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ABSTRACT ~J

The AMC '74 Mobility Model {is an improved, updated and exten-
ded revision of the AMC '71 Mob{ility Model. The main improvements
. include: specifications for axle-by-axle traction, braking and

resistance calculations with recently developed equations to simu-
late slippery soil, muskeg and snow interaction; a corrected
acceleration/deceleration model; enhanced scenario input specifi-
cations; a road module simulating travel on primary, secondary
roads and trails; an improved hasty river and dry linear features
crossing module; a vehicle preprocessor module and a terrain pre-
processor module; an improved obstacle crossing module; and an
updated ride dynamics module.
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FOREWORD

TACOM and the US Army Corps of Engineers Waterways Ltxperi-
ment Station compiled a comprehensive computerized simulation

of the interaction of a vehicle, a terrain and a human operator in
1971. This mathematical model, called the AMC '71 Mcbility Model,
represented the existing technology for predicting the performance
of a wheeled or tracked vehicle across any type of terrain (AMC
stands for Army Materiel Command, the sponsoring agency).

A report was published by TACOM (1) whose first voiume dis-
cusses the input requirements, the model structure and several
applications. Volume Il of this report contains all the details
necessary to fully understand and reproduce the entire program
(explanations, flow charts and listings).

AMC '71 has been utilized for performing and/or supporting
several important cross-country mobility analyses relative to the
development of Army vehicles as well as various concept studies.
These and on-going research and exploratory development programs
were the main driving factors in the process of improving and
expanding the model.

This report documents the resulting improved computer simu-
lation called the AMC '74 Mobility Model.

voclume I of Reference 1 discusses the historical background
of mobility research, describes the input reyuirements, explains
the structure of the model and shows certain output modules which
nad been in use prior to the publication of Reference 1. Finally,
a few early applications are explained. The text of Volume I of
Reference 1 was written approximately three years ago. Since then,
the model has extensively been used. Revisions in AMC '71 have
largely been dictated by customer request. As a result, certain
new output routines have been created and some sejments have been
detached from the main body of the model.

However, it is felt that Reference 1 is still valid and
therefore there was no need for a revised discussion of the under-
lying philosophy, purpose and possible application of AMC '74.
Thus, this report was written for the reader who is familiar with
Volume I of the AMC '71 Mobility Model and for the programmer
who is acquainted with Volume II.
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INTRODUCTION

The AMC '71 Mobility Model (1) is a comprehensive computerized
series of calculations simulating the interaction ot a vehicle, a
terrain and an ooerator. AMC '71 represented, at the time it was
compiled, the best existing relations for predicting the performance
of wheeled or tracked vehicles across most types of terrain.

The AMC '74 Mobility Model is, as its name is intended to
imply, an updated version of AMC '71. In the course of three
years of studies using AMC '71, including the "WHEELS" Study (2),
certain anomalies and crude approximations as well as restrictions
in AMC '71 became apparent. This was only to be expected because
AMC '71 was the first attempt in developing a comprehensive mobility
model. It was assembled and released in a relatively short time.

Since then, TACOM, WES and Stevens Institute have continuously
updated the model.

The major revisions incorporated into AMC '74 are:

1. To allow the modeling of vehicle combinations
containing various configurations of powered,
braked and towed wheels and tracks (towed
tracks not modeled).

2. To allow modeling travel over slippery soiis,
muskeg and shallow snow.

3. Inclusion of vehicle and terrain preprocessor
modules.

4. Inclusion of a road module.

5. Separation of the hasty river and dry linear
features crossing from the main body of the
model.

6. An improved obstacle crossing simulation.

7. An updated two-dimensional combined ride and
Obstacle crossing dynamics simulation.




8. To rearrange the logic within the model to ;
allow more modularity and precision in cal- ,
culation and output.

9. To correct errors in computation. 1

10. To allow an extended set of scenario
specifications. y g
9

Revision 1 now allows the modeling of the movement of vehicles
such as half-tracks, towed and/or powered and/or braked trailers,
pitch articulated vehicles, vehicles with gross variations in load :
distribution and vehicles with variations in axle geometries in ;
soft soil, snow or muskeg. j

Revision 2 now allows modeling of many terrains and operations
in rain and other inclement weather conditions in the areal crossing

module.

Revision 3 simplifies the supplying of vehicle data information ;
by the user to the model. The terrain data is also preprocessed ;
and placed in a form that is required for use in the main model.

Revision 4 s a new module which simulates travel on primary,
secondary roads and trails. The outputs of this simulation are
similar to the outputs of the areal module; i.e., maximum speed
on a road seyment.

Revision 5 is the result of experience gained in using AMC '7]
for special studies and user vehicle evaluations. The areal
crossing is exercised independent of any linear feature terrain data.

Under Revision 6, the obstacle crossing problem is :xamined

i external to the areal crossing module. The force required to cross
an obstacle and the geometric interference history between the
obstacle and the vehicle are calculated.

Under Revision 7, an updated dynamics module which includes
a two-dimensional ride dynamics simulation for rough terrain and
a dynamics simulation for either single or multiple obstacle cros- ;
sing has been added. Both simulations use a driver limited 1
tolerance tc vibration or shock for determining maximum speed. !
The updated dynamics module will be published separately (Reference 3).

Included under Revision 8 is the clear separation of vehicle
travel between obstacles and over obstacles.




Revision 9 is primarily a correction to the acceleration/
deceleration times and distances which now are calculated in closed
form. This was done by approximating the power train in each gear
by an analytic function and integrating these functions. The gear-
by-gear modeling also allows the addition of gear change times and
velocity losses. Various other corrections were made throughout.

Under Revision 10, the user has been given control over opera-
tional variables, such as weather and driver characteristics and

motivation, so that the model may be used for a variety of scenarios.

AMC '74 is the precursor of the Army Mobility Model (AMM) which
is due for Army-wide release in the first quarter of FY76. AMC '74
will be used in several studies before AMM is finaliy developed.

The term model is used here to denote the algorithms and opera-
tional procedures published in this report. They are intended for
computer implementation; a specific such implementation will be
referred to as a programmed version of the model. AMM will be
released with an accompanying programmed version which will, insofar
as possible, have the following features:

- the programmed version of computational modules will
be coded in machine independent FORTRAN IV.

- the coding will stress transparency and direct
correspondance between documentation and code.

- all machine dependent functions (overlays, input/
: output, etc.) will be consolidated in a single
command and control module. However, the user will
have to write his own input/output modules if his
computer is different from the one at TACOM.
AMC '74 consists of 8 modules:
I. Control and 1/0.
II. Vehicle Preprocessor.
II.. Terrain Preprocessor.
IV. Areal Module.
V. Hasty River and Dry Linear Feature Crossing.

VI. Road.




VII. Ride Dynamics.
VIII. Obstacle Crossing.
These are briefly explained below:

1. The Input/Output module contains files of input (vehicle,
terrain, scenario) and output. It is a general executive program.
The structure of this module can be easily changed, if necessary,
depending on the user's needs.

I[1. The Vehicle Preprocessor consists of algorithms which
transform vehi<le input data into quantities needed as inputs to
the various submndels. Some of these required data have to be
hand-calculated for AMC '71.

I1l. The Terrain Preprocessor is a set of algorithms whose
function is to convert the class interval number of the terrain
input to quantitative values associated with terrain features or
accept the quantitative values directly.

IV. The Areal Module simulates vehicle travel across the areal
terrain units.

E : V. The Hasty River and Dry Linear Feature Crossing Module
' simulates a single vehicle crossing a linear feature without

external aid or a bridge.

VI. The Road Module is a simulation of travel on primary, secon-
dary roads and trails.

] VII. The Ride Dynamics Module is a two-dimensional digital

i simulation of the dynamic interaction of the vehicle, rough terrain
and obstacles resulting in speed limitations due to human tolerance
to rough rice and shock.

LI A AT

3 This is an externally executed module which provides input

3 data for the areal and road modules. The description of the dynamics
‘ module will be published separately. The data supplied by the ride
dynamics module may alternatively be obtained from field tests.

4 VIII. The Obstacle Crossing Module is a detailed and improved
simulation of the crossing of obstacles. This also is an externally
executed module which provides the tractive effort required to cross
the obstacles and determines interference geometry for the areal
module.




S T N OO T e WRES . 0 L WS S T e e e AR T Ty T TN L g e

MODULE I.

e )
P4
[=8
>
=3
o
S
Fe)
3
(-8
=
[ ]
<
=
<
-
o
|
$=d
[~
Q
[&]




i Yot
4
i/
a
;
]
?

1 CONTROL AND INPUT/OQUTPUT MUDULE

The Control and Input/Output Module, acting in the role of

: _ a program executive, coordinates the access of the processing ﬁ
E' modules (Areal, Hasty River and Dry Linear Features Crossing, §

F and Road) to their respective input and output files.

It is the intention of the model desianers that the pro-
cessing modules be as machine independent as possible, and
that all machine dependent coding be concentrated in
the control and I/0 module. This implies that this module will
open and close all files, read all {input and write all output,
and, thereforec, for efficiency, provide all software links
between modules and routines.

Inputs consist of:

Basic vehicle data files

—
.

Terrain data files

Scenario data

oo s B, o
S w ~nN

Run specifications
a. Output file name
b. Output level indicater

The basic mode of operation of the model is to mcke a
series of speed or crossing time predictions for a qiven vehicle
in each of the terrain, road or linear feature units described
1 in the terrain data file, under a single set of scenario
1 i specifications. At the conclusion of such a run, vehicle,
1 ] scenario and/or terrain inputs are changed as required to make
g ' a new set of predictions.

For each run so defined, the output file records the vehicle
data used, identifies the terrain data file and scenario data ]
3 used, and accumulates derived data from the working modules :
‘ according to user needs as specified by the output level :
indicator. Four levels (1, 2, 3 and 1§) are presently pro-
vided, but others can be inserted readily to meet special
user requirements.

-2




Level 1 saves and records only the basic in-patch or in-unit
average maximum speed prediction from the Areal and/or Road
Modules, or crossing time and speed from the Linear Features
Module, for each terrain unit, road unit or linear feature in
the terrain data file. These data may be used subsequently in
an appropriate output processing module to generate speed
maps, statistics and/or indices, or to make best route selections
or simple traverse time predictions.

Level 2 adds to the level 1 output, NO-GO or speed 1imit
diagnostics for each unit or feature. It provides data for
maps or statistics identifying the reasont for vehicle per-
formance 1imits throughout the area to which the terrain data
are related.

Level 3 saves all level 1 and level 2 information and, for
each area or road unit, adds resistances and some intermediate
speeds needed to determine fuel consumption or to introduce
acceleration and deceleration across unit boundaries for more
precise traverse predictions.

Selection of other derived data for further output analysis
to meet the needs of other types of studies can be rapidly
developed as needed. Upon identification of such additional
needs, new output levels can be developed and added as a
simple specification call. Levels 4 through 9 have been
reserved for such future developments.

Level 1P saves all derived outputs for special program
diagnestic studies.




Inputs

VEHIC = generic name of file containing the
basic vehicle data

DYNAM = generic name of file containing the
;::u}ated outputs from the dynamics
ule

0BSTC = generic name of file containing the
tabulated outputs from the obstacle
crossing module

TERRN = generic name of terrain file con-
taining the primary and secondary
proper natural terrain units des-
criptors.

SCENA = generic name of file containing
the scenario inputs

AMMOU = generic name of file in which all
output 1s written

LEVELO = output level of detail desired




General Output

The general output {s written to the output file (AMMOU)
at the beginning of each run of a vehicle (at a given
loading, tire inflation specification, etc.) over all areal
terrain, 1inear feature and/or road units described in a
given (preprocessed) terrain data file (TERRN), under a given
set of scenario conditions (SCENA). The output file contains:

- output file name

- vehicle identification

- payload description

- terrain data file identification

- scenario input data (SCENA)
- run specifications (LEVELO)
and (optional):
- complete vehicle input data (VEHIC)
- dynamics module data (DYNAM)
- obstacle crossing module data (0BSTC)
- complete derived vehicle data

(See Module II. Vehicle Preprocessor.)

E I-5




Areal Module Output

Level 1
NTU = terrain unit number
ITUT = 1 if normally dry patch
= 2 {f marsh or other water covered patch
VSEL = selected average speed in patch, in/sec

VSLOPE(K) = final selected average speed on
slope K = up, level and down, in/sec

NOTE: If scenario variabie NTRAY = 1, then Slope, K,
contains only one direction as specified by
terrain variable (GRADE).

Level 2

Level 2 output is intended for use in determining what
aspect of cross country travel is 1imiting the speed of the
vehicle, or causing immobilization (NO-GO). Level 2 includes
Level 1 and:

BFGONO = 1 if vehicle braking is inadequate
for downslope operation

= @ otherwise

IFLOAT

P if no standing water

1 if vehicle is fording

2 if vehicle 1s fully swimming

ISLCT(K) = one greater than the stem diameter
class selected to be overridden
on slope K = up, level and down

MAXI = one greater than the index of the maximum
stem diameter class that can be overridden




)
NEVERO = p if override/avoidance strategy
could have chosen obstacle override

= 1 if override/avoidance strategy
never chose obstacle override due to
belly/axle interference with stumps
or boulders

= 2 {f override/avoidance strategy
never chose obstacle override due to
lack of penalty for obstacle avoidance

= 3 {f detailed obstacle override
deterniined interference

SRFO(ISLCT{K)) = speed reductfon factor due
to avoiding obstacles and vegetation
in stem diameter class ISLCT(K)-1
and greater on slope K = up, level
and down

SRFY(ISLCT(K)) = speed reduction factor due
to avoiding vegetation in stem dia-
meter class ISLCT(K)-1 and greater
on slope K = up, level and down

VA(K,ISLCT(K)) = obstacle approach speed on
slope K = up, level and down while
overriding vegetation in stem dia-
meter class ISLCT(K)-1 and smaller
and avoiding vegetation in stem
dfameter class ISLCT(K) and greater,
in/sec

S T A AN B R e 10N ¥
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VAVCHK(K,ISLCT(K)) = 1 if combination can over-
ride a single tree of class
ISLCT(K)-1 at speed
VAVOID(K,ISLCT(K))

= f otherwise

VAVOID(K,ISLCT(K)) = speed on slope K = up,
level and down avoiding obstacles
but overriding vegetation in stem
diameter class ISLCT(K)-1 and smaller
and avoiding vegetation in stem dia-
meter class ISLCT(K) and greater, in/sec

K
b
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VBO(K,ISLCT(K)) = speed on slope K = up, level
and down between abstacles
overriding vegetation in stem
diameter class ISLCT(K)-1
and smaller and avoiding
vegetation in stem class
ISLCT(K) and greater, in/sec

VELV(K) = speed 1imited by visibility on slope
K = up, level and down, in/sec

VOCHK(K,ISLCT(K)) = 1 if combination can override
a single tree of class ISLCT(K)-]
at speed VOVER(X,ISLCT(K))

= @ otherwise

VOLA = maximum speed with which vehicle may
contact obstacle as limited by driver
or cargo, in/sec

VOVER(K,ISLCT(K)) = average speed on slope K =
up, level and down while
overriding obstacles and
vegetation in stem diameter
class ISLCT(K)-1 and smaller
and avoiding vegetation in
stem diameter class ISLCT(K)
and greater, in/sec

VRID = speed 1imited by surface roughness,
in/sec

VSOIL(K,ISLCT(K)) = maximum speed while over-
coming soil, slope and
vegetation resistance while
overriding vegetation in stem
diameter class ISLCT(K)-1
and smaller between obstacles
without reduction for avoidance
on slope K = up, level and
down, in/sec

VIT(K,ISLCT(K)) = speed between obstacles (with-
out allowance for maneuvering)
overriding vegetation in stem
diameter class ISLCT(K)-1 and
smaller on slope K = up, level
and down, in/sec

1-8




VXT(K,ISLCT(K)) = obstacle exit speed on slope
K = up, level and down while
overriding vegetation in stem
diameter class ISLCT(K)-1 and
smaller and avoiding vegetation
in stem diameter class ISLCT(K)
and greater, in/sec

ety il o S AR N RS e g o

WDGONO = 1 §f water too deep for operation
a f otherwise

WRATIO = proportion of combination weight
supported by ground

Level 3

This level of output is designed to allow acceleration/
deceleration times and distances to be calculated in travel from
one terrain unit to another. Subroutines ACCEL and TXGEAR from
the Areal Module may be used to do this. Includes level 2 plus:

‘ NGR = number of gears
L) GCW = gross combined weight, 1b.
SHIFTT = gear shift time, sec.

NGR, GCW and SHIFTT need be included in the output just
once but all following variables must be output for each
terrain unit.

VG(NG,MN) = minimum speed in gear NG modified
by slip, in/sec

f | VG(NG,MD) = mid-range speed in gear NG modified
i by s1ip, in/sec

VG(NG,MX) = maxfmm speed in gear NG modified
by slip, in/sec

1 STRACT(NG,L,K) = slip modified tractive effort
' in gear NG at speed index

L = MN, MD or MX and slope K =
up, level and down, 1b.




;
i{.
F‘

FA(NG,K), FB(NG,K), FC(NG,K) = constant, 1inear
and quadratic term coefficient of
quadratic fitted to slip modified
tractive effort versus speed curve
for gear NG and slope K = up,
level and dgun, 1b., b/(in/sec),
1b/(in/sec)

FORMX(K) = maximum tractive effort available
in soil on slope K = up, leve and
down, 1b.

VFMAX(K) = speed at which maximum tractive
effort on slope K = up, level and down
is available, in/sec

TR(K,ISLCT(K)) = total soil, slope and vegetation
resistance while overriding
vegetation in stem class ISLCT(K)-1
and smaller, 1b.

MXBF(K) = maxfmum braking force on slope K = up,
level and down, 1b.

Level 19

Level 1P output is intended for program diagnosis. Included
in Level 1P are:

- primary and secondary terrain descriptors
- all derived performance variables

- all Level 1 and 2 output

7 Ry o, ‘{-‘;l_»""!ﬁ iy i
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Hasty River and Dry Linear Features (rossing Module Output

Level 1
é' NTU = feature unit number
ITUT = 4 man-made ditch
; = § natural ditch (river or trench)
? = 6 mound
TCROS = time required to cross feature, sec.
VSEL = average speed across feature, in/sec
Level 2

This level is intended to aid vehicle design evaluation
by identifying the specific reasons for a NO-GO. It includes
Level 1 and:

; NOGO

# potential GO

o=
=
L]

1 NO-GO due to water depth greater
than fording depth

2 NO-GO due to bank slope and height

3 NO-GO due to insufficient level
traction on bank soil type

4 NO-GO due to vehicle front end
too low

] : 5 NO-GO over step

6 NO-GO due to lack of traction on
deformed slope

2
]

. £ 7 NO-GO due to lack of traction on
; ‘ natural slope

8 N0-GO on deformed slope

9 NO-GO due to front end angle too
shallow

e ety
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Level 3

, Level 3 provides data to examine operational alternatives
| to crossing the feature. Level 3 includes Level 2 and:

DR = mean distance to nearest bridge, ft.
DX = mean distance to nearest exit site, ft.

T = mean travel time to nearest crossing
site, min.

| Level 1§

' A1l derived performance variables including all of the
above.

i, S S et 2t e
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Road Module Output

Level 1

NTU = road unit number

ITUT = 11 for superhighway
= 12 for primary roads
= 13 for secondary roads
= 14 for trails

VSLOPE(K) = final selected average speed

on slope K = 1, up; = 3, down;

in/sec

VSEL = average speed (up slope and down
slope), in/sec

BFGONO = 1 if vehicle braking is inadequate
for downslope operation

= f otherwise
Level 2

This level of output is intended for vehicle design
evaluation. Level 2 includes Level 1 and:

VRSIST(K) = speed 1imited by aerodynamic,
rolling, cornering and grade
resistance for K = up, and
down, in/sec

VRID = speed limited by roadway roughness,
in/sec

VELV(K) = speed 11infted by visibility,
in/sec

VSLID = speed limited by sliding off curves,
in/sec

VTIP = speed 1imited by tipping in curves,
in/sec




ks

Level 3

This level of output is designed to allow acceleration/
deceleration times and distance calculations between one type
of road segment and another. Subroutines ACCEL and TXGEAR
from the Areal Module may be used for this purpose. Level 3
includes Level 2 and:

NGR = number of gears
GCW = gross combination weight, 1b.
SHIFTT = gear shift time, sec.

NGR. GCW and SHIFTT need to be included in the output
Jjust once but all the following variables must be
assocfated with a terrain unit.

VGV(NG,MN), VGV(NG,MD),VGV(NG,MX) = minimum,
mid-range and maximum speed in
gear NG, respectively, in/sec

STRACT(NG,L,K) = resistance modified tractive
effort available in gear NG
at speed index L = MN, MD or
MX and slope K = up, level
and down, 1b.

FA(NG,K), FB(NG,K), FC(NG,K) = constant,
linear and quadratic term
coefficients of quadratic
fitted to slip modified tractive
effort versus speed curve for
gear NG and slope K; 1b.
1b/(in/sec), 1b/(in/sec)

FORMX(K) = maximum tractive effort available
for slope K, 1b.

VFMAX(K) = speed at which maximum tractive
effort is available on slope K, in/sec

MXBF(K) = maximum braking force on slope K, 1b.

Level 1P

A1l derived performance variables including all of the
above.
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MODULE I1

VEHICLE PREPROCESSOR
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VEHICLE PREPROCESSOR MODULE

The vehicle preprocessor module performs four basic
operations:

1. It converts the dimensional units of the vehicle's
nomenclature to the inch, pound, second, radians units used
for all variables in the Areal, Hasty River and Dry Linear
Features Crossing and Road Modules.

2. It computes the vehicle cone index (VCI) for fine
grained, coarse grained and muskeg sofls.

3. It characterizes the theoretical tractive effort
versus vehicla speed relation, either from an experimental
data array or from engine-transmission-final drive data,
in terms of a series of quadratic expressions.

e
SEE it s e

4. Finally, the preprocessor calculates a number of
derived vehicle characteristics which recur in several
[ modules or submodels such as gross combined weight,
1 minimum path width of traction elements, etc.

Bt ason oo oo

L The vehicle nomenclature that appears on the vehicle
data sheets has conventional dimensional units. Speeds
are in MPH, lengths in inches, weights in pounds, and angles
in degrees. The preprocessor converts MPH to in/sec and
degrees to radians. The weight and length units are re-
tained.

The ira2ctive effort speed relation is built by using a
series of quadratic curve fits to the engine-transmission-
drive train data in each gear. The quadratic curve in each
gear eliminates the table look-up procedure employed in
AMC '71 and permits a closed form integration for distance
in the Acceleration/Deceleration (AC/DC) routine. Use of the
quadratic functions reduces the number of computations re-
quired whenever the AC/DC routine is used. This is important
; because revisions to the obstacle crossing speed algoyvithm
in the areal module introduce AC/DC considerations more
often than they occurred in AMC '71.

A significant advance over AMC '71 is in the computation 4
‘ of Vehicle Cone Index (VCI). The preprocessor addresses 3
E 11-2
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the VCI computations on an axle-by-axle or track unit-by
track unit basis. Each of these individual running gear
units is called an assembly. The individual assembly pro-
cedure enables the model to accommodate powered, unpowered,
braked and unbrdaked assemblies. For each assembly which is
powered and/or braked, the VCI and contact pressure factor
(CPF) are calculated for fine grained and muskeg soils.
These values are passed into submodels 3a and 3c of the Areal
Module where the pull force coefficients for fine grained
and muskeg soils are calculated per assembly. It is assumed
that the running gear assemblies slip uniformly. To imple-
ment this assumption in the slip modified tractive effort
routine of the areal module a series of effective contact
pressure factors is computed for the vehicle as a whole
(CPFCFG, CPFCCaG).

The derived vehicle characteristics are peculiar to the
specific algorithms within a routine. They are vehicle
characteristics not ordinarily found on data sheets.
Examples are: gross combined weight on non-braked assem-
blies, minimum lateral distance from CG to outer wheels,
percent distribution of weight on front assembly.

The nomenclature of the vehicle and its components which
is used throughout the AMC '74 Mobility Model is as follows:

Element - single tire or track

Assembly - axle with wheels and tires or a pair of left
and right tracks

Unit - brime nover, trailer

Combination - whole veinicle composed of the suni of
all units
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Specification/Scenario Variables Required by Vehicle Preprocessor

APGDAT

1 choose power train data (if
available)

2 choose measured tractive effort
data (if available)

I1-4
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Specification/Scenario Variables Required by Vehicle Preprocessor

APGDAT = 1 choose power train data (if
available)

= 2 choose measured tractive effort
data (if available)
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PRIMARY VEHICLE DESCRIPTORS USED IN VEHICLE PREPROCESSOR

variable

ASHOE (1)

CGLAT

CLRMIN(i)

CONV1 (RPM,N)

CONV1 (SR,N)

CONV2(SR,N)

CONV2(TR,N)

DFLCT(i,J)

DIAW(i)

ENGINE (RPM,N)

ENGINE(TORQUE ,N)

Routine

2

2,3

Meaning

area of one track shoe on track
assembly i, in

lateral distance of CG measured
from centerline of combination, in.

minimum ground clearance of
assembly i, in.

input speed component of the torque
converter speed ratio versus torgue
speed curve, rpm

speed ratio component of the

torque converter speed ratio versus
torque converter input speed curve
at constant input torque, TQIND

speed ratio component of the torque
converter speed ratio versus torque
converter ratio curve

torque ratio component of the
torque converter speed ratio versus
torque converter torque ratio curve

deflection of each tire on axle
assembly i under load WGHT(i)/
NWHL(i), in., at the pressure
specified for j=1 fine grained,
=2 coarse grained, =3 highway

outside wheel diameter of unloaded
tires on running gear assembly i, in.

engine speed component of engine
speed versus engine torgue curve,
rpm

engine torque component of engine
speed versus engine torque curve,
1b-ft

o o A e i S
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Variable
FO(EFF)
FD(GR)
GROUSH(1)

IAPG

18(1)

ICONST(1)

ICONVI

ICONV2

10(1)

IENGIN

Routine

4
4
2

1,2,3

Meaning
final drive efficiency
final drive gear ratio

track grouser height of track
assembly i, in.

assembly index i

= p if power train data available
only

= 1 if both measured tractive
effort and power train data
given

= 2 if measured tractive effort
given only

= 1 if running gear assembly i
is braked

= P otherwise

= P if radial tires

= ) if bias tires

number of point pairs in the array
CONVI(SR,N), CONVI(RPM,N)

number of point pairs in the array
CONV2(SR,N), CONV2(TR,N)

= p if wheels are singles

= 1 if duals

number of point pairs in the array
ENGINE (RPM,N), ENGINE (TORQUE ,N)

11-6
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Variable

IP(i)

IPOWER

ITCASE

ITRAN

ITVAR

J
LOCKUP

MAXIPR

MAXL

NAMBLY

NBOGIE(1i)

NCHAIN(1i)

Routine

1,3

1,4,5

2,3

1,2,3

L Attt £ it bl it i Lol aialingiond sl At Ui o ey odbi v i i

Meaning

1 if running gear assembly i
is powered

P otherwise

number of point pairs in the array
POWER(FORCE,N), POWER(SPEED,N)

=1 if engine to transmission
transfer gear box

= P otherwise

P if manual transmission with
clutch

1 if automatic transmission with
torque converter

1 if transmission is mechanical

P if transmission is hydraulic
surface index j

= P if torque converter does not
lockup

= 1 if torque converter has lockup

number of surface roughness
values per tolerance level

number of roughness tolerance
levels specified

total number of running gear
assemblies

number of road wheels on track
assembly i

= 1 if chains are present on tire

= f) otherwise

gy
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Variable
NETHP
NGR
NHVALS

NSVALS

NVEH(1{)

NWHL (1)

POWER (FORCE ,N)

POWER(SPEED,N)

ROIAM(i)
REVM(1i)

RIMW(i)
RR
SECTH(i)

SECTHW(i)

Routine

1
4
1

2,3,4

4,5

1,4,5

2,3

Meaning

maximum net horsepower
number of transmission gear ratios

number of height values used in
arrays VOOB and HVALS

number of obstacle spacing values
used in arrays VOOBS and SVALS

= p if running gear assembly i
is tracked

£ P if wheeled

number of tires on wheeled
assembly i

tractive force component of the
tractiv~ force versus speed

curve, Ib.

vehicle velocity component of the
tractive effort versus speed curve,
in/sec

rim diameter of wheel for tires
on axle assembly i

revolutions/mile of tire element
on assembly i, rev/mi

wheel rim width of assembly i, in.
tracked: sprocket pitch radius,in.

section height of tires on running
gear assembly i, in.

section width of tires on running
gear assembly i, in,

I1-8
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Variable

TCASE (EFF)

TCASE(GR)

TPLY(1)
TPSI(i,])

TQIND

TRAKLN( i)
TRAKWD(1)
TRANS (EFF,NG)
TRANS(GR,NG)
VAA

VDA

VOOB(NH)

VOOBS(NS)

Routine

4

2,3

2,3
2,3

ki s o e A o4l Ml Sorada dllo Ml ik Lol

Meaning

efficiency of gear between engine
and transmission
= 1. if no such gear

gear ratio between engine and
transmission
= 1. if no such gear

tire ply rating of tires on axle i
tire inflation pressure of tires

on axle i, psi, specified for j=1
fine grained, =2 coarse grained,

=3 highway

constant torque converter input
torque at which torque converter
performance curves are measured,
1b-ft

track length of track assembly i, in.
track width of track assembly i, in.
trans.mssion efficiency of gear NG
transmission gear ratio of gear NG
vehicle approach angle, deg.

vehicle departure angle, deg.
maximum driver limited speed at
which vehicle can 1impact an
obstacle of height HVALS(NH) if

obstacles are spaced farther than
two vehicle lengths apart, mph

maximum driver limited speed at
which vehicle can impact successive
obstacles spaced SVALS(NS) apart,
mph

I e et b e e UL UL S B R e




Variable Routine Meaning
VRIDE(NR,L) 1 maximum speed over ground for

surface roughness class NR at
roughness tolerance level L, mph

VSS ] maximum combination still water
speed without auxiliary propulsion, mph
WGHT(1) 1,2,3 weight on running gear assembly i,
1b.
WT(i) 3 tread width of running gear assembly
i, in. (center to center plane’if
duals)
WTE(i) 3 minimum width between left-right

elements on assembly i, in.

XBRCOF 3 maximum combination braking co-
efficient per assembly in 1b/1b
of load carried

e
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VERICLE PREPROCESSOR OUTPUT ~

‘ Variable Routine Meaning p
9 ATF(NG) 5 Constant of quadratic fitted to

vehicle tractive effort curve in
gear NG, 1b.

BTF(NG) 5 Coefficient of linear term of
quadratic fitted to vehicle

tractive effort curve in gear
NG, 1b(in/sec)

CHARLN(1) 3 Characteristic length of tire
element or track on running gear
assembly i, in.

CPFCCG(J) 3 Maximum contact pressure factor

3 of all running gear assemblies of

E the type specified by NVEHC for

4 coarse grained soil, 1b/in¢, at

pressure specified for j = 1 fine

grained, = 2 coarse grained, = 3

highway '

CPFCFG(5) 3 Maximum contact pressure factor
of all running gear assemblies of
the type specified by NVEHC for
fine grained soil, 1b/in¢, at

3 pressure specified for j = 1 fine

1 grained, = 2 coarse grained, = 3

highway

CPFFG(i,j) 2,3 Contact pressure factor of running
gear assembly i, 1b/in, fine
grained soil at pressure specified
for j = 1 fine grained, = 2 coarse
grained, = 3 highway

3 CTF(NG) 5 Coefficient of quadratic term of
4 quadratic fitted to vehicle trac-
tive effort in gear NG, 1b/(in/sec)

2

i
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Variable
DIAW({)

DRAT(1,])

GCA(1,])

GCW
GCWB

GCWNB

GCWNP

GCWP

HVALS(NH)
i
18(1)

ID(1)

IP(1)

Routine

2,3

1,2,3
1,2,3

1,2,3

Meaning

Outsfde wheel diameter of unloaded
tires on running gear assembly i,
in.

deflection ratio of each tire on
running gear assembly i uncer load
HGHT(ig/NuHL(i) at pressure speci-
fied for j=1 fine grained, =2
coarse grained, =3 highway

nominal ground contact area per
tire element or track patir gn
running gear assembly i, in¢, at
pressure specified for j=1 fine
grained, =2 coarse grained, =3
highway

gross combination weight, 1b.

gross combined weight on all braked
running gear assemblfies, 1b.

gross combined weight on all non-
braked running gear assemblies, 1b.

gross combined weight on all non-
powered running gear assemblies, 1b.

gross combined weight on all
powered running gear assemblies, 1b.

value of Nch obstacle height, in.
running gear assembly index

=] {f running gear assembly { is
braked

= @ otherwise
= B {f wheels are singles
= 1 if duals

= 1 if running gear assembly 1
is powered

= f otherwise
11-12
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Variable

J

MAXIPR

MAXL

NAMBLY

NGR
NHVALS

NSVALS

NVEH(1)

NVEHC

NWHL (i)
PWTE

SECTW(i)

TRACTF(NG,MD)

Routine

2,3

]|2’3

2,3

Meaning

Surface index indicator

Number of surface roughness values
per tolerance level

Number of roughness tolerance
levels specified

Total number of running gear
assemblies of the combination

Number of gears

Number of obstacles height values
usa2d in VOOB and HVALS

Number of obstacle spacing values
used in VOOBS and SVALS

= f) if running gear assembly i
is tracked

# P if wheeled

= f if one or more of the powered
running gear assemblies is
tracked

# P otherwise

Number of tires on wheeled assembly i

Maximum path width of traction ele-

ments for one side of combination, in.

Section width of tires on running
gear assembly i, in.

Tractive force available from drive
train at mid-range speed index MD
in gear NG, 1b.

I1-13
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Variable

TRACTF (NG, MN)

TRACTF (NG, MX)

TRAKLN(1)

TRAKWD( 1)

VCIFG(i,Jj)

VCIMUK(1)

VGV(NG,MD)

VGV(NG,MN)

VGV(NG,MX)
VOOB(NH)

VOOBS(NS)

VRIDE(NR,L)

Routine

5

2,3

2,3
2,3

Meaning

Tractive force available from drive
train at minimum speed index MN in
gear NG, 1b.

Tractive force available from drive
train at maximum speed index MX in
gear NG, 1b.

Ground length of track on running
gear assembly i, in.

Track width of track assembly i, in.

One pass vehicle cone index in fine
grained soil appl!ed to running gear
assembly i, 1b/in¢ at pressure speci-
fied for j = 1 fine grained, = 2
coarse grained, = 3 highway

One pass vehicle cone index in
muskeg applied to_running gear
assembly i, 1b/iné

Mid-range speed in gear NG, in/sec
Minimum speed in gear NG, in/sec
Maximum speed in gear NG, in/sec

Maximum driver limited speed at
which vehicle can cross an obstacle
of height HVALS(NH) if obstacles
are spaced further than two vehicle
lengths apart, in/sec

Maximum driver limited speed at
which vehicle can cross successive
obstacles spaced SVALS(NS) apart,
in/sec

Maximum speed over ground for a sur-

face roughness class NR and rough-
ness tolerance level index L, in/sec

11-14
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Variable

VAA
VDA
VSS

VTIRE(J)

WGHT (1)

WTMAX

XBR

HPT

Routine

1
1
1

1,2,3

Meaning
Vehicle approach angle, deg.
Vehicle departure angle, deg.

Maximum vehicle combination
swimming speed, in/sec

Maximum steady state speed allowed
beyond which structural damage will
occur to tires, in/sec at pressures
specified for j = 1 fine grained,

= 2 coarse grained, = 3 highway

Weight on running gear assembly
i, 1b.

Minimum width between combination
running gear elements, in.

Maximum braking effort vehicle
can develop, 1b.

Net horsepower/ton

I1-15
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1. Conversion of Units (From miles/hr to in/sec, degrees
to radians) i

Description This routine converts the units of the
vehicle data as entered on the vehicle
data sheets to conform to the standard
1b., in., sec., radians units used :

throughout the working modules. When

the standard input data sheets are used ;
(and data are entered in the units in- ,
dicated on the sheet for each entry),
only units of velocity and angles must
be converted; velocity from miles/hr
to in/sec; and angles from degrees to
radians.
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J o yss #5289 ft. 4 12dn. . __hr. . _min,
mile ft. 6d min. 6@ sec.

b. Do for NH = 1 to NHVALS
VOOB(NH) * 5280 ft. « 12 in. « _ hr. « min,
\ mile ft. 66 min. 60 sec.
£ c. Do for NS = 1 to NSVALS
5280 ft. 4 12 in. , _ hr. min.
4 VOOBS(NS) * * » *
i (NS) mile e 64 min. 60 sec.

d. Do for NR = 1 to MAXIPR and L = 1 to IAXL
VRIDE (HR,L) * 5280 ft. « 12 in. + _hr. «_min.

mile ft. 6d min. 6@ sec.
i ' n
3 * * rad
e. VAA 180, deg, |
1
f. VDA * T ___ o« rad |
180. deg.

‘ g. Conversion of input tractive effort versus speed curve
speed data from MPH to in/sec, where supplied as input
data (IAPG = 1 or 2)
if IAPG = 9

then do h.

else do for N = 1 to IPOWER

POWER(SPEED,N) * (88./6p.) *12.

next N
; h. Conversion of net horsepower to net horsepower/ton on §
; powered assemblies 1
3 NAMBLY j
y GCWP = L WGHT (1 )*IP(i) g
i=1 ;

i

f HPT = NETHP/(%%%) :
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Vehicle Cone Index

Description This routine calculates the vehicle cone

index (VCI) for fine grained, coarse grained
and muskeg soils. A new feature of AMC '74
is the assembly-by-assembly calculation of
VCI. This approach acconmodates vehicles
whose running gear type, geometry, and/or
loading varies from assembly to assembly,
and on which not all of the assemblies are
powered and/or braked. Drawbar force for
pull or braking is developed only on powered
or braked assemblies and therefore, the VCI
is calculated for the powered and braked
assemblies only. All of the running gear
variables and factors used for the calcula-
tion of VCI in AMC '71 are now applied to
an assembly, i. These assembly-by-assembly
VCI's are used in submodel 3 of the areal
module to compute pull, braking and resis-
tance forces developable at each assembly.
These forces are subsequently summed in
submodel 4 for the entire vehicle, along
with the resistance of any unpowered or
unbraked assemblies (computed in submodel
4) to arrive at the tractive and braking
performance for the complete vehicle, or
combination in a given soil type and
strength.

Two new features are incorporated in the
calculation of VCI for wheeled assemblies.
In calculating the fine grained VCI (VCIFG(i,j))
the influence of tire deflection is taken
into account. This feature is included
recognizing that tires operating at cross-
country inflation pressures may have de-
flection ratios higher than the 15-20%
deflection ratios which were implicit in
the relevent AMC '71 algorithms. The tire
deflection factor (TDF) is derived from

the numeric representation of VCI described
by Turnage (4). The tire deflection

factor also allows examining performance of
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rigid and near-rigid wheels in soft soil
for which TDF may be as small as zero.

The second feature now included in VCI
calculation for wheeled assemblies allows

for a scenarfo input of surface-dependent
operating tire inflation pressure. The
scenario input (NOPP) to either the areal

or road modules permits the user either

to fix the operating tire inflation pressure
of the vehicle or f.o allow the tire inflation
pressure to vary d:pending on whether the
vehicle is traveling in a fine grained or
coarse grained soil or on the highway.

To accommodate this user choice, VCI's for
all three surfaces are calculated (VCIFG(i,j))
VCICG(i,j)) where j is the indicator for

fine grained, coarse grained or highway
inflation pressure.

A further new feature is the implementation
of the VCI calculation for wheeled and
tracked vehicles in muskeg soils (VCIMUK(i))
which is lacking in AMC '71. Expressions
used to calculate VCI for muskeg soils are
developed in Reference 5.




Inputs

For each assembly, i:

For each tracked assembly

NAMBLY = total number of running gear

assemblies of the combination |
HPT = net horsepower/ton on powered é
assemblies

ITVAR

1 if transmission is mechanical

@ if transmission is hydraulic

NVEH(i) = @ 1f running gear assembly
{s tracked

# P if wheeled

[P(i) = 1 if running gear assembly i
is powered
= P otherwise °
IB(i) = 1 if running gear assembly i

is braked
= @ otherwise

WGHT(i) = weight on running gear
assembly i, 1b.

CLRMIN(i) = minimum ground clearance

of assembly i, in.

TRAKLN(i) = ground length of track
on running gear assembly
i, in.

TRAKWD(i) = track width of track
assembly i, in.

GROUSH(i) = track grouser height of
track assembly i, in.

NBOGIE(1) = number of bogies on track

assembly i

ASHOE(i) = area of one track shoe on
track assembly i, in?
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For each wheeled assembly SECTW(i) = section width of tires

Qutput

on running gear assembly
i, in.

NWHL(1) = number of tires on wheeled
assembly i

DIAW(1) = outside wheel diameter of
unloaded tires on running
gear assembly i, in.

NCHAIN(i) = 1 if chains are present

on tire

P otherwise

DFLCT(i,j) = deflection of each tire
on axle assembly i under
Toad WGHT(i)/NWHL(i), in.,
at specified pressure for
J =1 fine grained, = 2
coarse grained, = 3 highway

SECTH(i) = section height of tires on
running gear assembly i, in.
RDIAM(i) = rim diameter of wheel for

tires on axle assembly i

TPSI(i,j) = tire inflation pressure of
tires on axle i, psi., at
specified pressure for j=1
fine grained, = 2 coarse
grained, =3 highway

TPLY(i) = tire ply rating of tires
on axle i

VCIFG(i,j) = one pass vehicle cone
index in fine grained soil
applied to running gear
assembly i, 1b/in¢, at
specified pressure for j=1
fine grained, =2 coarse
grained, =3 highway
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VCICG(i,j) = one pass vehicle cone
index in coarse grained
soil applied to running
gear assembly i, 1b/in¢,
at specified pressure for
J =1 fine grained, =2

E coarse grained, =3 highway

Lo adalEaset . o

i

VCIMUK(i) = one pass vehicle cone index
in muskeg applied to running
gear assembly i, 1b/in2

CPFFG(1,J)

contact pressure factor

of running gear assembly i,
1b/in, fine grained, at
specified pressure for j=)
fine grained, =2 coarse
grained, =3 highway

CPFCG(i,j) = contact pressure factor

of running gear assembly 1,
1b/in, coarse grained
soil, at specified pressure
for j=1 fine grained, =2
coarse grained, =3 highway

Algorithm

a. Fine Grained Soil VCI

AR PR SRR T

do for i=1 to NAMBLY

if IP(i) and IB(i) = @
then next i

else if NVEH(i) = @

then do Tracked Assembly Routine a.l

else do Wheeled Assembly Routine a.2

a.l Tracked Assembly Routine

11-2.5
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Contact Pressure Factor - CPF

CPEFG(i,1) = :G“T i

CPFFG(i,2) = CPFFG(1,3) = CPFFG(1,1)
Weight Factor - WF
if WGHT(i) < 50,000
then WF = 1.9

else if 50,099 < WGHT(i) < 70.0P

. then WF = 1.2
else if 79,000 g_NGHT(i) < 100,009
then WF = 1.4

else if 199,099 < WGHT(i)
then WF = 1.8
Track fFactor - TF
TF = TRAKWD(i)/190.
Grouser Factor - GF
if GROUSH(i) < 1.5
then GF = 1.9
else GF = 1.1

Bogie Load Range Factor - WLORF

WLORF = WGHT (i ) *NBOGIE*ASHOE
9.

Clearance Factor - CLF

CLF = CLRMIN(i)/18.

Gl o e

[1-2.6
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E {“) Engine Factor - EF
] if HPT < 19

then EF = 1.85
else EF = 1.9
j : Transmission Factor - TFX
if ITVAR = @

then TFX = 1.9

S o 2ol i s

eise TFX = 1.95
Mobility Index - XMI
XMI =[CPFFG({,1)*WF/TF/GF+WLORF-CLF]*EF*TFX

RS A g

i Vehicle Assembly Cone Index
VCIFG(i,1) 7.0 + 9.2 * XMI-39.2/(XMI+5.6)
VCIFG(1,2)

T SR

VCIFG(i,3) = VCIFG(i,1)
next i
a.2 Wheceled Assembly Routine
. Contact Pressure Factor
CPFFG(1,1) = WGHT(1)/[SECTW(1i)*NWHL(1)*DIAW(i)/2.]
CPFFG(1,2) = CPFFG(i,3) = CPFFG(i,1)

; Weight Factor - WF
; if WGHT(1) < 209D.p
| then WF = P.553*WGHT (1)/NWHL(1)/1099. ;
else if 2099 < WGHT(1) < 13,509 :
then WF = 9.P33*WGHT(1)/NWHL(1)/100p.+1.9 %
3
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else if 13,509 < WGHT(i) < 29,099 o

i then WF = P.142*WGHT(i)/NWHL(1)/1008.-0.42

5 else if 2p,PpPP < WGHT (i)

E | then WF = P.278*WGHT(1)/NWHL(1)/1099.-3.115

. Tire Factor - TF i

r TF = [10.+SECTW(i)]/100. ]

; Grouser Factor - GF

? if MCHAIN(i) = @ i

%f then GF = 1.9

else GF = 1.#5 %

Wheel Load Factor - WLORF i

WLORF = ety

Clecrance factor - CLF

CLF = CLRMIN(i)/2.

Engine Factor - EF

if HPT < 1p. :
then EF = 1.5
else EF = 1.9

; Transmission Factor - TFX
if ITVAR = p
then TFX = 1.9

STRIRRISY, TH AN IO

else TFX = 1.5

H

do for j 1to 3
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b.1

Tire Deflection Factor - TDF

3/2
TAE() = 1.15
lDF(J) [WW*’ 3 ]
next j

Mobility Index - XMI
XMI = [CPFFG(i,1)*WF/TF/GF+WLORF-CLF ]*EF*TFX
Vehicle Cone Index
do for j =1 to 3
VCIFG(1,<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>