On-Road O~f-Road On-Road

'Categoryv 11: Vvafqr~ncv Vqhclc1v
49 M113 (Tracked) 40 c c 60 60

50 4548 (Truckad) 39 -- - 37.5 37.5
M6 H6OAl (Tracked) 30 .... 60 60

5) M38AI (4x4) 71 .... 60 60
53 MI51A1 (4x4) 65 - - 60 60
54 XM410 (UxU) 55 s o 50 50

(3 of 3 shoet.)
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APIVNDIX D. SAMPLE OUTPUT LISTINGS

This appendix includes a complete sumple of output listings for the

perfo(nAnee of the M35A2 2-1/Q-ton, 6x6 cargo truck, an follws:

Taltle Du - in areal terrain for West Germany traverse, wet season
Tal'le D)2 - I n areal terraiki for Thailand traverse, wet season

Tall1e D3 - In areal terrain for Arizona traverse, wet season

Talle -1D4 - In linear terrain for West Germany traverse, wet season

Tal.~l 1'D5 - On road for West Germany traverse, wet season

Talle ID6 - On road for Thailand traverse, vct season

T1able 1)"I - On road for Arlzona traverse, wet season

SI88
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Tabl1e D4

Went Germaony Wet-Semon .Lnear Terrain Predictions

Very High River

.Vhicle Mobility Crosming Time 110

1. ?.17lA2 1/2-tron, L44 truck, utility 103.0 30.1 2.6

10. /-ton, 4 truck, utility 113.0 34.2 P,.4

"A. M3T1A ./1-ton, 4z4 truck, utility, 79..0 B12 1.3

1. I/L-ton, 6Qx 1 truck, utility 76.0 38.8 0.8

4. M151A 1I/4-ton, 646 truck, utility "(.90 31.6 1.2

u. 1i/4-toh, 4x4 truck, utility, w/16 103.0 46.3 2.0

7. M7151~• 1/-ton, 43a' truck, utility W(.0 44.5 .0A

8. 1i/1.-ton, hxV truck, utility, w/M416 43.0 46.9 0.4

9. MIC'fA -I-/J-tono, 4• truck, plaform, utility 58.0 7(0.5 1.5

10. V13711.1 3/4-ton, 4x4 truck, cargo 12/O 9.0 9.5 3.9

1.. M3741 1-1/ 4 -ton, 4Ax truck, cargo, w/mIO1 1Oo.0 1i.0 3.01

,1. Mwjl6 1-1/4-ton, 4Ah truck, cargo 101.60 10.4 3.91

13. W1)4 l-I/li-ton, 4A truck, cargo, 1/ 67.O 50.4 0.0

Ill. M/61 .- ton, 6x6 truck, cargo /.4g.0 3.2 5.1
15 1-1/4-ton, 14Ah truck, utility ().O '6,.8 2.1,

5, -. M35A2l 2-1/il-ton, Gx2 truck, cargo '10.0 i3.5 3.0
17i . 44/f-o , h truck, utility ( .0, v)0.8 0.8

15. M71•/2 -I/1--ton , h1tu truck, cargo, (io lOl 0.0 16..3 0 .9
19, XMI705 1-I/1-ton, IiA truck, c:arga, w/MIOI 98.o 13,8 'v .8

:)0. M561 I-I/h-ton, 1,X6i truck, ciargo, wmlOl I17.O 13-8 3.11

'0? 1. M561 l-1/4-ton, ()K(, truck, cargo, W/mIO2 1O6.o 11.8 3,9

"."2 1e -1/4-tlul, 4x4 truck, caryo, w/MIOI 6l.O 50.6 O.8

03:.. U7151 1-1/4-ton, 4xý truck, cargo, v/MlOZ 60.0 18.h 11.8

2hb. 1-l/4-ton, 4,2 truck, eargo, w'/M101 (0.(j 53. 0.11

215. M35A2',=' -I/n,-ton, Ux6 truck, cargo IO0.O 8.1 3.6

11,. -i/'l-ton, L'4 t ruck, cargo, (150 ilk. W H) 39 o53.3O.

P7, M35A2 2-1/2-ton, 6x4 truck, carpc 56.o 1i.6 1.0

(continued) 1 i o2 cheets)
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Table Dh (Concluded)

%;ry HS.gh MigrU *TrOIM8 V
Vehicle . .obility ing Time 11,0

28. 435A2 P-lI/-ton, 6x6 truck, cars,), w/M1O5 55.0 13.5 1.2

29. M35A2 2.3-/b-ton, 6x6 truck, oargo, v/M102 W.0 13.5 1.3

30. 2-1•2ton, 4 tuck, cArio, (150 in. VB), vA/OS 33.0 38.1 0.3
31, M3A2 2-1/2-tou, 6x4 truck, catrgo, w/IU05 4,).o 16.9 0.7

32. M:13 5-tok, oG truck, crgo sq.. 7.6 2.9

33. M656 5-ton, Wx truck, c•r"o 169.0 3.2 5.9
34. 5-ton, 6h truck, caro L5.0 36.1 I.1

35. M113 5-to, 6xh truck, cargo 38.0 11.2 0.3

36. M613 5-ton, 6x6 truck, car~o, w/Nl 1 4 3U.0 13.0 0.5

37. •-ton, &X8 truck, cargo, w/mll 81.0 10.0 1.1

38. 5-ton, 601 truck, Cal-got w/traller* 23.0 53.7 0.3

39. M13 5-ton, ,oxI tluck, cargo, w/trI1ilVr* 31.0 15.8 0.2

LO. M520op l 8-tun, truck, carpro 14. 69.7 0.5

41. M818 5-ton, 6xG tru&, tractor, w/M127 31.0 15.1 0.&
b2,. ,5-ton, ",xý truck-, tra•ctor, (152 in. Wit), W/wy 1 7 i.o h,%.A O.1

113. 601 truck, tractor (150 in. Wit), wfl1m27 0. 0.3

10, M618 5)-ton, 6x4 truck, tr•ctor, w/,4l;7 30.0 1.I1 0,2

1k M123A.C 1O-tonp ,I truck tractor, w/ ( 16.0 15.1 0.2

1.' io-Lwn, .xh truck, tractor, wit4IPT, (iw2 in. WD) l,'.O 61.5 0.2

y Xh w/2-, W •truck, tract-or, w,44'II7 21.0 11, 7 0.2

2P..I/-8.xan, &i4 truck, tractor, w/ATYI'f 15.0 (o.8 0.1

149, 41131AI P'erurnnell 1,ull-trcked, Carr.-tr 1149.O 7") 5.2

Us •i tI (lAI 155ba n'vit-r ' or' 2 -iigata)
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APPENDIX E: OFF-ROAD MOBILITY PROFILES FOR AREAL TERRAIN

This appendix presents the off-road mobiltty profiles for the vehicles

used in this study (figs. El - E54). Each figure presents profUles for

a single vehicle for the three stpdy traverses. The figures are presented

in the same order as the vuhtcles are listed in table 9. In each case,

the vehicle number follows the figure number.
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Fig. El. (1) Utf-road mobility profile, K151A.2 1/4-ton. 4x4 truck, utility
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Fig. E6. (6) Off-road mobility profile, 1/4-ton, 4x4 txuck, utility

with 14416 trailer
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Fig. Eq. (9) Off-road mobility profile, H274A2 1/2-ton, 4x4 truck, platform,
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APPENDIX F: FACTORS CONTROLLING SPEED

A complete speed output for a given vehicle includes the percentage

of traverse distance at which each of 10 factors causes immobilizations

or controlled speed. In fig. Fl, this information is presented in the

form of histograms 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 distan1ce is plotted against each

of the 10 controlling factors, identified by numbers, as follows;

Controlling
Factor No. Description

Factors Causing Immobilization

1 Surface strength less than minimum required for

one pass

2 Available traction less than total of surface
and slope resistances

3 Obstacle interference

4 Available traction less than total of surface,
slope, obstacle, and vegetation resistances

Factors Controlling Speed

5 Ride dynamics

6 Total of surface and slope reaistanceu

7 Visibility

Maneuvering

9 Total of surface, slope, obstacle and vegetation
resistances

10 Acceleration and deceleration between obstacles
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