0|

4908 4

N C o il

AD-~ 706734

TECHNICAL REPORT NO. 11789 (LL 143)

THE AMC 71
MOBILITY MODEL

VOLUME IT }.

APPENDICES A, B and C

by The Staffs of the Mobility
S

& Environmental Division, fJ.S; Army
Engineer Waterways ExXperiment
Station, & the Surface Mobility

Command.

MOBILITY SYSTEMS LABORATORY
U.S. ARMY TANK AUTOMOTIVE COMMAND Warren, Michigan )

Distribution of this document
is unlimited.,

xx (4375, 1) 0010%0//85

Laboratory, U.S. Army Tank-Automotive

5§ €Y




APPENDIX A
DESCRIPTION OF TERRAIN FOR MOBILITY MODELING
This appendix contains the description of quantitative
characteristics of terrains necessary for the operation of

the AMC '71 Vehicle Mobility Model.

Methods for Describing Terrain

Areal and Linear Terrains:

Areal terrain units can be represented on a map as an
area bordered by an irregular closed line. Linear terrain
units appear on the map as a line because their width is
relatively small compared to their length. A ravine or a
river is a linear terrain unit.

The "WES Terrain Description System" was used to charac-
terize areal and linear terrain data for the ground mobility
model. Only a brief explanation of this system is given in
this appendix. A more complete explanation can be found in
Volume 1 of Reference 5 (listed at the end of the main text
of this report).

The terms and values used to describe both areal and
linear terrains are defined in Table Al. Each attribute of
a terrain that is considered to affect mobility is called a
terrain factor. Related factors are grouped in factor
families, which are: surface composition, surface geometry,
vegetation and hydrologic geometry.

Each terrain factor can be gquantitatively characterized
in terms of the terrain factor classes given in Table Al. A
terrain unit is then described by an array of terrain factor
class numbers. This array is designated by a terrain unit




number. The final product of the system is a terrain map and
a table that shows all the factor complex numbers for each
terrain unit.

Areal Terrain Maps:

The following procedures are followed to form an areal
terrain map legend: One factor at a time is mapped to form
factor maps by depicting areas within which the terrain fac-
tor class number is constant; factor maps are then overlaid
to form factor family maps and the factor family maps are
overlaid to form a terrain factor complex map. Terrain fac-
tor class numbers are then replaced by terrain unit numbers
on the terrain factor complex map, and a legend relating the
terrain unit number to the respective terrain factor class
numbers is prepared. Examples of an areal terrain map and
legend are shown in Figures Al and A2, respectively.

The areal terrain data are entered directly into the
computer in the form shown in the terrain map legend. The
terrain factor values which correspond to the terrain factor

class numbers (Table Al) are a permanent part of the AMC
Mobility Model.

Linear Terrain Maps:

Linear terrain maps are prepared in much the same way
as areal terrain maps, except that a single line representing
a linear feature is overlaid successively with a factor map.
until all the factors are overlaid. The factor complex number
is then replaced by a terrain unit number, and a legend
relating the terrain unit numbers and terrain factor numbers
is prepared. Examples of a linear terrain map and legend
are shown in Figures A3 and A4, respectively.

The only features mapped as linear terrains at present
are drainage features. Other linear features, such as road
embankments, will be added at a later date.
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Traverses:

The AMC '71 Mobility Model may be run without submodel
ROUTE. In this case, one calculates the times-intervals
needed to cross consecutive terrain units along a path con-
sisting of a continuous sequence of straight line segments.
The additional input data necessary to calculate the total
time and the average speed associated with the preselected
path consist of pairs of numbers representing the terrain
unit code number and the length of the path segment in the
terrain unit.

These data can form the basis for computing a great
variety of significant output data. For example, one can
calculate the average speed along a path and then the aver-
age speed obtained when the worst 5%, 10%, 15%, etc., of
the terrain units are removed from consideration. This way
one can reflect the fact that a driver would avoid the most
difficult terrain units. To cite another example, one can
show the percent of terrain units that each vehicle must
avoid in order to attain a given average speed.

In its original form, however, the AMC '71 Model was
only geared to find the best route and the speed made good
across a large area.

The details for the necessary data preparation are
spelled out below:

a. The terrain strip is divided into sections.
Evenly spaced points are placed on each boundary
between sections, as shown in Figure A5a. (The
number of points is five in this example.)

b. Each point is connected to all points on the
opposite boundary of the section (to form 25-
path segments). (Figure A5b.)

c. For each path segment, the distance in feet
through every areal terrain unit encountered
is measured.




Line
No.

01430

Line
No.

01430

Data are then prepared for the computer, for
each path-segment in each section, in the form
illustrated below for Section 1, path-segment
4-3, presented in Figure A5c. (This information
is contained in the "line number”.)

No. of Terrain
Terrain Units Unit Distance
Crossed No. Ft.
7 219 510
10 240
55 390
10 230
47 140
91 198
1061 1820

For each path-segment, the linear features
encountered are noted and prepared for the com-
puter in the following form:

No. of Terrain Terrain
Terrain Units Unit Unit
Crossed No. No.

2 7 19




Section 1

16115} 44 (13|12 | 11 | 10
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Section 1

T Path Segment

1,4,3

Iinear

Terrain Unit 4 19 (Fictitious data -

for illustration
only)

Areal
Terrain Unit

C.

FIG A5. Method of Preparing Traverse Data
for AMC Mobility Model.
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Puerto Rico Terrain Data

The terrain selected as representative of Puerto Rico
was a "traverse strip" (defined as a band or zone of a
country 3 to 4 km wide and about 40 km long, not necessarily
straight). The location of the traverse strip in Puerto
Rico is shown in Figure A6. The areal terrain map for
Puerto Rico is presented as plate 1, located at the end of

the report, and a representative sample of the map legend
is given in Table A2.

The terrain data for all areal terrains were mapped as
previously discussed. Lakes or marshes were mapped as areal
features, and water depth was added as a terrain factor to
the group of factors shown in Table A3. Soil strength

classes were mapped as the same class for all seasons for
marshes and lakes.

The linear terrain map for Puerto Rico is presented in
plate 2, and the map legend is given in Table A4. Stream
gradient and roughness coefficient were added to the terrain

factor complex number, but are not used by the AMC Mobility
Model.
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TABLE Al

TERRAIN DESCRIPTION

The terms and values used in describing terrains for the AMC
'71 Model are given in this table.

Terms Used to Describe Terrain Data

The definitions of the important terms used in describing
terrain data are as follows: '

A.

General Terrain Terms:

l‘

Areal terrains - Terrains that can be delineated

on a terrain map as a patch with both length and
width., For example, a forest is an areal terrain.

Linear terrains -~ Terrains that appear on a

terrain map as lines due to their extensive length
and narrow width. For example, a river, highway
embankment, etc., are linear features.

Terrain country - A terrain country is an

imaginary or geographic area containing two or
more terrain units.

Terrain unit - A terrain unit is a patch (areal

or linear) of terrain described by a specific
terrain unit number.

Terrain factor complex number - A terrain factor

complex number is a combination of two or more
terrain factor class numbers chosen for a speci-
fic purpose.

Terrain factor class number - A terrain factor

class number is a number assigned to a terrain




10.

TABLE Al (cont'd)

factor class range. For mobility purposes, the
terrain factor class numbers were assigned in
order of increasing severity of effect on vehicle
performance. '

Terrain factor class (class range) - A specific

range of factor values established for a specific
purpose. For example, a range of slope from 0
to 1.5 deg.

Terrain factor value (value) - A terrain factor

value is a specific occurrence of a terrain
factor. For example, 1.5 deg is a factor value
of the terrain factor, slope.

Terrain factor - A terrain factor is any attribute

of the terrain that can adequately be described
at any point (or instant of time) by a single
measurable value; for example, slope and plant
stem diameter.

Terrain factor family - A terrain factor family

is two or more terrain factors grouped together.
The terrain factor families used to describe
terrains are: surface composition, surface
geometry, vegetation and hydrologic geometry.

B. Surface Composition Terms:

1.

Fine—-grained soil - A soil of which more than 50
percent of the grains, by weight, will pass a
No. 200 U.S. standard sieve (smaller than 0.074
mm in diameter).

Coarse-grained soil - A soil of which more than
50 percent of the grains, by weight, will be
retained on a No. 200 sieve (larger than 0.074
mm in diameter).




TABLE Al (cont'd)

3. Organic soils (muskeq) - A terrain surface com-
posed of a living organic mat of mosses, sedges
and/or grasses with or without tree or shrub
growth. Underneath the surface there is a mix-
ture of partially decomposed and disintegrated
organic material, commonly known as "peat" or
"muck"”.

4. Cone index (CI) - An index of shearing resistance
of soil obtained with the cone penetrometer.
The value represents the resistance of the soil
to penetration of a 30-degree cone of 0.5 sg-in
base or projected area.

5. Rating cone index (RCI) - Product of CI and
remolding index (RI). RI is the ratio of remolded
soil strength to original strength. RCI expresses
the soil strength rating of a soil subjected to
vehicular traffic.

Surface Geometry Terms:

1. Slope (slope) -~ The angular deviation of a sur-
face from the horizontal, measured perpendicular
to the topographic contours (see sketch).

2. Obstacle approach angles (A) - The angle formed
by the inclines at the base of a positive or top
of a negative vertical obstacle that a vehicle
must sense in surmounting the obstacle (see sketch).

3. Obstacle base width (WB) - The distance across
the bottom of the obstacle (centimeters).

4. Obstacle spacing (OBS) - The horizontal distance
between contact edges of vertical obstacles (see
sketch) .




TABLE Al (cont'd)

5. Obstacle Vertical Magnitude (H) - The vertical
distance from the base of a vertical obstacle
to the crest of the obstacle (centimeters).

6. Obstacle Length (OBL) - The length of the long
axis of the obstacle, measured perpendicularly
to the plane of the paper (dimension:meter).

et OBS
A
Direction of Travel
A
A H
A H
Slope . Horizontal
’ [~t— WB—i bt~ WHB >

D. Vegetation Terms:

1. Stem Diameter - The diameter of the tree stems
at breast height or at 4 feet above the ground.
‘This value is introduced to the model in centi-
meters.

2. Stem Spacing - The average distance (meters)
between tree stems. This value is computed from
the number of stems ‘per unit area, assuming that
the stems are arranged in a hexagonal pattern.




TABLE Al (cont'd)

3. Recognition Distance - The distance a vehicle
driver can see and recognize objects that may
be hazardous to his vehicle or himself in meters.

E. Hydrologic Geometry Terms:

1. Differential Bank Height (BD) - The difference
in elevation of the two banks in meters (see
sketch).

2. Gap Side Slope (THI, RBA) - The angle formed by
the bounding incline at the top of the hydrologic
feature. The angle is measured with respect to
the horizontal (see sketch).

3. Water Depth (WD) - Maximum depth of water in
channel in centimeters (see sketch).

4, Water Width (RW) - The width of the stream in
meters at water level (see sketch).

5. Water Velocity (WS) - The maximum velocity of
water in a channel (meter/second).

North or West South or East
s ——

RBA




TABLE Al (cont'd)

Numerical Values for Describing Terrain Units

The terrain factor values, terrain factor class ranges and
terrain factor class numbers used to describe a terrain unit
are as follows:

A. Surface Composition: Surface composition is des-
cribed in terms of type of surface material and the strength
of the surface material.

1. Surface Type - The surface types of material are:

Code No. Material Type
1 Fine-grained soil
2 Coarse-grained soil
3 ' Organic soil

2. Soil Strength - Soil strength is described in
terms of cone index (CI) or rating cone index (RCI) of the
0- to 6~in. layer. RCI is used to describe the strength of
type 1 and type 3 materials. The classes and values used to
describe soil strength are:

Class Class Value Selected for
No. Range Prediction

1 > 280 300

2 221-280 250

3 161-220 190

4 101-160 130

5 61-100 80

6 41-60 50




TABLE Al (cont'd)

Class Class Value Selected for
No. Range Prediction

7 33-40 36

8 26-32 29

9 17-24 20

10 11-16 14

11 0-10 5

The preceding class numbers of soil strength are normally
used to describe the soil strength for a terrain unit during
the dry, the wet, or the average season. However, a differ-
ent class number may be required to describe the soil strength
during different seasons. For example, for a given terrain
unit, fine-grained soils, Class No. 6, may be required to
describe the wet season strength and Class No. 2, the dry
season strength,

B. Surface Geometry: Surface geometry is subdivided
into macrogeometry and microgeometry. Macrogeometry is des-
cribed by slope angle and is usually considered as a slope
length that is greater than the vehicle length. Terrain
factors used to describe surface features identified as
microgeometry are separated into two categories. One cate-
gory includes those surface features such as boulders, stumps,
logs, dikes, potholes, etc., that a vehicle will override
slowly or circumvent, and the other category includes surface
irreqgularities that are overridden and that excite the
vehicle in the vertical direction. The latter category is
pertinent to the ride problem. Terrain features in category
1 are described in terms of approach and departure angle,
vertical magnitude, base width, length, spacing and spacing
type. Surface features in category 2 are described as a
continuous profile (approximately 500 feet long) in sufficient
detail for a valid power spectral density to be obtained.

A-18



". TABLE Al (cont'qd)

1. Macrogeometry - The classes and values used to
describe slope (macrogeometry) are:

Value Selected for

Class No. Class Range % Prediction %

1 0-2 1

2 2.1-5 3.5
3 5.1-10 7.5
4 10.1-20 15.0
5 20.1-40 30.0
6 40,1-60 50.0
7 60.1~70 65.0
8 > 70 72.0

2. Microgeometry (Category 1) - The classes and
values used to describe obstacle approach and departure angle,
obstacle vertical magnitude, obstacle base width, obstacle
length, obstacle spacing and obstacle spacing type are:

a. Obstacle Approach and Departure Angle

Value Selected for

Class No. Class Range Deg. Prediction, deg
1 178.6-180 179
2 180.0-181.5 181
3 175.6-178.5 177
4 181.5-184.5 183
5 170.1-175.5 173
6 184.5-190 187
7 158.1-170 164
8 190.1-202 196
9 149.1-158 154

10 202.1-211 206
11 135.1-149 142
12 211.1-225 218
13 90.0-135 112
14 225 225




TABLE Al (cont'd)

b. Obstacle Vertical Magnitude

Class
No.

NoOYOU bk WO

¢. Obstacle Base Width

Class Range
cm

0-15
l6-25
26-35
36-45
46-60
60-85

>85

Value Selected for
Prediction,

Class

Class Range
cm

>120
91-120
61-90
31-60
0-30

d. Obstacle Length

Class Range

g

A-20

8
20
30
40
53
72
85

Value Selected for
Prediction, cm

120
106
76
46
15

Value Selected for
Prediction, m
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*
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TABLE Al (cont'd)

e. Obstacle Spacing

Class Class Range
No. m
1 Bare
2 20.1-60
3 11.1-20
4 8.1-11
5 5.6~8
6 4.1-5.5
7 2.6-4.0
8 0-2.5

f. Obstacle Spacing Type

Value Selected for
Prediction, m

60.0
40.0
15.6

.

HWwd oW
N W OO o

‘ Code No. Description
2 ’ Linear
1 Random

3. Microgeometry (Category 2) -~ The

data required

for category 2 microgeometry is a terrain profile in suffi-
cient detail for valid power spectral density to be obtained.
An example of this terrain description is as follows:

Surface Roughness RMS

Profile Class Range
1 0-0.
2 6
3 6
4 6
5 6
6 6

Value Selected for

Prediction

.25




TABLE Al (cont'd)

Surface Roughness RMS Value Selected for
Profile Class Range Prediction
7 5.6-6.5 6
8 6.6-7.5 7
9 >7.5 8

C. Vegetation: Vegetation is described in terms of
stem diameter and stem spacing. For convenience, visibility
is also included as a part of the vegetation factor family
since it is often closely related. Those stems that can be
overridden by a vehicle are identified as longitudinal
obstacles and those that must be avoided by a vehicle are
jidentified as lateral obstacles. The classes and values
used to describe stem diameter, stem spacing and visibility
are as follows:

1. Stem Diameter

Class No. Value, Cm
1 >0
2 > 2.5
3 >6.0
4 > 10.0
5 214.0
6 >18.0
7 >22.0
8 >25.0
2. Stem Spacing:
Class Range Value Selected for
Class No. m Prediction, m
1 Bare 100.0
2 > 20 20.0
3 11.1-20 15.5
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TABLE Al (cont'd)

Class Range Value Selected for
Class No. m Prediction, m
4 8.1-11 9.5
5 5.6-8 6.8
6 4.1-5.5 4.8
7 2.6-4 3.3
8 0-2.5 1.2

3. Visibility or Recognition Distance Classes at 1.5
Feet Above Ground

Class Range Value Selected for
Class No. m Prediction, m
1 >50 50.0
2 24.1-50 37.0
3. 12.1-24 18.0
4 9.1-12 10.6
5 6.1-9.0 7.5
6 4.6-6.0 5.3
7 3.1-4.5 3.8
8 1.6-3.0 2.3
9 0-1.5 0.8

NOTE: The surface code number and obstacle spacing code
number are used in the same manner as terrain factor
class numbers to form the terrain factor complex number.

D. Hydrologic geometry factors are primarily used to
describe linear features that transport water. One hydrologic
geometry factor, water depth, is also used as a part of the
description of areal bodies of water such as lakes, marshes,
or swamps. Other hydrologic geometry factors are differen-
tial bank height, gap side slope, water width and water
velocity. The classes and values used to describe each of
these factors are as follows:




TABLE Al (cont'd) .

1. Differential Bank Height

Class Value Selected for
No. Class Range Prediction, m

1l 0 0

2 N/W bank (0.1-1) higher than S/E 0.5

3 N/W bank (1.1-2) higher than S/E 1.5

4 N/W bank (2.1-4) higher than S/E 3.0

5 N/W bank (>4) : 4.0

6 S/E bank (0.1-1) higher than N/W 0.5

7 S/E bank (1.1-2) higher than N/W 1.5

8 S/E bank (2.1-4) higher than N/W 3.0

9 S/E bank (>4) higher than N/W 4.0

2. Gap Side Slope

Class Value Selected for
No. Class Range, deg Prediction, deqg .
1l 180-185 182.5
2 185.1-190 187.5
3 190.1-200 195.0
4 200.1-210 205.0
5 210.1-220 215.0
6 220.1-230 225.0
7 230.1-250 240.0
8 250.1-260 . 255.0
9 260.1-265 262.5
10 265.1-270 267.5

3. Water Depth

Class : Value Selected for
No. Class Range, “m Prediction, ®m

1 0-100 50

2 101-200 150

3 201~-500 350

4 > 500 500
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TABLE Al (cont'd)

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

4 1.1-2 1.5

5 2.1-3.5 2.8

6 > 3.5 3.5

5. Water Width

Class Value Selected Class Value Selected
Class 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 47 205.1-210 207.5
3 3.1-6 4.5 48 210.1-215 212.5
4 6.1-9 7.5 49 215.1-220 217.5
5 9.1-12 -~ 10.5 50 220.1-225 222.5
6 12.1-15 13.5 51 225.1-230 227.5
7 15.1-18 16.5 52 230.1-235 232.5
8 18.1-21 19.5 53 235.1-240 237.5
9 21.5-24 22.5 54 240.1-245 242.5
24 .1-27 25.5 55 245,1-250 247.5
27.1-30 28.5 56 250.1-255 252.5
30.1-35 32.5 57 255.1-260 257.5
35.1-40 37.5 58 260,1-265 262.5
40.1-45 - 42.5 59 265.1-270 267.5
45.1-50 47.5 60 270.1-275 272.5
50.1-55 52.5 61 275.1-280 277.5
55.1-60 57.5 62 280.1-285 282.5
60.1-65 62.5 63 285.1~290 287.5
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TABLE Al (cont'd)

Class Value Selected Class Value Selected
Class Range 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 68 310.1-315 312.5
24 90.1-95 92.5 69 315.1-320 317.5
25 95.1-100 97.5 70 320.1-325 322.5
26 100.1-105 102.5 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 74 340.1-345 342.5
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
33 135.1-140 137.5 78 360.1-365 362.5
34 140.1-145 142.5 79 365.1-370 367.5
35 145.1-150 147.5 80 370.1-375 372.5
36 150.1-155 152.5 81 375.1-380 377.5
37 155.1-160 157.5 82 380.1-385 382.5
38 160.1-165 162.5 83 385.1-390 387.5
39 165.1-170 167.5 84 390.1-395 392.5
40 170.1-175 172.5 85 395.1-400 397.5
41 175.1-180 177.5 86 400.1-405 402.5
42 180.1-185 182.5 87 405.1-410 407.5
43 185.1-190 187.5 88 410.1-415 412.5
44 190.1~195 192.5 89 415.1-420 417.5
45 195.1-200 197.5 90 420.1-425 422.5
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TABLE A2

AREAL: TERRAIN UNITS

There are 1061 different terrain units in the Puerto
Rico transect. A table depicting 1061 sets of terrain
class numbers is too voluminous for complete reproduction.

Therefore, only a sample is given in the following:
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APPENDIX B

VEHICLE CHARACTERISTICS

Appendix B presents the vehicle characteristics and
other related data required for the AMC '71 Vehicle Mobility
Model.

A number and a computer symbol were assigned to each
characteristic, which may be grouped into four categories:

a. General characteristics

b. Dynamic characteristics

c¢. Power train characteristics
d. Geometric characteristics

Most of the data required for groups a and d are listed
(for military vehicles) in military standard characteristics
or vehicle data sheets, published by the U.S. Army Tank-
Automotive Command. Some of the data listed in group c are
also shown on data sheets, but net engine torque, transmission
characteristic curves, power train losses and other similar
descriptors are only available at TACOM's Propulsion Systems
Division, or must be obtained from manufacturers. The
dynamic characteristics (group b) are not readily available;
their establishment requires special tests or laborious
calculations.

Table Bl contains the identification of the characteris-
tics with the corresponding numbers, computer symbols and
dimensions used in this study. Table B2 lists the numerical
values of the characteristics for the four vehicles simulated
in the initial application of the AMC '71 Mobility Model (M6O,
M113, M35 and M151). These values are referenced by number
to Table Bl.




TABLE Bl

VEHICLE CHARACTERISTICS NECESSARY FOR THE AMC

'71 MOBILITY MODEL

Characteristics Computer
No. Identification Dimensions Symbol
General Characteristics

1 Vehicle type (NVEH = 0 for tracked);
(NVEH = 1 for 4x4, 2 for 6x6, 3 for
8x8) NVEH
2 Gross vehicle weight 1b GVW
3 Track type (NFL = 0 for nonflexible;
NFL = 1 for flexible) NFL
4 Grouser height for tracks; number of
tires for wheeled in GT
5 Tire ply rating TPLY . '
6 Maximum force the pushbar can withstand
on the vehicle's leading edge 1b PBF
7 Vehicle swimming speed mph VSS
8 Vehicle fording speed mph VFS
9 Maximum braking force the vehicle can
develop on hard pavement 1b XBR
10 Auxiliary water propulsion factor (no
auxiliary propulsion system = .5; and
propulsion system on vehicle = .8) AWPKF
11 Vehicle rated horsepower per ton (net) HPT
12 Number of people in the vehicle on a
normal mission NCREW




TABLE Bl (cont'd)

Characteristics Computer
No Identification Dimensions Symbol
13 Vehicle winch capacity : 1b WC
14 Transmission variety (hydraulic = 0;

mechanical = 1) ITVAR

Input Data Produced By
Vehicle Ride Dynamics Subprogram

15 Number of point pairs in array VOOB

(in curve) ’ NC4
16 Array containing vehicle velocity vs

obstacle height at 2.5 g vertical

acceleration VOOB(I,J)
17 Number of points in array VRIDE NC5
18 Limited speed due to vibration at the

driver's seat for surface roughness

Class I VRIDE (I)

Geometric Characteristics

19 Vehicle width : in W
20 Vehicle length in VL
21 Vehicle ground clearance at the center

of the greatest wheel span in GC
22 Rear end clearance (vertical clearance of

vehicle's trailing edge) in REC
23 Vehicle departure angle deg VDA

°




TABLE Bl (cont'd)

Characteristics

Computer

No. Identification Dimensions Symbol
24 Vertical clearance of vehicle's

leading edge in. FEC
25 Vehicle approach angle (AV in FIVEYP);

(VAA in OBSTCL, INPUT) deg. AAV
26 Track width or wheel width in. WID
27 Length of track on ground or wheel

diameter in, DL
28 Wheel rim diameter in. RDIAM
29 Loaded wheel radius >in. RW
30 Tire pressure psi TPSI
31 Ground contact area in.2 GCA
32 Height of vehicle pushbar or leading

edge in. PBHT
33 Area of one track shoe (tracked) or 2

number of axles (wheeled) in. A
34 Number of bogies (tracked) or chain

indicator (wheeled); (0 = no chains;

1 = chains) NBC
35 Distance between the first and last

wheel centerlines in. XLT
36 Horizontal distance from the C.G. to

the front wheel centerline in. CGF
37 Vertical distance from the C.G. to

the road wheel centerline in. CGH




TABLE Bl (cont'd)

Characteristics

No.

Tdentification Dimensions

Computer
Symbol

38

39

40

41

42

43

44

45

46

Maximum span between adjacent wheel
centerlines ( DWX in FIVEYP, RIVER) in.

Angle between a line parallel to the
ground surface and the line connecting

the C.G.

and the center of the rear

wheel (road wheel or idler). The
wheel is used to determine departure

angle

Distance from the C.G. to the center of

the rear wheel {(road wheel or idler).

The wheel is the one used to determine
departure angle (in.) in.

Vertical distance from the ground to
the center of the rear wheel (road wheel

or idler).

The wheel is the one used to

determine departure angle ' (wheeled = RW) in.

Track thickness plus the radius of the

rear wheel (road wheel or idler). The

wheel is the one used to determine

departure angle (wheeled = RW) in.

Maximum vertical step the vehicle can

climb

in.

Ingress swamp angle of the vehicle
( THD in DIG) deg.

Fording depth or draft height in.

Rolling radius of tire or sprocket
pitch radius in.

GWS

ACG

DCG

HC

RWW

HS

SAT

D

RR




TABLE Bl (cont'd)

Characteristics

Computer
No. Identification Dimensions Symbol
Power Train Characteristics

47 Transmission type (ITRAN = 0 for manual;

ITRAN = 1 for automatic) ITRAN
48 Final drive gear ratio FDR
49 Final drive gear efficiency FDREF
50 Number of gear ratios in transmission NG
51 Gear ratio of Ith gear GR(I)
52 Transmission efficiency EFF
53 Gear ratio from engine to torque

converter ENTCG
54 Denotes presence of a torque converter

lockup; no = 0; yes =1 LOKUP
55 Input torque at which the torque

converter curves were measured ft-1b TC
56 Number of point pairs in array TNEl NC1l
57 Array containing torque converter speed

vs converter speed ratio curve TNE1(I,J)
58 Number of point pairs in array TTM NC2
59 Array containing torgque converter torque

multiplying coefficient vs converter

speed ratio curve TTM(I,J)
60 Number of point pairs in array TTE NC3
61 Array containing net engine torque vs

engine speed curve TTE(I,J)




TABLE Bl (cont'd)

Characteristics Computer
No. Identification Dimensions Symbol
Characteristics Required for
Vehicle Ride Dynamics Subprogram¥*
62 Mass of main frame lb—secz/in. FMASS
63 Mass of wheel or bogie Assembly I lb—secz/in. MASS (I)
64 Pitch moment of inertia lb—secz/in. INRTIA
65 Horizontal distance from C.G. to wheel
or bogie Assembly I : in. LEN(I)
66 C.G. to driver distance in. DRVLEN
*For further details, see Appendix C.
‘ Initial Displacements
67 Vertical C.G. in. VAR (1)
68 Pitch radian VAR (2)
69 Axle 1 in. VAR (3)
Axle 2 in. VAR (4)
Axle 3 in. VAR (5)
Axle 4 in. VAR (6)
Axle 5 in. VAR (7)
Axle 6 in. VAR (8)
70 Horizontal C.G. in. VAR (9)
71 Threshold height of wheel segment I in. THRSH (I)
72 Segmented wheel spring constant for
vertical component of segment I
(RCOS@1) 1b/in GAMMA (I)
@ B-7




TABLE Bl (cont'd)

Characteristics Computer
No. Identification Dimensions Symbol
73 Segmented wheel spring constant for

horizontal component of segment I

(K SINgT) 1b/in. SIGMA (I)
74 Feeler threshold heights (to por-

tray leading portion of track) in. TH(I)
75 Track tension sprihg constant

(between bogies) 1b/in.
76 Track tension spring constant

(feelers ahead of first bogie) 1b/in.




TABLE B2

INPUT PARAMETER DATA FOR SIMULATED VEHICLES

Characteristic Vehicles
No. M151 M35A2 Mod M113Al M60AL
General Characteristics
1 1.0 2.0 0.0 0.0
2 3,180.0 18,230 23,410 104,000
3 0.0 0.0 1.0 1.0
4 4.0 6.0 1.0 1.5
5 6.0 12.0
6 3,180.0 18,230 55,000 500,000
7 0.0 0.0 3.5 0.0
8 2.0 2.0 5.0 2.0
9 2,560.0 15,040 19,120 83,200
10 0.5 0.5 0.5 0.5
11 46.2 15.4 17.9 11.5 .
12 1.0 2.0 2.0 4.0
’ 13 0.0 10,000 0.0 0.0
14 1.0 1.0 0.0 0.0
Characteristics Produced by the
Vehicle Ride Dynamics Subprogram
15 26 17 8 11
16 1.0 50.0 0.0 50.0 0.0 50.0 0.0 60.0
2.0 1l6.6 5.0 50.0 8.0 50.0 9.0 60.0
3.0 10.0 7.0 - 35.0 9.0 31.0 10.0 12.2
4.0 7.1 8.0 26.8 11.5 10.0 11.0 6.9
5.0 5.5 9.0 21.2 15.0 5.0 12.0 6.0
6.0 4.5 10.0 16.7 20.0 2.0 13.0 5.6
7.0 3.8 11.0 15.8 27.5 0.5 14.0 5.4
8.0 3.3 12.0 10.5 40.0 0.0 15.0 5.3
9.0 2.9 13.0 7.8 19.0 5.1
10.0 2.6 14.0 6.5 29.0 4.9
11.0 2.3 15.0 5.0 40.0 4.9
12.0 2.1 16.0 3.7
13.0 2.0 17.0 2.8




TABLE B2 (cont'd) .

Characteristic Vehicles ’
No. M151 M35A2 Mod M113A1l M60A1
14.0 1.8 18.0 2.1
15.0 1.7 19.0 1.5
16.0 1.6 20.0 1.2
17.0 1.5 40.0 1.0
18.0 1.4
19.0 1.3
20.0 1.2
21.0 1.2
22.0 1.1
23.0 1.1
24.0 1.0
25.0 1.0
40.0 1.0
17 9.0 9.0 9.0 9.0
18 30.0 40.0 40.0 30.0
30.0 25.0 32.0 30.0
20.0 19.0 15.0 30:0
13.5 14.0 7.0 30.0
10.0 11.3 4.9 24.3
7.5 9.0 3.7 20.0
6.3 7.5 3.1 16.8
5.5 6.3 3.0 14.2
5.0 5.2 3.0 12.0
Geometric Characteristics
19 62.25 96.0 105.0 143.0
20 132.0 280.6 192.0 ©273.0
21 11.4 19.0 16.0 18.0
22 16.0 33.5 20.0 40.0
23 37.0 42.0 40.0 60.0
24 19.0 36.5 23.0 45.0
25 66.0 42.0 70.0 90.0
26 7.1 11.5 15.0 28.0
27 30.8 43,6 105.0 167.0

28 16.0 ‘ 20.0




TABLE B2 (cont'd)
Characteristic Vehicles
No. M151 M35A2 Mod M113A1 M60AL
29 14.5 20.0 12.0 13.0
30 20.0 35.0
31 116.0 600.0 3150.0 9336
32 19.0 39.0 30.0 45.0
33 2.0 3.0 90.0 194.0
34 0.0 0.0 10.0 12.0
35 85.0 178.0 105.0 167.0
36 46.9 109.0 50.7 77.76
37 11.1 25.0 27.5 41.25
38 85.0 130.0 26.25 33.0
39 16.25 17.8 15.5 6.25
40 39.66 80.5 82.3 119.5
41 14.5 20.0 17.0 41.25
42 14.5 20.0 14.0 17.0
43 14.5 18.4 24.0 36.0
44 0.0 0.0 90.0 90.0
45 60.0 72.0 75.0 69.0
46 14.5 20.0 9.81 12.25
Power Train Characteristics
47 0.0 0.0 1.0 1.0
48 4.86 6.27 3.93 5.08
49 0.90 0.90 0.95 0.95
50 4.0 10.0 3.0 2.0
51 5.172 9.94 3.81 3.497
3.179 5.5 1.936 1.256
1.674 3.2 1.0
1.0 1.98

1.56

5.02

2.78

1.62

1.0

0.79
52 0.90 0.90 0.95 0.95
53 1.0 0.862
54 1.0 0.0
55 275 200




TABLE B2 (cont'd)

Characteristics Vehicles
No. M151 M35A2 Mod M113A1 M60A1
56 24.0 12.0
57 0.00 2340 0.0 1875
0.05 2320 0.1 1850
0.10 2300 0.2 1825
0.15 2280 0.3 1815
0.20 2260 0.4 1830
0.25 2250 0.5 1895
0.30 2240 0.6 1970
0.35 2230 0.7 2030
0.40 2230 0.8 2130
0.45 2240 0.85 2210
0.50 2250 0.90 2500
0.55 2270 1.0 50000
0.60 2300
0.65 2340
0.70 2400
0.75 2490
0.80 2620
0.85 2840
0.90 3160
0.91 3280
0.92 3400
0.93 3600
0.94 4000
1.00 ' 5000
58 21.0 12.0
59 0.0 3.31 0.0 3.66
0.05 3.16 0.1 3.125
0.10 2.99 0.2 2.65
0.15 2.80 0.3 2.28
0.20 2.58 0.4 1.95
0.25 ° 2.38 0.5 1.67
0.30 2.19 0.6 1.42
0.35 2.02 0.7 1.22
0.40 1.87 0.8 1.05
0.45 1.73 0.85 0.98
0.50 1.60 0.9 0.97




‘ TABLE B2 (cont'd)

Characteristics Vehicles
No. M151 M35A2 Mod M113 M60Al
0.55 1.49 1.0 0.97
0.60 1.38
0.65 1.28
0.70 1.18
0.75 1.07
0.80 0.98
0.85 0.98
0.90 0.98
0.95 0.97
1.00 0.97
60 10.0 9.0 12.0 13.0
61 800 92 1000 2915 600 158.9 1200 1610
1200 95 1200 2985 800 309.4 1300 1645
1600 103 1400 297 1000 379.4 1400 1670
2000 104.3 1600 288.5 1200 410.3 1500 1682
2400 101.2 1800 283.5 1400 419.9 1600 1680
‘ 2800 96.7 2000 280 1600 417.0 1700 1675
3200 89.4 2200 268.5 1800 406.7 1800 1655
3600 83.0 2400 254 2000 391.7 1900 1630
4000 71.8 2600 238 2200 374.1 2000 1600
4400 60.0 2400 355.1 2100 1560
2600 335.6 2200 1515
2800 316.1 2300 1470
2400 1420
62 2.58 18.8 27.7 125.0
63 0.27 1.191 1.29 3.68
0.27 2.08 1.29 3.68
2.05 1.29 3.68
1.29 3.68
1.29 3.68
3.68
64 3282.0 90876.0 68000.0 581700.0
65 44 .3 113.0 50.7 77.76
40.7 39.0 24 .4 44,42
24.0 -1.8 11.08
-28.1 ~-22.26
-54.3 -55.60
-88.94




TABLE B2 (cont'd)

Characteristics Vehicles
No. M151 M35A2 Mod M113Al M60A1
66 0.0 0.0 40.0 60.0
67 -4.303 -2,627 -3.75 -5.79
68 0.00342 0.006 -0.0087 -0.0089
69 -0.81656 ~-1.038 ~-0.76 -0.966
-0.8377 -1.552 ~0.78 ~0.97
-1.658 .. =0.76 -0.942
: -0.73 -0.913
~0.68 -0.884 -
-0.850
70 - - -- 0.0
71 6.5 7.5 3.2 3.5
2.7 4.5 0.9 1.0
0.8 2.1 0.0 0.0
0.0 0.6 0.9 1.0
0.8 0.0 3.2 3.5
2.7 0.6
6.0 2.1
4.5
7.5 ",
72 420.0 581.0 1500.0 3885.0
565.0 716.0 2000.0 4715.0
655.0 817.0 3500.0 5000.0
685.0 878.0 : 2000.0 4715.0
655.0 900.0 1500.0 3885.0
565.0 878.0
420.0 817.0
716.0
581.0 :
73 - - 1500.0 3145.0
‘ 700.0 1670.0
0.0 0.0
-700.0 -1670.0
-1500.0 -3145.0
74 - —_ 12.0 12.0
10.0 10.0
8.0 8.0
6.0 6.0
75 - - E 175.0 375.0
76 - - "~ 300.0 300.0




APPENDIX C -

COMPUTER PROGRAM

Appendix C contains a complete description of the
computer program for the AMC model for predicting cross-
country vehicle performance. A chart outlining the calling
sequency of subroutines (Figure Cl) and a master glossary
of variable names are followed by descriptions of the main
program and each subroutine in order, as listed below. Each
subroutine description is followed by a flow chart
(numbered figure) and a computer listing.

Calling Sequence

Glossary

Main Program FIVEYP

Subroutine INPUT

. Power Train Submodel
a. Subroutine STICK
b. Subroutine AUT@F

6. Subroutine KURVE

7. Subroutine CURVE

8. Subroutines F@IL and C@IL

a. Subroutine F@IL

. Subroutine C@IL -

b WwN
.

9. Subroutine PATCH
10. Subroutine MARSH
1ll. Subroutine HILL
12. Subroutine VISI@N
13. Subroutine AREAY
14. Subroutine @BSTCL
15. Subroutine @BSF
16. Subroutine AREAV
17. Subroutine VEGF
18. Subroutine AREAT
19. Subroutine RIVER
20. Subroutine DIG
21. Subroutine VWRT
22. Subroutine R@GUTE
23. Subroutine Data Files
24, Vehicle Ride Dynamics Submodel




CALLING SEQUENCE

MAIN DATA
PROGRAM SUBROUTINES FILES
EWWEYP > inPUT V.R.D.M. [e——VENICLE

MIIBA)
STICK § CURVE MGOAL
‘__q_;;— Mis)
AUTZF — CURVE M35A2
- PCHxxx
Fa L
4———-—1«»1
CaiL ( XXX = TERRAIN
DESIGNATOR)
3 PATCH HiLL
t—{ VIS BN
<> AREAQ
1 HB8STCL CURVE
-4 ABSF
t—»1 CORVE
FIG. C1
 AREAV
—>1 AREAT




M —
¢ VEGF
CONT,
FolL
lg———————F OR
COlL
MARSH AREAV
<—> AREAT
t—» VEGF
~a—> KURVE
H2 wxx
RIVER DIG
~psd TERM.
RPUTE & SEC xxx
— MSH xxx
= RIVxx»
> S-FiLe
P TERM.
VWRT 1 \/-FILE




Variable Used in
Name Subroutine
A PBSTCL
AREAQ
A INPUT
F@IL
AA(I) FIVEYP
PATCH
AAV RIVER
AAV1 RIVER
ACC VISI@N
ACCEL PATCH
ACG @BSTCL
INPUT
AD@ PATCH
MARSH
AREAQ
AREAT
ADg1 AREAJ
ADT AREAT
ANGLE HILL
AREA(TI) RPUTE

MASTER GLOSSARY

Definition

Obstacle approach angle (deg, rad)
(5 gBAA in PATCH)

Tracked:
Wheeled:

Area of one track shoe (in.2)
Number of axles

Midpoint of obstacle approach angle Class
I (deg)

Vehicle approach angle (rad) (¥ AV in
FIVEYP) (= in @BSTCL, INPUT)

Vehicle approach angle plus 5 degrees (rad)
(= THD in DIG)

Maximum vehicle acceleration (ft/secz)

Total tractive force (1lb) then changed to:
vehicle acceleration (mph/sec).

Angle between a line parallel to the ground
surface and the line connecting the CG and
the center of the rear wheel (roadwheel or
idler). The wheel is the one used to
determine departure angle (rad).

Percentage of area denied by obstacles

Area denied by one obstacle (ftz)

Percentage of area denied by both obstacles
and vegetation

Slope angle (rad)

Percentage of course area in which the
vehicle can achieve speed range I

I = 1 2 3 4 5 6
RANGE (MPH) = 0-2 2-4 4-6 6-8 8-10 >10




. .Variable

~Name

AREAQ

ATM -
ATP

AV

AV, AV2,
AV3
AVGV

AWPKF

Al

BA

BCA
BD

BDC (I)

BH

BHI

BRF@R

CA

CAF

Used in
Subroutine

ROUTE

@BSTCL

RIVER
DIG

FIVEYP
@BSTCL
ROUTE
INPUT

RIVER

ZBSTCL

PATCH

@BSTCL
FIVEYP

FIVEYP

DIG

FIVEYP
RIVER

PATCH

FIVEYP
RIVER

PBSTCL

COIL

Definition

Percentage of course area in which the
vehicle is immobilized.

= ATAN (MU)

Time penalty for excavating a river bank
to allow egress (min)

Vehicle approach angle (rad) (= AAV in
RIVER) (= VAA in @BSTCL, INPUT)

‘Vehicle angle with respect to level (rad)

(see analysis)

Average vehicle velocity over the course
(mph)

Auxilliary water propulsion factor - no
= .5, yes = .8

The maximum obstacle flank angle that the
vehicle can climb (rad) (if less than A,
the vehicle is immobilized in traction)

Maximum vehicle breaking deceleration
(mph/sec)

Belly clearance angle (rad)
River bank differential height (£ft)

Midpoint of river bank differential height
class I (ft)

River bank height (ft) (s BHI, ESLH in RIVER)

River bank height (ft) (= BH in DIG)

Maximum braking force (lb) (= TR@F in VISI@N)

Soil cohesion

= COS(A)

Contact area factor used in mobility index
calculation




Variable

Name

CAV
CAZ2

CF

CGFr

CGH

CGR

CLF

C@NF1
C@NF2

CPAURSE

CPF

CURV
cX
cXp

DCG

DFEW

Used in
Subroutine

@BSTCL
ZBSTCL

FOIL
COIL

@BSTCL
INPUT

@BSTCL
INPUT

@BSTCL
FOIL

PATCH
PATCH
RPUTE
FOIL
COIL
RIVER
FOIL
F@IL

ZBSTCL
INPUT

PBSTCL

Definition

COS (AV)

!

cos(a/2.)

Correction factor used in slip calculation
Horizontal distance from the CG to the front
wheel centerline (in)

Vertical distance from the CG to the road-
wheel centerline (in)

Horizontal distance from the CG to the rear
wheel centerline (in)

Clearance factor used in mobility index
calculation

Conversion factor

I

15./22. fps mph
Conwersion factor = 22./15. mph fps

Alphanumeric variable containing course file
name (e.g.: = SEGPR1)

Contact pressure factor used in mobility
index calculation

Raft capacity curve limit (1b)

Maximum%—lz0 for given conditions

DP
A tote of -
Ssymp w100
Distance from the CG to the center of the
rear wheel (roadwheel or idler). The wheel
is that one used to determine departure
angle (in.)

versus slip curve

Horizontal distance from the front wheel
centerline to the leading edge of the
vehicle (in.)




Variable Used in
Name Subroutine

DIST RPUTE

DISTM ROUTE

DL INPUT
FOIL

D@wW FOIL
C¢IL

DOW20 C@IL

DP(I) ROUTE

DR VISI@N

DRW @BSTCL

DS #BSTCL

DWX FIVEYP
RIVER

DW100 CHTL

D1 thru

D5 ¢BSTCL

EA @BSTCL

Definition

Total length of the course along one edge
(inside edge if the course strip is
folded) (ft)‘

Total length of the course along one edge
(inside edge if the course strip is
folded) (miles)

Tracked: Length of track on the ground (in)
Wheeled: Wheel diameter (in)

Drawbar pull to weight ratio

Drawbar pull to weight ratio at 20 percent
slip

Distance across the Ith patch traversed
along a path segment

Recognition or stopping distance (£ft)
(= RD(I) in PATCH)

Horizontal distance from the rear wheel
centerline to the trailing edge of the
vehicle (in)

The greatest top trench width that the
vehicle can bridge (in). Tracked = TI
Wheeled = 2.*RW

Maximum span between adjacent wheel center-
lines (in) (= GWS in INPUT, @BSTCL)

Drawbar pull to weight ratio at 100 percent
slip.
Critical distances (see analysis)

The least of the vehicle angles of approach
and departure (rad) min (VAA, VDA)




Variable

Name

EBH

EC

ED

EF

EFF

ENTCE

ENTCG

ESL
ESLH

FACT

FAC7

FAT

FAT1

FD

Used in
Subroutine

RIVER

@BSTCL

@#BSTCL

FPIL

INPUT
AUT@F
STICK
PUTPT

AUT@F

INPUT
AUTOF

RIVER
RIVER
KURVE
CURVE

CAIL

PATCH
MARSH
VEGF

PATCH
MARSH
VEGF

INPUT
FIVEYP
RIVER

Definition

Effective height of first exit slope (ft).

FEC if VAA VDA
REC if VAA VDA

I

DFW if VAA VDA
DRW if VAA VDA

Engine factor used in mobility index cal-
culation 10 hp/ton = 1. 10 hp/ton =
1.05

Transmission efficiency

Engine to torque converter efficiency

Gear ratio from engine to torque converter

Effective slope (rad) (= THN in DIG)

Effective slope height (ft) (= BH in DIG)

Denotes whether the dependent variable in-
creases or decreases as the independent
variable increases

Tire factor used in vehicle cone index
calculation

Average force to override multiple trees
(1b)

Average force to fell a single tree (1lb)

Fording depth or draft height (in.)




Variable
Name

FDR

FDREF

FEC

FPLAGM

FLAGP

FMT

FgM

FORCE (1, 1I)

F@RCE(2, 1)

FBRCR(1,TI)

FBRCR(2,1I)

Used in
Subroutine

INPUT
AUT@F
STICK
@BUTPT

INPUT
AUT@F
STICK
FUTPT

INPUT
@BSTCL

AUT@F
AUT@F

PATCH
MARSH
VEGF

PATCH
@BSF

AUT@F
STICK
FIVEYP
F@IL

C@IL
FUTPT

FPIL
CPIL
PATCH
MARSH

Definition

Final drive gear ratio

Final drive gear efficiency

Vehicle front end clearance (in.) (vertical
clearance of vehicle's leading edge) :

Temporary minimum engine speed used in
finding engine operating point

Temporary maximum engine speed used in
finding engine operating point

Maximum force to override a single tree (1lb)

Average force to override obstacles (1b)

The Ith tractive force component (1lb)

The Ith velocity component on the tractive
effort versus vehicle velocity curve (mph)
I =1,101 (0-50 mph in 1/2 mph increment)

The Ith velocity component on the soil-
dependent tractive effort versus vehicle
velocity curve for level ground (mph)

The Ith tractive force component for level
ground (mph)




Variable
Name

FPRCR(3,1I)

F@RCR (4, I)

F@RK

F@RMX (I)

FT

FX

GC

GF

Used in
Subroutine

F@IL
COIL
PATCH
MARSH

FPIL
CPIL

FPIL
COIL
PATCH
MARSH
@BSTCL

AREAV

CURVE
KURVE

PATCH
MARSH

INPUT
FPIL

RIVER
@UTPT

INPUT
RIVER

FOIL

Definition

The Ith velocity component on the soil-
dependent tractive effort versus vehicle
velocity curve on a slope (mph)

The Ith tractive force component on a
slope (1lb) (= TABLE(J,I) in KURVE)

Tractive force (temporary variable)

Maximum tractive force on slope I (max of
array FORCR) I = 1 downhill

2 level ground

3 uphill
(Limited by vehicle capacity and soil
failure)

Temporary variable carrying value of XNT

The value of the dependent variable
interpolated from the entering array

Acceleration of gravity = 32.16 ft/sec2

Vehicle ground clearance at the center of
the greatest wheel span (in.) (= 1000. for
tracked vehicles) (= BC in @BSTCL)

Ground contact area (in.2)

Grouser factor used in mobility index
calculation:

Wheeled: w/o chains = 1.
w/chains = 1.05
Tracked: 1.5 in. high =1

1.5 in. high

10

0
1




Variable
Name

GR(I)

GRADE

GRADI

GT

GVW

GWS

HC

HFT

Used in
Subroutine

INPUT
AUT@F
STICK
JUTPT

PATCH
HILL
FOIL
CHIL

PATCH

INPUT
F@IL
C@IL

INPUT
F@IL
CPIL
PATCH
MARSH
RIVER
@BSTCL
HILL
@BSF
GUTPT

INPUT

PBBSTCL

PATCH
#BSTCL
@BSF

#BSTCL
INPUT

#BSF

Definition

Gear ratio of the Ith gear

Percent grade (slope) (= SLC(I) in

FIVEYP)

Percent grade (slope) (temporary variable)

Tracked: Grouser height (in.)
Wheeled: Number of tires

Gross vehicle weight (1b)

Maximum span between adjacent wheel center-
lines (in.) (= DWX in FIVEYP, RIVER)

Obstacle height (in.) (= X in CURVE)

Vertical distance from the ground to the
center of the rear wheel (roadwheel or idler).
The wheel is the one used to determine
departure angle (in.). Wheeled = RW

Obstacle height (ft)




Variable
Name

HPT

HS
Hl thru
H9

I

IAVE

IBEG

IDRY

IFX

IFZR

1G@

IGR

IND

INDEX

Used 1in
Subroutine

INPUT
F@IL
@GUTPT

INPUT
RIVER

@BSTCL

ROUTE

FIVEYP

KURVE

FIVEYP

KURVE
CURVE

F@IL
C@IL

FIVEYP
FOIL
COIL
PATCH
PBSTCL

PATINP
FIVEYP
PATCH

PATCH
MARSH
AREAV
VEGF

RPUTE

Definition

Vehicle rated horsepower per ton

Maximum vertical step that the vehicle can
climb (in.)
Critical distances (see analysis)

The starting point of a path sgement through
a course section (see J,K)

Alphanumeric variable containing "AVE"

Index denoting the first non-zero point in
the column (of the entering array) designated
as the dependent variable

Alphanumeric variable containing "DRY"

Index designating which column in the

entering array represents the dependent .
variable

Index denoting force component (see: F@RCE,
F@RCR)

Denotes "go" condition; no go = 0; go = 1
(negative values are used to indicate "no
go" for various reasons)

Percent slope class for given patch type

Temporary index

Temporary index denoting velocity range




Variable
Name

IJBAA

I¢BH

IZBL

I@8BS

I@BW

I@ST

IP(I)
IPR

IpX

IR
IRCI(TI)
IREC

IS (1)

Used in
Subroutine

PATINP
FIVEYP

PATINP
PATCH

PATINP
PATCH

PATINP
FIVEYP
PATCH

PATINP
PATCH

PATINP
PATCH
@BSF
AREAQ
RPUTE
PATINP
PATCH
RPUTE
FIVEYP
PATINP
FIVEYP

PATINP
PATCH

PATINP
PATCH
MARSH

Definition

Obstacle approach angle class for given
patch type

Obstacle height class for given patch
type

Obstacle length class for given patch
type

Obstacle spacing class for given patch
type

Obstacle width class for given patch type

Obstacle spacing type class for given
patch type ~ random = 1, linear = 2

Type number of the Ith patch traversed
along a path segment

Microprofile type number for given patch
type

Temporary index denoting patch type

Temporary index denoting RCI class for
given season for given patch type

RCI class for season I for given patch
type

Recognition distance class for given
patch type

Stem spacing class corresponding to stem
diameter class I




Variable

Name
ISEAS
ISL@P
ISNI
ISRC(I)
IsT

ITIME

ITRAN

ITVAR

IVEL

IVEL

IWET

IX

Used in
Subroutine

FIVEYP

F@IL
C@IL

FIVEYP

RIVEYP
PATCH

PATINP
FIVEYP

RPUTE

INPUT
FIVEYP
guTPT

INPUT
FPIL

FPIL
COIL

AUT@F
STICK
PATCH
MARSH
KURVE
FUTPT

FIVEYP
KURVE
CURVE

RPUTE

Definition

Alphanumeric variable containing season
name ("DRY", "AVE", "WET")

Temporary index denoting slope
Temporary index denoting season
DRY = 1 AVE = 2 WET = 3

Surface roughness class corresponding to
microprofile type I

Soil type class for given patch type
fine-grained = 1 coarse-grained = 2

Denotes which data file is to be read:
0 = SEGPR1 1 = MAPPR 2 = RIVPR
Transmission type: stick = 0
automatic = 1

Transmission variety:
mechanical = 1

hydraulic = O

Index denoting velocity component (see:
F@RCE, F@RCR)

The number of point pairs in the velocity
versus tractive force arrays (FORCE and
FPRCR) (_ 101)

Alphanumeric variable containg "WET"

Index designating which column in the

entering array represents the independent
variable

The ending point of a path segment through
a course section (see: I, K)




Variable
Name

Jo

JX(I)

JI

L@KUP

MSD
MDSM1

MU
real

NBC

NBDC

Used in
Subroutine

RPUTE

RPUTE

AUTQF
STICK

RPUTE

INPUT

VEGF

AREAV

AREAV-

#BSTCL
KURVE
CURVE

ROUTE

F@IL
CPIL
INPUT

FIVEYP

Definition

The line number to be written into an
external data file containing array "s"
for the given vehicle

The number of path segment termination
points on the line between course sections
I-]1 and I

Temporary index denoting the particular
point pair in the tractive force versus
velocity array (F@RCE)

The course section being traversed
(see: I,J)

Denotes presence of a torque converter
lockup - no = 0 yes =1

Maximum stem diameter class to be over-
ridden

Minimum stem diameter class to be avoided

= MSD ~ 1

Coefficient of rolling friction

Denotes which columns in the entering array
are to be designated as dependent and
independent variables (see: IX, IFX)

The number of patches traversed on a path-
segment

Tracked: Number of bogies
Wheeled: Denotes presence of chains (no =
0, yves = 1)

River bank differential height class for
given river type




Variable
Name

NCREW

NC1
NC2

NC3

NC4

NC5

NE
real

NET
real

NEMAX
real

NEMIN
real

NESC

NEX

NE1l

real

NFL

Used in
Subroutine

INPUT
RIVER
DIG

INPUT
INPUT
INPUT
AUTQZF
STICK

INPUT
PATCH

INPUT
AUT@ZF
AUT@F
AUT@F

STICK

AUT@F
STICK

FIVEYP
FIVEYP
RIVER

AUT@F

INPUT
C@IL

Definition

Number of people in the vehicle on a
normal situation

Number of point pairs in array TNEl
Number of point pairs in array TTM

Number of point pairs in array TTE

Number of point pairs in array V@@B
(= in CURVE)

Number of points in array VRIDE
Engine speed (rpm) (= in CURVE)
Average of current values of FLAGM &

FLAGP (rpm)

Maximum engine speed from engine torque
curve (rpm)

Minimum engine speed from engine torque
curve (rpm)

River egress bank angle class for given
river type

Number of distinct slopes on the egress
bank of a river (= 1 for this generation)
Temporary engine speed (= FX in CURVE)

Track type: not flexible = 0, flexible =




Variable
Name

NG

NGEAR
" NISC

N@DE (I, J)

N@DEF (I)
. NgP
N@S

N@gsM1
N@SM2

NPAT
NPATCH

NRIV
NRWC

NSDC

Used in

Subroutine

INPUT
AUT@F
STICK
FUTPT

AUT@F
STICK

H

FIVEYP

ROUTE

RPUTE
RPUTE
RGUTE

RPGUTE
RGUTE

PATINP
FIVEYP

FIVEYP

FIVEYP
FIVEYP

FIVEYP
PATINP
PATCH
MARSH
AREAV

Definition

Number of gear ratios in the transmission

Temporary index denoting transmission gear
ratio

River ingress bank angle class for given
river class

The point on line I+1 (next line toward the
destination) along the best route from point
J on line I to the destination

The point on line I along the finally
selected best route through the course

Number of points on a line of the grid
overlay for the course map

The number of sections into which the grid
overlay for the course map is divided

NOS - 1

NOS - 2

M

The type number of the particular patch or
river being traversed

Total number of patch types (including
marshes)

Total number of river types
River width class for given river type

Number of stem diameter classes




Variable Used in
Name Subroutine
NSDCM PATCH
MARSH
NSDCP PATCH
MARSH
NSSC FIVEYP
PATCH
MARSH
NT AUT@F
real STICK
NT @BSTCL
NV @BSTCL
NVEH INPUT
FPJIL
CgIL
ZgBSTCL
RIVER
NWDC FIVEYP
NWV FIVEYP
@BAA PATCH
¢BL PATCH
AREA¢
JBSF
¥BS PATCH
AREA¢
ﬁBSF
@BW PATCH
AREAQ

Definition

n

NSDC -~ 1

NSDC + 1

il

Number of stem spacing classes

Transmission input speed (rpm)

Denotes obstacle type:
trench = 2

ridge = 1

NVEH + 1

|

Denotes vehicle type:
6x6 = 2, 8x8 = 3

tracked = 0, 4x4 =

Water depth class for given river type
Water speed class for given river type

Obstacle approach angle (deg)

(= A in
BBSTCL)

Obstacle length (ft)

Obstacle spacing (ft)

Cross—-sectional width at the bottom of an
obstacle (ft) (zWB in @BSTCL)

1,




‘ Variable

Name

PH (1)
gL (1)
Zs (1)

oW (1)

PAV

PBF

PBHT
PC(I)

PI

‘Used in
Subroutine

FIVEYP
PATCH

FIVEYP
PATCH

FIVEYP
PATCH

FIVEYP
PATCH

RPUTE
PATCH
MARSH
AREAV
AREAT

INPUT

PATCH

MARSH

INPUT
PATCH
MARSH
VEGF

FIVEYP

AUTZF
STICK
RIVER
AREAQ
@BSF
VEGF

Definition

Midpoint of obstacle height class I (in)
Midpoint of obstacle length class I (ft)
Midpoint of obstacle spacing class I (ft)
Midpoint of obstacle width class I (ft)

Total time of the best route through the

course (min) (see: SUMTZT)

Percentage of area denied by vegetation

Maximum force that the vehicle pushbar can
withstand (1b)

Height of vehicle pushbar (in.)

Percentage of patchesgs in which the vehicle
can achieve speed range I

I =1 2 3 4 5 6 7
Range (mph) = 0 0-2 2-4 4-6 6-8 8-10 10

= 3.14159265




Variable
Name

PID

PZDE (I, J)

Pl

RBA(TI)

RBH(I)

RCI

RCIC(I)

RCIX

RD(I)

RDIAM

REC

RGU (1)

RR

" Used in

Subroutine

INPUT
PBSTCL

RPUTE
RPUTE
FIVEYP

RIVER

FIVEYP
RIVER

FIVEYP
F@IL
C@IL
FIVEYP
F@IL

FIVEYP
PATCH

INPUT
COIL

@BSTCL

PATCH
HILL

INPUT
AUT@F
STICK

Definition

Conversion factor = PI/180 (deg rad)
The time along the best route from point J
on line I to the destination (min)

Temporary variable containing route time
(min)

River bank angle I (consecutively up the
bank) (deg)

River bank height I (consecutively up the
bank) (ft)

Rating cone index of the soil

Midpoint of soil RCI class I

Excess RCI (above one-pass vehicle cone
index)

Midpoint of recognition distance class I

(£t) (= DR in VISI@N)

Wheel rim diameter (in.)

Rear end clearance (in) (vertical clearanc
of vehicle's trailing edge)

Total resisting force due to soil and slop
for slope I (1lb)

I 1 downslope

2 level ground

3 upslope

W

Tracked: Sprocket pitch radius (in.)
Wheeled: Tire rolling radius (in.)




Variable
Name

RT

RT@ZW

RTS

RW

RW

RWC
RWC (I)
RWT

RWW

S(I)

S(1,J,K)

SA

Used in

Subroutine

PATCH
MARSH
F@IL
COIL
HILL

FOIL
CZIL

PATCH
HILL

@BSTCL

FIVEYP
RIVER

@BSTCL
FIVEYP
@BSTCL

@BSTCL
INPUT

PATCH
MARSH
AREAV

RPUTE

FBSTCL

Definition

Soil resistance (1b)

Resistance to weight ratio

Soil resistance on slope (1b)

Tracked: Road wheel radius plus track
thickness (in.)
Wheeled: Tire rolling radius (in.)

River width (ft)

= RW * (1.-COS(Aa))
Midpoint of river width class I
= RW * TAN (A/2.)

Track thickness plus the radius of the rear
wheel (roadwheel or idler). The wheel is
the one used to determine departure angle
(in.). Wheeled = RW.

Mean spacing of all stems in stem diameter
class I or larger (ft)

Time required to traverse the path segment
from point I on the starting line to point
J on the ending line of course section K
(min.)

= SIN (A)




Variable
Name

SAI

SAV
SA2

SD(I)

SDA

SDL(I)

SDM

SDS (I)

~ SF

SF

SF

SFI

SLC(I)

SLIP

Used in
Subroutine

INPUT
RIVER

@BSTCL
@BSTCL
FIVEYP
PATCH
MARSH
AREAV
VEGF
AREAV
FIVEYP
PATCH
MARSH
VEGF
VEGF
PATCH
MARSH
VEGF

COIL

RIVER

ROUTE

RIVER

FIVEYP
PATCH

FOIL
COIL

AUT@F

Definition

Ingress swamp angle of vehicle (deg, rad)
(= THD in DIG)

SIN(AV)

SIN(A/2.)

Midpoint of stem diameter class I (in.)

Average stem diameter to be avoided (in.)

Upper limit of stem diameter class I (in.)

L
Maximum stem diameter to be overridden (in.)

Mean spacing for stem diameter class I (ft) ‘

Strength factor used in vehicle cone index
calculations

River bank severity factor (ft) (see: SFI)
Scale factor (= 1. this generation) (to be
changed if data is given in meters instead
of ft)

River bank severity factor (in.) (see: SF)

Midpoint of slope class I (percent slope)
(z GRADE in F@IL, C@IL)

Percent slip of the vehicle tractive element
in the soil

Torque converter speed ratio (& X in CURVE)




Variable

Name

SR1

SRF

SUMI

SUMT
SUMT@T

SV (I)

TA

TABLE
(I,J)

TAD

TANP

TAV
TA2

TC

Used in
Subroutine

AUT@F

PATCH
MARSH
AREAT

- AREAV

AREAV
R@UTE

FIVEYP
PATCH
MARSH

RPUTE

@BSTCL

CURVE
KURVE

PATCH

FIVEYP
RIVER

@BSTCL
#BSTCL

INPUT
AUT@F

Definition

Torgue converter speed ratio
Speed reduction factor due to

maneuvering

Sum of diameters of all trees in an area
containing one tree of the largest size
(in.)

Number of all trees in an area containing
one tree of the largest size

Total time of the best route through the
course (hr) (see: P)

Midpoint of stem spacing class I (ft)

Total time penalty associated with river
crossings and exits on one path segment
(min)

= TAN(A)

The set of point pairs on the curve to be
interpolated

Time available for deceleration (sec)

Tangent of the angle of repose of the
soil (@)

TAN (AV)

Il

TAN (A/2.)

Input torgque at which the torque converter
curves were measured (ft-1b)



Variable Used in
Name Subroutine

TDIST PATCH

TDIST RPUTE

TE AUT@F
STICK

TEF guTPT

TF FOIL

TFAT VEGF

TFZR (1) FZIL
CPIL
PATCH

TFIR(2)

TFPR(3)

TF@R VISI@N

TF@W CgIL

THD DIG

THEM RIVER

THI FIVEYP
RIVER

Definition

Distance that the vehicle has traveled
since the last obstacle encounter (ft)

Total area of the course (ft) (sum of
lengths of all path segments whose starting
point, I, equals the ending point, J)

Engine torque from net engine torgque curve
(ft-1b) (= FX in CURVE)

Total power train efficiency

Track factor or tire factor used in
mobility index calculation

Summation of the work required to override
all diameters of trees to be run over

Maximum tractive force downhill (1b)

Maximum tractive force on level ground (1lb)

Maximum tractive force uphill (1lb) (limited
by soil failure only) (see: F@RMX)

Maximum braking force (1b) (= BRF@R in
PATCH)

Tractive force to weight ratio

Angle of bank to be excavated to permit
egress (rad) (= AAvV, SAI, THM, THEM in
RIVER)

Traction-limited slope (rad) (= THD in DIG)

River ingress bank angle (rad) (= THN in DIG)




THIC (I)

THM

THN

‘TI

TT

TL

TN

TND

TNE1 (I, J)

TJ
T@S

T@T

THT

TP

Used in
Subroutine

- FIVEYP

RIVER

DIG

AUT@F

#BSTCL

INPUT
@BSTCL

FIVEYP
RIVER
PATCH

INPUT
AUT@F

#BSTCL

AUT@F
STICK

FIVEYP

AUT@F
STICK

FIVEYP
RIVER

Definition

Midpoint of river bank angle class I (deg)

Maximum drop-off angle before belly hang-

up (rad) (& THD in DIG)

River bank angle (to be excavated) (= THI,
ESL in RIVER)

Torque input to converter necessary to
produce desired vehicle speed (ft-1b)

GWS (wheeled)
min (CGF, CGH)

(T inside)

(tracked)
(see: T@)

Distance between first and last wheel
centerlines (in.)

Time required to cross a river (swimming,
fording, or rafting) excluding ingress and
egress time (min) (= VR(I) in FIVEYP)

Time needed for deceleration (sec)

Array containing torgque converter input
speed versus converter speed ratio curve

(T outside) = TL (see: TI)
Transmission output speed (rpm)
Total number of patches in which the vehicle
can achieve a speed greater than 0 but less
than- 10 mph

Transmission output torque (ft-1b)

Total time penalty for river ingress and
egress {(min) (= TPR(I) in FIVEYP)




Variable

Name

TPLY
TPR(I)
TPSI

TRAT

TRF
TRFU

TTE (I, J)

TTIME

(TTM(I,J))

TV
TVEL1

TVELZ2

TXF

Used in
Subroutine

INPUT
CgIL

FIVEYP
RPUTE

INPUT
C@IL

RIVER

AUTQZF
STICK

PATCH
MARSH

INPUT
AUT@F
STICK
PATCH

INPUT
AUT@F

RIVER

PATCH

PATCH

FOIL

Definition

Tire ply rating
Total time penalty for ingress and egress
from river type I (min) (= TP in RIVER)

Tire pressure (psi)

Traction based on ¢ and g of slope

Tractive force that the vehicle can
produce (ft-1b)

Total motion resistance due to soil, slope,
obstacles and vegetation (1b)

Array containing net engine torque versus
engine speed curve (ft-lb, rpm)

Time that the vehicle has traveled since
the last obstacle encounter (sec)

Array containing torque converter torque
multiplying coefficient versus converter
speed ratio curve

Speed made good in croséing a river
(corrected for downstream drift, mph)

Current speed during speed-up/slow-down
model (mph)

Temporary variable containing velocity (mph)
Transmission factor used in mobility index

calculation: hydraulic = 1, mechanical =
1.05




Variable

Name

Tl

T2

v(I)

VAA

VCI1l

VEHICL

VEL@ (I)

VELZC

Used in

Subroutine

RPUTE

RPUTE

FIVEYP
RPUTE

INPUT
@BSTCL

FYIL
COIL

@BSTCL
INPUT

GUTPT

FIVEYP
INPUT

AUT@F
STICK

PATCH

FIVEYP

PATCH
MARSH

Definition

Total time required for crossing all rivers
encountered on a given path segment
(excluding ingress and egress time, min)

Total time penalty for river ingress and
egress on all rivers encountered on a
given path segment (min)

The finally-selected limiting velocity on
patch type I (fps)

vehicle approach angle (deg, rad) (= AV
in FIVEYP) (= AAV in RIVER)

One-pass vehicle cone index
Vehicle departure angle (rad)

Alphanumeric variable containing the
vehicle name (e.g.: MI113Al1, M60ALl, M1l1l5Al,
M35A2) (= VEHICL in FIVEYP)

Alphanumeric variable containing the
vehicle name (e.g.: M113Al1, M60Al, M1l15aAl,
M35A2) (= VEH in @UTPT)

Temporary variable containing vehicle
velocity (= 0. mph to 50. mph in .5 mph
steps) .

The finally-selected best-achievable velocity
on the given patch type with slope I (mph)

I 1 downslope

2 level ground

3 upslope

o

The finally-selected best-achievable velocity
on the given patch type (assuming that equal
distances will be traversed downslope, level

and upslope, mph)




Variable

Name
VELV
VELV(I)
VF

VFS

VL

VM

VMTEM
V@LA

V@@B (I, J)

VR(I)

VRID

VRIDE (I)

VSS

Used in
Subroutine
*

VISI@N

PATCH

@BSTCL

INPUT
RIVER

INPUT
PATCH
ZBSTCL
JUTPT

PATCH
MARSH
VISI@N

PATCH
MARSH

PATCH
@BSTCL

INPUT
PATCH

FIVEYP
RPUTE

PATCH

INPUT
PATCH

INPUT
FIVEYP
RIVER

Definition

Velocity limited by visibility (mph)
(z VELV(I) in PATCH)

Velocity limited by visibility on slope I
(mph) (= VELV in VISI@N)

Velocity limited by soil and slope
resistance {(mph)

Vehicle fording speed (mph)

Vehicle length (ft) (in)

vehicle mass (lb—secz/ft)

Most limiting speed between obstacles (mph)

Limiting speed over an obstacle limited by
2.5g acceleration (mph)

Array containing vehicle velocity versus
obstacle height at 2.5g vertical accelera-
tion (mph, in.)

Time required to cross river type I (sw1mm1ng,
fording, or rafting) excludlng ingress and
egress time (min) (= TN in RIVER)

Limiting speed due to vibration at the
driver's seat for a given patch type (mph)

Limiting speed due to vibration at the
driver's seat for surface roughness class
I (mph)

Vehicle swimming speed (mph)




Variable
Name

VTEM(I, J, K)

VTT

vX

WA

WB

WBI

WC

WwDC

Used in
Subroutine

PATCH

PATCH

#BSTCL

FOIL
CAIL

DIG

INPUT
PATCH
MARSH
AREAV
AREAQ
VEGF

@BSF

RIVER
DIG

gUT PT

AREAQ

@BSTCL

JBSTCL

INPUT
RIVER

FIVEYP
RIVER

FIVEYP

Definition

Final limiting velocity: I - slope type,
J - over or around obstacles, K - over or
around trees (mph)

Force limited speed (mph)

Finally-selected limiting velocity used to
calculate the vehicle's kinetic energy when
encountering an obstacle (mph) = Min (VF,
V@ZLA)

Vehicle weight normal to the ground surface
(1b) _

3

Volume of dirt to be excavated (ft7)

Vehicle width (in.)

width of an obstacle at ground level (ft)
(mound = bottom width; trench = top width)

Cross~-sectional width at the bottom of an
obstacle (ft) (= ¢BW in PATCH)

Cross-sectional width at the bottom of an
obstacle (in.) (see: WBR)
Vehicle winch capacity (1b)

Water depth of a river (ft)

Midpoint of water depth class I (ft)




Variable Used in
Name Subroutine Definition

WDF CgIL Wheel diameter factor used in vehicle cone
index calculation

WF FOIL Weight factor used in mobility index
calculation
WID INPUT Track width or wheel width (in.)
FOIL
COIL
WLORBF FOIL Wheeled: Wheel load factor

Tracked: Bogie factor
Used in mobility index calculation

WR F@IL. Vehicle weight range (1b)
WS FIVEYP Water speed of a river (fps)
RIVER '
WSC(I) FIVEYP Midpoint of river water speed class I (fps)
WX FOIL Vehicle weight range (kip)
X KURVE The value of the independent variable to be
CURVE used in interpolating the entering array
XBR INPUT Maximum braking force that the vehicle can
PATCH develop (1b)
XJH FIVEYP Upper limit of speed range I (mph) (see:
PC(I))
XJL FIVEYP Lower limit of speed range I (mph) (see:
PC(I))
XMI FOIL Vehicle mobility index
XNT (I) PATCH Number of trees of stem diameter class I in
MARSH an area containing one tree from class NSDC
AREAV (the largest class)
VEGF




Variable
Name

XX

X1 thru X8

Y

FORCW (I)
FORCH (T)
FORCT (I)

FORCK (T)

SPDEF (I)
DSPDF(I)'
THRESH (K)
SIGMA (K)
GAMMA (K)
VAR (N)

Y

PASTP

PROFIL

Used in
Subroutine

FOIL

@BSTCL

FOIL

Definition

Temporary variable used in calculating
drawbar pull to weight ratio

Critical distances (see analysis)

Temporary variable used in slip calculation

VARIABLES USED IN RIDE DYNAMICS SUBMODEL (VRDM)

Resultant vertical force at Tth axle due
to profile input to segmented wheel

Resultant horizontal forces at 1th axle
due to profile input to segmented wheel.

Track 1nterconnectﬁng vertical force
between the (I~ l) and the I axles

Suspension spring vertical force of the
1th axie

Deflection of the suspension spring of the
1th axie

Time derivative of SPDEF or relative
velocity of rth suspension

Threshold héight of the Kth wheel segment,
KKsin®Oy -

Horizontal spring constant for the xth

wheel segment, KKsin®yg

Vertical spring constant for the KD wheel
segment, KKcosGK

Solution of NtP first order vehicle
differential equation

Array containing those interpolated profile
elevations beneath the vehicle

Array containing old input profile time
history

Array contalnlng new input profile time
history




variable

PWRVAR (N)

DAMP (1)

ACCISS (M)

ACCGS (M)

ACCMAX (M)

ACCMIN (M)

SUMRMS (M)

RMS (M)

LEN

MASS (TI)
H
T
DELTAT

DELTAL

VELIPS
VELMPH

NSTEPS

Description

Solution of NP absorbed power first
order differential equation

Damping force of Ith axle suspension

Acceleragﬁon in in/sec2 (except pitch)
of the M output variable

Acceleration in g's (except pitch) of
the mth output variable

Maximum acceleration of the MtR output
variable

Minimum acceleration of MtR output
variable

S .acces (M), 2 for RuS

-, 2 ACCGS (M)| 2 /t RMS of M output
variable

Read in values for various length para-
meters of vehicle. These lengths repre-
sent different dimensions in various
vehicles. (See the individual vehicle
for the use of a particular LEN)

Mass of the Ith axle

RKG step size (seconds)

Time (sec)

Increment of time (sec)

Increment of length between profile
points (in.)

vVehicle velocity (ips)
Vehicle velocity (mph)

Number of steps in RKG for each DELTAT
(at/H)




Variable
YIN
DRVMAX
DRVMIN

ABSPWR

DRIVER (1) /DISDRV
DRIVER (2) /VELDRV
DRIVER(3) /ACCDRV

DRIVER(4) /RMSDRV

IOPT (1) /IFPWR
TOPT (2) /IFFILE
I0PT (3) /IFPACC
IOPT (4) /IFDRV
IOPT(5) /IFRMS
IOPT (6) /IFINPT

NY

IDF

NAXLES

NSEGS

IFHORZ

FNAME

FMASS

Description

Next profile input (in.)

Maximum vertical acceleration of driver

Minimum vertical acceleration of driver

Absorbed power (watts) of driver

Displacement of driver (in.)

Velocity of driver (in.)

Acceleration of driver (g's)

RMS of driver (g's)

IlYes n

1] Yes L

IIYeS [}

) ||Yesll

IIYeSII

t Yesll

Number

for
for
for
for
for
for

‘of

absorbed power
output file
peak-acceleration
driver motions
RMS

external input

profile points needed to run

complete length of vehicle. AL*NY =

length

Number
second

Number

Number
wheel

0 = No horizontal equation,

of

of

vehicle in inches.

degrees of freedom (number of

order differential equations)

of

of

equation

axles for vehicle

segments in each segmented

Name of output file

Mass of main frame of vehicle

1l = horizontal




Variable

INRTIA

HORMOM

VEHQID
FID
IOPT

DRIVER

Description

Pitch inertia of sprung mass

Sum of the moments due to axles about
center of gravity

Name of vehicle being run
Identification of input
Program options (see individual options)

Driver variables (see individual
variables)

THE FOLLOWING VARIABLES ARE USED BY THE MAIN PROGRAM ONLY

IYES
NO
IBELL

SDVRMS

JSTOP

NSTOP

TPRINT

1HY
1HN
Rings TTY bell upon completion of test

ZE(ACCDRV)Z, summation to compute driver
rms

1l = go, 2 = stop main program

Program terminates after NSTOP steps
subsequent to JSTOP becoming

Controls TTY printout time




Main Program FIVEYP (Fig. C2)

The program which controls the calling of all subroutines
is called FIVEYP. As the main program starts, the mid-points
of the various stem-~diameter classes of vegetation are
calculated. This is necessary because the data presented in
the data blocks congist only of the maximum points of each
of these classes. (It was necessary to have the data in this
form because they are used in this form later in subroutines
AREAV and VEGF.) When this is completed, the program proper
begins.

First, a call is made to the terminal to determine the
vehicle, the geographic¢ area and the season for which cal-
culations will be performed. Next, the subroutine INPUT is
entered. Subroutine INPUT calls the particular vehicle data
file and loads all its data into the appropriate variables
for later use. Then, the variable ISNI is created; it has
the value 1, 2 or 3, depending upon whether the season is
dry, average or wet. Next, a check is made to see if the
vehicle has a standard or an automatic transmission. If it
is standard, subroutine STICK is entered, and an array F@RCE
is calculated. This array contains vehicle speed versus
tractive effort on a solid surface, and has 101 elements,
representing 0 to 50 mph in 0.5-mph increments. If the
transmission is automatic, subroutine AUTZF is entered
instead of subroutine STICK, and the array FGRCE is calculated.

Next, the major part of this program is entered. In
this portion, the data for each patch are determined, and
several other subroutines are called to determine the speed
over that patch. Each patch is handled independently.

First, the data relating to class intervals for one
patch are read. The variable IGR is checked. If this
variable is equal to 0, the patch is a marsh; if it is
greater than 0, the patch is "normal". If the patch is
normal, the calculation proceeds and a check is made on
variable IST. This is the soil type, which can be either
fine-~grained or coarse-grained. Depending on this, either
stbroutine F@IL or subroutine C@IL is called. A check is
first made to determine if the soil and slope are the same
as for the previous patch; if so, this call is bypassed.




Within these subroutines the array F@RCE is modified by
slippage of the track or wheels in the soil, and the new
array F@RCR is created. This array contains the actual
vehicle speed versus soil-dependent tractive effort. Once
this array is determined, another check is made within the
subroutine to determine whether the soil is immobilizing the
vehicle; i.e., whether the maximum tractive effort is positive,
This is stored in variable IG@. If IG@ returns as 0, the
vehicle is immobilized, and the speed in this patch is set

to 0. If IGP is 1, the vehicle can successfully negotiate
the so0il, and a call to subroutine PATCH is made. Subroutine
PATCH calls several other subroutines to calculate various
resistances, avoidances, overriding of obstacles, vegetation,
slopes, vision and other elements. Returning from PATCH is

a limiting speed for this patch type in variable VEL@C. This
is loaded into array V and a return is made to read data for- -~
the next patch.

If the patch is a marsh, instead of a normal patch,
control is transferred to another portion of the program.
The soil-dependent tractive effort versus speed curve must
be determined here too; and depending upon variable IST,
the soil type, either subroutine F@IL or subroutine C@IL is
called, and this array is calculated. Also, variable IG@
returns from F@IL or CPIL. If IGP is 0, the vehicle is
immobilized in the soil, and array V is set to 0 and a
return is made. If the vehicle is not immobilized, subroutine
MARSH is called. As with PATCH, subroutine MARSH calculates
the resistances, avoidances, etc., for the terrain elements
in this marsh, and the variable VEL@C is returned containing
the limiting speed., This is loaded into array V, and a
return is made to read additional patch data.

The last line in the patch data file contains a check
that allows an exit from this file. The check is made on
variable I@BAA, If this variable is negative, the patch
file is closed. This last line will be the only one in
that file with a negative element in this location.

The river data file is then opened. A loop is entered
to calculate the time penalties associated with crossing each
river type. First, the various river data are calculated
from the class intervals indicated in the data file. These
data are: water speed, WS; water depth, WD: bank angle, THI;




. bank differential height, BD; bank height in ingress, BHI;
and bank height in egress, RBH. ~ Also, the egress bank
anble, RBA, is calculated, and the number of distinct slopes
on the egress bank, NEX. For the AM¢ 71 Model, NEX is
always 1. Finally, the river width, RW, is calculated.

Then subroutine RIVER is entered. The time penalties
associated with crossing the river with ingress and egress
os the river are calculated within this subroutine. These
return from the subroutine as variables TP and TN, and they
are loaded into arrays VR for river-crossing time and TPR
for river ingress and egress time penalty. This is performed
successively for each river type. The last line in the .
river data file is an exit line; and when this is reached,
an exit is performed to a later part of the main program.

Three arrays are filled now: V for the average speed
calculated for each patch type, VR for the time penalty
associated with crossing each river, and TPR for the time
penalty associated with ingress and egress from each river.

The next part of the program calculates the percentage
of patches in which the vehicle is constrained to certain
speed ranges. These ranges are: O (immobilization), O to
2, 2 to 4, 4 to 6, 6 to 8, 8 to 10, and greater than 10 mph.
This information is loaded into array PC, and this array is
printed by the terminal.

Subroutine @GUTPT is entered next. This prints the
various vehicle data that were calculated in earlier sub-
routines of the program. Next, subroutine RGUTE is entered.
This subroutine takes the arrays V, VR, and TPR and calculates
the best route through the map. Subroutine VWRT is then
entered and the arrays V, VR, and TPR are written into an
external file for later manipulation, if required. This
file is named VELFIL within the program. Later, when the
program has been run, this file will be called up and given
a new name to identify it with the specific vehicle. This
ig the last thing accomplished in the main program; and at
this point, the run is complete.




MAIN PROGRAM

VARIABLES INITIATED BY DATA BLOC: IDPRY,
IAVE., IWET, RD(2), NSDC, NSsC,SDL(8), SV(8),
BHCTY, 2W(B), oL (7)), 2SC8), AA(14), RCIC (11),
SLC (8),WSC(5),WDC @), THIC(10), BDC (2,
RWC (24), ISRC(Q), IFEAT(E)

VARIABLES ENTERING THRCLGH COMMON :
VS, WD, ITRAN, AV, DWX

IGRX = 100 bed T=1 | SD(I) =(X1+5DL(A))/2.
ISTX =100 X1 =spL(T)

IRCX=100
X1=0.
IQ=1
VEHICL, ‘
TFILE(D) =TFEAT(D AR,
[ IFILE(2) = IMAP @ |

Toni=4 '—I
!
|




|
NPATCH = NPAT :
Q=1 o> NPAT, TST. I
= AT, IST,IRCI)\ |
IGRX =1IGR IGR,I®BAA,T®BH,\ |
ISTX =TT I0BEW,I0BL,I0RBS,
I®ST, IPR, IS, !
A ]
|
@ I
NO ]
'
| YES |
IQ=0 I» ]
|
!
!
S
| IVINPAT) = | NO | IR=IRCI(ISNI) !
IFIX({s3 YES RCI=RCIC(IR) !
% 1000.) WO =WDC@Eges)| |
|
I
TV(NPAT)
=0
P TVINPAT) =TFIX(VELGC*1000)

Fig. C2 cont'd




IFILE (D=TIFREAT(2)

BHI=WD-BD
RBH(D)=WD

NO

<>

I

NPAT, NISC,
NBDC, NESC,
NRWC,NWOC,
NW YV

WS= WsC(NwWV)
WD =WDC(NWDC)
THI=THIC(NTSO)

[ A 4

NEX=1

RBA (D) =TRIC(NEST)

RW =RWC(NRWI) |

VRINPAT) = TN
TPRINPAT)=TP

i

Y

YES BD = BDC(NBDC)
BHI =ND
ReR(AD)=wWD+EC

IR=IRCI(ISNI)

REI=RITIT(IR,




- IV(NPAT) =IFIX(VEL®@C %1000

\

TPT=0:ldt pc(H)=o0.

I=4

J=& IL = (I%2-4)
*1OQO
JH=dJL+2000

NOC

YES

J=J+4
4

TET=TBT+PC(J)| |T=I+4 [¢ PeO)=PCO)+1.

4

PC()=0.F>IT=4

NO
TV PC(D)=PCCy+ 1. |

NO >0
TS YES
NPATCH IT=T + 1 jt——
Tves

PC(7) = FLRAT (NPATCH) =TT ~PC (1)

=1

PC(I) = PCCI) %100. /FLOAAT (NPATCH)

y

I=T+1

Fig. C2 cont'd




VARIABLES LEAVING THROUGH COMMON: SV(10),
RI>(10), SD(1.0), NSDC, NS 3.2, DL (A, BT (40, AA(20),
W (10), g4 (109, @LCa.o), SLe(40), ISRC(20), RCI,
WS, WD, THT, BHI, RW, TANP, C,NEX, RBH(S),RBA(S),
1v(1oﬂm), vr“ Ciio),TPR Cﬁ 1.0)

B

Fig. €2 cont‘'d




1492VR
15$3VR
1432VS, ¥A
1792VR

FREP

10$BVR  INPUT
‘11 $4VR AUTAF
12 $7VR

STICK
FIIL

CarL

PA TCH
RSH
RIVER
18S3VR ,RAUTE
19$3VR, VWR T

110

13$3VR

.- v W e

1€ AMC 71 MARILITY MZDEL -- MAIN PR@GRAM
2C
3C F3IR INFZRMATION CONTACT:

4C

'5C JAHN EILERS

5C 1} S ARMY TANK-AUTOMBTIVE COMMAND

:7C - AMSTA=RURV

Sg WARRDN, MICHIGAN 48090 PHANE: 1-313-573~1445
9

CAMMZN SV(10) ,RD(10),SD(10) , NSDC,SDL(10) ,NSSC,8S(10),

120&  AA(20),3W(10),8H(10),3L(10),SLCC10),ISRC(20),I5(10),IREC,

1202 10BL,I128%,1@BS,I1ZBH,I2BAA,IGR,IPR,IRCI(3),IST,I0ST,SDSC10),
140& XMTC10),5¢10) ,F@RCE(2,101),FORCR(4,101) ,FORMX(3) ,TFOR(3),

1502 RT,RCI,NVEH, NFL, GVW,DL,WID,GT,A,NRC,GC ,HPT,ITVAR, RDIAM,

1608 TPSI,TPLY,HS,WC,SAT AWPKF GCA, A VSS, NCREW,FD,VFS TNE1(2,30),
17082  TTM(2,30),TTFE(2,30) ,GR(10),NG,TC,RR ,FDR,EFF FDREF,ITRAN,

1e0& IVEL, NC! , NC2 ,NC3, ENTCG,LZXUP,V@2B(2,30) ,VRIDE(20) ,W,PBHT,

1208 PRF,VL,NC4,NC5,H,8EW, 2BAA,XLT,HB,AV,RDC, VDA CGF,CGH,DWX,

200% RW] ACG,DCG,HC,RWW WS WD, THI ,EHI RW,6TANP,C,6NEX ,RBH(5),

210& RRA(5),IV(1080) ,VR(11C),TPRC110),XBR

200 DIMENSI@N RCIC(15),¥WSC(10),4¥DCC10) ,THICC10) ,BDC(10)

230 DIVENSIZN PC(C10) ,RWC(25)

235 DINMENSIAN IFILE(2),IFEAT(5)

240 INTEGER VEHICL(2)

2500

250 DATA IDRY/ DRY./

261 DATA IAVE/ AVE /

242 DATA TWET/"WET /

279 DATA (RD(I),I=1,9) /164.,121.,59.,34.2,24.6,17.4,12.5,7.5,
2208 2.5/

230 DATA NSDC,NSSC,(SDL(I),I=1,8)

3008 /9,9,.98,2.35,3.94,5,51,7.09,%.66,9.94,15,/

310 DATA (SV(I),I=1.8) /300.,65 5,51 e2,31.5,22,3,15.7,10.8,3.9/
320 DA TA (ﬂH(I),I:l,?) /3.15,7. 8711 .81,15.75,20.27 95.u5

330% 33,45/

340 DATA (ZWCI),I=1,5) /11, 2 ,3.48 2,49 ,1,51, .45/

250 DATA (2LCI),I=t,T) /. ss,,.se 5.25,8.53,15,09,258,,492./

260 DATA (3SCI).1=z1.8) /197.,131.,51.2,31.5,22.3.15.7.10.8,3.5/
370 DATA (AACI) ,I=1,14) /179.,121.,177.,183.,173.,187,,164,,196.,
390& 154,,206,,142,,218,,112,,248,./
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FREP

290
ann e
L1n
4290
430
440
4504
450
470 &
420
490 &
S5004&
510
515
520C
521
522
525
528
527
530
540
550
550
570
580
600
k10

CZNTINUED

DATA (RCICCID,I=1,11) /300.,250.,190.,130.,80.,50.,36.,?9.,
20.,14.,5./

PATA (SLCCI),I=1,8) /1.,3.4,7.5,15.,30.,50.,65.,72./

DATA (WSCCI).I=1.5) /0..1.64,4.52,9.02, 11,48/

DATA (WDCCI),I=1.4) /1.84,4.92 11.48 18,4/

DATA (THICCI),I=1,10) /2.5,7.5,15.,25.,35.,45.,62.5,
75.,22.5,87.5/

DATA (BDCCI),1=21,9) /0.,-1.64,-4,92,-9.84 -13,.12,

L 084,4492,9.84,13,15/

DATA (RWC(I),I1=1,24)/0.,4.9,14.8,24.6,34.4,44.3,54,1,64,,
73.2,83.7,93.5,106.5,123.,139,.156..172,,189..,205. .
221.5,237.5,254.3,270,7,287.,303.,5/

DATA (ISRC(I),T=1,9) /1a9 5.4 5,6,7,8,9/

DATA TFEAT/“PCH™, *R20”,*sEc”, "msp* *Riv"/

NPATCH =0
NRIV=0
IGRX =100
15T¥=100
IRCX =100
X1:=0.,
D3 4 I=1,MSDC
SDCI) =(X1+SDLCI)) /2.
X1=z=8DL(D)
4 CINTINUE
CANTINUE
PRINT 201!
READ 100, VEVICL

N

£20 CALL LINX(3 "OI“PUT )

K30
521
832
R33
534

835
£31
637
540
<50
G50

A0

520
60
700

710
720
730

140

- 145

750

CALL INPUTCVEHICL)
PRINT 500 .
500 FARMAT( FENTER GEZGRAPHIC AREA /)
READ 501 ,IMAP
501 FIARMAT(AZ)
IFTLECL) =IFEATCL)
IFILE(2) =] MAP
CALL ZPFENF(2,IFILE)
PRINT 202
READ 100,ISEAS
IF (ISEAS-IDRY)S!,90,91
90 ISNI =i
33 T3 o4
91 IF (ISFAS-IWET)®3 2,93
92 JENI =2
GA T2 94
TGNT =2
IF (ITR®N)1,1,2
517 FORMAT (414 FG.OJF4 2,F9.0

B ON

(82 Vs

1 CALL LINK(4, OwTICK )

CALL STICK




FREP

;750
765
770
180
190
795
796
197
798
200
210
R208&
825
230
240
‘850
860
270
280
890
900
905
910
%20
930
940
950
955
960
970
9175
977
920
990
1000
‘1010
1020
1030
1040
1050
1051
‘1060
1070
1080
‘1090
1100
1110
1120
1130
‘1140

ca

2 CAL
CAL

21

o

22
12B
101

63
CALL

§4

66
§7

68
CALL
110

99
20 C
CALL

58
50

59
¢

NTINUED .

G2 T2 22 _ i}
L LINK(5, 0AUTOF™)
L AUTOF
Go TP 22
NPATCH=NPAT
10 =1
IGRX =I GR
1STX=1ST
IRCX =IR
CONTINUE
READ (2,101) NPAT,IST,(IRCI(J),J=1,3),IGR,IMBAA,IOBH,
w,108L,108s,105T,1PR, C15¢1),1=1,NsDC) | IREC
IF(IGRX .EQ.IGR.AND.ISTX .FR . IST.AND.IRCX.FO ,JRCICISNI))1Q=0
FZRMAT(I4,412,11,12,1511)
IF (IGR.GT.0) G2 Ta 99
IR=IRCI (ISNI)
RCI=RCIC(IR) -
WD=WDC (1 0BS)
IF (FD.GT.WD) G2 T2 &3
IV(NPAT) I FIX(VSS*1000.)
67 T2 21
IF(10.EQ.0)GATE 66
IF(IST.GT.!1)GOTO 64 ‘
LINK(3, 0FBIL")
CALL F@IL(0.0,IGO)
G2 TO 66 i}
CALL LINK(3,“0COIL™)
CALL CPIL(0.0,I1GR)
IF (1G2) 57,67, 68
IV(NPAT ) "= "0
G2T2 21
IF(10.EQ.0)GATE 110
LINKC3, "OMARSH )
CALL MARSH(VELZC)
IV(NPAT) =IFIX(VELBC*1000.,)
6o 0 21
IF (1ABAAY20,10,30
ALL CLASEF(2) _
LINK(3, "ORIVER™)
IFILEC]) =IFEAT(2)
CALL GPENF(2,IFILE)
GAT3 50
NRIV=NPAT
READ (2,55) NPAT,NISC,NBDC,NESC,NRUC,NWDC,NWV
IF (WPATY10,10,60
FORMATCIZ,12,11,212,211)
WS zWSC (NW\)
WD=WDC(AYDC)
THI=THIC(NISC) o
BD=3DC(NBDC)




FREP CONTINUED

1150 IF (BD)51,51,52

1150 51 BHI=WD=RD

1170 RBH (1) =WD

11RO GO T? 53

1190 52 BHI=WD

1200 RBH(1) =WD+BD

1210 53 RBA(1)=THIC(NESC)

1220 NEX =1

1230 RW=RWC(NRYC)

1240 CALL RIVERCAV,DVWX,TP,TN)
1250 VR(NPAT = TN

1260 TPR(NPAT) =TP

1270 GOTA 58

1220 30 IR=IRCI(ISNI)

1290 RCI=RCIC(IR)

1295 IF(IQ.EQ.0)G3TE 33
1300 IF(IST.GT.1)GATS 37
1310 CALL LINK(3, 0FPIL™)
1320 CALL FAIL(SLCCIGR),IGZ)
1330 Co To 38 .
1340 37 CALL LINK(3,"0CBIL™)
1345 CALL CAIL(SLCCIGR),I1GD)

1350 38 IF (1G®)32,32,33
1360 32 IV(NPAT) =0

1370 Ga T7 178

1375 33 IF(IALEQ.0)GATA 111
1380 CALL LINK(3, OPATCH™)
1390 111 CALL PATCH(VELAC)

1400 IV(NPAT) =1 FIX (VEL@C 1000.)
1410 172 CONTINUE
1430 G T# 2]

1440 201 FIRMAT( ENTER VEHICLE NAME™/)
1450 10 T@T=0.0

1460 D3 76 J=2,6
1470 PCCJ) =0.0
1480 JL=(J*2-4)%1000
1450 JE=J1+2000
1500 DA 75 I=! ,NPATCH |
1510 IF(IV(D).LE.JL)GATE 75
1520 IFCIVCI) LGT.JH)GBTE 75
1530 PC(J)=PCC(JI+1.
1540 75 CENTINUE
1550 TAT=TAT+PC(J)
1560 76 CANTINUE
1570 PC(1)=0.0
1580 D@ 77 I=1 NPATCH
1590 TFCIVCI)) TR, 78,77

1500 72 PCC1)=PC(I)+1t,
1610 77 CANTINUFE
1620 PC(T) =FLZAT(NPATCH) = T2T =-PC(1)

C-47




‘FREP CONTINUED

1630 D3 75 1=1,7

1640 PC(I)=PC(I)/FLBAT(NPATCK) %100,
1650 75 CONTINUE

1550 PRINT ®0,(PCCI),I=1,7)
1670 211 F2RMAT (I5,4X,F7.1)
1620 100 FORMAT(2A3)

1699 CALL CLSEF(2) _

1700 CALL LINKC3,K“0RAUTE™)

1710 CALL ROUTE(IFILE,IFEAT)
172¢ CALL LINK(3,K “OVWRT")

1730 CALL VERT(NPATCH,NRIV)

1740 20 FBRNAT(/// PERFSRMANCE BY MNUMBER gF PATCHES 1/
1750&  7(2X,F5,1, 7 )/SX 0. 0 ,6%,70 19 2" 2 4%, 9 10 4~ ,4X,
17504 4 Tﬂ §" 4X "6 TY q WX, g T2 10° X, > o

17704&  /15%, V&LQCITY RANGEZ-MPH™)

1720 202 FORMAT(™ ENTER SEAS2N: DRY, AVE, @R WET? /)
1730 END




Subroutine INPUT (Fig. C3)

Subroutine INPUT reads in the vehicle data required by
the program from the vehicle data files. See the discussion
of data files for details. ' '




SUBROUTINE INPUT

VARIAFLE ENTERING: VERICL

PID =3.44152245 /180, [

/GVW,DL,WID;\
GT, HPT, GC,

™
ry
NBC,ITVAR
- READ
/ ST T
/ TL,FEC, -

VAA,REC,VDA,

‘\ \\\ COF,CGH  /

/ /45\7\/\/:, SAT \

Fig. C3
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HLCL

ACG=ACG % PTD
VAA=VAA ¥ PLD
VDA=VDAX PID
SAY =SAL & PLU
RR =2 /12,

VL=VL /12. e e
W=W/17. ““———{ RETURN )

FD=FD/42.

VARIABPLEL LEAVING: NVEH,NFL,GVW,DL, WID,GT; A,
NEC,GC, HPT, I TVAR, TPSIT, TPLY, HS, WC,SAT AW PKF,
GCA, V'3, NCREW, FD, VFS, TNEL (2,20), TTM (2,35,
TTE (2,25, 6R(10), NG, TC, RR, FDR , EFF, FDREF,
TTRAN,NG1, NC2,NC3, ENTCG, LakuP, veeB (2, 30D,
VRIDE(20), W,PEHT, PEF, VL, NC4,NC5, TL ,FEC,VAA,
RET,VDA,CGF,CGH,BWS, RW,ACG, DCGLHC,RWW, XER 4
RDIAM
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SUBRZUTINE INPUT(VEHICL)

Caman IPATCH (325) ,FIRCE(2,101),FARCR(4,101) [FARMX(3),
TFAr(3) ,RT,RCI NVEH, 6 NFL GUW DL WID, 6 GT,A,NBC,GC HPT,ITVAR,
RDIAM TPSI JTPLY , HS,WC ,SAI ,AWPKF,GCA,VSS NCRDW, FD,VFS,
TNE1(2,30),TTM(2,30) ,TTE(2,30) ,GR(10) ,NG,TC ,RR,FDR EFF,
FDREF I TRAN IVFL NC1 NC2 NC3 ENTCG,LAKUP VEIB(2,30),
VRIDE(20) ,% P2HT, PBF VL NC4 NC5 H WB ApA TL FEC, 6 VAA, REC,
YDA COF CCH AWS RW ACE DCG,HC ,RWW TDUMMY(1555) XRR
INTEGER VEHICL(?)

PID=3.14159285/120.
CAaIL ZPENF(] ,VEHICL)
REAN (1,100) NVEH, TTRAN
RDAD (1,101) GVW DL, VWID,GT,A,HPT,GC NEC,ITVZR
READ (1,102) TL,FEC,6VAA REC,VDA CCGF CCGH
READ (1,10%) GWS RYW ACG, ECG,HC ,RWY
REELD (1,102) HS,WC,SALl AWPXF,GCA,FD,VS5,VFS
RFAT (1,100) WNCREW,NFL
TF(NVER) 4,4,3
READ (1,102) RDIAM,TPSI,TPLY
4 READ (1,103) W, PPHT, PBF,VL,6XER

READ (1,104) HC4,(V233(1,1),veeB(2,1),1=1,1C4)

RFAD (1,165) NC5,(VRIDE(I),fJ=1,3C5)

READ (1,102) &, FDR, FFF FLREF

YEAD (1,104) NG, (GR(I),I=1,NO)
TF(ITRARKYS5,5,8 ‘ '
§ READ (1,107 TC,ENTCCG,L2¥UP
READ (1,104) HCL,(TNELICI,ID,TNELI(2,I),I=1 NCD)
READ (1,104 NC2,(TTAC1,I),TTM(2,I),I=1,NC2)
5 READ (1,104) xC3,(TTR(), 1), TTE(2,1),1=1,NC3)

CALL CLACET (1)

LCO=ARCKPI D

YAA=YsaxPI

PR=RP/12.

VpL=VL/12,

W12,

FRzFD/12.

VDA YNARPID

S2T1=SAT*FID
100 FIPNET(2]3)

101 FURMAT(FT,.,C,5F7,.,2,213)
102 FAEVMAT(RFT,.?)
103 FADMET(S5F0 1)
104 FIPWHAT(TIZ/Z(?F00.3))
108 F7RAT(I3/9F7.2)
1ng FARAAT(IZ/(5FT.4))
107 FAPMAT(2F7,3,13)
= ¥ ;\;
fﬁgJR

N




Power Train Submodel

Basic limitations to vehicle performance are set by
the maximum tractive force that can be transferred by the
driving wheels to the ground. In direct drive, which
accounts for the majority of current applications, the
engine is coupled through a transmission directly to the
driving axle. The transmission can be mechanical, as with
a gear shift, or hydraulic. A hydraulic transmission can
also include a torque converter.

The gasoline engine starts to run smoothly at a cer-
tain minimum-idle speed, NEMIN, and produces excess power
at speeds above this point. Optimum combustion quality,
and therefore maximum effective pressure, is reached at a
medium engine speed where, as a result, maximum torque is
developed. As speed increases further, brake mean effective
pressure deteriorates because of the rapidly growing losses
in the air induction manifolds. Torque, therefore, starts
to decline. Power output is in the nearly straight-line
proportion with speed up to the point of maximum torque.
Beyond this point, the rate of power increase falls off
until the maximum power output is reached. Engine speed
increase beyond this point results in a fast decline in
power output, and the maximum permissible speed, NEMAX, is
reached quickly. In vehicle applications, this point is
usually set just above the maximum power output speed.
vVehicles designed for traction, however, are designed to
operate at much lower engine speeds, since maximum torque,
and not power output, determines performance limits.

The function of the transmission is to transform the
torque-speed relation of engine output into a form that
corresponds more closely to actual driving demands. The
transformation is performed by the following means:

1. By the transmission alone, in the case of a manual
gear-shift transmission, or by the transmission plus a
torgque converter. There can also be a gear reduction stage
between the engine and the torgque converter.

2. On vehicles requiring extremely high torque at low
speeds, additional gear reduction stages are usually placed
at the driving wheels.



The power transmission between the engine output shaft
and the driving wheels involves the following additional
factors as power consumption elements:

1. ENTCE:  Engine-to-torque converter efficiency. This
power consumption originates in the friction between the
gears, and a constant value of 97 percent is used.

2. EFF: This is the transmission power consumption
originating in the friction between the gears and o0il churning
losses. A value of EFF corresponding to the particular
vehicle under investigation is used.

3. FDREF: Final drive gear efficiency.

Differences in the torque characteristics of standard
and torque converter transmissions require modification of
techniques for calculating tractive forces. The gear-shift
transmission provides positive ratio coupling between engine
speed and vehicle speed, except when the vehicle starts
from.a standstill. During this part of the operational
range, the clutch slips and the exact speed ratio is unknown.
Transmission and final drive gear reductions multiply engine
torgue. Subroutine STICK is used for the case of a vehicle
with a standard transmission.

For an automatic transmission, the torque ratio of the
converter reaches maximum at stall output speed, and the
ratio gradually falls off as output speed increases. The
converter eventually acts as a hydraulic coupling with a
l-to-1 torque ratio. Speed ratio of a torque converter is
zero at stall conditions - when the vehicle is stationary
and the engine is working at a certain predetermined design
speed. As the vehicle begins to move, the engine speeds up,
first very slowly, then at an increasing rate until the
converter becomes a coupling. Characteristics of a typical
converter appear in Figure C4. When combined with the reduc-
tion in the geared stages, the plot leads to a complete
graphical equivalence between vehicle speed, engine speed,
converter torque ratio, and engine torque output. Subroutine
AUT@F is used for the case of a vehicle with an automatlc
transmission and torque converter.
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Fig. C4 - Powerplant and torque - converter characteristics
for truck installation. At converter stall speed ( = 0),
torque ratio peaks at 2.1:1 and engine is 1400 rpm. Plot
at lower left shows speed reduction in mechanical stages of
the transmission. Transition between low and high gear
ratios is performed at vehicle speed of 8 mph.



Subroutine STICK (Fig. C5)

Subroutine STICK calculates the curve of theoretical
vehicle velocity versus tractive force for a vehicle with a
manual transmission. Note that this tractive force is
defined by the torque transferred from the engine through
the transmission to the final drive axle. Limitations due
to the soil's ability to support horizontal tractive forces
will be considered later. The variables entering the sub-
routine are as follows:

1. Array TTE: This array carries points on the
curve of engine speed versus engine output torque.

2. NC3: Indicates the number of points on the
above curve.

3. NG: The number of gear ratios in the trans-
mission.

4, GR(I) (T =1, 2. .. . NG): The values of the
gear ratios. : ‘

‘ 5. EFF: Transmission efficiency.
6. FDR: Final drive ratio.
7. FDREF: Final drive efficiency.

8. RR: Rolling radius of the wheel for a wheeled
vehicle, or the radius of the road wheel plus the track
thickness for a tracked vehicle.

.Variables NEMAX and NEMIN represent the values of
engine speed at the highest and lowest points on the
incoming array TTE.,

The subject subroutine produces array F@RCE (I, J) as
will be explained below, which will carry the tractive force
versus theoretical vehicle velocity curve. I = 1 indicates
tractive force; I = 2 indicates vehicle velocity. J is
incremented from 1 to 10l. This represents vehicle velocities




from 0 to 50 mph in 0.5 mph increments. These values of
velocity are now loaded into the second column of the array
FORCE. The values in the first column of array F@RCE (the
column representing tractive effort) are initiated at zero.
This column of the array will carry the values of tractive
force corresponding to each velocity. These tractive force
values are now calculated in the rest of the subroutine.

The balance of the subroutine consists of one long
loop, the index of which is variable NGEAR. This is indexed
from 1 to NG, NG being the number of gear ratios in the
transmission. The tractive force value is calculated for
each gear ratio. The best value is selected and overrides
any previous value calculated in an earlier pass through the
loop. On the first pass, all calculated values are
accepted since the previous values had been initiated at
zero. On subsequent passes, new calculated values may or
may not be larger than previous values.

An inner loop is now begun, which increments velocity
from 0 to 50 mph in 0.5 mph increments. This velocity is
carried in the variable VEL, For each value of VEL, a value
of NT is calculated. NT represents engine speed correspond-
ing to vehicle velocity VEL, corrected for the gear ratios
of the transmission and the final drive, and corrected for
the rolling radius of the wheel or road wheel. NT is then
checked to see if it lies outside of the range of available
engine speeds (i.e., if it is greater than NEMAX or less
than NEMIN), If it is greater than NEMAX, a return is made
to the top of the inner loop, and VEL is incremented upward
by 0.5 mph. If it lies within the range of available
engine speed, subroutine CURVE is called. Returning from
CURVE is variable TE. This is the value of engine output
torque corresponding to engine speed NT. It is derived by
interpolation from the array TTE.

The next variables calculated are: T@S, the trans-
mission output speed (the engine speed NT, divided by the
transmission gear ratio); and T@T, the transmission output
torque (the engine output torque TE, times the gear ratienm
times the transmission efficiency). Next, the corresponding
tractive force at the ground is calculated. This is variable



TRF; it is equal to the transmission output torque times
the final drive ratio, times the final drive efficiency,
divided by RR, the rolling radius.

Next, Jl is calculated. This indicates the current
location within array F@RCE. It corresponds to the specific
value of velocity VEL. TRF is now compared with the
previously calculated value of FPRCE (1, J1). If it is
greater, it overrides this previous value and is loaded
into FARCE (1, Jl). If it is smaller, the value of F@RCE
(1, J1) calculated in a previous pass through the outside
loop is retained. When the calculations for each gear
ratio are completed, the array F@RCE contains the best
tractive effort for each increment of vehicle velocity.

Finally, the variable IVEL is set equal to the value
of J1, which is the last value used in the outside loop.
It represents the maximum vehicle velocity that can be
achieved and is dependent upon the maximum engine speed
available in the highest gear ratio. It will be used in
calculations in subsequent subroutines as the upper limit
of array F@RCE. At this point, a return is made to the
calling program.



SUBROUTINE STICK

VARIABLES ENTERING: TTE(®2,30),N6,6R(10), FDR,
RR,EFF, NC3, FDREF

PI=73.14150265 > K=2 |+ FORCE(L,K)=0.
NEMAX =TTE (4,NC3) FORCE(2,K)=
NEMIN=TTE (1,1) FRRCE (2,k-1) +o5
ForRCe(1,1)=0. NO |
YES .
FeRCE (2,1)=0. NGEAR=1 @ K=k+ 4
YES ANeearRNNO AN = —
> VEL =VEL+.5J4————]
NGEAR =
YES NO | NT=GRI(NGEAR) %
NCEAR T @ 88. % VEL ¥FDR /
YES @ (2.%PIx RRY)

- IVEL = 1 YE o
[
NO
CRETURN D

o

|
!
I
!
!
|
I
I

FORCE(1,J1)=TRF

TES=NT/GR(NGEAR)
TET=TE*#GR(NGEAR) % EFF
TRFE=TATX%FDR¥*FDREF/RR
JL=2.%VEL +1.04L

Fig. C5




STICK

1250 SUBRAUTINE STICK

1260 DI MENSIZN TNE1(2,30),TTM(2,30) ,TTE(2,30),GR(10),FBRCE(2,101)
1270 REAL NE _NT, NEMIN,NEMAX

11280 CaMMAN IPATCH(325),FBRCE,ISAIL(865) ,TNEL,TTM, TTE,GR,
'1290& NG,TC,RR,FDR,EFF FDREF,ITRAN,IVEL,6NC!,NC2,NC3,ENTCG,LOXUP
1300 FPRCE(1,1) =0, '
1310 FARCE(2,1) =0,

1320 D2 71 K=2,101

1330 FBRCE(! ,K) =0,

1340 FARCE(2,K) =FARCE(2,K-1)+0,5

1350 71 CONTINUE _

13860 NEMAX =TTE(1,NC3)

1370 NEMIN=TTE(1,1)

1320 PI=3.1415926

1384 D@ 140 NGEAR=z1,NG

1325 VEL=-0.5

1385 161 VEL=VEL+0,5

1330 IF (VEL-50.)162,162,140

1400 162 NT=GR(NGEAR)*88 ,%VEL*FDR /(2 (*PI%RR)

1410 IF (NT-NEMAX)>120,120,140

1420 120 IF (NT-NEMIN)161,121,121
@ 1:30 121 cALL CURVENT,TE,TTE,30)

1440 T@S=NT/GR(NGEAR)

1450 T3T=TE*GR (NGEAR)*EFF

1450 TRF=TE*GR ( NGEAR) * EFF* FDR* FDR EF /RR
1470 J1=2 % VEL+1.01

1420 IF (TRF-FBRCEC1,J1))161,161,160
14950 160 FZRCE(!,J1)=TRF

1500 G T8 161

1510 140 CZNTINUE

1520 IVEL=J1

1530 RETURY

1540 END




Subroutine AUT@ZF (Fig. C6)

Subroutine AUT@F calculates the curve of tractive force
versus theoretical vehicle velocity for a vehicle with an
automatic transmission and torque converter. The variables
entering the subroutine are as follows:

1., Array TTE: This array contains the curve of
engine speed versus engine output torque.

2. Array TNEl: This array contains the curve of
torque converter-speed ratio versus converter input speed.

3. Array TTM: This array contains the curve of

torque converter-speed ratio versus torque multiplying
coefficient.

4. NG: The number of gears in the transmission.

5. GR(I): The values of the gear ratios.

6. ENTCG: The gear ratio between the engine and
torque converter. This pair of gears is sometimes present
to match the optimum operating point of the engine with the
optimum operating point of the torgque converter.

7. TC: The input torque at which the torque
converter curves are measured.

8. EFF: Transmission efficiency.

9. FDR: Final drive ratio.

10. FDREF: Final drive efficiency.

11. RR: Rolling radius of the wheel or road wheel.

12. L@PKUP: A variable denoting whether a torque
converter lockup is present.

The first thing checked in the program is variable
ENTCG., If this variable has a value other than 1, there is
a gear ratio between the engine and torque converter, ENTCG.




The efficiency of this gear is arbitrarily set to 0.97. The
engine speed versus engine output torque curve, TTE, is
modified to reflect this gear ratio. The first column
carrying engine output torque is multiplied by this ratio

and by the efficiency. Array TTE now represents the speed
versus torque relation at the output shaft of this gear

set. Next NEMAX and NEMIN, the highest and lowest speeds

of the input shaft of the torque converter, are set equal

to the highest and lowest points of the first column of

array TEE. Array FPRCE is now initiated. The first column
of this array will carry the values of tractive force
calculated by the subroutine; these values are initiated at
zero. The second column will carry the corresponding vehicle
velocities, incremented from O to 50 mph in 0.5 mph increments.
These velocities are now loaded into the second column of the
array.

A set of three nested loops is . now entered. Within
these loops the tractive force values corresponding to each
velocity increment will be calculated, if the torque converter
is assumed to be in operation. The outer loop has index
NGEAR, and will run through the transmission gear ratios.
The second loop increments velocity from O to 50 mph in 0.5
increments; this value is stored in variable VEL. Next,
initial values of two temporary variables are established:
FLAGM and FLAGP, set egqual to the minimum and maximum shaft
speeds, respectively (there were NEMIN and NEMAX). ©Now the
third loop is begun. This loop will zero in on the appropriate
engine speed corresponding to vehicle velocity VEL, by
narrowing the range between FLAGP and FLAGM until the difference
is less than one unit. First, variable NEI is set egqual to
the midpoint of this range, and variable NE is set equal to
NEI. NE now represents the temporary value of engine speed.
Next, NT is calculated; this is the value of engine sgpeed
corresponding to vehicle velocity VEL as reflected through
the torque converter and transmission gear. The torque
converter-speed ratio, SR, is set equal to NT divided by NE.
If the value of SR is greater than 1, it is set back to 1,
since the speed ratio of the torque converter cannot exceed 1.
Next, SR is sent into subroutine CURVE; this subroutine will
interpolate array TNEl, which contains the speed ratio versus
input speed curve for the torque converter. Returning from
the subroutine ig variable NE1l, the input speed corresponding




to speed ratio SR. Next, a corrected ratio SRl is set equal
to NE divided by NE1l, and a temporary value of torque con-
verter input torque TI is set equal to TC times SR1“. NE is
then sent to subroutine CURVE. This time the subroutine will
interpolate array TTE, the array containing the engine speed
versus engine output torque curve. Returning from the sub-
routine is variable TE, the engine output torque corresponding
to engine speed NE. Torque TE is compared against TI; if

the difference is negative, FLAGP is reset to NEl; if the
difference is positive, FLAGM is set equal to NEl. The two
values FLAGP and FLAGM represent the maximum and minimum
engine speeds within which the appropriate value lies. A
return is now made to the top of the third inner loop, and
new values are calculated for torque converter input torque
and engine output torque. A comparison of these two will
determine how the range between FLAGP and FLAGM is narrowed.
When this difference is less than one unit, the values are
taken to be established, and an exit is made from this loop.

The speed ratio of the torque converter, SR, is then
sent into subroutine CURVE., This time the subroutine will
interpolate array TTM, the array containing the torque
converter-speed ratio versus torque multiplying coefficient
curve. Returning from the subroutine is variable TM, the
torque multiplying coefficient corresponding to speed ratio
SR. Next, variable T@S, transmission output speed, is
calculated. T@S equals the input speed NT divided by the
gear ratio. The transmission output torque T@T is set
equal to TI, the torgque converter input torque times the
converter multiplying coefficient TM, times the gear ratio
of the transmission, times the transmission efficiency.
Next, the torque at the ground, TRF, is set equal to the
transmission output torque T@T, times the final drive ratio
FDR, times the final drive efficiency FDREF, divided by the
wheel rolling radius RR. Variable Jl is then calculated.
This denotes the current location within array F@RCE corres-—
ponding to the particular velocity presently being calculated.
TRF is checked against the value of F@GRCE (I, Jl). If it
is greater, it is loaded into this location in the array.

If it is not greater, it is discarded, and the previously
calculated value is retained. A return is now made to the
top of the second loop, and a new value of VEL is calculated.




When NEMAX minus NE, the current value of engine speed, is
less than 2, a return is made to the top of the outer loop,
and calculations are performed for another gear ratio.

When all of these calculations are completed, the array F@RCE
is filled for operations with a torque converter.

A check is made next to see if a torque converter
lockup is present. If there is, the system is identical to
a manual transmission, and a loop is entered that is identi-
cal to the loop in subroutine STICK. Here, tractive force
values are calculated as though the torque converter were a
simple 1l:1 ratio. If any are greater than the previously
calculated tractive force values for the particular
velocities, they are superimposed in array F@RCE at the
appropriate places. The final step in the subroutine is to
set variable IVEL eugal to Jl, which represents the highest
point reached in array F@RCE. In subsequent subroutines,
IVEL will represent the maximum value in this array. A
return is now made to the calling program.

Cc-65



SUBROUTINE AUTOF

VARIABLES ENTERING: ENTCG, TTE (2,30),TNEL (2,39,
TTM(2,36),NC1,NC2 ,NC3, NG, GR (10),TC, FDR, RR,

EFF, FOREF, LBKLP

o7+ =1 b TTE(LK)=TTE(,K)/ENTCG

NO
@ ENTCE=,

YES

PI=3.141592¢(5
NEMAX=TTE(1,NC3)
NEMIN=TTE (4,1)

TTER,K)=TTE(2,K)*
ENTCG % ENTCE

FoRCE (1,4 =0.
FoORCE (2,1) = O.

Y
=
It
N
. |

FPRCE (1,K)=0-
FORCE (Z,K)=FPRCE(2,k-1)+.5

NO

131 K=+l

VEL — — 5f——| NGEAR = 1 fe—=x

by
VEL=VEL+.5 _ [ NEI=(FLAGP+FLAGM)/2.
FLAGP=NEMIN NE=NETI
FLAGM=NEMAX

NT=GR(NGEAR)%* 88. %

Cc-66

VEL¥FDR/(Z. #FPT # RR)
ABS SR =NT/NE
NO TrLAGM~
SR, TNE1,
SRA=NE/NE1L NC1
. TI=TC*SR1
* SR1L NE4
FLAGP
=NET
+ .
FLAGM | F1-TE m
=NETI
> W)

ERNYES
>4,

NO

SR=4.

CURVE

t Fig. Cé6




TBS=NT/GR(NGEAR)
TAT =TM XTI # GRINGEAR) XEFF
| TRF=TOT%FDR %FDREF/RR

FORCE (4,J)1) = TRF

YES NO [~
- @ VEL= - s|<[NcEAR=1
» Y

[VEL=VEL +.5]

NGEAR=
NGEAR L YES ~VEL N\ NO
w1 T 550, NT =GR(NGEAR) %88.

O YES *VEL ¥FDR/(2.% PL#RR)
> IVEL=J1 } :

YES o
( RETURN ) NO

FORCE (4, ) =TRF * !
TPS=NT/GR(NGEAR)
TAT=TE % GR (NGEAR*EFF

TRF =T@T *FDR %FDREF/RR
J1=72.%VEL +1.04

VARIABLES LEAVING: TVEL,FPRCE(Z,101)

Fig. C6 cont'd




AUTAR

520 SUBRQUTINE AUTOF

530 DIMENSIZN F@RCE(2,101)

540 DIMENSIQN TNELI(Z2, 30) , TTM(2,30) TTE(Z ,30) ,GR(10)

550 REAL NE, NT, NEI NEl NEMIN NEMAX

560 CaMMON IPATCH(325) | FORCE IS@IL(SSS) TNEI ,TTM,TTE, GR
570& NG,TC,RR,FDR,FFF, FDPEF ITRAN IVEL,NCI NCZ N03 ENTCG LBKUP
520 "1F' (ENTCG-I.)3,4,3

590 3 ENTCE=0,97

500 Pg 2 K=1,NC3

610 TTECI ,K) =TTE(! ,K) /ENTCG

520 TTE(2 ,K) =TTE(2,K)*ENTCG*ENTCE

830 2 CZNTINUE
540 4 FARCEC(1,1) =0,

850 FORCF(2,1) =0,

660 Da 71 K=2,101

5§70 FBRCEC] ,K) =0,

880 FBRCE(2 ,K) =FARCE(2,K~1)+0.5
$90 71 CONTINUE

700 NEMAX=TTEC1,NC3)

710 NEMIN=TTECL, 1)

720 PI=3.1415526

730 D@ 50 NGEAR=1,NG

740 VEL=-0.5

750 81 VEL=VEL+0.5

760 FLAGP =NEMIN

770 FLA GM=NEMAX

720 20 CANTINUE

790 NEI =(FLAGP+FLAGM) /2,

200 NE=NEI

210 NT=GR ( NGEAR) %88 ok VEL* FDR /(2 .¥PI*RR)
720 SR=NT/NE

230 IF (SR.GE.1.) SR=1,

240 CALL CURVE(SR,NE1,TNE1,30)
250 SR1=NE/NEI

250 TI=TC*SRI*SR1

270 CALL CURVE(NE,TD,TTE,30)
2820 IF (TI-TE)30,21,40

290 30 FLAGP=NEI

Q0o 83 T2 90

910 40 FLAGM=NFI

920 90 IF (ARS(FLAGM-FLAGP)-1,)21,21,80
930 21 CANTINUE

940 CALL CURVE(SR,TM,TTM,30)

950 TOS=NT/GR(NGEAR)

960 TAT=TM¥TI*GR(NGEAR)*EFF

970 TRF=TM*T I*GR(NGEAR) * EFF* FDR* FDREF ARR
g0 IF (NEMAX-NE=-2.)57,58,58

990 58 JA=2 *xVEL+1.01

1000 IF (TRF-FBRCEC(1,J1))61,61,60

1010 §0 F3RCE(1,J1)=TRF

c-68




AUTZF CONTINUED

1020
1030
1040
1050

1060
‘1070
‘1080
1090
1100
1110
1120
1130
1140
1150

1160

1170
1180
1190
1200
1210
1220
1230

160
140

G2 Tg §)
CONTINUE
CANTINUE

IF (L2KUP)5S
D@ 140 NGEA
VEL==0.5
VEL=VEL+0,5
NT=GR(NGEAR) %8R ,xVEL*FDR /(2 ,*PI*RR)
IF (NT-NEMIN)161,170,170

IF (NT-NEMAX) 121,121,140

CALL CURVE(NT,TE,TTE,b30)
TAS=NT/GR(NGEAR)
TAT=TExGR(NGEAR)*EFF
TRF=TE*GR(NGEAR)*EFF* FDR*FDREF /RR
Ji=2 ., VEL+1,01! '

IF (TRF=-FORCE(1,J1))161,161,160
FZRCE(1,J1) =TRF

G TO 161

CANTINUE

IVEL=J!

RETURN

END

5,6

14 ?
R=1,NG




Subroutine KURVE (Fig. C7)

Subroutine KURVE is an interpolation routine. In all
cases, the entering array to be interpolated is array F@RCR,
the soil-dependent tractive force versus velocity array. It
has four columns: the first contains a velocity component
on level ground, the second the tractive force component on
level ground, the third the velocity component on a slope,
and the fourth the tractive force component on a slope.
Obviously, columns one and two correspond, and columns
three and four correspond. One of the variables entering
the subroutine is N, which determines the columns that are
to be used as dependent and independent variables for the
calculation. If N enters as +2, the independent variable
will be the velocity on level ground, and the dependent
variable will be tractive force on level ground. If N
enters as +1, the independent variable will be velocity on
slope, and the dependent variable will be tractive force on
slope. If N enters as -1, the independent variable will be
tractive force on level ground, and the dependent variable
will be velocity on level ground. If N enters as -2, the
independent variable will be tractive force on a slope, and
the dependent variable will be velocity on a slope.

The first operation performed is the location of the
first non-zero element in the entering array. This first
non-zero element is identified with index IBEG. Next,
determination is made as to whether the dependent variable
increases or decreases as the independent variable increases.
This information is stored in FACT. A search is then made
through the array starting at index IBEG, the first non-zero
element in the array, and continuing to the last point of
the array, identified by index IVEL. The location of the
incoming value of the independent variable in the array is
established, and the corresponding value of the dependent
variable is calculated from the appropriate column in the
array. This value is then returned to the calling program.




SUBRQPUTINE KURVE

VARIABLES ENTERING: X, TABLE (4,100),N. TYEL

IBEG=I+1

FACT = +4. > I=1IBEG

H[FacT—L.—

FX=TABLE (TFx,I-1)+ (TABLE (IFX,T) —~TABLE (TFX, I-1)*
(X=TABLE (TX,T-1))/ (TABLE (T X, I) “TABLE (T X, T-1D)

> Fx=TABLE (IFx,I)

! FX=TABLE (ZFX%,IBEG-1)

A Y

1 FX=0. ———"CRETURND ' YES

A YES NO
FX=TABLE (IFX,IVEL) |

VARIABLE LEAVING: FX

Fig. C7




KURVE

1210 SUBRAUTINE KURVE(X,FX,TABLE,N,IVEL)
1820 DIMENSIAN TABLE(4,101)
1830 IF (N-2)11,4,11

1840 11 IF (N>13,15,8

1850 13 IF (N+2)7,3,7

1260 3 IX=2

1870 IFX=1

1830 G2 T2 6

1890 8 IX=3

1500 IFX=4

1910 GO 10 6

1920 4 IX=1

1930 1FX =2

1540 G3 T8 6

1950 7 IX=4

1960 IFX =3

1970 6 FXx=0.

1980 DB $ 1=1,101

1990 . IF (TABLECIFX,I))14,9,14

2000 S CONTINUE
2010 14 IBEG=I+I

2020 IF (X-TABLECIX,IBEG=1))30,12,40
2030 30 FACT=-1,
20 40 G2 T3 50

2050 40 FACT=1.

2060 50 D? 10 I=IBEG,IVEL

2070 IF ((X-TABLECIX,I))*FACT)5,2,10

2080 5 FX=TABLECIFX,I-1) + (TABLECIFX,I)-TABLECIFX,I-1))

2090& *(X-TABLECIX,I-1))/(TABLE(IX,I)~-TABLECIX,fI-1))
2100 RETURN

2110 2 FX=TABLE(IFX,I)

2120 RETURN
2130 10 CANTINUE
2140 IF (N)16,15,15

2150 16 IF (FACT)17,15,15
2160 17 FX=TABLE(CIFX,IVEL)

2170 RETURN

2180 15 CONTINUE

2190 FX=0.

2200 RETURN

2210 12 FX=TABLECIFX,IBEG~1)
2220 RETURN

2230 END




Subroutine CURVE: (Fig. C8)

Subroutine CURVE is also an interpolation routine. 1In
this case, the entering array is array V@@B, or one of the
three arrays from the engine model. Array V@@B consists of
two columns: the first is obstacle height, and the second
is vehicle velocity over an obstacle of this height, limited
by 2.5-g vertical acceleration at the driver's seat. The
variable N entering the array determines which of these
columns is the dependent variable and which is tlie independent
variable. If N enters as +1, the independent variable is
obstacle height, and the dependent variable is the associated
vehicle velocity. If N enters as -1, the independent
variable is vehicle velocity, and the dependent variable is
obstacle height. A check is made to determine whether the
dependent variable increases or decreases as the independent
variable increases. This information is stored in variable
FACT. Next, the location of the incoming wvalue of the
independent variable is established by searching the array,
and the corresponding value of the dependent variable is _
calculated by interpolation. This value is returned to the
calling program. :




SUBRGUTINE CURVE

VARIABLES ENTERING: X, TABLE (2,101), N

N Y
+
N=-N Fig. C8
Ty=1 lFEX=0. IX=2
IFA=1

FACT=-4, P I=2 FACT =+1.
- I>N

/ "
(%—
© GmBLe(rx,1) * | T=T+4

* FACT

YES

Fx = TABLE (ITFx, I-1) +(TagLe (TFX, I)—
TABLE (IFX,T-1))* (X-TABLE (X, IT-4))/
(TABLE (IX, I) — TABLE (IX,I-1))

» FX=TABLE (IFX,I) 1

 FX= TABLE(TFX,1) RETURN

h

VARIABLE LEAVING: FX




CURVE

2250
2260
2270
2280
2290
- 2300
23190
2320
2330
23 40
2350
2360
2370
2380
2390
2400
2410
2420&
2430
2440
2450
2460
2470
2480
2490
2500
2510
2520

50

6
30
40

5

SUBRBUTINE CURVE(X,FX,TABLE,N)

DIMENSISN TABLE(2,101)
IF (N)3,15,4

IX=2

IFX=1

N=-N

G2 T8 6

IX=t

IFX =2

FX=0.

IF (X-TABLE(IX, l))30 12,40
FACT=~1,

G8 T2 50

FACT=1.

D2 10 I=2,N

IF ((X- TABLE(IX I))*FACT)S 2,10
FX=TABLE(IFX,I~ D+ (TABLE(IFX

I)-TABLE(IFX,I-1))

*(X-TABLE(IX,I- l))/(TABLE(IX 1) -TABLECIX 2I= 1’

2

10
15

12

RETURN
FX=TABLECIFX,I)
RETURN
CONTINUE

FX=0.

RETURN
FX=TABLECIFX,1)
RETURN

STaP

END




Soil Subroutines F@IL and C@IL:

The standard WES cone penetrometer equations, with their
supporting concepts, were used for the soil subroutines since
field data for the six geographic sites specified by the Army
Materiel Command were available in terms of cone index values
only. The standard WES field instrument utilizes a 30-deg’
cone having a base area of 0.5 sq. in. The strength of fine-
grained soils is expressed as the average penetration resist-
ance for a "critical layer", selected according to the size
and weight of the vehicle with which the number is to be
used. For military vehicles, the 0~ to 6-in. or the 0~ to
12-in. layer, depending on weight and type of vehicle and the -
80il profile, is usually considered critical.

Penetration resistance is measured by the cone penetro-
meter and is expressed in terms of cone index. Since the
strength of a soil may increase or decrease when loaded or
disturbed, remolding tests are necessary to measure the gain
or loss of soil strength to be expected under traffic. The
result is the rating cone index which is a soil dependent
parameter., A comparison of the rating cone index with the
vehicle cone index (a vehicle performance characteristic)
indicates whether the vehicle can negotiate the given soil
condition. Reference contains a detailed account: of
these concepts.

Subroutine F@IL: (Fig. C9)

Subroutine F@IL calculates the soil-dependent tractive
force versus vehicle velocity array for fine-grained soil.
The program is divided into three parts: the first part
calculates the mobility index and vehicle cone index, the
second part calculates drawbar pull-to-weight ratio .and
resistance-to-weight ratio, and the third part uses the
incoming array F@RCE, which is the tractive force versus
theoretical vehicle velocity curve, and the previous calcula~
tions to create a new array F@PRCR. This array has four
columns: the first represents vehicle velocity on level
ground corrected for slip in the soil, the second the
corresponding value of vehicle tractive effort, the third the
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vehicle velocity on a slope corrected for soil slippage, and
the fourth the corresponding vehicle tractive effort. The
calculations, following the WES soil model, use cone indexes.
The first part of the program calculates mobility index, XMI,
which depends on a number of factors and is calculated
differently for tracked and wheeled vehicles. For a tracked
vehicle, the contact pressure factor, CPF, 'is set equal to
the vehicle weight divided by the quantity two times the
track length times the track width. Next, the weight factor,
WF, 1is calculated: if the vehicle weight is less than 50,000
lb., WF = 1; if it weighs between 50,000 and 70,000 lb., WF =
1l.2; if it weighs between 70,000 and 100,000 lb., WF = 1.4;
and if it weighs more than 100,000 1b., WF = 1.8. Then, the
track factor, TF, is set equal to track width divided by 100,
Next, the grouser factor is set equal to 1 if the grouser
height is less than 1.5 in., and to 1.1 if the grouser

height is greater than 1.5 in. The bogie factor is then set
equal to gross vehicle weight divided by the quantity 10 times
the number of bogies times the area of one track shoe.

For a wheeled vehicle, the contact pressure factor, CPF,

- is set equal to two times the gross vehicle weight divided by
the quantity nominal wheel width times nominal wheel diameter
times number of tires. Next, the weight factor, WF, is
calculated. This depends on the weight range, WR, which is
equal to gross weight in pounds divided by the number of
axles. (The weight range is also expressed as WX, the vehicle
weight in kips divided by the number of axles.)

If WR is less than 2,000 lb., WF = ,553 * WX;

If WR is between 2,000 and 13,500 1lb., WF = .033 * WX + 1.05;

If WR is between 13,500 and 20,000 lb., WF = .142 * WX - .42;

and, if WR is greater than 20,000 1lb., WF = .278 * WX - 3.115.
The tire factor, TF, is'équal to 10 plus the nominal tire

width divided by 100. The grouser factor, GF, is set to 1 if

the vehicle is not supplied with chainsg, and to 1.05 if the

vehicle has chains. Next, the wheel load factor is set to
WX divided by 2.




For both wheeled and tracked vehicles, the following
factors are calculated: the clearance factor, CLF, is set
equal to the ground clearance divided by 10; and the engine
factor, EF, is set equal to 1 if the horsepower per ton is
greater than 10, and to 1.05 otherwise. The transmission
factor, TFX, is set equal to 1 if the transmission is
hydraulic, and to 1.05 if the transmission is mechanical.
Finally, for both wheeled and tracked vehicles, the mobility
index, XMI, is calculated as follows: ,

CPF _* WF
TF * GF

The one-pass vehicle cone index, variable VCI, is
calculated next. For a tracked vehicle:

XMI =[_ + WLZRBF =~ CLF‘] * EF * TFX

39.2
VCIl = 7. + .2 * XMI - SNT + 5.6

and for a wheeled vehicle:

39.2
XMI + 3.74

Then, it is determined if there is excess RCI available.
This variable, RCIX, is set equal to the incoming soil RCI
minus the one-~pass vehicle cone index. If this value is
greater than zero, calculation proceeds; if not, no further
calculation is performed within the subroutine. A variable
IG@ is set equal to 0, indicating immobilization in the soil,
and a return is made to the calling program. If there is
excess RCI, the next variables calculated are: D@W, the
drawbar pull-weight ratio; CX, maximum 20-pass drawbar pull-
to-weight ratio; and CXP, maximum 100-pass drawbar pull-to-
weight ratio. If the vehicle is tracked, and contact pressure
factor is less than 4, ‘

XX

.544 + .0463 * RCIX
DPW = XX = SQRT (XX * XX - .0702 * RCIX)
CX = .758

cXp = .71
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If the vehicle is tracked, and the contact pressure factor
is greather than 4:

XX = .4554 + ,0392 * RCIX

D@W = XX - SQRT (XX * XX - ,0526 * RCIX)
CX = .67l

CXP = ,71

If the vehicle is wheeled, and the contact pressure factor
is less than 4:

XX = .3885 + .0265 * RCIX

DPW = XX - SQRT(XX * XX - .0358 * RCIX)
CX = .674

CXP = .76

If the vehicle is wheeled, and the contact pressure factor
is greater than 4:

XX = .379 + .0219 * RCIX

DZW = XX - SQRT(XX * XX - .0257 * RCIX)
CX = .585
CXP = .655

Next, the resistance-to-weight ratio, RT@W, is calculated.
If the vehicle is wheeled, and the contact pressure factor
is less than 4:

.861

RTOW = ¢57% 5 3.249 + 035
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If the vehicle is wheeled, and the contact pressure factor
is greater than 4, or if the vehicle is tracked:

_2.3075 .
RTOW = eTx + 6.5 + +045

The total soil resistance:
RT = RT@W * VW

and the correction factor used in later slip calculations:
'CF = RT@W + D@W - CX

are then calculated.

The last part of the subroutine calculates the soil-
dependent tractive force versus vehicle velocity array
FPRCR., This part is passed through twice. The first time,
columns 1 and 2 of the array are calculated: column 1 con-
tains the vehicle velocity on level ground corrected for
slippage in the soil, and index IVEL is set to 1l; column 2
contains the corresponding tractive force, and index IF@R
is set to 2. On the second pass, columns 3 and 4 are
calculated: column 3 contains the vehicle velocity on a
slope corrected for soil slippage, and index IVEL is set to
3; column 4 contains the corresponding values of tractive
force, and index IF@R is set to 4. Within the loop, the
first variable calculated is TR@GR, which contains the maximum
tractive force that can be derived from the soil. TR@R has
an index from 1 to 3, representing downslope, level, and
upslope, in that order. Next, a loop is begun with index I,
which goes from 1 to 10l; this is the number of points in
array F@RCE. First, a variable F@RK is established. This
variable will temporarily hold the value of F@RCE (1, I),
which is the incoming tractive force value. If this tractive
force is zero, the corresponding locations for velocity and
tractive force in array F@RCR are set to zero, and a return
is made to the top of the loop. If the force is not zero,
calculation proceeds. Next, F@RK is checked against TF@R.
If it is greater than TFPR, it is set equal to TF@R. This
will produce a flat spot at the top of the final tractive




force curve and assure that this curve will not carry values
that exceed the force that can be generated in the soil.
Next, the slippage in the soil is calculated. 1If the vehicle
ig tracked, and the contact pressure factor is less than 4:

Y = FZRK/VW - CF

.0257 * Y - ,0161 + .01519

LT
SLIP .8353 -~ Y

If the vehicle is tracked, and the contact pressure factor
is greater than 4:

Y = FORK/VW - CF
. . .00734
SLIP = ,0733 Y - .0063 + 7177 -~ Y

If the vehicle is wheeled, and the contact pressure factor
is less than 4: '

| .01888
SLIP = .0621 * Y - .021 + —=3g7 %

If the vehicle is whéeled, and the contact pressure factor
is greater than 4:

Y = FORK/VW -~ CF

SLIP = .084 * Y -~ ,016 + .01414

Finally, the values of'velocity and force are loaded into
array F@RCR:

FZRCR(IVEL, I)

F@RCE (2, I) * (1. - SLIP)

F@RCR(IFZR, I)

FORK;

and a return is made to the top.of the loop. When this loop
is completed, another small loop is started. This loop
generates values of FPRMX(I), where I = 1 to 3 for downslope,




level and upslope. F@RMX carries the maximum force that the
vehicle can generate, depending both on the soil and on the
capability of the vehicle. Last, the gross vehicle weight
is corrected for slope, and a return is made for the second
pass through the outside loop. Here, all calculations are
repeated for the vehicle on a slope. When this is finished,
a return is made to the calling program.




SUBRBUTINE FOIL.

VARIABLES ENTERING: GRADE,RCT, NVEH,GVW, DL,
WID, GT, A, NBC, GC, HPT, TTVAR, F@RCE (2, 101)

IGp =1
VW =GVW

 CPF =VW /(2. %¥DL* WID)|

VWL
50000.

TEF=WID/00. g WF=4.
A YES

CPF=VW*2./

(WID*DL*GT) YES

NO WF =12 Yo
WX =WR /1000. i AN 70000,
GF =41
WF=.553| |[cF=1,
* WX WF=44
o WF=,083 WF=18
*¥WX  H \
+4.05 WLBRBF =\ W/ (20.% FLRAT (NBLY*A)
WF=0142 \
*wx ™ TF=(40.+wID)/100. | CLF=GC/40.
-.42 4 |
[WF=.278 xWx-23.445 |- WLERBF
=wx/2,

YES EF=1.05

4—— TXF=1.05 |

Y
XMI=(CPF%WF/(TF¥GF)+ WLPRBF - CLF) ¥ EF *xTXF

Fig. c9




|

N>2
N
YES

(o)

=39.2/(xMT +

VCI1=7.+2.%XMI

5.6)

VCI=1148+2. ¥ XMI -
~39.2/(XMI+3.74)

\

( RETURN ) | RCIx=RCI
) —VvCI1
RCIX
TG@=0 NoNL >0. e
XX = .544 +.046B*RCIX ~ES
DPW = XX ~SQRT (XX % XX —, 0702 ¥RCLX) | N=1
CX=.758 CxP=.82 ' NO
XX =,4554 + .0392 * RCIX vES
D@W = X%— SQRT(XX % XX — .OS2G% RCT X) N=2
CX=.671 CxP=,74 NO
XX = ,BRBS +.0265 #RCIX NES
<4 DPW = XX~ SQRT (XX % XX —.0358 ¥RCIX) N=3
LCX =.674 CXP=.76 NO
XX =.379 + .0219 % RCIX
<+— D@W = XX~ SQRT (XX # XX —.0257 % RCIX) =
CX = .5a5 CxXP=,655
YES
RTPW = .861/(RCIX+3.249)+.035
NG
RTPEW =2.3075/(RCIX +5.5)+.045 >

Fig. C9 cont'd
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FORK=FgRCE (4, I)

——— CF = RTOW +DOW —-C X

NO
>

I=I+A

FORCR(L,I)=0.
FeprCR (2,1)=0.

i

RT= RTOW * VW
TFAR ()= (CF+CxXPIRV W

 FORK=TF@BR (2)
Y

Y=F@RK /VW ~CF

FBRCR (4,I) = FORCE (2,T) % (4.-SLTPD
FORCR(2, D= FORK

SLIP=.0257 %Y —.01G1 +.01519/(.835%-Y)

SLIP=.0733%Y ~,0063+.00734/( 71477 -N) =

SLIP=.0621%Y ~ .021 +.01888/(.7794 —Y)

SLIP=,084 %Y—.016+.01414- /(6637 - YY)

CSF =CcpS(ATAN(GRADE. /100.))

FORMX (2)=F@RCR (2,I)
TFPR(B)=TFPR @) *%CSF
FORMX () =FPRCRE@,I)
TFIR(D)=TFPR(D)

FoRMx (D) =F@RMX(3)

FORCR(3,I)= FERCR (4,1
FORCRM,I)= FPRCR (2, L)% CSF

NO ¥

(revomn)

gt
NES 23N NO igl | T=T+1
104 NO YES
T=41
FORCR (2.1)
T=T+4 =0
A YES

VARIABLES LEAVING: F@RCRH4,101),FBRMX(D), TFAR(D, RT

Fig. C9 cont'd
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FOIL
]
H

100 SUBRGUTINE F@ILCGRADE,IGH)
110 DIMENSI@N FBRCE(2,101) ,FORCR(4,101)
120 CAMMEN IPATCH(325) ,FBRCE,FORCR, FBRMX(3), TDAR(3) ,RT RCI,

'130& NVEH ,NFL,GVW DL, WID, 6T ,A NBC , GC HPT ITVAR RDIAM TPSI TPLY
140& HS WC SAI AWPKF GCA VSS NCREW FD VF$

150 "167=1

i1 60 Vy=GVW

170 1" IF(NVEH.NE,0) G&T@ 200

180 CPF=WW/(2.,%DL*WI D)

190 IF(UW,LT.50000,)WF=1,0

200 IF(VW.GE,50000, .AND.VW.LT.70000,)WF=1,2
plo IF(VY,GE,70000,.AND,VW,LT,100000,)WF=1.4
220 IF(VW.GE.100000,) WF=1,.8

230 TF=WID/100.

240 IF(GT.LT.1,5)GF=1,.0

250 IF(GT.GE.1.5)GF=1.1

260 WLORBF=VW/(10 ,%xFLBAT(NBC) *A)

1z7o GATO 210

280 200 CPF=zVWk2,/(WIDkDL*GT)

290 WR1=1T

POO WX =WR/1000.

310 IF(WR.LT.2000,)WF=,553%WX

1320 IF(WR.GE.2000,AND WY 3 FMOO ) WF=,033%WX+1.,05
330 IF(WR.GE.13500., AND.WR.LT.20000,)WF=,142%VX~,42
340 IF(WR.GE.20000.,)WF=,278%WX=3,115

1350 -~ TF=(10,.+WID)/100.

360 IF(NBC.EQ.0)GF=1,.0

1370 IF(NBC.DQ.1)GF=1.05

1380 WLIRBF=zWX/2,

390 210 CLF=G6C/10,

400 IF(HPT.GT.10,)EF=1,0

410 IF(HPT.LE.10.)EF=1,05

420 IFCITVAR.EQ.O0)TXF=1,0

‘430 IFCITVAR.EQ.1)TXF=1.05

1440 XMI =(CPFxWF/(TF*GF)+WLARBF-CLF)*EF*TXF
1450 IF(NVEH.EQ,0.AND.,CPF,.LT.4,) Nzl

‘460 IF(NVEH .FQ .0 .AND,CPF.GE.4,) N=2

1470 IF(NVEH.GT.0,AND.CPF.LT.4.,)Nz=3

1480 IF(NVEH.GT.0 ,AND.CPF.GE.4,)N=4

‘490 GATB(220,220,230,230) ,N

500 220 VCII1=7.4+.,2%XMI=39,2/(XMI+5,.6)

510 GATS 240

520 230 VCII=1],48+,2%XMI=-39,2/(XMI+3,74)
530 240 RCIX=RCI-VCI!

540 IF (RCIX.LE.0.) G3 T2 600
550 G2TB(250,250,270,280) , N

1560 250 XX=.544+.0463*RCIX

570 DOW=XX =5QRT(XX*XX=-.07024R CIX)
'580 CX=. 758

1550 CXP=.82




FRIL

'$00
ls10°
620
630
1640
1650

260

270

290
300

310
320

330
350
360
370
320
390
400
410

420

1000
520

530
540

600

CONTINUED -2 -

GAT? 290

XX=e4554+,0392%RCIX
DOW=XX-SORT(XX*kXX - 0526%RCIX)
CX=0.671

CXP=,71

GAT? 290

XX ze3885+,0265%RCIX

DAW=XX =8OR T(XX*kXX~,0358%RCIX)
CX=,674

CXP=.76

GaTZ 290 ,

XX =379+ ,0219%RCIX

DBW=Y K =SQART(XX*kXX=.,025T*RCIX)
CX=.585

CXP=.655

Gg T2 (310,310,300,310),N
RTGW=0.861/(RCIX+3.245) + 0.035
GATE 320
RT2W=2.307T5/(RCIX+8.5) + 0.045
CF=R T2w+DoW~-CX

RT=RTOW* V¥

TFBR(2) =(CF+CXP) % VW

Dz 420 I=1,101

FORK=DBRCE(l ,I)

IF (FBRCE(1,1))330,410,330
IF(FARCEC],I) ,LEJTFAR(2))GATZ 350
FARK=TFBR(2)
Y=FARK/VW - CF

G2 T9 (360,370,380,390),N
SLIP=0,0257T%Y=0,0161+0,01519/(0.,8353~Y)
G TG 400
SLIP=0,0733%Y=0,00834+0,00734/C0,T177~Y)
G2 T2 400
SLIP=0.0621%xY-0,021+0,01888/(0,7794~Y)
G TG 400
SLIP=0.,084%Y~-0.0164+0.01414/C¢0.6697=Y)
FARCR(1,1I)=FBRCE(2,I)*(1,-SLIP)
FARCR (2,1) =F@2RK

G3 T@ 420

FARCR(1,I) =0,

F@RCR(2,1) =0,

CONTINUE
CSF=COS(ATAN(GRADE/100,))

D@ 1000 I=1,101

FORCR(3,I) =F3RCR(1,I)

FORCR(4,1) =FARCR(2,I)*CSF

Dg 530 I=1,101

IF(F2RCR(2,1) ,NE.0,)GBTO 540
CBNTINUE

FARMX(2) =FBRCR(2.1)

TF2R(3) =TFBR(2)*CSF

FORMX (3) =FBRCR(4,1)

TFAR (1) =TFAR(3)
FORMX (1) =FORMX (3)

RETURN

1G8=0

RETURN

END c-87




Subroutine CGIL (Fig. C10)

Subroutine C@IL calculates the soil-dependent tractive
force versus vehicle velocity array for a coarse-grained
soil. Tf the vehicle is tracked and has a flexible track,
the drawbar pull-to-weight ratio is set equal to 0.568, and
the resistance-to-weight ratio is set equal to 0.074. 1If
the vehicle has a non-flexible track, the drawbar pull-to-
weight ratio is set equal to 0.695, and the resistance-to-
weight ratio is set equal to 1. For either type of track,
the tractive force-to-weight ratio, TF@W, is set equal to
drawbar pull-to-weight ratio plus resistance-to-weight ratio.

" If the vehicle is wheeled, the calculation is somewhat
more complicated and depends on several factors. First, if
the ratio of nominal wheel width to wheel rim diameter is
greater than 2.4, the tire factor, FAC7, is set equal to 5.
If this ratio is less than 2.4, FAC7 is set equal to 2.
Then, the wheel diameter factor, WDF, is calculated as
follows:

WDF = FAC7 * WID + RDIAM
The contact pressure factor, CPF, is defined by:

CPF = .607 * TPSI + 1.35 * (117. * TPLY/WDF) - 4.93
The contact area factor, CAF, is defined by:

CAF = log (VW/CPF)
The strength factor, SF, is defined by:

SF = .0526 * GT + .0211 * TPSI -~ .35 * CAF + 1.587
And the one-pass cone index, VCIl1l, becomes:

VCIl = 10, ** gF

Finally, it is determined if there is any excess RCI
available. The variable RCIX is set equal to the incoming
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soil RCI minus VCIl., If there is no excess RCI, variable
IGP is set equal to zero, indicating that the vehicle is
immobilized in the soil, and a return is made to the calling
program. If there is excess RCI, calculation proceeds.

First, a new strength factor, SF, is set equal to the
log of RCI. The maximum towing force is calculated:

TFM = (28.87 * SF + 10.1 *¥ CAF - 1.52 * GT
- .61 * TPSI - 43.82)/100.

» The 20-pass drawbar pull-to-weight ratio is set to
0.56, and the 100-pass drawbar pull-to-weight ratio is set
equal to 0.57475. Next, the resistance-to-weight ratio is
calculated: »

RTGW = (22.2 + .92 * TPSI -~ (8. + .37 * TPSI) * SF)/
100. '

The correction factor, CF, used in later slip calcula-
tions, is also calculated:

CF = RT@W + TFM - D@wW 20
Finally, the tractive force-to-weight ratio is calculated:
TF@W = CF + DW 100

For both wheeled and tracked vehlcles, the total soil
re51stance becomes:

RT = RT@W * VW

The last part of the subroutine fills in array F@RCR,
the soil-dependent tractive force versus vehicle velocity
array. This calculation is identical to the calculation in
‘subroutine F@IL, with the following exceptions. The maximum
tractive force available from the soil, TFZR, is here set
equal to tractive force-to-weight ratio, TF@W, times gross
vehicle weight. Also, the slip equations are different. If
the vehicle is wheeled,

Y

i

F@RK/VW - CF

.0074 * Y - .0061 + 200374 _

SLIP
.5785 - Y



If the vehicle is tracked and has a flexible track:

i

Y = FPRK/VW - RT@W

SLIP

L1

1.074 * ¥ - .72 + SQRT((1.074 * Y ~ ,72) ** 2
+ .09 * Y + ,009)

If the vehicle has a non-~flexible track:

Y

I

F@RK/VW - RT@W

.005312
~.008 005312
3+ ST

I

SLIP

The rest of this calculation is identical to that in F@IL.




SUBRPUTINE CQ@IL

VAR\ABLEo ENTERING: GRADPE, RCI, NVEH, GVW,\NID,

GT, NFL. RDIAM, TPST, TPLY, FORCE (2, 101)

[No *
I.G@ =1 ‘ NVEH NO - NFL YES N=2 N=2%
VW = GVW o >0 >0 Dew=.635| | Dew=.5(3
N=1] RTOW=.1 | | RTPW=.074
NO WIDNUYES [ \
FACT =2. /R(c:;tzm FACT7=5. TFOW=DIW+ RTDW

‘ A

WDF = FAC7 ¥ WID +RDILAM |

CPF =.007 % TPST +4.35 % (117, ¥ TPLY/AWDF) -4 .92
CAF = ALPGLO (VW /CPF)

SE=.052C ¥GT +.0211 % TPST —.25 %CAF +1,587
VCTI1 = 10. %% SF RCIX=RCT-VCIL

RETURN )

SF =ALRGLOCRCI) DPW20 =.56 DW100=.57475

TFM = (28.87 ¥SF +10.1 % CAF -4.52%CT
—. 1% TPSI —42.82) /100.

RTOW = (22.2 + .92 A TPST —(8. +.F7*¥TPSI)%=F)/100.
Cr=RT&W +TFM —-D®pW 20 TFOW = CF +DWA00

Y \
=1 | RT=RTEW % VW
TFER (2) =TFOW % VW
Fig. C1l0
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!

FORK=F@®RCE (1,I) |

FORCR (1,I)=0.
F@RCR (2,I)=0.

FORCR(1,D)=FBRCE (2, )k (1.~-SLIP)
» FBRCR(2,T) =FORK

Y= FORK/VW —CF YES
SLIP = .0074 %Y —.0064 +.00374. /(.5785-~¢)

Y =FORK/VW -RTEW YY=1.074%Y -.7¢2 YES
SLTP = YY+SQRRT(YY#YY +.09%Y +.009)

Y =FORK/VW -~ RTOW
SLIP= —.0083 +.005212./(-573-Y)

> CSF = CpS (ATAN (GRADE /100.)) I=1
FPRMX(2) = FPRCR (2,T) FORCR (,1)=F8RCR (1,1)
TFOR (25 =TF@R(2)*CSF FORCR (4,1) =FrpRCR(2,T)*CSF

FRRMX (D=FpRCR @ ,I)
TFeR (L) = TFBR ()
FERMX ()= FERMX ()

Y
C RETU RM)

VARIABLES LEAVING ! FPRCR (4 ,401), FARMX(2), TFPR(3),RT

Fig. Cl0 cont'd
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colIL

1190
1200
‘1210
11220&
1230&
112.40
1250
1260
1270

L1280

1290
‘1300
1310
1320
‘1330
1340
1350
1380
1370
1380
‘1390
1400
1410
'1420.
1430
1440
1450
1460
1470
1420

1450

1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
‘1600
1610
‘16820
1830
1640
1650
1860
1670
1680

SUBROUTINE C@IL(GRADE,IG®?)
DIMENSI®N F@RCE(2,101) ,FARCR(4,101)
CommManN IPATCH(325) ,FORCE, K F@RCR F3RMX(3) ,TDOR(3) ,RT,RCI,

NVEH ,NFL,GUW,DL,WID,6GT,A ,NBC,GC HPT,ITVAR ,RDIAM, TPSI, TPLY,

HS,

104

—
o wma

P Pamd P P e Pt
[0 B I, (NN T S )

330

340
24

WC ,SAT ,AWPKF,GCA ,VSS NCREW,6 FD, VFS

1GA=1 :

VW =GVY

IF (NVEH)2,2,3

IF (NFL)32,32,30

N=2

DAW=,695

RTAW=,1

GA TO 34

N=3

DBV=.568

RTIBW=.074

TF2W=DaW4a~I oW

Go T? 18

N=1

IF (WID/RDIAM-2,4)5,4,4

FAC7=2.0

G2 T3 1G4

FACT7=5,0

WDF=FACT7*WID+RDIAM
CPF=0,807*TPSI+1,35%(117.,%TPLY/WDF)~-4,93
CAF=ALBGIO(VW/CPF)
SFz0,0525%GT+0,021 1 *TPSI -0,35%CAF+1.587
VCI1=10,%*%5F

RCIX=RCI=-VCI1

IF (RCIX)9,9,10

1GA=0

RETURN

SF=ALBGI 0(RCI)

TFM=(28 ,@T*SF+10,1*%CAF=1,52%CT=-0.,81*%TPSI~-43.82)/100.
DAW20=0,58

DW100=0.57475
RTOW=(22.2+0.92%TPSI (B .+0,37kTPSI)*SF) /100,
CF=RTAW+TDM=-DEW20

TFAW=CF+DW100

RT=R T@Wx VW

TFOR(2) =TF2Wk VY

D2 420 I=1,101

FARK=F3RCE(] ,I)

IF (FORCE(1,1>)410,410,330
IF(FBRCE(],I) ,LE,TFBR(2))GATS 340
FORK=TFPR(2)

G T80 (24,37,38),N

YzF3RK/VW-CF
SLIP=0,00T74%Y=0,00814+0,00374/(0.5785-Y)
G T3 25
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caIL

1690
‘1700
1710
1720
{730
1740
1750
1759
1770
1 720
1790
1800
1210
1820
1230
1340
1950
1860
1270
1230
1290
1200
‘1910
1920
1930

CENTINUED

37 Y=D2ZRK/VW-R Tay

38
25

410

420

1000

530
540

SLIP=1,074%Y=.72+SQRTC (1 .074%Y~,72)%%2+,09%Y+,009)

G2 T3 25

Y =FBRK/ V¥ =2 TOW
SLIP=,005312/(.573=Y)=.0083
FORCR(1,1) =FERCE(2,1)% (1 ,~-SLIP)
FARCR (2,1 =F@RK

G7 T2 420

FERCR(1,1) =0,

FARCR(2,1) =0,

CONTINUE
CSF=COS(ATAN(GRADE/100.))
D@ 1000 I=1,101

FORCR(3,1) =F3RCR(1,1)
FORCR(4.1) =FORCR(2,1)*CSF
D3 530 I=1,101
IF(FARCR(2,1) .NE.0,)GBTZ 540
CONTINUE

FARMX (2) =FBRCR(2,1)

TFAR(3) =TFFR(2) *CSF

FORMX (3) =F3RCR(4,1)

TFZR (1) =TFIR(3)
FZRMX (1) =FORMX (3)

RETURN

END




Subroutine PATCH (Fig. Cl1)

In using subroutine PATCH, values of several constants
that are used later in the program are calculated first:
the acceleration due to gravity at 32.16 ft/sec?; two con-
version factors for changing velocity in miles per hour to
feet per second and the reverse (CONF1l and C@NF2); two
values for NSDC, the number of stem diameter classes, that
are used as limits on the loops (NSDCM, which is NSDC ~ 1,
and NSDCP, which is NSDC + 1); and the vehicle mass, VM,
which is gross vehicle weight divided by g, acceleration
due to gravity. Several variables are necessary in the
analysis: @BL, the obstacle length; @BW, the obstacle
width; @BS, the obstacle spacing; H, the uvbstacle height;
@BAA, the obstacle approach angle; and GRADI, the slope
~class for this patch type from the patch data. Also required
are: VRID, the velocity limited by ride dynamics or surface
roughness; and S(I), the mean spacing of all stems of stem
diameter class I or larger. Also, the value of XNT(I) must
be set; this is the number of trees of stem diameter class
I in an area containing one tree of the largest class. Then,
the value of SDS(I), the mean spacing for stem diameter class
I, is calculated for all values of I from 1 to NSDC.

Next, there is a loop with index K, whose values 1 to
3 define the slope -~ downslope, level, or upslope -- in
that order. Within this loop, the forces of resistance on
slopes and the velocity limited by vision are calculated.
(Also, the values of the variable VEL@(K) are initiated at
zero within this loop. This is extraneous to the calcula-
tions in this loop, but it is conveniently done here.)

The first subroutine entered in this loop is subroutine
HILL, in which the resistance due to the slope and the soil
is calculated and stored in variable RGU(K), K being 1, 2
and 3 as before. Return is made to subroutine PATCH, and
the braking force, BRF@R, that is necessary in the VISI@N
subroutine is calculated; BRF@R is the braking force that
can be generated in the soil, and is equal to the maximum
tractive force generated in the soil plus the resistance




RGU(K), minus RTS, which is the soil resistance altered by
the angle of the slope. BRF@R is compared with the variable
XBR, the braking force that the vehicle can produce with its
own brakes; and the least of these two values is taken to

be the final braking force. This value is sent into sub-
routine VISI@N.

In subroutine VISI@N, the variable VELV, the velocity
limited by visibility, is calculated. This is the initial
velocity which, given the braking force available and the
resultant deceleration, will bring the vehicle to a velocity
of zero within the recognition distance, and is then the
maximum velocity due to recognition. This calculation is
for "downslope".

Next, the grade is indexed upward, and is set to
"level". HILL and VISI@N are gone through again, and new
values of RGU(K), BRF@PR, and VELV for level ground are 4
calculated. After this is done, the grade is set to "upslope",
and the same procedure as before is followed through sub-
routines HILL and VISI@N. When this loop is completed, there
are available RGU(K), the resisting force due to soil and
the slope, and VELV(K), the velocity limited by vision.
Both of these have three values - downslope, level and upslope. '
The next part of the subroutine consists of a series of
nested loops, and the final outcome of all calculations per-
formed within these loops is the variable VEL@(K), K again
denoting downslope, level and upslope. The variable VEL@ is
initially set to zero. Now, within these loops, various
temporary values of velocity are calculated. These velocities
are dependent, first, on whether obstacles are avoided or
overridden; this information is carried in index J, which
has the values 1 and 2. Secondly, they are dependent on
the forces necessary to override vegetation or the area
available if the vegetation must be avoided; this is carried
by index I, which goes from 1 to the number of stem diameter
classes +1. The third index is K, which, as before, carries
the values of 1, 2 and 3 for downslope, level and upslope,
respectively. The number of stem diameter classes +1 is 9;




determination of whether obstacles are avoided or overridden
yields two possible values, and the slope has three possible
values; this is a total of 54 temporary velocities that are
calculated. At the end of the loops, each of these are com-
pared with the previous value of VEL@; and if it is larger,
VELZ is set up to the newly calculated value. If not, a
return is made through the loops to calculate the next
temporary velocity. Finally, when these loops are completed,
VEL@ carries the maximum velocity, given all the considera-
tions just described.

The first loop entered is that carrying index J to
determine whether obstacles will be avoided or overridden.
The first time through, J is checked to see if it is 1. 1If
so, subroutine AREAZ is entered; here, the percentage of the
area denied by obstacles, ADZ, is calculated. (Subroutine
PATCH is entered every time a new patch is being calculated,
so only one obstacle size is used here for the given patch.)
If J is 2, subroutines @BSTCL and @BSF are entered instead
of AREAdZ.

In @BSTCL, the value IG@, which signifies a go or no-go
condition, is calculated. If IG@ is O and the vehicle cannot
negotiate the obstacle type geometrically, no further
calculation is performed, and a return is made to the
beginning of the loop. If IG@ is 1, meaning there is no
geometric interference, subroutine @BSF is entered; here,
the force required to overcome the obstacle is calculated
and stored in variable F@gM. Next, subroutine CURVE is
entered; here, the maximum velocity limited by 2.5-g vertical
acceleration at the driver's seat is calculated and stored
in variable V@LA. The two possibilities - whether obstacles
are to be avoided or overridden - have now been calculated.
The variables returning from this part of the calculation
are: AD@, the percentage of the area denied by obstacles;
FgM, the force required to overcome obstacles, and V@LA, the
velocity limited by vertical acceleration. For J = 1, AD@
is set to zero, F@M is calculated in subroutine @BSF, and
VLA is calculated in subroutine CURVE., '




Now the second loop, which runs through the stem diameter
classes, is begun. The first subroutine entered is AREAV,
which calculates the percentage of the area denied by vegeta-
tion (assuming the vehicle cannot overcome this vegetation);
this percentage is stored in variable PAV. Next, subroutine
AREAT is entered. The variables sent into subroutine AREAT
are: AD@, the percentage of the area denied by obstacles,
and PAV, the percentage of the area denied by vegetation.
Within subroutine AREAT, a total area denied is calculated.
The variable returning from AREAT is SRF, a speed reduction
factor due to maneuvering. This is used later as a multi-
plier in calculating total velocity. If SRF is equal to
zero, no further calculation on this pass through the loop
is performed, and a return is made. If SRF has a real value,
the calculation proceeds.

The next subroutine entered is VEGF; here, the forces
necessary to override vegetation (trees) are calculated, as
follows: FAT1l, the force required to override a single tree;
FMT, the maximum force required to overcome trees; and FAT,
the average force required to overcome trees. Now, two
checks are made. First, it must be determined whether the
force FMT divided by vehicle weight is greater than 2 (2-g
horizontal acceleration). If this is exceeded, no further
calculation is performed, and a return is made; if not, a
check is made to determine whether this maximum force is
less than the pushbar force that the vehicle can stand. If
this force is less than the pushbar capability, the calcula-
tion proceeds; if not, a return is made.

The third loop, carrying index K, is now entered, K
being 1 to 3 for downslope, level and upslope, as already
explained. The first calculation is the total force of
resistance due to the slope, the soil, obstacles and vegeta-
tion. This total resistance force is stored in variable TRFU,
A check is made to determine whether TRFU, the resisting
force, is larger than the maximum force that the vehicle can
generate (which is stored in variable F@RMX). If it is
larger, no further calculation is performed in this loop,
and a return is made; if not, the calculation proceeds.
Subroutine KURVE is now entered in this loop; here, the
maximum velocity that the vehicle can manage for the given
conditions is calculated. This value is stored in variable
VTT.

]




Now, the maximum velocity that can be attained in the
patch under consideration, given what has previously been
calculated, is determined. This velocity is stored in
variable VMTEM and consists of the minimum of: VTT, the
velocity available in the soil; VRID, the maximum velocity
for the given surface roughness; and VELV(K), the maximum
velocity limited by recognition distance. At this point,
‘the obstacle appraoch angle, @BAA, is checked. If it is
less than 17 deg, V@LA is set equal to VMTEM. (It is
assumed that there will be no sudden acceleration on such a-
gradual slope.) Next, a check is made to determine if VMTEM
"is larger than V@LA (the velocity limited by 2.5-g vertical
acceleration). If it-is larger, the calculation proceeds;
if it is not, the temporary velocity is set to VMTEM, and
an exit is made to a lower part of the calculation. This
temporary velocity is VTEM(K, J, I); i.e., it is the tem-
porary velocity with the index value on each of the three
loops taken into consideration. If VMTEM is larger than
V@LA, another check is made before the speed-up/slow-down
model is entered.

If the obstacle spacing type is random, the effective
spacing, @BS, is set equal to the area of a circle whose
diameter is the mean spacing divided by the vehicle width.
A final check is made to determine whether the spacing
between obstacles is larger than two times the vehicle
length. If it is not, the temporary velocity VTEM is set
to VLA, If the obstacle spacing is greater than two times.
the vertical length, the speed-up/slow-down computation is
performed. The first thing calculated is the maximum
braking deceleration that the vehicle can manage. Then,
an initial velocity, TVELl, is set equal to V@LA, the maxi-
mum velocity the vehicle can attain going over the obstacle.
An initial distance, TDIST, is set equal to two times the
vehicle length; and the initial time, TTIME, 1is set to two
times the vehicle length divided by the velocity V@LA,

Subroutine CURVE is now entered. Returning from CURVE
is a variable ACCEL, which at this point carries the maximum
force that the vehicle can produce at velocity TVELl. From
this is subtracted the total resisting forces, TRFU, and the
result divided by the vehicle mass, VM, to produce the




acceleration the vehicle can develop. Then a new velocity,
TVEL2, is set equal to the previous velocity, TVELl, plus
this acceleration times the time interval of 1 sec. Since
the time is incremented at l-sec intervals, it does not
appear in the equation. If TVELZ exceeds VMTEM, it is set
equal to VMTEM. A new distance is then set equal to the
previous distance, TDIST, plus the distance the vehicle has
progressed in this l-sec interval.

Next, with the present velocity given, the time
available to decelerate, TAD, and the time needed to
decelerate, TND, before the next obstacle encountered are
calculated. A check is made to see if the time available
is greater than the time needed. If it is, the time allowed
for acceleration is incremented upward by 1 sec. The
starting velocity of TVELl is set to TVEL2 (which was just
calculated), and a return to KURVE is made for another
calculation. A new force, a new acceleration, and a new
time available and time needed to decelerate are calculated.
This loop is continued at l-sec intervals until the time
available to decelerate equals the time needed to decelerate.
At this point, the maximum velocity that the vehicle can
achieve between obstacles has been reached. Then, the
average velocity is the distance between obstacles, @BS,
divided by the total of the current time, TTIME, plus the
remaining time needed to decelerate, TND. This velocity is
stored in VTEM(K, J, I).

Three values have now been established: (a) VTEM has
been established for the indexes K, J, and I; (b) if the
obstacle spacing was not greater than two times the vehicle
length, VTEM was set equal to V@LA; and (c) if VMTEM was not
greater than V@LA, VTEM was set equal to VMTEM.

It is now necessary to determine if the total resistan-
ces exceed the total forward forces that the vehicle can
generate, i.e., the total force FPRMX that the vehicle can
generate in the s0il plus the force derived from its kinetic
energy. If the resistances are greater than the forward
force the vehicle can generate, no further calculation is
done, and a return is made to the early part of the loop.

If the vehicle still has enough force to overcome these
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resistances, VTEM is taken as being established. It is now
reduced by the speed reduction factor due to maneuvering,
SRF, calculated in subroutine AREAT,

The bottom of the loops has now been reached. A value
of VTEM dependent on all the indexes in these loops is now
compared with the previously calculated value of VEL@. 1If
this new velocity VTEM is larger than the o0ld calculated
velocity VELZ, VEL@,is set equal to this currently calculated
value of VIEM. If the current VTEM is not greater than VELd,
as previously calculated, the old value of VEL@ is retained,
this current value of VTEM is discarded, and a return is made
to the top of the loops.

At the end of this procedure, (VEL@(K), with K denoting
downslope, level and upslope, has been established and con-
tains the maximum velocity the vehicle can achieve, given
all these previous considerations. After the looping is
completed, it is then necessary to calculate the maximum
velocity the vehicle can attain in this patch type; this is
carried in variable VEL@C. It is first necessary to
determine if VELZ (sub 1, 2 or 3) is equal to zero. If any
one of these three is equal to zero (it would, of course,
usually be the value when on an upslope), the vehicle would
be immobilized in this patch, variable VEL@C is set to zero,
and a return is made to the calling program. If these three
values of VEL@ are greater than zero, a calculation is
performed; it is assumed that the vehicle travels at each
of these velocities for the same distance. This average
velocity is stored in VEL@C, and a return is made to the
calling program.




SUBROUTINE PATCH

VARIABLES ENTERING: Sv(i0), RP(10), SD(10),NSDC,
SPL(10), NTSEC, @S(10), AA(20)y PW (10), @H(10), 3L (10),
SLc(40), ISRC (20), 15(10),TPBL, IBW, IPR,IPEH,

Iprs, TGR,IREC,

IPST, FPRCR (4,101, IVEL,,FORMX(Z),

TFOR(Z), RT,GVW, VB (2,20),NC4, VRIDE (20), W,
PENT, PBF, VL. ,T@BAA

G=232.16
PI=2.14159265
CONFL =1%8./22.
CONFZ2=22./415.
TOCM=NSDC-1
NSDCP=NSDC+1
VM =GVW/6
PBL=@L(ToBL)
PEW =W (IGBW)
OB = PS(IPRD)
PBSX = @RS
H=@H (IORH)
PBAA=AA(LOBAA)
IND=ITRC(IPK)
VRID=VRIDE(IND)
GRADI=SLCOTGR)
GRADE - -GRADT

A1=(180.-ZBAA) % FPL/180.
WH=2.%H/(12.%TAN (A1)

I — NO _ao8WwW
L PBW=Wh+.01

YES

IND=IS(T) T|I=I+1
() =3SV(IND)

T>NJES )
NONNSDC 1=

XNT(I) = S(NSDC) k%2
*¥A./2(D)*¥2 — 4. /S(T+D) % %2)

SDS(D)=0.HI=I+1

SDS(I)= SRR T(SINS D)2 /XNT(D)

XNTONSDC) = 1.

+

SOINSDC) = SINDDC)

FIG. Cl11
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VEL® (<) =0.
A BPRFOR = TFOR()
+RGUK) ~RTS

— GRADE=
K>3 GRADE+GRADI
YES |
H, @BAALN\
YES ES N ? |
J=1] d=1 S (B LeBN W AREAS
@B IPST I
NO NO AD@=0. R
NG Fopm=0. ADP
YES vaLA= 100, i
4>2 VB LAX=VOLA
oBsy e PBSTCL
>DL/Z/YES N
NO
=)+l g €
PBS.PBL,
W, IPST
[
FomM=0.
VG@LA=4100.
Y r
VOLAX=VY@LA I=4
H
Y FIG. Cl1l cont'd +
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Kai FMT=
I 50000.

SD, SDS,
SDL, XNT,

TRELU=FPM+
RGU (K)+FAT

A

A YES

VMTEM=AMINL (VTT,VRID,
VELV () VILA= V@ LAX

V@LA = VMTEM +.0041

VTEM(K,3,I)=VMTEM =t

JYES |gRrox=

PBS
NO
@
YES

~<{VTEM(i, ), I)=V@LA |

PBOX =83
*PBT * PL/

=5, (4. *wW)

BA=CONF1 % (TFBR (Y
+RELEN-RTI) VM

TOITST=2.4VL TVELA=WBLA
TTIME=2. 4V //PLAXCHNFZ)

Y

FIG. Cll cont'd
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ACCEL =(ACCEL-TRFU) % CHNFA/VM - o
TVELZ = TVELL +ACCEL #TINC J SN
TTIME=TTIME +TINC

TVELL=TVEL2 YES

NO
YES TOLST=TDIST + (TVELL+TVEL2)* CONF2KX

TINC/2. TND= (TVEL2-VALA) /BA
TAD =(@BSX-TDIST) /(.5 CANE2 %
NO (VELZ +VBLAY)

TVELZ=VMTEM TND= (TVELZ-VBLA)/BA
TDIEST=TDLST +TVELZ % CONFZ % TINC

TAD=(@BSX-TOI ST /(.S% CAONF2 s (TVELZ +HVOLA))

VTEM(K,3,T) = TTIME=
N €S
> BBSX X% CanEL/ °Y TTIME
CTTIME +TND) ‘ 4+ TINC

.

VTEM(K, 3, DD=VTEM(K, J,I) % SRF

REL(KD
+F@M+ FATL
—VM %VTEM (K, ), I)
**?2 /11.6<
FORMX (<)

YES

[VELR (OVTEM(, 5,1

NO

- K>3
YES

VEL@ (1)
XVELS @)
*VEL®(3)
>0.

VEL@C = 3./(1./VE.L¢615
+4./VELO(Z) + 1. /VELB(D))

Y
VELPBC=0. F?ETURN_)

VARVABLES LEAVING: H,2BW, ¢BAA, VELQOC

FIG. Cl1l cont'd
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PREP

100 SUBRAUTINE PATCH(VELAC)

110 CEMMZN SV(10) ,RDC10),SD(10) ,NSDC,SDL(10) ,NSSC,8SC10),
'120& AA(20),0W(10),3H(10),8L(10) ,SLEC10) ,ISRC(20),1SC10),IREC,
1130& 1@BL,I0BW,I@BS, 108K, I18BAA,IGR,IPR,IRCIC3),IST,I10ST,5D5(10),
140& XNT(10),S(10) ,FBRCE(2,101) ,FBRCR(4,101) ,FORMX(3) ,TFAR(3),
1150& RT,RCI, NVEH, NFL,GVw, DL WID GT,A,NB¢,GC,APT,ITVAR RDIAM,
lls0& TPSI,TPLY,HS,WC,SAI ,AWPKF,GCA ,VSS NCREW,FD,VFS,TNEI(2,30),
170& TTM(2,30),TTE(2,30),GR(10) NG,TC RR,FDR EFF FDREF,ITRAN
i1g0& IVEL,HNc1,fce, necd Entce,LoxlP,Usedc2)30) | VRIDBEC20) (v, PBHT,
190& PBF,VL,NC4,NC5,H, @BV, @BAA ,XLT HB,AV,REC,VDA,CGF ,CGH, DWX RWI,
200& ACG,DCG,HC ,RWW,IDUMMY(1555) ,XBR

210 DI MENST BN VTEM(S,Z,II),VELE(S),VELV(S),RGU(S)
1220 G=32.16

230 CONF1=15,/22.

i240 CONF2:22./15.

250 NSDCM=NSDC~-1

260 NSDCP =NSDC+1

270 VM=GVW/G

1280 @8L=PLCIBBL)

290 PBW=0W(IZBW)

'300 #BS=0S(13BS)

310 @BSX =@BS

1320 H=@8H (I @BH)

1330 @BAA=AA(I12BAA)

1340 IF(@BAA-180.)2000,2001,2001
350 2000 Al=C180.-@BAAY*3,14159265/180,
1360 WH=2 *H*CAS(A1) /(12 .S INCAL))
1370 IF(2BYW,.GT.WH)GATA 2001

1380 ABW=WH+.01

'390 2001 IND=ISRCC(IPR)

400 VRI D=VRIDECIND)

1410 GRADI =SLC(IGR)

‘420 GRADE=-GR@DI

430 DP 100 I=1,NSDC

1440 - IND=IS(D)

‘450 S(I)=SV(IND)

‘460 100 CANTINUE

1470 D3 101 I=1,NSDCM

‘480 XNTCI) =S(NSDC)**2%(1,/5(1)%*2=1,/SC(I+1)%%2)
490 IF (XNT(I))40, 40,41

500 40 SDS(I)=0.

'510 GO T2 101

1520 41 SDS(I) =SQRT(S(NSDCI**2/XNT(I))
530 101 CONTINUE

'540 XNTC(NSDC) =1,

550 SDS(NSDC) =S(NSDC)

560 52 D3 1001 K=1,3

'570 VEL@(K) =0 .0

580 CALL HILL(GRADE,RGUCK),GVW,RT,RTS)
590 BRFBR=TFBR(K)+RGU(K) -RTS
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PR EP
|
1600
1610
‘620
{830
1640
1650
(660
870
'680
1690
1700
710
1720
730
1740
1750
1760
770
1780
1790
800
210
820
830
I8 40
1250
‘860
870
280
890
900
910
920
930
940
950
960
970
980
1990
1000
1010
1020
1030
10 40
11050
1060
1070
11080
1090

CONTINUED

1001

130

p—a
(S N
DD r=

140
999

145
149

148
5183
150

150
215

IF(BRFZR.GT.XBR)BRFAR=XBR

CALL VISIBN(BRF@R,RD(IREC) ,VM,VELV(K))
GRADE=GRADE+GRADI

CONTINUE

GRADE=-GRADI

D@ 1000 J=1,2

IF (J=1)130,130,140

IF(2BSX .LE,DL/2.,)GBTO 131

CALL AREAG(@BL,@BW,2BS,W ADZ,I@ST,BAA H)
GAT? 132

ADG=0,

FaM=0,0

VBLAZ=100,.

VBLAX =VaLA

GA T@ 150

IF(2BSX.LE.DL/2.,)G@8T2 148

CALL @#BSTCL(RGU(3),IVEL,IG®)
FERMAT(C10X,13)

IF (IG@>1000,1000,145

CALL @BSF(GVW,H,®BS,W,0oBL,FOM,I8ST)

CALL CURVE(H,VBLA,VBOB,NC4)

G2T@ 5183

FaM=0 .

VOLA=100,

VOLAX =VaLA

AD2:=0,

D@ 300 I=1,NSDCP

CALL AREAV(I ,SD,NSDC XNT,W,S,PAV)

CALL AREAT(PAV ADZ SRF)

1F(SRF) 300,300,160

CALL VEGF(I-1,PBHT,SD,SDS,SDL,XNT,W,FATI,FMT,FAT,NSDC)
IF(I.EQ.9)FMT=500000.
IF(FMT/GVW=-2,)165,165,300
IF(FMT-PBF(170,300,300

D2 290 K=1,3

TRFU=RGU(K)+FEM+FAT

IF (TRFU-FBRMX(K)>171,171,300

CALL KURVECTRFU,VTT, FARCR,-K, IVEL)

UMTEM=AMINI (VTT,VRID,f VELV(K))
VALA=VZLAX
IF(ABS(180,.=-0BAA) LT, 17,)VOLA=VMTEM+,001
IF(@BSX LE.DL/2.)YVBLA=VMTEM+,001

IF (VMTEM-VALA) 150,190,215
VTEM(X,J,I)=VMTEM
G@TZ 200

ABSX =2BS
IF(éﬂST.EQ.l)EBSX:GBS*GBS*S.I4159265/(4.*W)
TINC=!.

IF(2BSX.GE.1000.)TINC=5,
IF(@BSX -2 % VL) 220,220,225

Cc-107




PREP  CONTINUED

1100 220 VTEMCK,J,I)=VaLA

1110 GoT3 200
1120 225 BA=CANF1*(TFBRC(K) +RGU(K) =R TS) /UM
1140 TVEL1=VgLA

11150 TTIME=2 . VL/ (VOLAXCONF2)

1160 TDIST=2..%VL

1170 240 CALL KURVE(TVEL!,ACCEL,F3RCR K ,IVEL)
11120 IF(ACCEL.,LE.TRFU) GBT® 235

1190 ACCEL=(ACCEL~-TRFU)*CONFI /UM

'1200 TVEL2=TVELI+ACCEL*TINC

1210 IFCTVEL2 ,GT.UMTEM) GBTO 235

'1220 TDIST=TDIST+(TVELI+TVEL2)+C BNF2*TINC /2.,
1230 TAD=(2BSX~=TDIST) /( .5*CENF2* (TVEL2+VALA))
1240 TND=(TVEL2 -V@LA) /BA

1250 IF (TAD-TND)250,250,230

1260 230 TTIME=TTIME+TINC

1270 TVEL! =TVEL?

1300 GO TA 240

1310 235 TVEL2=UMTEM

1320 TDIST=TDIST+TVEL2*CONF2*TINC

1330 TAD=(@BSX-TDIST) /(+ S*CONF2% (TVEL2+VBLA))
1340 TND=( TVEL2-VBLA) /BA

1350 IF(TAD-TND)250,250,236

1360 236 TTIME=TTIME+TINC

1390 GOTO 235

11400 250 VTEM(K,J,1)=8BSX+C @NF1/(TTIME+TND)

1410 200 IF(RGU(K)+FBM+FAT! ~VMKVTEM(K ,J,I)%*2/11,.6
1420& =FARMX(K)>260,300,300

1430 260 VTEM(K,J,1)=VTEM(K,J,I)*SRF

1440 IF (VTEM(K,d,I)=VELB(K))>250,290,270

1450 270 VEL@(K)=VTEM(K,J,I)

1460 250 CONTINUE

11470 300 CONTINUE

1480 1000 CONTINUE

‘1490 IF (VELA(1)*VELB(2)*VELB(3)) 400,400,401
1500 400 VEL@C=0,0
1510 RETURN

1520 401 VELAC=3.0%VELB(1)*VELB(2)*VELA(3) /

1530& (VEL®(2)%VELB(3)+VELB(1)*VELA(3)+VELAC1)*VELB(2)) -
1540 3172 FORMAT (5F12.2)

1550 3173 FORMAT (//)

1560 RETURN

1570 END
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Subroutine MARSH (Fig. Cl2)

Subroutine MARSH follows the general pattern of sub-
routine PATCH, except, since there are no obstacles in a
marshy area, the subroutines associated with obstacles are
not called. Checks have already been made in the main prog-
ram to determine whether the water depth in the marsh is
greater than the fording depth of the vehicle, and whether
the vehicle is a swimmer and can swim across the area if the
water is too deep to ford. When this subroutine is
entered, it is already known that the vehicle will be
fording. The only elements of this terrain that limit
vehicle motion are soft soil (which will be considerably
softer than was generally the case in PATCH) and vegetation.
The first thing calculated are the various arrays associated
with vegetation. These are: S(I), the mean spacing of all
stems of stem diameter class I or larger; XNT(I), the number
of trees of stem diameter class I in an area containing one
tree of the largest size; and SDS(I), the mean spacing of
stem diameter class I. Before the loop is entered, variable
AD@, the area denied by obstacles, is set to zero. A loop
then is performed over the stem diameter classes +1.

The first subroutine entered is AREAV, and the area
denied by vegetation is calculated and stored in variable
PAV, PAV and ADZ are then sent to subroutine AREAT, In
this subroutine, the total area denied is calculated, and
the speed reduction factor, SRF, is returned. If SRF is
zero, meaning that the vehicle is immobilized because it
cannot maneuver, a return is made to the top of the loop.
If not, subroutine VEGF is entered, and the forces associated
with overriding vegetation are calculated. The variables
are FAT1l, the force required to knock over one tree; FMT,
the maximum force needed to override trees; and FAT, the
average force to override trees. Then a check is made to
determine if FMT/GVW is greater than 2-g's, the horizontal
acceleration limit the driver can stand. If it is larger
than 2-g's, a return is made to the top of the loop, and no
further calculations are performed.

A check is then made to see if the maximum force exceeds
the pushbar force that the vehicle can withstand. If it does
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exceed this force, a return is made to the top of the loop;
if the vehicle can stand the force, the calculations proceed.
Variable TRFU is calculated; it contains the total resisting
forces, in this case due to soil and vegetation. In PATCH,
this variable also contains resistances due to slopes and
obstacles, but neither of these features occur in a marsh.

A check is then made to determine if the resisting forces
are greather than the maximum force the vehicle can exert

in forward motion. If they are, the vehicle is immobilized
in traction, and a return is made to the top of the loop; if
not, subroutine KURVE is entered, and a velocity (VMTEM) is
returned as a starting velocity for subsequent calculations.

Next, a check is made to see if the total resisting
forces exceed the sum of the forward forces that the vehicle
can exert. These forward forces consist of the maximum
force the vehicle can generate in soil, F@RMX, plus the
forces associated with the forward kinetic energy, this
being based on the velocity just determined. If the resist-
ing forces do not exceed the forward forces, the calculation
proceeds. It is next necessary to determine if the velocity,
VMTEM, is greater than 2 mph. If it is, it is set back to
2 mph, because the limit due to recognition in an area
heavily covered with vegetation is considered to be 2 mph.
(When this point in the calculation is reached, it is already
known that the area is covered with vegetation.) It is done
here, and not in the PATCH subroutine, because in PATCH, it
is not known at this point whether or not there is obscuring
vegetation. This velocity, VMTEM, then is reduced by the
speed reduction factor, SRF, calculated in subroutine AREAT.
The velocity is loaded into variable VEL@C, and a return to
the main program is made.
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SUBROUTINE MARSH

VARIABLES ENTERING : SV(1O),Sp(d), NSDC, SDL(10),
NSSC, IS(AOD), FORCR (4, 104), TVEL ,FORMX(3), RT, GVW,
W, PBHT, PBF

6=22.16 - T=4 - IND=IS(T) 1 I=I+4
_ _ >
NSDCM=NSDC-1 S=SVAND) (= —s<nepe
NSDCP=NSDC+1
YES

VM=GVW/G ANTCID) = SCNSDC) *% 2 %

I=41.
VEL@C =0. (4./SCT) %%2-1./S(T+IDFKZ)
AD@B =0.
SDSUINSDC) = @ I=T+1|<4{SDS(@)=0. No
= (NSDCD vES 4 YES

SPS(D=SART(S(NSDC)%%2 /XNT(T) |
]

|
I, N%DC’

— |

. YES T=4{ —( SD,XNT,

XNTCNSDC) =1, / W-3 :

I

|

- = |

YES NO PAV, !
ADY

A

YES

I-1,PBHT, \
SD, S5,
SDL » XNT,
W, NSDC

FIG. Cl2
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TRFU= |
RT+FAT

—

TREUS
FORMX (2)

I VEL@PC=VMTEM

YES

NO

‘—“’<;RETURNj>

VMTEM =2,

'

| VMTEM=VMTEM % SRF

VARIABLE LEAVING:

YEL®C

FIG.

Cl2 cont'a
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MARSH

1100 SUBRAUTINE MARSH(VEL®C)

110 COMMAN SV(16) ,RDC10),SDC10),NSDC,SDL(10) ,NSSC,85(10),
1208 AAC20),BW(10),PHC10),8L(10) ,SLEC10),ISRC(20),ISC10),IREC,
130& 198L,I9PW, I1@RS,IBBH,I9RAA,IGR,IPR,IRCI(3),IST,I#ST,SDSC10),
140& XNT(10),5(10) ,FBRCE(2,101),F@RCRC4,101),FARMX(3) , TFM(3),
150& RT,RCI,NVEH,ANFL,GUW DL,¥WID,GT,@,NBC,GC,HPT,I TVER ,RDIAM,
1160& TPSI,TPLY,HS,WC,SAI,@UPKF,GCA,VSS,NCREW,FD, VFS,TNEI(2,30),
170& TTM(2,30),TTE(2,30) ,GR(10),NG,TC,RR,FDR,EFF FDREF,ITRAN,
i180% IVEL,NCI,NG2,NC3 ENTCG,LZKUP,V22R(2,30) ,VRIDE(20) ,W,PBHT,
190& PBF,NC4,NC5

200 G=22,15

210 CONF1=15,/22,

P20 CONF2=22./15.

230 NSDCM=NSDC-1

240 NSDCP =NSDC+1

250 UM=GUW/G

260 D3 100 I=1,NSDC

270 IND=IS(I)

280 S(I)=SV(IND)

290 100 CANTINUE

300 VEL®C=0.0

310 D2 101 I=1,NSDCM

320 XNT(I) =S (NSDCY**k2% (14/S(I)*%2=1,/S (I+1)%%2)
330 IF (XNTCI)) 40,40, 41

340 40 SDS(I)=0.

350 Gz T2 101

360 41 SDS(I)=SQRT(S(NSDC)**2/XNT(I))

370 101 CANTINUE

330 IF (IS(NSDCYNSSC)50,51,51

330 50 XNT(NSDC)=1,0

1400 SDS(NSDC) =S(NSDC)

410 G¢ T 52

420 SIXNT(NSDC) =0,

430 SDPS(NSDC) =S (NSDC)

440 52 ADA=0,0

‘450 150 DA 300 I=1,NSDCP

45N CALL AREAV(I,SD,NSDC,XNT,¥,S,PAV)
470 CALL ARFAT(PAV,AD@,SRF)

480 IF (SRF)155,155,160

450 155 G7 TZ 300

500 160 CALL VEGF(I-1,PBHT,SD,SDS,SDL,XNT,%, FATI FMT,FAT,ANSDC)
510 IF (FMT/GVW-2.0)165,165,155

520 165 IF (FMT-PRF)170,155,155

530 170 TRFUSRT+FAT

'540 IF (TRFU-F@RMX(2))171,171,300

550 171 CALL KURVE(CTRFU,VMTEM, FZRCR,~-2,1VEL)
560 IF(RT+FATI UMk UMTEM**2/11 . 6-FIRMX (2)) 260,300,300

570 250 IF (VMTEM-2,00265,261,261
580 261 VMTEM=2.0
590 265 VMTEM=VNTEMSRF
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MARSH CONTINUED

1600 IF (VMTEM-VEL@C)300,300,270
610 270 VELBC=VMTEM

620 300 CONTINUE

'630 RETURN

640 END
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Subroutine HILL (Fig. C13)

Subroutine HILL calculates the grade resistance.
Entering the subroutine are variables GRADE, the percent
slope; GVW, the gross vehicle weight; and RT, the maximum
soil resistance on level ground. First, variable ANGLE,
which corresponds to percent slope, is calculated; next,
RTS, the soil resistance corrected for slope angle; and
finally, RGU, the slope resistance plus RTS, the slope-
corrected soil resistance. Variables RGU and RTS are sent
back to the calling program.
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SUBROPUTINE HILL

VARIABLES ENTERING: GRADE,GVW,RT

ANGLE = ATAN (GRADE /100.)
RTS= RT # CAS(ANGLE)
RGU = GVW % SIN (ANGLE) +RTS

'
(remomn)

VARIABLET LEAVING I RGU,RTDS

FIG. C13
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HILL

1590 SUBRAUTINE HILL(GRADE,RGU,GVW,RT,RTS)

11600 ANGLE=ATAN(GRADE/100.,)
‘1610 R TS=R T*C 3S(ANGLE)

1620 RGU=GVW*SINCANGLE)+RTS
1630 RETURN

1640 END

Cc-117




Subroutine VISIGN (Fig. Cl4)

Subroutine VISI@N calculates the maximum velocity over
a given patch type, limited by the recognition distance.
It is assumed that the vehicle will be driven at a safe
speed, i.e., it can be brought to a stop within the clear-
view area ahead. The driver's reaction time is assumed to
be 0.5 sec.

The safe distance is the sum of the distance traveled
in 0.5 seconds, which is 0.5 x VELV and the distance
traveled during_the deceleration from VELV to zero speed,
which is (VELV)4/2a. Here "a" is the deceleration or the

ratio of the braking force and the vehicle's mass, TFM/VM.
Thus:

DR = 0.5 * VELV + (VELV)2/(2 x TFM/VM)
The solution of this equation yields:

VELV

[SORT(0.25 * (TFM/VM) ** 2 + 2,0 * DR *
TFM/VM) - 0.5 * TFM/VM] * 15./22.

where:
VELV = the maximum safe velocity, mph

DR

]

the recognition or stopping distance, ft

TFM = the maximum braking force, 1lb (this force is
assumed to be the maximum force the vehicle
could impart to the soil if enough power were
available)

VM = the mass of the vehicle, slugs

15./22

i

the conversion factor from ft/sec to mph
If this calculated velocity is less than 2.0 mph, it is set

to 2.0 mph, since this is considered the lowest safe speed
(based on U.S. Army experience).
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SUBRPUTINE VISION

VARIABLES ENTERING: TFPR, DR, VM

ACC = TEAR/VM
VELV=SQRT(.5¢25 RACCKACLE + 2. kDRXACI) — .75 KACC
VELY = VELV % 45./22.

"' VARIAZLEL LEAVING:I VELV

FIG. Cl4
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'VISION

1660 SUBRAUTINE VISIBN(TFZR,DR, VM, VELV)
1570 ACC=TF2R /UM

1675 ARG=,5625%ACCkACC+2 ,¥DR* ACC
1676 IF(ARG.LT.0.)GOT? |

11680 VELV=SQRT(ARG) =, 75%ACC

11690 VELV=VELV%15,/22,

1700 IF (VELV, LE. 2,0) VELVz=2,0
1710 RETURN

1715 1 VELV=2.

1716 RETURN

1720 END
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Subroutine AREAZ (Fig. C15)

Subroutine AREA@ calculates the percentage of area
denied by obstacles, assuming that they must be avoided.
(The avoid-override decision is made in PATCH,) First,
the width of the obstacle at ground level is calculated.
If the obstacle is a trench, the top is the width; if the
obstacle is a mound, the bottom is the width. Next, the
area denied by one obstacle is calculated; this is the sum
of the obstacle length, times the obstacle width, plus an
area created by laying off one-half the vehicle width all
around the obstacle. The percentage of the area denied by
obstacles is calculated as the area denied by one obstacle,
divided by the area of a circle whose diameter is the mean
obstacle spacing.

At the beginning of the program, a check was made to
see if the obstacle's spacing type was linear. If it was,
all obstacles are parallel, are of indefinite length, and
lie across the path of vehicle travel. 1In this case, the
percentage of the area denied by obstacles is set to 100
percent, which means that the obstacles cannot be avoided
and must be crossed. In either case, variable AD@ contains
the percentage and is returned to the calling program.
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SUBR@UTINE AREAQ

VARIABLES ENTERING: @BL, ?BW, 3BS,W,IPST,PBAAH

qu'i‘r NO | PI=23.441539265

YES

| A= (@BAA-1R0)%PI /1890.
WA= BBW +2.%H/(1L2.% TAN (A))

WA =2BW

L \

ADZ 1= DBL % WA + (BRL4AWA)¥W + W*kWkPTI /4.
AD@ =100. ¥ADQ 1 /(28BS ¥ @2BS % PT/4.0)

VARIVAELE LEAVING: ADD

FIG. Cl15
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AREAD

1240 SUBRBUTINE ARFAZ(OBL,@BW,3BS,W,ADE, 16ST, BAA,H)

11250 IFCIAST-1)1,1,2
‘1260 1 PI=3.14159265
1270 IF(?BAA .GT.180.)GATD 3
11380 WA =aBW
1290 GZT? 4
1900 3 A=(BBAA-180,)%PI/180.
1910 WA =ABW+2 kH*CAS(A) /(12 .%SIN(A))
1920 4 ADZ1 =ZBL*xWA+(BBL+UWA) *xW+WkWxPI /4,
1930 ADB=ADG] /(3BS*BBS*PI/4,)%100,
19 40 RETURN
1950 2 ADA=100,
1960 RETURN
1970 END
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Subroutine @BSTCL (Fig. C50)

Subroutine @BSTCL makes geometric and traction checks
to see if the vehicle is immobilized in crossing an obstacle.
The equations defining various geometric interferences and
traction problems are derived in the following mathematical
analysis. In the Figs. Cl6 and Cl7, the vehicle and obstacle
data used in the analysis are defined by drawings. Next, the
vehicle angle with respect to the level is calculated for
the three possible configurations of the vehicle on the
obstacle Fig. C18; and then, several critical distances are
calculated. (Figs. C19-C26) These define the relation
between certain dimensions on the vehicle and corresponding
dimensions on the obstacle. Next, the geometric interferences
possible on a trench are defined in order (Figs. C27-C37),
followed by the definitions of possible geometric interferences
on a mound. (Figs. C38-C45) The next part of the analysis
derives the value of p, the coefficient of friction used in
the traction analysis, and the several cases of the immobili-
zations caused by lack of traction are derived mathetmatically.

In the program itself, the various critical distances are
calculated first; then, all of the interferences in a trench
are checked simultaneously. Next, all the interferences on
a mound are checked simultaneously; and finally, all of the
traction problems are checked. The only variable leaving
this subroutine is IG#. 1IGP is zero if any geometric or
traction check indicates interference or lack of available

traction; if all checks are passed, IGP leaves the subroutine
as 1.
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VEHICLE DATA

WHEELED

lt— CGR —t—— CGF ——

CGH
VDf\ p= VAA

| FEC

Py

- [T}

0O

N
4—/

—RW

> DRW e GWS > DEW |ja—
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TRACKED

l¢«——CGR—»}4——CGF —>

pt— DFE W >

FIG. Cl6 cont'd
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OBSTACLE DATA

TRENCH

NSV

MOLDND.

SZNAZSN N
WB
WA
Pr6. C17
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VERICLE ANGLE

(M
AV = sIN"\

\NB stnA-2-RW (M- cosAﬁ
T

AVZ2 = A- SIN~

-
ST ir\NB st A +Z2-RW (L-coz A)
TI

~A

—

FIG. C18
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CRITICAL DISTANCES

xi=VL-WB--21 =0
TAN A

X1 is positive when the
(\,) (\,) vehicle length is greater
: than the top width of a
trench (negative otherwise).

FIG. Cl9
X2 =TI +RW-tan& -—H_ -0
’ 2 SINA

X2 is negative or zero when
the vehicle is fully suppor-
ted on the flank of the
obstacle (positive

FIG. C20 otherwise) .

x2=-/TO%-H?* —-wW8B

A +

+ RW-TAN > TANA_O
X3 is positive when one
wheel has not yet entered a
trench and the other wheel
is in contact with the
FIG. C21 bottom and the opposite
flank (negative otherwise).
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FIG, C22

+

FIG. C23

(+-/ )

N/

FIG. €24

S
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X4 =~/ TI2-H? -WB

~RW-Tan A H
RW-TaN 2+ TANA—O

X4 is positive when one
wheel has not yet reached
the top of a mound and the
other wheel is in contact

with the bottom and the

opposite flank (negative
otherwise).

XE=T@p +2-RW- TAN-’%—
-WRB =0

. X5 is negative or zero when

the vehicle is fully suppor-
ted on the bottom of a
trench (positive otherwise).

XG:TI—Z'R\N-TAN%
-WB =0

X6 is positive or zero when
the vehicle is fully
supported on the ground on
both sides of a mound
(negative otherwise).




FIG. C25

FIG. C26

X7=TI-5IN—§‘-—-H =0

X7 is negative when one
wheel is on top of the
obstacle (mound or trench),
the other wheel is on the
flank but not yet in con-
tact with the bottom, and
a line perpendicular to the
wheelbase exactly divides
in half the top corner
angle of the obstacle
(positive otherwise).

Y& = WB — 2H  RW
TANA  and
2
1 TI _ _RW
cos.% 2 SIN %

X8 is positive when one
wheel is on top of a

mound (off the flank), the
other wheel is on the
opposite flank, and a line
perpendicular to the wheel-
base exactly divides in
half the top corner angle
of the obstacle (negative
otherwise).




GEOMETRIC INTERFERENCES IN A TRENCH

In each case, all inequalities must be satisfied for
an interference to occur.

xX1<0O

(J) (v) J’ EA<CA
FIG. C27 ,// _11

H1>EC

H1=2(VL-WB)TaN A

J I X120
O h>ec
FIG. C28 DA

D1 >RW

Di= -‘2~(\NB—T¢) siNA +(H-EC+RW)cosA

X5<0
: : H>EC
R ) U/ EACA
X2<0
EA<A
FIG, C30
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X2<0
HZ <H
EA2A

FIG. C31 | S D3>02

D2=WwWBsiNA +R\W (2cosA- ’D_
D3=ED sin 2A) - (Ec-RW) cos (2A)
H2 =EC cos A+RW(1~cosA)-EDsiN A

o (x2 >0
) H3 <H
| EAZ AV
¥ 4
FIG. C32 L__ LDA’ >D2‘
H3

D4 =EDearn (A+AV) - (EC-RW) cos CA+AV)
H2 = EC cos AV *RW (1 -cosAV) —ED 1N AV

{xz >0
FIG. C33 / EA <AV
<

T~

X3 20
H3 < K

FIG. C34 D4 >RW
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b5 X3 <0
X5 >0
H4 < H

LH4 CE >RW

FIG. C35

DS =ED siNn(A+AVZ) — (EC-RW) cos (A +AV2)
H4 =EC cos AVZ + RW (L~cos AV2) —ED sTNAV2

BCA > 7T —A

/ {w <0
FIG., C36

O~

X7 >0
H>HS
FIG. C37

|
—us

RW 4 H
TAN AV TAN A

+ RW TAN—'%—) SIN A\/:J cos AV

HS = [BC-F?W + <H TAN AV +
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GEOMETRIC INTERFERENCES ON A MOUND

In each case, all inequalities must be satisfied for
an interference to occur.

, | %G < O
( 3 FIG. C38 HGe >BC
HG |

He=H - l:RWC1~cosA)—la(TI—WB)SINA:I 1
cos A

H >8C

IA/‘—\A| {xezo

FIG. C39

FEC < H
VAA < A

O e ws

X2 >0

%4 £ O

\ EA < AV
N

FIG. C4l




FIG. c42

' %4 >0

\ X6 <O
e EA< AV3

J’BCA<77:—A
X7 <O
AL
| X7 >0
| M \ X4 <0

H>WE
LHS FIG. c44
FIG. c4s5
X4 >0
X6 <O
- BC <H7
H7

7 = Hsin(A-AvVE)
SINA

~RW 'T'AN% sTN AV
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CALCULATICON OF THE CCOEFFICLENT OF
FRICTION, w, USED IN TRACTION

The coefficient of friction is assumed to be egual to
the maximum force that the vehicle can generate
divided by the vehicle weight. The force consists of
the maximum traction that the vehicle can produce in
the soil plus the force derived from the vehicle's
kinetic energy.

FORMX (2) 4+ FrimeTic
GV\wW

/J_:

Kinetic energy is dependent on vehicle velocity, VYV,
which must be the least of:

VF —~=Velocity that can be developed in the
soil.

V@L.A -~ Velocity over obstacles at 2.5g
vertical acceleration.

Then kinetic energqgy,

— 2
Exinetic = '12' VM- VYV

where: VM= vehicle mass = Gz;N
G

= 32.46
VV = Min (VF,VOLA)

!

This energy is assumed to act over a distance equal
to the vertical projection of the slope height of
the obstacle.

H _ ExineTic

b= 12. % TAN A FK\NF:_T\Q'" D

FORrMxX(2) n G -VVE TANA

Finally then: L= =V
G-H
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IMMOBILIZATION CALSED BY LACK OF
TRACTION

Tracked vehicle on the approach flank of a mound.
It is assumed that the largest angle that the
vehicle can achieve is egual to m«N’ﬁu.

& C.G.

X2 >0
A> TAN'ilLL

| / TAN*_ M

——— HE8 ———=y

H8 = DCG cos (ACG + Tan )

le— HO — >

Hge— HC _ RWwW-H
FIG. C46 st (ran i) H

In each of the following cases, a free-body diagram
and the equations derived from that diagram are shown.
The equations are solved for Al, the obstacle flank-
angle producing an equilibrium of forces. If this is

less than the actual flank-angle, A, the vehicle is
immobilized in traction.
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Case 1l: A wheeled or tracked vehicle entirely

supported on the flank of the obstacle
(mound or trench).

Tz

FIG. CA47
Ra

(8=CGF cos AL +CGHs1n AL +RWsIn AL

T = Ri

Te =t Re

Tz cosAL+T; cos AL-R,stnAL-R,s1nAL =0

Tz sINAL+YT, SINAL+ R, cos ALl +Ricos3A1 — GVWN =0

B-GYW —T@cos AL (R;cosAl + T, stnAl)
+T@sINAL(T, cosAL —Rys1nAL) =0

\T? = CGR +CGF

A

-4
These equations resolve to: A1l =TAN "

Immobilization occurs when: X2 £0
Al <A
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Case 2: A wheeled vehicle with one wheel in contact
with the bottom and flank of the obstacle

(mound or trench), and the other wheel on
the top.

B

GVW

T
4 Ri

7.4

Ra FIG. C48

(sINAV = R/To T@ =CGF + CGR

B= COGRcosAV - CGH=INAV — RW sTn Al

Tiz/_LRL Tz =}L Qz

T +Tacos AL -R,s1n AL =0

Ry + RzacosAL +T, <s1nAL -GVYW =0

B-6VW +H-RW(1-cosAL)] T; ~(T@cos AV-RWsINAL)R, =0

A

. -1 Z -1Y
These equations resolve to: A1=%INW—TAN _>T
where: X=AL (1+4*)-Q
Y=uQ
Z=RWu*

Q=T@ cosAV —(H-RW) 1,
AL =CGRcosAY - CGHsin AV

x4 £ 0O

Immobilization occurs when: X2. >0
AA < A
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Case 3: A wheeled or tracked vehicle with one wheel
on the top of a trench and the other wheel

in contact with the bottom and the opposite
flank.

GVW

Te\
Rz
Ta

FIG. C49 Ry

(SINAV =H/Tp T@ =CGF +CGR

B= CGF cosAV —CGH stn AV + RW s1n Al

Tg_ =M Ri T2 = Ra

Tot+ Ty cos AL-R; 21N AL =0

R,-GYW+T, sinAlL +R, cosAL=0

B-GVW - (TP cosAY +RWsINAL R, [H-RW(1- cos AT)] T, =0

A

These equations resolve to: Al= SI'J.t/';(—*{Z‘T—“\?; S E
wrere:  X=AL (L+45)-Q
Y=p1Q
Z= —RWL*

Q =T® cosAV +(H-RW)LL
AL =CGCF cosAV — CGHsINAV

Immobilization occurs when: X3 20
AL <A




SUBRPUTINE. @BSTCL

VARIABLES ENTERING: NVEH,GVW, GC, FBRCR (4, 4041),IVEL,
FORMX (), RGUIK, V@@ (2,30), NC4, H, WB, BBAA, TL, FEC,
VAA,REC,VDA,CGF,CGH, GWS,RW, AcG, DCE, RWW, HC

PI=3.441592¢5 > BC=GC BC=100.
PLD=PI/180. |

A=PRBRAA EA=VAA EA=VDA
CGR=TL~-CGF EC=FEC EC=REC
WBI =WB¥ 12, Ep=oFW ED=DRW

G=232.16 L
VL =TL+OFW+ DRW [

NV=NVEH+1
DWF=FEC/TANCAA)
+RW % TANVAA /20
DWR =REC/TAN({/DA)

+TRW*TANVOA/2.)

A=A%PID sa2=SIN(A/Z.)
SA=SINCA) CA2=CaS(A/2D)
CA=C@S(A) TAZ=SA2/CAZ
TA=SA/CA

VV=VOLA%22. /15,
YES
V>
W=VF*22./15, | o YPLA

1

MU =FORMX(2)/GVW
FVVRYVEG, ¥ TA/(GXH) ‘
¢ ATM =ATAN (MUY l

FIG. C50
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—ANF

/

2
C

Y

DS =TT

TL=AMINL (CBF,CGR)

TI=TL
DS=41.75KRW

TI=GWS
DS=475 % RW

Y

Y

T ="TL

U=BC-RW

V=TI/2.

UU=PIL- 2. % ASIN(RW/SQRT(UXD +V*V))

BCA=UU+2.#ATAN(-U/) |

U BCA=UU

| BCA=UL -2 % ATAN (LAY

o}
= DAV =H/TP AV = ASTN (SAV)
CAV=SQRT(L.~ SAVKRSAV)

TAV = DAV /CAV RWT=RWsx% TAZ
RWC= RWx (1. —~CA)

AVZ2 = A-ATIN (CWEBL % SA - 2. %RWC)/T)
AVD =ATIN((WBI %SA+2.4kRWE/TI) —A

y

XL=VL-WBIL —2.%H /TA X2=TL +RWT —H/sA

X% = SRRT(TEXTE —H¥KH) “WEBT + RWT —H/TA

X4 =SRRT(TIKTI-H*H) ~WEBI-RWT + H/TA
AXE=TP+Z. 4RWT —WBI Xe=TI-2.%RWT—-WBT
X7=TL%SA2 —H

XB = WBT —2.%H/TA—RW/TAZ - (V-RW/SA2) /CA2.

H1= .5k VL-WBI)*TA HZ=EC*CA +RWC —EDXSA
H3=EC®CAV +RW* (1.-CAV) ~ED ¥ SAV

H4 = ZCKk CESCAVZ) + RWH (1.~ CpS(AVL)) ~ED % SIN CAVD)
HS = (U + (RATAV+HRW/TAV + H/TA+RWT)% SAV) % CAY

FIG. C50 cont'd
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HG =H—(RWC—.5% (TI-WBI)KSA)/CA

H7 = H*SIN(CA-AVE) /sSA -RWT *SIN(AVS)

H8 =DCG* COSCACG +ATM)

HO = HC/STIN CATM) - (RwWw —H) /MU
D1=.5%x(WBI-T@)*SA+(H-EC+RW)*CA

D2 = WBI¥SA+RW*(2.%CA—4.)
D3=ED%*SIN(2.%A) ~(EC-RW)* CoS (2. %A)
D4=ED* SIN(A+AV) - (EC~-RW) % C&s CA+AVD)
D5=ED% SIN CA+AV2) - (EC-RW) % CASCA+AV2)

FIG. C50 cont'd
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FIG., C50 cont'd
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YES

ALPHA = CGF % CAV-CGH X SAV

Q= T@* CAv + (H-RW)% MU

X =ALPHA % (4. +MU% ML) —Q

Y= ML%Q Z = ~RWXxML%ML
AL= ASIN(Z/SQRTX*X +\YY)) ~ATAN (Y/X)

NES

r
ALPHA = CGR¥*CAV -CGH % SAV
ONYES Q= TP %CAV - (H—RW) * MU
>0. | X=ALPRAx(L.+ML ML) -Q
NO Y=MU*%Q Z = RW MU % MU
AL=ASINE/SQRT (X%X+ Y ¥y ) -ATAN(Y/X)
< NO Al
<A
YES
> IGP =1 -——»C RETURN )—-———- 16 =0 (t—-—-

YARIABLE LEAVING: TG®

FIG, C50 cont'd
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‘ @BS TCL
}
!
1990
2000
2010
FOZO&
203028
2040 &
2050&
120 60
2070
2080
2050
2100
2110
2120
2130
21 40
?150
2160
2170
2180
2190
2200

‘|' 2210
12220
?230
2240
2250
2 60
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
l2390
12400
2410
2420
2430
12440
12450

2460
@ ::v
2480

SUBRBUTINE @#BSTCL(RGUK,IVEL,I1G2)
REAL MU v
CAMMIN IPATCH(325) ,FARCE(2,101) ,FARCR(4,101) ,FBRMX(3),
TF@R(3) ,RT,RCI ,NVEH NFL,GVW DL WID,GT,AOQ NBC,GC,HPT,éITVAR,
RDIAM, TPSI,TPLY ,HS ,WC,6SAI AAWPKF,6GCA,6VSS NCRDW,FD,6VFS,
ITRACT(399) ,V@8B(2,30) ,VRIDE(20) ,W,PBHT PBF VLL,NC4 NC5,
H,wB,8BAA,TL ,FEC, VAA ,REC, VDA ,CGF ,CGH,GWS ,RW,ACG,DCG, HC RWW
PI=3,14159265
PID=PI/180.
A=pBAA
CGR=TL~-CGF
WBI =WBx12,
Gz=32.16
DFW=FECXC@AS(VAA) /SINC(VAA)+RWKkSIN(VAA/2,.) /CBS(VAA/2,)
DRW=R ECKC 2SCVDA)Y /SIN(VDA)+RWKS IN(VDA/2,) /CAS(VDA/2.,)
NV=NVEH+1
BC=GC
IF(NV.EQ.1)BC=100,
IF(VAA.LE.VDA)GAT® 10
EA=VDA
EC=REC
ED=DRW
GaTe 11
10 EA=VAA
EC=FEC
ED=DFW
11 VL=TL+DFW+DRW
IF(180.-A)13,90,12
12 Az180.-A
NT=1
GAT2 14
13 A=A-180,
NT=2
14 A=A%PID
SA=SINC(CA)
CA=CAS(A)
TA=SA/CA
SA2=5IN(A/2.)
CA2=C8S5(A/2.)
TA2=5A2 /CA2
CALL KURVE(RGUX,VF,F@RCR,~-1,IVEL)
CALL CURVE(H,VOLA,6VO2B, A NC4)
IF(VF.GT.V2LAYGOTD 1
VV=VF%22,/15,
GATo 2
1 VVzVgLAX22,/15,
2 MU=F@RMX(2) /GUW+S xVYUxVVxTA/( GkH)
ATM=ATANCMUD
GATA(15,16,17) NV
15 TI=AMINI(CGF,CGR)
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‘@PBSTCL CONTINUED
!

2490 D5=TI

2500 GOTO 18

2510 16 TI=TL

2520 DSz1,75%RW

2530 G2Td 1%

2540 17 TI=GWS

2550 DS=] (T5%RW

2560 12 TA=TL

2570 U=BC-R W

2571 v=Tl/2,

0572 UUzPI =2 ,%ASINCRY/SART(UxU+yx\))
2573 IFCU) 41,4243

0574 41 BCA=UU+2 A TAN(=U/V)
2575 GOT? 44

2576 42 BCA=UU

2577 GOTO 44

2572 43 BCA=UU=-2,%ATANCU/V)
2580 44 CONTINUE

2590 IF(NT.EQ,2.,AND,WBI+2 ,%H/TA,LT.DS)GZTP® 90
2600 SAV=H/T?

2610 AV=ESIN(SAV)

2620 CAV=SQRT(1,=SAVX5AV)

2630 TAV=SAV/CAV

2640 RWT=RWxTA2

‘2650 RWC=RW* (] .=CA)

2660 AV2 =A=-ASINC(WBI*SA=-2,%RWC) /T2)

2670 AV3I=ASINC(2 . ¥RUWC+WBI*SA) /TI) -A

2680 IF(HLT.BC,AND.,H.,LT.EC.,AND,H.LT.RW)GATS 90
2690 X1 =VL=-WBI~2 ,%H/TA

2700 X2=TI+RWT-H/SA

2710 X3=SQRT(TA*TO~-H*H) =WBI+RWT=-H/TA

21720 X4=SORT(TI*TI ~H*H) -WBI -RWT+H/TA

2730 X5:=T2+2 xRWT-WBI

2740 X8=TI =2 .*xRWT-WBI

2750 XT7=TI*SA2~H

2760 X&=WBI =2 ,%H/TA-RVW/TA2-(TI /2.-RW/SA2) /CA2
2770 H1=,5%(VL=-WBI)*TA

2780 H2 =EC*CA+RWC~ED*SA

2790 H3=ECkCAY+RWx (] .,~CAV) -ED%SAV

‘2200 H4=FCxCAS(AV2)+RW*x (] ,-CBS(AV2))-ED*SIN(AV2)
2810 H5=(BC=RU+(H*xTAV+RW/TAV+H/TA+RWT (S AV)I*CAV
2820 HE6=H=(RWC=-,5%(TI~-WBI)*SA) /CA

2230 H7=Hx SIN(A-AV3) /SA=RWT*SIN(AV3)

2240 HZ8 =DCG*CAS(ACG+ATM)

2850 HO=HC/ SINCATM) =-(RWW=-H) /MU

'28260 DO=.5%(WBI=-TA)% SA+(H-EC+RW)*CA

12270 D2 =UBI* SA+RWk(2,%CA=1,)

2880 DIzED¥SIN(2,.,%A) =(EC-RW)*CAS (2 ,*A)

2850 D4=EDxSIN(CA+AV) = (EC-RW)*COS (A+AV)

2900 D5=EDk SINCA+AV2) = (EC=RW)* COS (A+AV2)
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ABSTCL CANTINUED

12910
2920
12930
2940
2950
129 60
29170
2980
12990
.3000
3010
13020
3030
3040
13050
13050
13070
13080
3090
13100
ﬁllo
3120
12130
13140
3150
i3160
3170
3180
i3190
13200
3210
3220
3230
13240
3250
13260
3270
‘3280
13290
3300
2310
13320
3330
3340
13350
3360
13370
13380
13350
3400

20
21

22
23
24
25

26
27

28
29
30
31
50
51
52
53
54
55

56
70

71

72

GBTA(50,20) ,NT
IF(X1)21,22.22
IF(EA.,LT.A.ANDH!I.GT.EC)GAT? 91

GZT? 23

IF(H.GT.EC.AND.D! .GT.RWGATZ 91
IF(X2Y24,24,25

IFCEA.LT.A)GOTS ot

IF(H2 ,LT,H.AND.D2,LT.D3)GATY 9!

GATA 28

IFCEA,LT.AVYG2TO 91
IF(H3.LT.H.AND.D2,LT.D4)GATY 91
IF(X3)28,27,27

IF(H3 ., LT ,H.AND,RW,LT.D4)GAT? 91

G2Ta 29
IF(X54GTe0e e AND H4LT.HeAND. RW.,LT.D5)GOBTZ 91
IF(X5.LE.0..AND.,EC.,LT.H AND.EA.LT.AYGOBT? 91
IF(NV.EQR.1)GBTE 70

IF(X7)30,30,31

IF(BCA.GT.,PI-A)GOTOD 91

G212 70

IF(H5.,LT.H)GZTS 91

GATa 70

IF(NVL.EQR.IDGATA 53

IF(X6)51,52,52

IF(H8.GT.BC)GBTE 91

GBTZ 53

IF(H,GT.BCYGATO 91
IF(H.CT.FEC.AND,VAA.LT.A)GOTO 91
IF(X4)54,54,55
IF(X2.GT.04.AND,EALT.AV)GBTO 91
IF(XTeCGTo0..AND H.GT.HS5 AND NV NE,1)GBTS 91
GATY 56

IF(X6.GE,0.,)GBT@ 56

IFCEALTLAV3I ANDJNVL,NEL1)GBTH 91
IF(BC,LT,H7.ANDJNVLNE,1)GATO 91
IF(BCAGTPI=A.@NDeXT7oLEeO e eANDX8eGE.O04 AND NV NE.1)GATE o1
IF(X2.LE,0..AND,MU,LT.TA)GBTD 91
IF(NT.EQ .1 sBR.X3.LT.0.)GATA 71
ALPHA=CGFxCAV=CGHxSAV

Qz=TA*CAV+(H=-RW)YxMU

X=ALPHAX (] ,+MUxMU) =9

Y =Mk Q

Z ==R Wx MUk MU

Al =ASINC(Z/SQRT(XkX+YXY))=ATANCY /X)

IF(Al ,LT.AYGATE 91

IF(NV.,EQ.1)GBTY 72

IF(X2.LE.0.)YGBTA SO

GAT? 75

IF(A.GT.ATM.AND.HS .GT HR)GATO 91

G3Ta S0
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PBSTCL CONTINUED

]

3410
3420
13430
3440
'3450
3450
3470
‘3480
3490
3500
3510
'3520

75 ALPHA =CGR*CAV-CGH*SAV

90
91

Q=T2xCAV~-(H=R W)*xMU
X=ALPHA% (| ,+MUxMU) -Q
Y =M@

Z =R Wk MUx MU

Al =ASIN(Z/SQRT(XkX+YXY)) =ATANCY/X)
IF(Al . LT.A)GATZ 91
1Ga=1

RETURN

1GA=0

RETURN

END
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Subroutine @BSF  (Fig. C51)

Subroutine @BSF calculates the average force needed to
override a series of vertical obstacles. This force is
added to the other resisting forces in determining vehicle
speed as limited by power and traction. The force is
obtained by dividing the work done to override one obstacle
by the distance between encounters of that obstacle type.

First, I@ST, which is equal to the obstacle spacing
type, is checked. I@ST = 1 for random spacing (obstacles
arranged at random), and I@ST = 2 for linear spacing
(obstacles running parallel). If the spacing is random,
the following equation is used:

FPM = GVW * HFT/ (PI * @BS * @BS)/(4 * W)
Where:

FgM

the average force to override obstacles, lb
GVW = the vehicle weight, lb
HFT = the vertical height of the obstacle, ft
#BS = the mean spacing between obstacles, ft
W = the width of the vehicle, ft
PTI = 3.14159265
If the spacing is linear:
FgM = GVW * HFT/@BS
Note that:
Work = GVW * HFT
And:

Area for 1 obstacle = (PI * #BS * @BS) /4.
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The effective distance between encounters of obstacles
is equal to the area of a circle whose radius is the average
obstacle spacing divided by the vehicle width. (This has
been found from past field testing by the WES.) However, if
the obstacle spacing type is linear rather than random, the
distance between encounters is simply the obstacle spacing.

C-152




SUBRPUTINE Q@BSF

VARIABLES ENTERING: GVW,H, @BS, W, ¢B8L, LOST

PI=2.14159265

HFT= H/l 2.
YESA&T NO
>4
r
FOM =GVW % FAM=GVW *¥HF T %4 . %W/
HFT/@esS (PI % Q@BS % 0B85)

L*-C RETURN }———J

VARIABLE LEAVING:. FOM l

FIG. C51
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SUBRAUTINE @BSF(GVW,H,0BS, W,0@BL,FoM, 10ST)
PI1=3.14159265

HFT=H/12.

IFC(I6ST-1)1,1,2
FOM=GUWKHFT/(PI*@BS* BBS)* 4 kW

RETURN

FAM=GVWkHFT/BBS

RETURN

END
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Subroutine AREAV (Fig. C52)

Subroutine AREAV calculates the percentage of the total
area denied by trees. The first part calculates the average
stem diameter to be avoided, wvariable SDA, by first accumula-
ting two values: one, the total of the diameters of all
stems in the area considered, variable SUMI; and the other,
the total number of stems in the area considered, variable
SUMT. Variable XNT, which contains the number of stems of
each stem diameter in the area, is multiplied by the diameter
of the stems, and the values are accumulated in variable SUMI.
XNT is also accumulated in variable SUMT, from stem diameter
MSD (one of the variables entering the subroutine) to the
largest stem diameter in the area, to obtain the total number
of stems (trees). Subroutine AREAV is called repeatedly,
and MSD is indexed upward by one class each time it is
called. The average stem diameter to be avoided is equal to
SUMI, the total of the diameters, divided by SUMT, the total
of the number of trees in the area.

Finally, the percentage of the area denied by vegetation
is calculated as follows, based on this average stem diameter;
Two areas are considered; the first is the area of a circle
whose radius is the average stem diameter plus the vehicle
width, and the second is the area of a circle whose radius
is the mean spacing of all stems in diameter class MSD or
larger in the area being considered. The first area divided
by the second and multiplied by 100 yields the percentage
of the total area denied by the trees; this is variable PAV,

If, at the end of the accumulation of stem sizes, it is
found that there are no trees in the area (SUMT = 0), the
percentage of the area denied, PAV, is set to zero. 1In
either case, an exit is made from this subroutine.
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SLBROUTINE AREAV

VARIABLES ENTERING: MSD, SO(10),NSDC, XNT(43),
W, S(10)

MSD> NO SUMD =0. — T=1q
NSBC SUMT=0. -
YES

\
SUMD = SUMD + SDCT) % XNT(T)
SUMT=SUMT + XNT(T)

NO

i
NO
@ YES T=T+1

YES

PAV = (SUMD/(12.%SUMT) +\WI*¥2 % 100./
(sMsDHYA SCMSD)

~ PAV = O. _———,-C RETURN )

YARIABLE LEAVING!

PAV

FIG. C52
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PREAV

2770 SUBRAUTINE AREAV(MSD,SD,NSDC,XNT,W,S,PAV)

2780 DIMENSI®N SD(10),SDS(00) ,XNT(10),5C(10)
2785 1F(MSD.GT.NSDC)GATD 2

2790 SumMD=0.

2800 SUMT=0,

2810 D@ 1 I=MSD,6NSDC

2820 SUMD=SUMD+S DCI)*XNT(I)

2830 1 SUMT=SUMT+XNT(I)

2840 IF(SUMNT,FR.0,)GATY 2

2850 PAV=(SUMD/ (12 .*SUMT) +W)%%2% 100, /(S (MSD)*S(MSD))
128 50 RETURN

12870 2 PAV=0,

2880 RETURN

2890 END
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Subroutine VEGF (Fig. C53)

Subroutine VEGF calculates the forces associated with
overriding vegetation: FAT1l, the force required to over-
ride one tree; FMT, the maximum force required to override
all trees; and FAT, the average force required to override
all trees. This subroutine is called nine times from PATCH,
The first time, the incoming variable MD is zero, indicating
that all trees are being avoided; therefore, FAT1, FMT and
FAT are set to zero, and a return is made. For other values
of MD (1 through 8), varying numbers of tree sizes are being
overridden. For example, when MD = 1, stem diameters of
class 1 are being overridden, and all others are avoided;
when MD = 2, stem diameters of classes 1 and 2 are being
overridden, and all others are avoided; etc. Next, a check
is made to see if the mean spacing of stem diameter class 1
is greater than zero. If it is not, an exit is made from
+he subroutine. Then, the maximum stem diameter to be over-
ridden is calculated as variable SDM, taken to be the upper
limit of the largest stem diameter class to be overridden
as indicated by the variable MD,

The force to override one tree, FAT1l, based on the
maximum stem diameter to be overridden, is calculated next,
followed by the calculation of FMT, the maximum forces
involved in overriding stems. FMT is based on the pushbar
height of the vehicle versus the stem diameter. Variable
TFAT is then calculated. This is a summation of the work

required to override all diameter classes of trees to be
run over.

Finally, a loop is entered in which the stem diameter
sizes and the associated forces are accumulated from I = 2
to MD, the largest tree to be overridden; and the variable
FAT, the average force to override trees, is calculated.

FAT is equal to TFAT, the total work required in overriding
trees, divided by a quantity equal to the area of a circle
whose radius is the mean spacing for the given stem diameter
class divided by the width of the vehicle. The three
variables - FAT1l, FMT, and FAT - are now returned to the
calling program.
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SUBROUTINE VEGF

VARIABLES ENTERING: MD, PBHT, SD(410),SDsSC10),
SOL (10)4, XNT(4T); W, NSDC

PI=3.44152265

FAT1=0. [
FMT =0.
FAT = 0. SDM = SpDL(MD)
FATL = 9.C551 % SDM*%%3
FMT = (40.-PBHT/2.) % SDM %2
I=2 TEAT=XNT(MD) XSD(MD) %3

A
IND=MD+4-T
TEAT=TFAT + XNT(IND) % SD(IND) %% 3

FAT =4.%100. % TEAT*W/(PL*SDS(NSDC) %% 2

!
—P‘( RETURN )-%

VARIABLES LEAVING: FAT1, FMT, FAT

FIG. C53
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VEGF

2540 SUBRAUTINE VEGF(MD,PBHT,RD,SDS,SDL,XNT,W,DATI ,FMT FAT,
2550& NSDC)

2560 DIMENSI@N SD(10),SDS(10) ,XNT(10),SDL(10)

2570 P1=3.14159265

2580 IF (MD)15,15,5

2500 5 IF (spS(MbO7,7,25
2600 7 RETURN

2610 25 SDM=SDL(MD)

2620 FAT129.6551%SDMk*3

2630 FMT=(40,=PBHT/2.) %5 DM**3

2640 TFAT=XNT(MD ) *SD(MD)%*3
2650 D8 10 I=2,MD

2660 IND=MD+1 -1

2670 TFAT=TFAT+XNTCIND)*SDCIND) **3
2680 10 CONTINUE

2650 FAT=4,%100 *xTFAT/(PI*SDS(NSDC)**2)* W
2700 RETURN

2710 15 FATI=0,

2720 FMT=0,

2730 FAT=0,

2740 RDTURN

2750 END
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Subroutine AREAT (Fig. C54)

Subroutine AREAT takes the area denied by both
vegetation and obstacles and determines a speed reduction
factor due to the necessary maneuvering. The speed

reduction factor is a fraction,

equal to or less than one,

that multiplies the vehicle actual speed to obtain the

effective speed across a patch. For example, if the vehicle

must travel twice as far, due to maneuvering, the speed
reduction factor is 0.5.

The percentage of total area denied is:

ADT

where:

ADg@
PAV
If ADT 10:
SRF
If ADT 50,
SRF
Otherwise:
SRF
Where:

SRF

Note that,

It

AD@ + PAV * (100. - aDbg) /100

total percentage of area denied

percentage of area denied by obstacles

percentage of area denied by vegetation

1.0 - (aDpT -~ 10,)/40.0

speed reduction factor.

since the trees are assumed evenly spaced,

some trees will be in the area denied by obstacles.
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SUBRPUTINE. AREAT

VARIABLES ENTERING: PAV, AD®

ADT = ADQ +
PAV % (100.—AD®)/100.

SRF =O. SRF=1.-(ADT-10)/40. SRF=1.

{
{RETURN >‘———

VARIABLE LEAVING: SRF

FIG. C54
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2990
3000
3010
3020
3030
.30 40
3050
'30 60
3070
3080
3090
3100

—

~ oW

SUBRBUTINE AREAT(PAV,AD?,SRF)
IF(PAV.GT.50..8R.ADB.GT.50.)GATD 6
ADT=ADB+PAV*(100.-AD2) /100,
IF (ADT-10.)1,1,5

SRF=1.0

RETURN

IF (ADT-50.)7,6,6

SRF=0,0

RETURN
SRF=1.0-(ADT-10.0) /740.0
RETURN

END
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Subroutine RIVER (Fig. C55)

Subroutine RIVER calculates the time penalties for
crossing a river and for ingress and egress. The program is
in four parts: 1In the first part, the time penalty for
fording the river is calculated if the vehicle can ford; in
the second, the time penalty for swimming is calculated if
the vehicle can swim, and the water is too deep to ford; in
the third, a rafting penalty is assigned if the vehicle can
neither swim nor ford; and in the fourth, the time penalty
for egress is calculated. First, a check is made to deter-
mine whether the water depth is greater than the fording
depth. If it is, the vehicle cannot ford, and an exit is
made to the swimming portion of the program; if the vehicle
can ford, a check is made on water speed. If the water speed
is greater than 11 mph, the vehicle cannot successfully ford,
and an exit is made to the rafting portion of the program;
if the water speed is less than 11 mph, a check is made on
vehicle type. If the vehicle is tracked, the fording calcula-
tion is unnecessary, and an exit is made to a later part of
this portion of the program; if the vehicle is wheeled,
intermediate calculations must be performed.

First, variable THM, the maximum dropoff angle before
belly hangup, is calculated. If this is less than the
ingress bank angle, there must be a call to subroutine DIG
to determine the time penalty for excavating the ingress
bank until the vehicle can successfully enter without belly
hangup. This time penalty returns as ATP and is loaded into
a variable, TP, which accumulates the ingress and egress
penalties. Next, the vehicle approach angle is calculated,
and 5 degrees are added to it. This is checked against the
bank angle of the river. If this angle is less than the
bank angle, a nose-in hang-up would occur, additional excava-
tion is necessary, and another call go DIG is made. The
time penalty returns as ATP and is accumulated into variable
TP. Next, variable TV, the velocity made good in crossing
the river, is calculated. It is simply equal to the vehicle
fording speed. Next, variable TN, the time required to cross
the river, is calculated from the speed in crossing and the
width of the river. An exit is now made to the egress routine.
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If the swimming routine has been entered, a check is
first made to see if the vehicle swimming speed is greater
than zero, i.e., to see if the vehicle can swim. (If it
cannot, an exit is made to the rafting portion of the
program.) A check is then made to.see if the water speed
is greater than the vehicle swimming speed times an auxiliary
water propulsion factor, which takes into consideration
such things as shrouding and water jets. If the water speed
is too great, an exit is made to the rafting portion of the
program; if not, further computations in the swimming portion
of the program are continued. First, the effective bank
height, EBH, is calculated. This is the height from the top
of the ingress bank to a point below water level equal to
the fording depth or draft height of the vehicle. A check
is then made against the vehicle ingress swamp angle. If
this is less than the bank angle, THI, a call is made to
DIG to calculate a penalty for excavation. This penalty
returns as ATP and is loaded into variable TP, Next, a
check is made on vehicle type. If the vehicle istracked,
most of the calculations in this portion of the program are
unnecessary, and control is directed to the last part of the
swimming model. If the vehicle is wheeled, a check is made
on the belly clearance of the vehicle. If the vehicle will
hang up on its underbelly, another call to DIG must be made
for further excavation. This time penalty returns as ATP
and is accumulated in variable TP. Finally, from the last
equations of this portion of the program, TV, the velocity
made good in crossing the river, is calculated. This takes
into consideration the water speed that will cause the
vehicle to travel downstream as it crosses the river. When
this velocity is known, the time penalty for crossing is
calculated by using the river width. This is loaded into
variable TN, and an exit is made to the egress portion of
the program.

If the rafting routine has been entered, water speed
is first checked to see whether it is greater than 11 mph.
If it is, a time penalty of 180 minutes is assigned for
constructing a raft; if the water speed is less than 11 mph,
rafts can be constructed in shorter periods of time, but
this time is dependent upon the water speed. If the vehicle
weighs less than 28,000 lbs., the time penalty for construct-
ing a raft is 25 minutes; if it weighs between 28,000 and
42,000 1lbs., the time penalty is 45 minutes; and if it




weighs more than 42,000 lbs., the time penalty is 90 minutes.
After this penalty has been assigned, the velocity for
crossing the river is assumed at 0.68 mph, since this is
approximately the rate at which a raft can be maneuvered
across a river. The time penalty in crossing, TN, is cal-
culated from the river width, and an exit is made to the
egress portion of the program,

The egress portion of the program is based on the
calculation of the severity factor, SF. This is an empirical
factor based on the experience of engineers at TACOM. The
severity factor is an equivalent step height assigned to
each exit bank. This is compared with the step height the
vehicle is capable of climbing. Next, the program accumulates
the severity factors for each of the distinct slopes on the
bank. In this generation of the model, only one slope is
allowed, and this loop is therefore ignored. Next, a check
is made to see if the bank severity factor exceeds the step
height that the vehicle can negotiate. If it does not, no
further time penalties are assigned, and a return is made to
the calling program. If it does, a check is made to see if
the severity factor is greater than two times the step height
the vehicle can manage. If it is not, a time penalty is
calculated based on the difference between the severity
factor and the step height the vehicle can manage; if it is
greater, excavation is necessary; and variable ESL, the
effective slope of the bank, and ESIH, the effective height
of the bank, are calculated. Then the traction that the
vehicle can generate on this bank is calculated, using ¢,
the soil cohesion, and g, the angle of the repose of the
soil. If the vehicle has a winch, the winch capacity is
added to this tractive force. A traction-limited slope
angle, THEM, is then calculated. If this traction-limited
slope is less than the effective slope of the bank, excavation
is necessary, and a call to subroutine DIG is made to reduce
this slope to an angle that the vehicle can climb, based upon
available traction and winch capacity. This time penalty
returns as variable ATP and is accumulated in variable TP,
which carries the penalties for ingress and egress. If the
vehicle has a winch, an additional 10-minute setup time ‘is
added to time penalty TP. The two variables leaving the
program are TN, the time for crossing the river either by
fording, swimming, or rafting, and TP, the time penalties
associated with ingress and egress.
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SUERPUTINE RIVER

VARIABLET ENTEI<ING: NVEH, GVW,GCHS, WC,S AT,
AWPIKF, GCA,VSS, NCREW, FD,VFS W, WS, WD, THT,
BHI, RW, TANP, C, NFX, RE’,HC‘S), RBA(S), AAVY, GWS

YET .

SED .

TP =0,
PL=%.44153245
THI=THT % PL/1L30.

THM = 2. ¥ATAN 2. %GC/GWD)

+ Sk PT/LSO.

t
B |
AAVI=AAV+ NO_ 5 i JYES /THI W, :
5. % PI/180. STHT ~ >~ THM . BHT,, DIG
\NCREW 1
- ATP,
TP~TP+ATP~<——.\ TUT ;
NN THRI, W, . \
IEVES AAVL, BHT, |
TN'—-RW/('T\] % NCREW
M co.xa AN a
TR e TP =TP AT P,
EBH= RBH(1) + ATP THI

ERH=RBRHA(ND+FD—~WD

7 WS>

"\/SS*A\NPKR—T

*1.4-6467 -

Nom

ttrP=TP-'r/5rn:>

[THM= 2. % ATAN(2.%GC/GWS))]

FIG. C55




|

TV=SQRTVSSHVSS

— 465 XWOSH WD)
T™N=RW/(T Vv Fe=vpP]
T co.¥x1.4cee) [ 4are |

— WSO | CURV=76000. GVW > JES
244, —6000. % WS CLRV
YES
NO
Y

TV=.08 - TP=TP+ 480. GVW3

TN=RW/TV% NO 28000,
6O-% L. 4L667) TP=TP+ 25, YES

EBH= R S
‘ NES

TP=TP + 90.

[
SF=EBH % SIN(RBACALIXPL /180D * % 2

YES ——) SF=SF + RBRCI %
SIN(RBACI) % PL/1SON %% 2

EsL=RBAM%PI/120.
ESLA = RBHAD

T TP=TP+ 2% CSFI;' HD E%L: (as. +5.%SF)%PL /480,
ESLu=12. 1

C=.5

Y ' FIG. C55 cont'd
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f

TRAT=GVW %COBSC(ESL) % TANP + GCA %C
THEM =ASIN((TRAT +WCD/GVW)

ESL.,W
=y 0 b4 7
YES 'I;SVI N MEM, ESLH
b NCREW
NG _~“wc ATPR,
=TP+ATP
>O><——(TP TP+AT o
YES S [rP=TP+10.

—*{:RETURN:%————

VARIABLES LEAVING: TP,TN

FIG. C55 cont'd
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RIVER]
100 SUBR@UTINE RIVERCAAV,GWS,TP,TN)
110 CamMaN IPATCH(325) ,FBRCE(2,101) ,FBRCR(4,101) ,FARMX(3),

120& TDM(3) ,RT,RCI,NVEH,NFL,GVW, DL, WID,CT, A NBC,GC HPT,ITVAR,
130& RDIAM,TPSI, TPLY,MS,WC,SAT ,ANPKF,GCA , USS ,NCREYW FD,VFS,
'140& ITRACT(39%),V88B(2,30)  VRIDE(20) W, PBHT, PBF, UL NC4 NC5,
150& I@BST(32),wS, WD, THI ,BHI ,RW, TANP,C, NDX RBH(5) ,RBA(5)

160 TP=0,0

170 PI=3.14159265
120 THI=THI*P1 /180,
190 IF (vD-FD1,1,10.

200 1 IF (¥S-11.0)2,2,90
210 2 IF (NVEH.EQ.0) GB T2 4

220 THM=2 &ATAN(2 .%GC/GWS)+5 4P1 /180,
230 IF (THM-THI)®0,3,3

240 80 CALL DIGCTHI,THM,BHI, W, ATP,NCREW)
250 TP =TP+A TP

280 3 IF (AAV+5.%P1/180. -THI)S81,4,4
270 81 CALL DIGCTHI ,AAV+5.%PI/180.,BHI,W,ATP,NCREW)

280 TP =TP+ATP

290 4 TV=VFS

300 TN=RUY/ (1 4666 T*xTV*60.)
310 EBH =RBH (1)

220 G2 T2 100

330 10 IF (VSS)90,50,11
340 11 IF (WS.GT.VSS*xAWPKF*1,46667) G2 T2 90

350 EBH=RBH (1)+FD=WD

350 IF (SAI-THI)12,13,13

370 12 CALL DIGCTHI,SAI,@HI,W,ATP,NCREW)
320 TP =TP+A TP

300 13 IF (NVEH)15,15,14
400 14 THM=z2 %ATAN(2 ¥GC/GWS)

410 IF (THM=THI=5.)15,16,16

420 15 CALL DIGCTHI,THM,BKI,W,ATP,NCREW)
430 TP =TP+A TP

440 15 TVzSORT(VSS*VSS=0.465% WSk WS)

450 TN=RW/(1.4666T«TVX60.)

460 GA TO 100

470 90 IF (WS=11,0)92,92,91
420 91 TP=TP+1%0,

490 G4 T8 99

500 92 CURV=76000,-6000.,%WS

510 IF (GVW,LE,28%000, .AND. GVW,LE,CURV) G@ T@ S5
520 IF (GVW,LE.42000, AND., GVW,LE,CURV) G2 T@ S6
530 TP =TP+4S0.

‘540 Ge TP 9°

550 95 TP=TP+25.

560 G2 T3 99

‘570 26 TP=TP+45,
580 99 TV=0.6%2
590 IN=RW/ (1 48667 TV*50,)
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_RIVER1 CONTINUED

800
810
‘620
830
1§40
‘650
1850
670
‘820
1590

(700
710
1720
730
740
750
160
770
120
190
800
820
7230
240
250
260
270
220
R0
500
910
920

100
101

102
103

104

106
107

S00

EBH=RBH (1) =~WD
SF=EBH*SIN(RBA(1)*PI/180,)%%2
IF (NEX-1)103,103,10!

D2 102 I=2 NEX

SF=SF+RBH(I)* SIN(RBACI)*PI /180,)%*2
CONTINUE
SFI=SFx12,

IF (SFI.GT.HS) G@ T@
TP =TP+0.0

G3 T2 900

IF (SFI.GT.2.0%HS) G2 T2 105
TP=TP+2 ,0%(SFI =HS)

G3 T2 sS00

IF (NEX-1>108,108,110
ESL=(15. + 5,0%SF)*PI/180.
ESLH=12,

G2 T2 111

ESL=RBA(1)%PI/180,
ESLH=RBH (1)

IF (SF~6.,)112,112,113
TANP=0.3

GO T3 114

TANP=0,4

€C=0.5
TRAT=GVWxCAS(ESL)Y*TANP+GCA*C
THEM=ASIN((TRAT+WC) /GVY)

IF (THEM-ESL)>106,106,107
CALL DIGC(ESL,THEM,ESLH,W,ATP ,NCREW)
TP =TP+ATP

IF (WC.,GT.0.,0) TP=TP+10,
CZNTINUE

RETURN

END

104
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Subroutine DIG (Fig. C56)

Subroutine DIG calculates the time penalty associated
with excavating a river bank to permit the egress of a
vehicle. First, the volume of a‘triangular prism of dirt
on the exit bank, variable VX, is calculated. This will
lower the bank angle to the point where the vehicle is
permitted egress. Next, a time penalty for this excavation,
variable ATP, is calculated. It is assumed that each mem-
ber of the crew can excavate 1 cubic foot of dirt in five
minutes. Also, the bank angle that entered the program is
reduced to the new angle following excavation. This new
bank angle and the time penalty associated with the
excavation are returned to the calling program. This sub-
routine is called only from subroutine RIVER,
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SUVBROLTINE DIG

VARIABLES ENTERING: THN, THD, BH, W, NCREW

VX =.5 % BH*%BH % (CaS(THD) —CAS(THN)) % W
ATP= 5. % VX /FLAAT(NCREW)
THN = "THD

Y
< RETWEN )

VARIABLET LEAVING: THN, ATP

FIG. C56
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DIG

940 SUBRAUTINE DIGCTHN,THD,BH,W,ATP NCREW)
550 VX =0 , 5% BH*BH% (CBS ( THD) =CBS (THN) )% W
560 ATP =5.%VX/FLBA T (NCRDW)

970 THN=THD

980 RETURN

990 END
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Subroutine RGUTE (Fig. C57)

Subroutine RPGUTE consists of two parts. In the first
part, the time required to traverse each path-segment of the
map is calculated. There are 750 such path-segments, 25
each in 30 sections of the Puerto Rico terrain map. The
second part of this subroutine uses these data and calcu-
lates, by means of a dynamic programming scheme, the best
route through the map. Three large arrays enter this sub-
routine from the main program, having been previously
calculated in the other subroutines. These are: array V
with 1080 elements, which contains the velocities the
vehicle can manage in each of 1061 normal patches and 19
marshes; array VR, which contains the time required to
cross a river for each of 10 rivers; and array TPR, which
includes the ingress and egress times.

Another array, S(I, J, K), is calculated in the first
part of the program. The first subscript indicates the
starting point of a given path-segment, the second indicates
the ending point, and the third indicates the section of
the map. The first thing done in the subroutine is to
initiate all elements of this array to zero, as this is
necessary for some machines. Then, the first of three data
files is called, data file SECPUE, which contains the data
for each path-segment in the map. The data consist of the
type number of the patch traversed and the distance traversed
on that patch, for each of the patches encountered along
that path-segment. The variable N, which contains the num-
ber of patches encountered, is also read. Variable DP
contains the distance across the patch; variable IP contains
the patch type number. There will be N pairs. For each
patch crossed, the patch type number, IP, is used as the
index in searching array V to determine the velocity in that
patch. The distance, DP, is divided by that velocity to
produce the time to cross the patch; and these times are
accumulated for each patch crossed. If it is found that
one of the patches has zero velocity, i.e., if the vehicle
is immobilized on that patch, the time to cross it is
arbitrarily set at 600,000 seconds. This overrides any other
times accumulated and indicates at the end of the calculation




that the vehicle is immobilized on this path-segment. The
time data are calculated for each path-segment in the map,
of which there are 750, and the values are stored in array
S. When this is completed for all of the normal patches,
data file SECPUE is closed, and data file MSHPUE is opened.

Data file MSHPUE contains the information as to which
marshes are crossed on each path-segment. Since the data
for marshes are in the same format as the data for patches,
the calculation just described is re-entered and performed
for each of the marshes. The times for the marshes are also
loaded into the corresponding locations in array S. When
this is completed for marshes, data file MSHPUE is closed,
and data file RIVPUE is opened.

Data file RIVPUE contains the information as to which
rivers are crossed on each path-segment. Returning from
this file is the variable N, the number of rivers on a given
path-segment, and variable IP(I), which contains the type
numbers of the particular rivers crossed. There will be N
of these. IP is used as an index in arrays VR and TPR to
determine the time penalties associated with this river
crossing. These time penalties are also loaded into array
S as additional times associated with crossing the given
path-segment. All of the data as to times on path-segments
have now been accumulated in array S, and this array is
ready for use in the dynamic programming model.

There are, however, other things calculated in this
part of the subroutine. It is necessary to know on what
percentage of the area of a map the vehicle is constrained
to certain velocity ranges. These ranges are 0 mph, or
immobilization; 0-2 mph; 2-4 mph; 4-6 mph; 6-8 mph; 8-10 mph;
and more than 10 mph. This information is accumulated in
array AREA; this array is printed out to the terminal.
Additionally, array S is written into an external file for
later manipulation if required. This external file is
called VEHNAM (this stands for vehicle name). The name, of
course, is temporary, since later, after the program has
been run, this file will be called and renamed for the
specific vehicle.

Now the dynamic programming model is entered. The
object of this model is to select the best route through

Cc-176




the map. It was found that it is appropriate to start at
the termination of the map and work backward, selecting at
each stage the best route to that point. The map was
divided into 30 sections, resulting in 31 interfacing lines
between sections. In dynamic programming terminology,
these are referred to as decision stages. There are five
points equally spaced upon each of these lines, including
the beginning and ending lines. The calculations begin at
stage 30. From each point at stage 30, there are five path-
segments proceeding to the five points at stage 31. For
each point at stage 30, the best of the five possible path-
segments is selected; and the time associated with that
path is collected in array P@DE. When this part of the
calculation is completed, the best path from each of the
points at stage 30 is known and is loaded into this array.
The point on line 31 to which this best path proceeds is
loaded into array N@DE. Calculations now proceed backward
to line 29. From each point on line 29, there are five
path-segments proceeding to the five points on line 30. The
time associated with the path-segment from the point on line
29 to each point on line 30 is added to the best time from
that point on line 30 to line 31. This is done for each of
the five lines, and the best of these sums is selected to
be the best route from that point on line 29 to the
designation stage. This sum is loaded into array P@DE, and
the point on line 30 is entered in N@DE. Now the best path
from each point on line 29 to the destination is known.
Calculations proceed to line 28, and the same operation is
repeated until line 1 is reached, at which point the best
path from each of the five points on line 1 to the destina-
tion, line 31, is known. The calculation than selects the
best of these five paths to be the finally selected best
route through the map.

The time accumulated in P@DE for the best path is now
loaded into variable P. The points along the path that were
loaded into array N@DE are now extracted for the best path;
these 31 points along this path are loaded into array N@DEF,
Now the time for the best route and the individual points
along that route are known.

It is next necessary to calculate the speed made good

across the map. The distance from one end of the map to the
other (the shortest distance if the map is folded) has been
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collected in variable DIST, in feet; this value is divided
by 5280 to produce DISTM, in miles. Variable P contains
the best route time in minutes, so it is divided by 60 to
yield the best time in hours in variable SUMT@T, which is
averaged to yield the average velocity across the map in
miles per hour. This value is loaded in variable AVGV.
The following information then is printed out to the
terminal: the individual points along the best route,

the time for this route, and the average velocity for this
best route. When this is completed, a return is made to
the main program.
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SUBROUTINE R@UTE

VARIABLES ENTERING: TV(1080),VR(410), TPR(410),
TFILE (2), IFEAT(S)

AREAQP =0. i M=1 AREACM)=0.
TDIST =0.
N@S =30
NP =5
DIST=0.
SF=1.
TTIME=1

TFILE(4) = TFEAT (3)|—

| =2
_YES 1 03 >
NO[ BACKSPACE

IFILE

T=T+DP(M)/
(FLBAT (TVIPX))*
22. /(15.% 1000.))

T=G0000CO0.

FI1IG. C57




+ ‘ NO AREAQ =
M=1 TPX=TP(M) T Vfg PX) AREAP +
Fe—<M>N YES oPe)
YES NO

INDEX = (FLOAT (TV(IPX))/1000.+1.9999)/2.
AREACINDEX) =AREA (INDEX)+DPCM)

M=M+1 |« TDIST=TDIST +DPC™MD

Y
*—’L S(I,),K)=5(,J, <)+ SF%T/GO.
ITIME=ITIME +4 IFILE(MD)=IFEAT(5)
{IFILE@)=IFEAT®)] ITIME } L :
NO >4 YES :
READ '
» K, 1,4, N, !
e[ =93 >= IP(M), +
M=4,N
NO T1=0. TPX=IP(M)
T2=0.f{M=1F—= 11T+
LoD Ti¥VRI1ILPX)
~YESN=0_"No NO T2=T2+TPF€(IP}<)

[ T=T1eT2
L—{ S(IT,3-K)=9CL, KD+ SFXT

AREA® =100.# AREA@P,/TDIST =1
AREA(L) = 100.- AREAP m=1

4

M=M+1 AREA(M)= 100. * AREACM)/TOIST
—r{ AREA @) =AREA (&) -AREA(M)

_ |

YES AREAS,\ |

AREA(M), )—1

M=41,06 1

}

1

JQ = 10000] :

FIG. C57 cont'd + |

|
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N@SP=N@S+4

JA=IQ+1 IT=1|g—_ __{WRITE
IXCD=NPP et
JQ=10000 +1.0%I I=4
A
|d=1 dQ=4Q+1
NO
NoP J=J+1 K=1,N@P
NO YES
Nps > I=T+1 T=T+1
B3l Tt ] PEDE (1, 1y=0. e (IONES T 1
. V
J=2 P=5(4,K,1) + PODE (T,1) NSDE (T,\<)=1] ‘K=_1—'
NO N© <
= NE €S
P1=50), K, I)+ P@DE (T,J) Nf;; s z3
P=P1 NO
N@DE (I,K)=J @ NO K=K+4 I=T+1
L YES > Y
> J=J+ 1 Nap YFSP@DE(IA.,K):F:]

P=P2DE (No<P, I
NODEF(NGSPY=T

DISTM=DIST/5280.
SUMTET =P/60.
[ AVEV=DISTM/SUMTRT

P=PoDE (NgpsP, 1)
N@DEF (N@SP)Y =1

J=NOSP-I _
NNN=NODE F (J+1)

N@PDEF)=N®@DE (J, NNN)
NO :

YES T=T+1

FIG. C57 cont'd
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L NN1= N@DEF (D)
NNZ2 = N@DEF(I+1) >
NO PRINT %
Coo~{r=1+1

YES

C RETURN )4—

NO VARIABRLES LEAVING

FIG. C57 cont'd
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100
110
120
130
-1 40
150
-1 60
‘170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
331
:340C
380
390
392
394
400
410
420
430
440
‘450
460
‘470
480
1490
500
1510
520
530
540
550
‘5580
1570
580
590

61

19
32
22

217

23
24
25
28

&2

SUBRAUTINE ROUTECIFILE,IFEAT)

DIMENSION IFILE(2) ,IFEAT(5)

CamMMaN IPATCH(2230),IV(1080),VR(110),TPR(110)
DIMENSION S(5,5,40),IP(50),DP(50)

DIMENSIZN PZDE(31,5) ,NODE(30,5) ,N3DEF(31!)

DI MENSI 3N AREA(25)

DIMENSIAN JX(31)

ARFEAQ=0.0

D 61 M=1,25

ARFA(M) =0.0

TDIST=0.,0

NZS =30

N@P =5

DIST=0,

NOASM2 =NJ3S =2

NS Ml =N@S -1

SF=z1,
ITINME=

D2 1 M=1,40

DZ 1 N=1,5

DB 1 K=1,5
S(N,K,M=0.0
CONTINUE
IFILECI)=IFEAT(3)
CALL BPENF(1,IFILE)

0

READ (13101) K,I,J, N

IF (K.EQ.99) G@ T@ 21

BACKSPACE 1

READ (13102) (DP(M),IP(M) , M=1,N)
IF (ITIME.GT.0) G& T@ 19

IF (I+J.GT,2) G# T8 22

Dg 32 M=i,N

DIST=DIST+DP(M)

CANTINUE

T=0.0

IF (M235,26,27

ba 25 M=1 N

IPX=IP(M)

IF(IV(IPX))>23,23,24

T=600000.,

G2 T3 28

T=T+DP (M) /(FLBATCIV(IPX))*22,/(15.,%1000,))
CZNTINUE

IF (ITIME.ER.0 .AND., I.ER.J) G& T3 62
G T@ 26

D3 5 M=1,N

IPX=IP(M

IFCIV(IPX))>2,2,3
AREAB=-AREAZ+DP (M)
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ROUTE CONTINUED

‘600
510
1520
‘6830
‘640
1650
860
'670
.680
650
700
1710
T
720
{130
731
'740C
1750
760
770
{780
7190
'200
1810
820
830
840
£850
860
870
1820
290
000
910
920 &
1930
940
'950&
960
970
980
990
J1000
1010
1020
11030
111040
11050
1060

Go TO 4
3 INDEX=C(FLBATCIV(IPX))/1000.+1.99999%9)/2.0
AREACINDEX) zAREACINDEX)+DP (M)
TDIST=TDIST+DP(M)
CONTINUE
S(I,Jd,K)=5(I,J,K) + SFxT/60,
T=T/60.
G2 T2 20
21 CALL CLOSEF(1)
ITIME=ITIME+I
G2T2(58,5T)ITIME
5¢ IFILEC1)=IFEAT(4)
CALL @PDNF(I,IFILE)
G2 T3 20
57 IFILECI)=IFEAT(5)
CALL BPENF(1,IFILE)

A}
[, R -

50 READ (13105) K,I,d,N,(IP(M),M=1,N)
40 IF (K.EQ.99) G3 T@ 56
IF (IP(1).EQ.0) G& T3 50
52 T1=0.0
T220.0
DG 53 M=1,N
IPX=IP (M)
T1 =T14+VRCIPX)
T2=T2+TPRC(IPX)
53 CONTINUE
T=TI+T2
SCI,J,K)=SCI,J,K) + SFxT
63 12" 50
100 FORMAT (1X,245)
101 FORMAT(I2,2I1,1X,13)
102 FARMAT(8X,F6.,0,15 F6.0,15 F6§,0,15,F6,0,15,F6.0,15)
103 FRMAT ¢ FREM®,13,” T8 ,13," on SEG”,I3," IN",Fs.2
MINT)
105 FIRMATCIZ,211,1X,2013)

200 FORMAT (28X, ========= ",7,4%, "T@TAL TIME @F TRAVERSE "

F9.2," MINUTES") }
201 FIRMAT (/////,” ENTER NAME @F C@OURSE",/)
56 CONTINUE
CALL CL@SEF(1)
18 AREAD=AREA®/TDIST*100.
AREA(6)=100,-ARDAD
Do 6 M=1,5
AREACI) =AREA(M) /TDIST*100.
AREA( ) =AREA( &) =AREA (M)
S CONTINUE
PRINT 80,GREAD, (AREACM) ,M=1,6)
g0 FORMAT (///,” PERFBRMANCE BX AREA",//,

11070& 7¢2X,F541, %2 ")/4X, 0.0 ,6X, 0 10 2" 4X "2 10 4 ,AX,
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RBUTE CONTINUED

|

llogoe "4 TB_6",4X, "6 10 8" ,3X, 8 T8 107 ,5%,"> 10
1090& /15X, "VELBCITY RANGE--MEH™ /////)

1100 CALL GPENF(I, VEHNAM™)
1110 JQ=10000

1120 WRITE (131000) JQ,30
1130 JQ=JO+]

1140 D2 2000 I=1,3]

1150 2000 JX(I) =5

1160 WRITE (131001) JQ,CJX(I),I=1,31)
1170 D@ 2001 I=1,30

HISO JOz10000+10%1

1190 D8 2001 J=!,5

1200 JQ=Jo+1

11210 2001 WRITE (131002) JQ,(S(J,K,I) ,K=1,5)
‘1220 1000 FDRM@T(IS 1X,13)

11230 100! FORMATCIS 1X_3112)

i1240 1002 FDRMAT(IS,IX,SF!S.G)

1250 CALL CLBSEF(I)

1260C

1262 D@ 500 I=1,5

1264 500 P@DECI,I) =0,

12170 D# 302 I=1,30

1280 D? 302 K=1,5

1290 P=S(1,K,1)+P@DECI, 1)
1300 N@DECT ,K) =1

1310 D3 301 J=2,5

1320 P1=5(J,K,I)+PBDECI,J)
1330 IF(P.LT.P1)GZTZ 301
1340 . P=P1

1350 N@DECI ,K) =J

1360 301 CBNTINUE
1370 302 P3DECI+1,X) =P’

1380 P=P@DE(3],1)

1390 NGDEF(31) =1

p4oo D@ 303 1=2,5

11410 IF(P,LT.PBDE(31,I))GATZ 303
1420 P=P@DE(31,I)

i1430 N@DEF(31) =I

lJ440 303 CONTINUE

1450 D@ 304 I=1,30

11460 J=31-1

‘1470 NNN=NZDEF(J+1)

{1480 304 NODEF(J) =N@DECJ, NNN)
11490 DISTM=DIST/5280.
‘1500 SUMT@T=P/60,

1510 AVGV=DISTM/SUMTQ@T
11520 D 198 I=1,30

11530 NN1=NZDEF(I)

|1540 NN2=N@DEF(I+]1)

11550 198 PRINT 199 ,N8DEF(I) N@DEF(I+1) o1,

Cc-185




ROUTE CONTINUED
!

i1560& S(NNI ,NN2, 1)

11570 PRINT 197,SUMTAT,DISTM,AVGY

‘1580 199 FZRMAT(SH FRoM,I13,3H T9,13,7H BN SEG,I3,3H IN,F9.2
1590& ,4H MIND

(1600 197 FORMAT(///AX,22HT@TAL TIME @F TRAVERSE,F11.2,6H HBURS/
1610& A4X,24HTOTAL LENGTH @F TRAVERSE,éF8.2,6H MILES/

11520& 4X,25HAVERAGE SPEED @F TRAVERSE, F8,2,4H MPH////)

18630 RETURN '

1640 END
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Subroutine VWRT (Fig C58)

Subroutine VWRT writes the arrays V, VR and TPR into
an external file for later manipulation if required. This
file is named VELFIL within the program. Later, when the
program has been run, this file will be called and renamed
to identify it with the specific vehicle.
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SUBRGUTINE VWRT

VARIABLES ENTERING: NPATCH,NRIV, IV(108),VvR(110),TPR(110)

JQ=10000 > —
JQ,
WRIT NPATCH .
I=1 JQ=20000 je— |
|
~N
IT=5.%T A IIONUYES f :
-—P'(NPATCH/ :
ITII=IT-4 : l\NRlTE |
NO
JQ=4Q+5 I=T+1 ;
> l
e 500 _~Es g JQ,TVCYY, :
IWRITE J=III, > VELFIL
: NPATCH/
|
!
|
|

I=1|le«—JQ=
II=5%I II .
ITI=IT-4 :va
Ja=JQ+5 I=I+1

> _
NGN\100 - YES

- ‘ |
( RETURN:}F |

[x=1] JQ=50000
==
II=S%1 IT YES
II1=II-4 SNRIY TPR CIY,
NO J=111,11/ !
Ja=4Q+5 I=I+1 % }
“IL> : |
No 390 veg " 3Q,TPR(Y, |
J=TIIT,

NRIV

[no vARIABLES LEAVING |

FIG. C58
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‘100
110
140
‘150
160
170
HRO
190
200
210
1020
230
240
250
2680
270
280
290
‘300
310
:320
f530
340
350
360
370
380
‘290
400
410
420
430
1440
;445
1450
450
A4T0

500
601

805
606

810
611
500
501
502

SUBROUTINE VWRT(NPATCH,NRIV)

ComMMaN IPATCH(2230) IV(IOSO) ,VRC110),TPRC110)
CALL OPENF(1, VELFIL )

J9=10000

WRITE (13:500) JQ,NPATCH

J0=20000

D@ 600 I=1,500

IT=5%]

111=11-4

JO =JB+5

IFC(I1 .GE,NPATCH)GATA 601
WRITE(1$502) JQ,(IV(J),J=I1I II)
WRITE(13502) Ja,(IV(J),J=II1 NPATCH)
J0 =30000

WRITE (13500) JQ ,NRIV

JA=40000

D3 605 I=1,100

I1:=5%1

II1=I1-4

JQ =J8+5

IF(1I ,GE,NRIV)GATA 60S

WRITE (13501) JQ,(VR(J) ,J=III,II)
WRITE (13501) J&,C(VR(J),d=I11I NRIW
Jaz=50000

D3 610 I=1,100

I1=5%]

I111=11-4

JQ=JQ+5

IF(I1.GE.NRIV)GZTY 611

WRITD (13501) JO,C(TPR(J) ,J=II1,II)
WRITE (13501) JQ,(TPR(J) ,J=III NRIV)
FARMATC(IS5,1X,I5)
FBRMAT(IS5,1X,5F13,.6)
FORMAT(IS,1X,5110)

CALL CLZSEF(I)

RETURN

END

c-189




DATA FILES

There are five terrain data files and four vehicle
data files. Two of the terrain data files contain informa-
tion regarding the patches and rivers, respectively; and
three map data files contain information regarding the
location of the patches in the terrain, the location of
marshes and the location of rivers. ’

The first data file, PCHPUE, contains the data identi-
fying the terrain characteristics of each of 1061 normal
patches and 19 marshes for the Puerto Rico site. The data
are in the same format for both. The variables read in
order are: NPAT, the patch number; IST, the soil type class
(either fine~-grained or coarse-grained); IRCI(I), the RCI
values for the three seasons, I being equal to 1, 2, or 3
for dry, average and wet; IGR, the grade class; I@BAA, the
obstacle approach angle class; I@BH, the obstacle height
class; I@BW, the obstacle width class; I@BL, the obstacle
length class; I@BS, the obstacle spacing class; I@ST, the
obstacle spacing type class (either linear or random); IPR,
the microprofile class; IS(I), which contains the stem
spacing class for stem diameter class I (I = 1 to the number
of stem diameter classes); and IREC, the recognition dis-
tance class. In the case of marshes (which contain no
obstacles), variable I@BS is used to identify the water
depth class. The second file, HZ@PUE, contains river data.
Data read from this file in order are: NPAT, the river
type number; NISC, the river ingress bank angle class; NBDC,
the river bank differential height class; NESC, the river
egress bank angle class; NRWC, the river width class; NWDC,
the water depth class; and NWV, the water speed class.
These two files are read early in the program, and the data
are used to calculate velocities in patches and time
penalties in rivers.

The other three terrain data files are used late in the
program in the route selection mode. The first, SECPUE,
contains information about the patches encountered along each
path-segment. of the map. The first datum read is N, the
number of patches encountered, followed by N pairs of data
consisting of variable DP(I), the distance across the patch,
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and IP(I), the patch type number. The next file, MSHPUE,
contains information regarding the marshes encountered in
each path-segment. The data are in the same format as in
SEGPR1. The last terrain data file, RIVPUE, contains
information regarding the river types encountered on each
path-segment. The first datum is variable N, containing
the number of rivers encountered, followed by N river type
numbers, IP(I).

The first file, PCHPUE, is read from the main program.
The second file, HZ@PUE, is called from the main program.
- The last three files - SECPUE, MSHPUE and RIVPUE - are
called from subroutine R@UTE,

In addition to these terrain files, there are four
vehicle data files entitled: M151, M35A2M, M60Al and M113Al.
One of them, determined by the operator, is called early in
the main program. There are 55 variables in each data file.
In order, they are: NVEH, vehicle type (0 for tracked, 1
for 4x4 wheeled, and 2 for 6x6 wheeled); ITRAN, transmission
type; GVW, gross vehicle weight; DL, length of track on the
ground for tracked vehicle, or wheel diameter for wheeled
vehicle; WID, width of the wheel or track; GT, grouser
height for tracked vehicle, or the number of tires for
wheeled vehicle; A, area of one track shoe for tracked vehicle,
or the number of axles for wheeled vehicle; HBT, rated
horsepower per ton; GC, ground clearance; NBC, number of
bogies for tracked vehicle, or presence of chains for a
wheeled vehicle; ITVAR, transmission variety; TL, wheel base;
FEC, front-end clearance; VAA, vehicle approach angle; REC,
rear—-end clearance; VDA, vehicle departure angle; CGF,
horizontal distance from the center of gravity (CG) to the
center line of the front wheel; CGH, vertical distance from
the CG to the wheel center line; GWS, greatest span between
adjacent wheel center lines; RR, rolling radius for a wheel,
or radius of the road wheel plus track thickness for a track;
ACG, angle between a line parallel to the ground and a line
~between the CG and the center of the rear wheel, used to
determine departure angle; DCG, distance from the CG to the
center of rear wheel; HC, height of the center of rear wheel
above the ground; RWW, rolling radius of rear wheel; HS,
maximum step height the vehicle can manage; WC, winch
capacity; SAI, ingress swamp angle; AWPKF, auxiliary water
propulsion factor; GCA, ground contact area; FD, fording
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depth; VS8S, vehicle swimming speed; VFS, vehicle fording
speed; NCREW, number of members in the crew; and NFL, track
type. If the vehicle is wheeled, the following three are
read: RDIAM, wheel rim diameter; TPSI, tire pressure; and
TPLY, tire ply rating. For all vehicles, the following are
read: XBR, braking force a vehicle can generate; W, the
vehicle width; PBHT, vehicle pushbar height; PBF, force the
vehicle pushbar can withstand; and VL, length of the vehicle.

Next in order is NC4, the number of points in array
V@@B; array V@@B contains obstacle height versus vehicle
velocity at 2.5-g vertical acceleration. Then array V@@B
is read, followed by NC5, the number of points in array
VRIDE, which contains velocity limited by surface roughness
at 6-watts absorbed power for various surface roughness
classes. Then array VRIDE is read.

Next read are: RR, sprocket pitch radius for a track,
or tire rolling radius for a wheel; FDR, final drive ratio;
EFF, transmission efficiency; FDREF, final drive efficiency;
and NG, number of gear ratios in the transmission. This is
followed by GR(I), and array containing these gear ratios.

If the transmission is automatic, the following variables

are read: TC, the input torque at which the torque converter
curves were measured; ENTCG, gear ratio between the engine
and torgue converter; L@KUP, denoting the presence of a
torque converter lockup; and NC1l, the number of points in
array TNEl. Then, array TNEl, which contains the torque
converter input speed versus converter speed ratio curve,

is read. Next read is NC2, the number of points in array
TTM, followed by the reading of array TTM, which contains the
torque converter torque multiplying coefficient versus con-
verter speed ratio curve. For all vehicles, the following
are read: NC3, the number of points in array TTE; then

array TTE, which contains the net engine torque versus engine
speed curve. These variables are all read for subroutine
INPUT, which is called from the main program.

Since these files are very large, it is not desirable

to reproduce them here. Anyone desiring these files should
contact the authors for punched-tape or cards.
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VEHICLE RIDE DYNAMICS SUBMODEL:

The rest of Appendix C presents a synopsis of the
Vehicle Ride Dynamics Model used to determine speed as
limited by shock and vibration. The vehicle ride dynamics
model requires specific terrain and vehicle factors as input
and yields as outputs the motions at various parts of the
vehicle that allow for determination of the limiting speeds
due to shock and vibration in terms of response limits and
specific terrain attributes. These limiting speed-terrain
attribute relations form inputs to the main program in the
form of an array of coordinates and serve as catalogs for
shock-limiting and ride-limiting speeds.

The surface geometry features that affect vehicle ride
vary from a discrete single perturbation, such as a boulder,
rice dike, or log, to gentle undulations as appear in the
surface of an open level pasture, and produce effects on
vehicles that range from shock to vibration to immobiliza-
tion, depending on the speed and size of the vehicle in
relation to the size and spacing of the surface features.
These surface irregularities can be conveniently divided into
two basic types that can be associated with either the , '
steady-state or transient solutions of a mechanical system.
The first is the type of surface undulations that produce
a relatively uniform vibrational activity and is sometimes
referred to as stable ground roughness. The second type of
activity is the response to singular obstacles. The ride
dynamics model is used to predict vehicle responses to both
singular obstacles and stable ground roughness and establish
meaningful relations among vehicle response, vehicle speed
and terrain features. The prime objective of the ride
dynamics model with regard to the analytical model is to
establish relations between limiting speed and a measure
of the pertinent terrain features. Because of the nature
of the responses, the singular obstacle problem is treated
separately from that of stable ground roughness.
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A major problem encountered in determining limiting
speed versus terrain feature relations is that of first
defining meaningful quantities to describe the terrain
features and vibration response level.

Results of past studies have indicated that for the
singular obstacle problem, obstacle height is a simple,
straightforward, and suitably adequate descriptor for the
terrain feature. For describing stable ground roughness, a
statistical classification (power spectral density, PSD)
that yields information about the amplitude and frequency
content of a surface was chosen. It is believed that even-
tually geographic regions can be suitably related to specific
characteristic PSD curves; however, due to the lack of such
terrain information at this time, no attention is given to
the PSD curves as such. Each terrain profile is assumed to
exhibit the same characteristic PSD of the form p(42)=k{2"2
and only a roughness index (rms elevation) is used to
describe the condition of the terrain surface.

The prime response criteria for limiting vehicle speed
is that level at which the driver's vertical acceleration
reaches 2.5 g (for singular obstacles) or the driver's
absorbed power reaches a sustained level of 6 watts (for
stable ground roughness).

Vehicle Models

The vehicles in the ride dynamics model are represented
in the form of coupled, second-order differential equations
that describe the motions of each degree of freedom. The
equations derive naturally by applying Newton's second law
to the mass-spring-damper elements representing the vehicle's
components. The elements comprising the vibratory systems
are idealized in the usual sense in that the mass elements
are assumed to be rigid bodies, the spring elements are
assumed to be of a negligible mass and represent the elastic
properties of the structure, and the damping elements have
neither mass nor elasticity and represent the dissipative
forces or energy losses of the system. Damping forces exist
only if there is relative motion between the two ends of the
damper. The two types of damping most common to vehicle
suspensions are (a) frictional (Coulomb) damping, which is a
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function of the normal force between the sliding bodies,
as well as the materials involved, and is found chiefly in
leaf-spring action; and (b) viscous damping, in which the
damping force is proportional to the velocity as occurs in
shock absorbers.

Although a vehicle is a very complicated vibrational
system possessing a number of degrees of freedom, for many
types of problems certain motions are unimportant. As a
result of a compromise between model complexity, adequate
description of the significant motions, and time and cost
of computer simulations, two-dimensional models were used
to represent the vehicles.

Schematic diagrams showing the manner in which the mass-
spring-damper elements are arranged to represent the two
wheeled and the two tracked vehicles used in this study are
shown respectively in Figures C59 to C62. 1In Figure C59,

a 4-degree of freedom model of the M151 jeep that could
actually represent almost any conventional four-wheeled
vehicle is shown.

The frame is considered rigid and only the pneumatic
tires and suspension elements are considered to contribute
to the sprung motion of the frame. All the pertinent non-
linearities of the suspension, including jounce and rebound
limits, are determined from appropriate measurements and
are included in the action of the spring and damper elements.

A schematic of the M35, 2% ton truck that portrays
the vehicle as four mass points ~- the axle-wheel assemblies
and the body -=- is shown in Figure C60. The unsprung mass
(axle-wheel assemblies) is connected to the sprung mass
(vehicle body) through the springs and dampers representing
the suspension compliance. The 'walking beam' bogie assembly
in the rear is composed of the masses of the two axle-wheel
assemblies connected by spring and dampers to a rigid massless

_ ‘bar that is free to pivot about a frictionless point that
_ connects the assembly to the main frame. The tire compliance
for both wheeled vehicles is represented by a cluster of

radially projecting springs.
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Schematics of the M60 tank and the M113 armored
personnel carrier are presented in Figures C61 and C62,
respectively. The structures of these two models are
similar, except that the M113 has one less bogie than the
M60. These models consist of eight and seven degrees of
freedom, respectively, which include the bounce and pitch
of the main frame and the vertical motions of each of the
bogie wheels. The longitudinal motion is accounted for only
in the acceleration determined from the horizontal forces
resulting from deflections of the bogie spring segments. No
attempt is made to simulate the horizontal motions from a
fixed reference. This method of accounting for horizontal
accelerations is analogous to supplying the additional trac-
tion necessary to balance the resisting forces due to spring
deflection, thus enabling the tank to maintain a constant
velocity while crossing an obstacle. This additional force
required to maintain this constant velocity is then used to
determine the longitudinal acceleration.

Here, as in all cases where the driver is located away
from the C. G., the motions at the driver compartment are
computed. The geometry effects of the bogies are represented
by radially projecting stiff springs, and the track compliance
by interconnecting springs between the bogies and massless
"feelers' appropriately positioned to portray the geometry
of the leading portion of the track in front of the first
bogie. -

The construction of each vehicle model requires the
specific values for masses, inertias, suspension, and tire or
track compliance. and the appropriate dimensions relative to
the centers of gravity.

Development of Equations

The differential equations describing the motions of
each degree of freedom were developed for each vehicle by
first establishing an appropriate set of coordinates and
sign convention and then placing each system in a displaced
configuration such that each coordinate was non-zero. The
relative displacements of the masses cause compressions and
extensions in the springs and relative motion of the damper
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ends that produce forces on each mass, as fépresented by the
free-body diagram for the M60 tank in Figure C63.

EQUATIONS FOR M60AL:

Using Newton's second law of motion and summing first
g

the vertical and longitudinal forces and moments on the main
frame and then the vertical forces on each bogie led to the
series of equations listed below to describe the M60 tank.

M60 Tank Equations:

a. Forces and moments on main frame

(1) Sum of vertical forces

os & - 4 e NS
MZ ==L 2 k(847 +2 cCB)D; +Mg]]
= 5=
(2) Sum of moments

16 = -[Z kCAZ)AZ,ZZ cosé +Z cCADA; &5 cosO
—Z kCAz)AzEZ casO Zc CADAZ,& cosej

(3) Sum of horlzontal forces 2=4

M X =_Z H;
z=4

b. Vertical forces on bogies

My 2y =k(ADA;+ CCADDy - o8y +14481 —Msig +Vy
MZ .z‘z =1<CA2)AZ +CCA2)AZ “#181 '\"Hzgz - MZ 9 +V2
MsZ, =k (ADA; +CCADNG—11, 8, + 11385 M3 g +V5

My .Z.4 =k (ApA, +CCA4>A4_/“3 Bs+ e84 Mag+Vy
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Mg %5 =k (A5>A5 +C CAg)As - Ha 84 +f.l.5 85 "Ms %-\-\/5

M, %f- kKCADA, + CCA‘(QAé ~Hs 85 -M.g +V,

where (for all the above equations)

M, M; = mass of main frame and ith bogie assembly,
respectively
27,2 = vertical motions of center of gravity of

main frame, i.e. acceleration, velocity,
and displacement, respectively

vertical motions at center of gravity of
the ith bogie, i.e. acceleration, velocity,
and displacement, respectively

65,65,69 = angular motion about the center of gravity
of the main frame
o = horizontal acceleration at center of gravity
of main frame
Az - 2 +855m6 ~2; for 421723
-z -b;<in6-2; for 4<i<¢
A; -z +,€gecoee—~éi for 1< 13

g~ Z;0c056-2; for 4<£7i<6

Jgf = distance from center of gravity of main
frame to contact point of ith bogie
(A = force-deflection relation for ith bogie

suspension
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cChz) = force-velocity relation for ith bogie
suspension

= acceleration of gravity

pitch moment of inertia of main frame

0O H W
fl

= moment about the center of gravity of main
frame produced by horizontal forces

Hi = resulﬁant horizontal force of spring segments
of 1M bogie

iz = spring constant for ith track spring; in
this study, p,=600 lbfin , ;=275 Ib/in for 14745

= 2., -7s: = relative displacement between
+4 (2 . s
adjacent bogies

LY

V3 = resultant vertical force of spring segments
of itP bogie

A representative force-deflection and a force-velocity
relation for describing suspension compliance is shown in
Figures C64 and C65, respectively. Photographs of the tank
in different attitudes while crossing an 18-inch high
obstacle indicated that the greatest pitch expected for this
study would probably be in the order of 9 degrees or less.
It is seen that if

0 =9° then cos9°=.988 = 1,

Also, O°= 97/4180 = _4157 yadians

and, sin9° = ,45¢ =~ _157

Based on these values, the small angle assumption, i.e.
cos 8 = 1 sin 8 = 8, can be employed with less than 2 percent
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Fig. C63. Vertical Forces Acting on Tank Free Body

C-202




error. Therefore, to simplify the calculations, the
small-angle concept was used in the equationms.

Once the motions at the C.G. of the main frame have
been determined, the motions in the vicinity of the driver
can be found in the usual manner by combining the trans-
lational and rotational motions.

Computation of track forces

The track compliance is represented chiefly by inter-
connecting linear springs between the bogies and massless
"feelers' that are connected to the front bogie by a stiff
spring. The spring constants portraying the track tension
were determined by observing photographs of the vehicles
in different positions on an obstacle (Figure C66). From
these photos, the influence of displacing a particular
bogie on the displacement of the adjacent bogies was
estimated. With the approximate mass of each bogie
assembly and their displacements relative to each other and
the main frame known, an appropriate spring constant could
be determined as follows (refer to Figure C63A):

General Equation: F = KA

where,
F = applied force
A = spring deflection
K = spring constant

where,
F = total applied force on bogie
Fg = resultant force due to suspension reactic::
M;g8 = force due to weight of jth bogie
Track-spring constant K = E = Fs +2?ig
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Fig. C66,

a. 12-in.-high obstacle; 5 mph

b. 18-in.-high obstacle; 2 mph

Relative displacements of bogies on MOOAL
for computing track spring constants
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where A is relative displacement between adjacent bogies.

NOTE: The track spring is allowed to exert only positive

forces, i.e., it cannot exert a downward pull on the bogies.

f— D> —]
AAA
AAAAL

Fig. C63A. Schematic for Use in Determining Track-Spring Constant

Close observation further revealed that for both the

M60 and the M113 approaching an obstacle larger than about
6 inches, the initial track-obstacle contact tended to
lift the front bogie up and guide it over the obstacle.
This 1lifting has a significant effect on the longitudinal
motion. To simulate this effect, massless points were
positioned in front of the first bogie each at a different
threshold height, to conform to the geometry of the leading
portion of the track. The influence of the points in
lifting the front bogie depends on the height and shape

of the encountered obstacle. At the time of this study,
no information was available to enable the determination
of an effective spring constant, and an arbitrary value

of 600 1b/in. was chosen. This arbitrary value makes the
simulation of the longitudinal acceleration the weak point
in the system, but since the vibration limits, which were
the chief concern, generally occur first in the vertical
mode, the longitudinal motions were not of interest in
this particular study. However, it is noted that with
proper determination of the leading spring constant the
longitudinal accelerations could be adequately simulated.
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Fig. C67. Schematic Drawing of Truck Model Illustrating
Spacing of Profile-Tire Segment Intervals
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Tire and bogie spring segments

The segmented wheel concept* was used in both the
wheel and track models to (a) provide the flexibility for
predicting longitudinal accelerations (if needed), (b)
include the important effects of the tire and bogie
geometry, and (c) incorporate a means for accounting for
the effects of the envelopment characteristics of tires
and tracks. Each tire and bogie was divided into an
appropriate number of segments with the segments spaced
so that their peripheral projections onto the horizontal
plane would be spaced at 4-inch intervals (Figure C67).

As a result, all profile points were interpolated to
4-inch spacing prior to input to the models. To account
for track thickness 2 inches were added to the radii of
each bogie. The spring constants for the pneumatic tire
models were obtained by first measuring the load-deflection
relation for each tire at the desired inflation pressure
for the purpose of selecting a characteristic load-deflection
coordinate. For example, the load-deflection relation
for the 11.00-20, 12-PR tire at 20 psi inflation pressure
(Figure C68) was such that an applied centerline deflection
of 1.35 inches produced a force of 3,000 pounds. At this
deflection, three spring segments are influenced (Figure
C69). The spring constant can be computed from the
statics equation:

2
F = 'Zi < COS¢£ 82'
2=

where, 8S; 1is the deflection of the ith spring defined
as:
82’=Yf—_r-z'—z for Y;-T; -7 20
3; =0 for Y;-T; -7 <0

*Lessem, A.S., '"Dynamics of Wheeled Vehicles; A Mathematical
Model for the Traversal of Rigid Obstacles by a Pneumatic
Tire," Technical Report M~-68-1, Report 1, May 1968, U.S.

Army Engineer Waterways Experiment Station, CE, Vicksburg,
Miss.
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Yi= vertical height of terrain profile beneath ith .
segment. For this case, Y; = 1.35" = a
constant

Z = vertical displacement of axle, in this case
Z=0

T;= height from the zero reference to the ith
spring of the undeflected wheel (see Figure
C69)

¢.= angle to the ith bogie measured from a
vertical ray through wheel center

For this case, and due to the symmetry of the segments
about the center line, the equation reduces to:

3000 = K [1.35 cos 0° + 2 (1.02 cos 12.5°) |
where the effective radial deflections are:

&= 1.35 in.

- = 1.02 in.
&= ¢

Solving for K yields:
K = 900 1b/in.

Defining GAMMA = k cos é; = 900 cos ¢, yields the following
relations for the segments of the front and rear wheels:

Front Wheel Rear Wheel
GAMMA (1) = GAMMA (9) = GAMMA (10) = GAMMA (18) = 581
GAMMA (2) = GAMMA (8) = GAMMA (11) = GAMMA (17) = 716
GAMMA (3) = GAMMA (7) = GAMMA (12) = GAMMA (16) = 817
GAMMA (4) = GAMMA (6) = GAMMA (13) = GAMMA (15) = 878
GAMMA (5) = GAMMA (14) = = 900
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Fig. C70A. Force-Deflection Relation

Fig. C70B.

Stress-Strain Relation




A similar relation, SIGMA, is defined for the horizontal
component, K sin ¢i, and is used when calculations of
horizontal motions are desired.

The segment deflections are permitted to have positive
values only; negative values are replaced by zero. The
reference from which vertical displacements are measured is
the point that locates the axle when the wheel is imagined
to be rigid and in static equilibrium. Static deviations
from this reference correspond to static wheel deflections,
and superposed on these static deflections are the dynamic
obstacle-induced deflections.

The spring constants for the bogie segments were ob=-
tained in the following manner. The periphery of the bogies
of both the M60 and M113 was encased in a hard, abrasive-
resistant rubber shell approximately 2 inches thick. A
channel down the center divided this shell into 2 bands
each approximately 5 inches wide for the M60 and 2.5 inches
wide for the M113. The first step in determining segment
constants was to consider the relations between linear force-
deflection and stress~strain curves of the type shown in
Figure C70. The equation describing force F and deflection

is:

F=K& (1)

Likewise, the equation describing stress ¢ and strain €
is:

O =E€ (2)

The idea is to obtain a relationship between the constants
of proportionality K (spring constant) and E (modulus of

elasticity).
Defining 0’=-E and € = AL % , the stress-strain

L
relation (2) can be written as F = EA- (3)

oo

Equating the forces in equations (1) and (3) yields the
desired relation between K and E.

- EA
K =22 (4)
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spring constant in 1b/in.

’ where K

E = modulus of elasticity in psi
A = the area upon which pressure is being applied
L = thickness of rubber casing

The thickness, L, was taken as 2 inches for all the
bogies. The effective area was determined to be that portion
of the rubber shell beneath the bogie hub upon which pressure
was being applied. The areas were computed to be approxi-
mately 20 square inches for the M60 and 14 square inches
for the M113. A value of 500 psi, obtained from a handbook
of material properties for a hard, abrasive-resistant
rubber, was used for the modulus of elasticity.

Substituting these values into equation (4) yielded
spring constants of 5000 1lb/in. and 3500 1b/in. for the
M60 and M113 bogies, respectively. The schematics of the
bogies in Figure C71 illustrate the manner in which these
values were obtained.

‘ No damping was incorporated in the tire or bogie
compliance, since in actual vehicles this damping is
negligible compared with the damping of the suspensions.

The differential equations describing these vehicles
were programmed for solution on a GE=400 series computer
by the Runge=-Kutta-Gill numerical integration scheme.

Equations for M113, M151 and M35

The equations for the M113 are as follows:

a. Forces and moments on main frame

(1) Sum of vertical forces
. 5 5 "
MZ = —[Z,Z=1, KCADA; +i§:,ic CAZ')AZ- +M g]

(2) Sum of moments

PP 2 . . 5
I8 =—[(§ KCADD; +2 CAADD; =2 K(AIA;

5 ...
o =913 *%C(A;)Ai)@’c:osel

2




M60 Bogie
5" —fawl fant— 57
\\
—a4 2" F»— Effective Area = 2" x 10" = 20 sq in.
M113 Bogie
¥4 "
2.5 25
\
:i:;\\
e Effective Area = 2.8" x 5" = 14 sq in.

2,8"

Fig. C71. Schematic Drawings of M60Al and M113 Bogies
Illustrating Effective Areas of Pressure Application
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(3) Sum of horizontal forces
5
MX = 2_ Hj
=4
b. Vertical forces on bogies

MaZy= k(A A4 + cCADA, ~Hodo +H 181 ~Myg+Vy
MpZp= KOAND2 +CCANN, = pu8y +1228, ~Myg 4\,
Mo 2y = kADA: + cCADA, ~ o8y + s hs=Msg+Vs
M2, = WA DL+ CADN, — 180+ 12,8, — M,g+V,
MsZp =k ADAs +C(A)As ~ 11,8, ~Mgg +Va

where for 1<£7<7Z " A; =2 +,22- sZn & ~ Z;
N; =2 +£é@co58—zi
and for Siiésy Azr.:z-—/éz' 327’2@_—’2’2'

AVER= '2 -,Zz'é:o:s@ — 22'

The equations for the M151 are as follows:

a. Forces on body

M’:Z:: = /ki(ADAi -+ Cq,CA:L)AJ.
+/]<2_ CAf)AQ_ +C2CA2_)Z\2 "’Mg
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16 = (A Al + CLCADaAi
i, (AL, ~Co(ADbA,
where A;=2;-2-0sind |, [-xi::ii-—-i—aécose
Ap=2p -2 +b2ind, Ay=2,-%+b0 cosd
b. Forces on front axle

M7, = —kaCADAL ~C1(BODg —Mag +Va

¢. Forces on rear axle

MZEZ:'Z. = “"'szAz\)Az - CZCA23A2 - MZ@ "‘"\/2.
The equations for the M35 are as follows:

a. Forces and moments on main frame

(1) Sum of vertical forces
3 3 - -

Mz = _Zi’kCAz‘)Ag +_21CCA2‘3AZ' — Mg
2= i=

(2) Sum of moments

18 =[kAOAL+CCADAL ], cosO
3 . -
-2,% [’k(Ai)Ai +CADA; | £s cosO

(3) Sum of forces on ith ax1e

for i=1, 2,3

M;Z; = = k(ADA; - cCAND; ~Mig + Vs
where (for all the above equations)

A=24 —(2 +£,5in9)
AZ = ‘Zz"C'Z "“/Zz =zn B8 +,£3 sz'yzﬁ>

AS = Z’_’:"C’Z:—/éz sinS --,24 52N 5)
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Aiz éi —CZ.} +/2/ éCOS@)

A.z =z,-(2 -—,Qzécmse +£3/é cosB)

-

Ay=25~C2—~4, & cosO —’24é cosfB)

B = arctan (z, -zg),/D

th

V. = vertical force on i wheel due to wheel

segments

Generation of Random Profiles

An essential requirement for this study was the capa-
bility to generate artificial terrain profiles composed of
random. normally distributed amplitudes and to have con-
trol of the frequency content and pertinent statistics.

A computer program generated these low-pass, Gaussian
profiles with a zero mean and specified rms by the follow-
ing procedures: A random number chain, generated by the
power residue method, was entered at an arbitrary starting
point, and 12 uniform, random numbers were computed and
summed. By the central limit theorem, a single random,
normal number was then computed by the formula:

V=(A-6) (TOp

where
V = the random, normal number
A = the sum of 12 uniform, random numbers
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O , = the standard deviation desired for the sequence
of random, normal numbers

This technique for computing random, normal numbers
is often referred to as the '"'sum of the uniform deviates"
method.

The calculations were repeated until a sequence of
300 random, normal numbers was obtained. Although the
mean of the resulting sequence was always very nearly zero,
a shifting operation was performed to insure a mean value
of absolute zero. The frequency distribution of the
sequence at this point approximates that of white Gaussian
no%se in that its with an average mean square level of
n - To obtain the desired spectrum, the sequence was
then passed through a numerical system that simulated an
analog low-pass filter with a certain 'time constant"
T = RC and cut-off frequency ol. The analog equivalent
of this system is shown in Figure C72. This system is
formulated numerically by the following formula:

| -dT
Yit1 = X341 (0,0n) = Yje

where

X (0, Tp)

f

sequence of random, normal numbers pre-
viously calculated

ol = the system's cut-off frequency (temporal
or spatial)

T = the time (or distance) interval between
points in the sequence.

{(NOTE: The points are assumed to be
equidistant)

il

Y = the resulting sequence

The ol product gives complete control over the spec-
trum shaping. It was determined after several trials that
T = 0.055 gave the best normality condition and a power
spectrum of the desired form. The desired roughness is
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achieved by specifying the appropriate rms of the resulting .
sequence. This value is obtained by the formula:
0}
™ms = LC

L

1/1—@ 20T

The computer program entitled "NOISE 1" listed later
in this Appendix performs the operations for generating the
random, normal sequences. If the only change in the profile
construction process is the rms level, then the resulting
profiles will be similar in all respects, except that their
respective elevations will be proportionally related. That
is, for rms levels of 1 and 3 (as illustrated in Figure
C73) the profiles are similar in structure but one has
elevations three times that of the other.

Absorbed Power Calculations

As part of the vehicle ride dynamics model, it is
desired to compute absorbed power. The concept of absorbed ‘
power was developed by Dr. R. A. Lee of TACOM as a measure
of the rate at which vibratory energy is absorbed by humans
and is thought to be a meaningful descriptor of human
vibration tolerance.

It was decided to develop an algorithm capable of
producing time histories of absorbed power. The input to
this algorithm was to consist of the on-going time history
of acceleration being produced elsewhere in the vehicle
dynamics model.

The outcome of efforts at WES to fabricate the absorbed

power algorithm resulted in the combination of the following
elements:

a. The acceleration-to~force transfer function
shown in Figure C74.

b. The flow chart in Figure C75 producing absorbed
power from force and acceleration.
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The algorithm was converted to digital form and
inserted directly into the ride dynamics computer program
to.provide absorbed power-time histories during each
vehicle simulation. The numerical equations were derived
from the acceleration=to-force transfer function are given
below. The variables and coefficients correspond to those
shown on the analog flow diagram. They are as follows:

X1l = =0.1755a(t) = 2.74202
X10 = -1.755a(5) - 388.8X1l - 46.67X10
U2 = -0.1755a(t) - 1.042X10

X9 = -10U2 - 6.259U1

X8 = -10U2 - 78.59X9 - 55.28X8

Ul = -U2 - 3.246X8

X7 = -100U1 - 47 78U0

X6 = -10Ul + 71.6X7 - 53.49%6

U0 = -UL + 1.318%6

X5 = =-100U0 - 59X5

where X5 represents the simulated force and is obtained
through integration of X5 by the Runge-Kutta-Gill algorithm.

The equations for producing the absorbed power from
the simulated force and acceleration inputs are obtained
from the analog flow chart in Figure C75 depicting the
integration of acceleration to obtain velocity and the
integration and division by time of the force-velocity
product as required by the algorithm. These equations are:

X2 = =0.01294a(5)

X1 = 0.0873 X2X%5

PWR = 100X1/T
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Lack of knowledge of the voltage scale factors in
the acceleration-to-force transfer function required the
determination of a factor multiplying the force-velocity
product that would produce the proper values on the
calibration chart.

The constant comfort curve (Figure C76) developed
by TACOM for vertical vibration was used to test the
absorbed power algorithm. This was done by taking values
of frequency and rms accelerations corresponding to
points on the curve, forming sinusoidal acceleration-time
histories with these numbers, and inserting these acceler-
ations into the absorbed power equation. The desired
outcome was the appearance of an absorbed power of 6 watts,
corresponding to the constant comfort curve. The arbitrary
factor was determined to be that value that caused the out-
put of the absorbed power algorithm to be suitably near
to 6 watts over the frequency range from 0.50 to 20 cps,
when acceleration amplitudes corresponding to the TACOM
constant comfort curve were supplied as input.

The results of the calibration checkout are shown in
Figure C77. 1Ideally, the absorbed power would be 6 watts
for all inputs. However, for frequencies up to about 20
cps, which is the range of interest in vehicle dynamics
problems, the deviation from 6 watts is not significant.

Ten cycles of acceleration input were used to compute
each value of absorbed power. Figures C78, C79 and C80
show representative comparisons between time domain and
frequency domain calculations. Results from processing
vehicle accelerations of actual field tests reveal that
after a short period of travel over relatively stable sur-
faces, these transient fluctuations stabilize and converge
to a value equivalent to that computed via frequency domain
approach.

Determination of Limiting Speed

Singular Obstacles

Obstacle-limiting speeds for a given vehicle can be
readily determined either by actual tests or via computer
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simulations. The tests or simulations are conducted to
determine the speed at which 2.5-g vertical acceleration
occurs for a series of obstacle heights. Thé resulting
relation is of the form shown in Figure C8l. Discrete
coordinates, taken from such a curve, serve as the required
input to the analytical model. Similar relations for the
four reference vehicles are given in Figure C82.

Stable Ground Roughness

The speed limit of the vehicle is defined by the speed
at which the driver's absorbed power reaches a stable level
of 6 watts. In order to use the roughness index as an
input, a digitally programmed random number generator is
employed that provides random profiles with the specified
roughness level and PSD characteristics. The vehicle model
traverses each profile until a speed at which a stable
6-watt level of absorbed power is reached. Experience
has shown that inputs with a high degree of statistical
stationarity, such as those produced by the computer
process, require approximately 200 feet of travel before
stable vehicle responses are attained. For actual terrains,

‘which are generally less '"stationary'", at least 300 feet

of travel is normally required. The profile is then

changed to correspond to another roughness level and the
simulation repeated. This process is continued until a
sufficient range of surface roughness is covered. A plot
depicting ride-limiting speed as a function of surface
roughness is then constructed in the manner shown in

Figure C83. A similar plot establishing the roughness-speed
characteristics for the four reference vehicles is given

in Figure C84.

Coordinates are selected from the graph to serve as
input to the analytical model. Plots of the type shown in
Figures C81 and C83 can be readily obtained for each
vehicle, and serve as ready catalogs of the speed limitation
imposed by human tolerance to shock and vibration environ-
ments.




Speed at 2.5-g Vertical Acceleration, mph

35

30 r

25 |

20 |-

15 -

10

(=4

| L { 1

Fig. C81. Speed

10 15 20 25
Obstacle Height, in.

at 2.5-g Vertical Acceleration Versus Obstacle Height

C-232

30




35

30

25

20

/5

/0

LEGEND:
© M60 Tank
© Ml113 APC
A M151 Jeep
? 8 M35 Truck

Fig. C82.

25 30

Speed at 2.5-g Vertical Acceleration Versus Obstacle Height
for the M60Al, M113, M35, and M151 Vehicles

C-233




Speed, mph, at Occurrence of 6 Watts
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Computer Programs

The ride dynamics computer program VDPROG is of
such a structure that each specific vehicle is included
as a separate entity in the form of subroutines that are
controlled by a general executive program. This parti-
cular structure permits the most efficient running time
per problem and yet is suitably flexible, requiring little
programming effort for the inclusion of each new vehicle.
It is written in a conversational mode for time=-sharing
operations.

Program Input

The input to the program can consist of a terrain
profile in the form of a file containing equally spaced
elevations, or it can be a file describing a discrete
obstacle or series of obstacles, or it can be a set of
statistical quantities, in which case the program then
calls upon a subroutine to generate internally a random
profile composed of the specified statistical quantities.
A present restriction on the input profile is that the
elevation points must be spaced at 4-inch intervals.
Therefore, regardless of what spacing an original profile
may have, it is first processed by an interpolation pro=-
gram that creates via linear interpolation a file of
elevations with 4-inch spacing.

Program Qutput

Optional outputs are available that provide the
user with the response quantities most generally used in
the field of vehicle dynamics studies, such as peak
accelerations, rms accelerations, driver absorbed power
and detailed motion-time histories of each degree of
freedom. A limited output is printed on the teletype at
a time increment determined by the user. If desired, a
complete detailed printout at each time step can be
obtained from a file by the high-speed printer at the
WES Automatic Data Processing Division.
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Operating Procedures

A teletype printout for a discrete obstacle test is
shown in Figure C85 to illustrate the questions to be
answered at the start of the program and the type of
printout for the response. The print interval was chosen
as 0.25 sec. The procedures for running this program are
as follows:

a. Call the main program - VDPROG.
b. Give name of vehicle to be simulated.

c. Choose the desired output by answerlng "yes" or
"no" to the questions that follow,

d. Upon answering the questions, the program then
automatically runs to completion.

Some noteworthy comments are in order to explain
certain options. A '"yes" answer to A DETAILED OUTPUT
FILE? will cause the program to generate a detailed file
of the motions of each degree of freedom and the driver,
rms of all accelerations, absorbed power, and peak
accelerations. The program will ask the user to designate a
name for this output file, and it can then be listed on the
high-speed printer. A '"no" answer precludes the generation
of such a file. '

The question DRIVER MOTIONS? is for those cases where
the driver is positioned away from the C.G. of the sprung
mass. A "yes" answer will cause the program to compute ¢
the driver motions from the bounce and pitch motions at
the C.G. A '"no" answer to this question will yield only
the motions at the C.G. of each mass in the vehicle model.

A "yes'" answer to RMS OF ALL ACCELS? will cause the
program to compute the rms for all accelerations; a "no"
answer precludes the program from making the calculations.

A ''yes" answer to EXTERNAL FILE INPUT? tells the
computer that the profile input will be from an external

"file and will cause the .computer to ask for the name of the
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rRUNVDPKOO

UDPROG 05710771

THIS 1S THE CENERALIZED TVO-DIMENSIONAL VEHICLE MODEL PHOGHAM
NAYE OF VFRHICLE ? M-151

DO YOU VANT THE FOLLOVING OPTIONS
ABSOEBED POVER ? YES

A DETAILED OUTPUT FILE 2 NO
PEAX ACCFLYKATIONS ? YES
DRIVER MOTIONS ? YES
RMS OF ‘ALL ACCELS ° YES
EXTERNAL FILE INPUT ? YES
VEHICLE VELOCITY IN MPH. 2 10
TrYy- PRINTOUT TIME INTERVAL ? .25

NAME OF
? 0BS54

INPUT PROFILE FILE

VELOCITY=10.00 MPH (
PELTA-L=4.000 DELTA~T=0.0227
NSTEES= 22 H=.001033
“VEHICLE 1IS8: ™~-151 JEEP

INPUT PEOFILE IS:

4 4 INCH TRAFEZOIDAL OBSTACLE

176.0 IPS)

‘DISPL VELOC ACCEL E¥SacC

TI¥Z= 0.000 IvVPUT= 0.000 ABSOxBED POVEr= 0.000
C-C -4+30300 0.00000 0.00000 0.00000
PITCH 0.006342 0.00000 0.000350 0.00000
AXLEL - 3165¢ 0.00000 0.00000 0.00000
AXLE2 -«%3770 0.00000 0.06000 0.00000
DRVER = =4.30300 0.00000 0.00000 0.00000
Fig. C85. Teletype Printout from Computer Program
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“TIME= 0.273 INPUT=  0.000 ABSORBED POLEH= 2-731

C=G -1.76834 3.59814 -.34038%  0.49184
PITCH 0.06617 -.04019 =-2.87888 6.27680
AXLE1 0.70528 20.9309¢ -2.95146 664551
AXLE2 -.80537 -.13143 0.00807 0.006462
DRVER -1.76834 3.59814 -.34038 0.491584
S TIME= 0.523 INPUT= 0.000 ABSORBED POTEHR= 1.744
C-G “4.60874 -=T7.89029 0.28938 0.4410%
PITCH 2. 00849 . =-.04715 2.61962 5.32405
AXLEL ~-e92796 -.23212 ~. 16448 4.93000
AXLE2 - %6383  ~.63290 0.02296 0.07731
DRVER “4..60874 =7.89029 0.28938 0.44105
TIME= 0.773 INPUT= 0.000 ABSOKBED POVER= 2.788
C-G -3.204€65 25.43113 0.13839 0.43657
PITCH -.02695 -.56173. -.7227Y S.14128
AXLE] - 83768 0.26636 004108 4.05505
AXLF.2 3.25439 -59.32187 =6.93707 266479
DRUFK -3.26465 25.43113 0.13839 0.436€57
TIME= 0.886 INPUT 0.000 ABSORBED POWER=-. 1.713
C-G -1.29009 9.33573 -.40%95 0.43849
" PITCH -.06072 -.08965 3.40869 5.1566¢
AXLE1 -+75357 0.6€210 -.02565 3.78¢621
AXLE2 1.39995 22.44274 =2.69556  3.55318
DKVER -1.29009 9.33573  ~.40595% 0.43849
- PRAK ACCELERATION VALUES
MAXIMUM MINIMUM
C-Gacce 09799 ~.2131
PITCH  11.5%35 =11.5919
AXLE1 16.0446 =-7.7388
AxXLEe 10. 7903 =7.9264
DRIVER 09799 -«8131

RINNING TIME:? 170 TINME 3 -20m1 SECS

AEADY

1269 SECS

Fig..c85(Continued)




file. A ''no" answer indicates the profile is to be gener- ‘
ated internally, and the program asks for the inputs to
the subroutine.

The VEHICLE VELOCITY question is obvious.

The TTY PRINTOUT TIME INTERVAL? permits the user to
specify the time increment of the teletype printout. A
zero input here will yield a teletype printout every time
step.

The question NAME OF INPUT PROFILE FILE? is simply
asking for the name of the file containing the profile
elevations.

This program was written with four basic ideas in
mind:

a. The program would be run on a GE 430 Time Share
system.

b. The program should be as efficient and yet as
general as possible.

c. The program should have sufficient I/0 options
to provide adequate flexibility for dealing with the
various types of dynamics simulations.

d. The vehicle parameters could be easily changed,
thus permitting the inclusion of any specific vehicle
with little programming effort.

A teletype printout illustrating the input requirements
for calculating terrain profiles is shown in Figure C86.
The variable, TAU, is the desired spacing of the profile
points (can be any units of length). RMS is currently
just a dummy variable; it is indirectly related to the
- distribution of the original sequence of random, normal
numbers with a flat spectra, that is, before frequency
shaping. ALPHA controls the cut-off frequency and is
generally given a value such that the (ALPHA) (TAU)
product = 0.055. DESRMS is the desired RMS level of the
resulting profile. 1IX is the starting point of the random
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number chain, and NPTS is the number of points specified
in the resulting profile. '

Flow charts illustrating the logic of the programs
and subroutines comprising the Ride Dynamics Model are
given in Figures C86, C87, €88, €89, €90, €91, C92, C93,
C9%, C95 and C96. ’
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OLD:NOISEL

READY
RUNNH

TAU, ’R¥S, ALPHA, DESEMS, 1 X, NPTS
?712,5,.0046,1,2555, 300

SI GMAN= 1.616509563F+00
X-BAR AFTER CGAUSS= 1.061495617E-01
X-BAR AFTER SHIFT= 2. 608106489LE-11
RMS= 1.000000000E+00

FACT= 1.114613677x-01

OuTPUT FILE NAME

?RiS51

Fig. C86. Teletype Printout from Noise 1 Program
Illustrating Input Requirements and the
Output Parameters
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MAIN PROGRAM: VDPROG

Storage Allocations

|

Program Variable
Initializstion

:

PURPOSE: To simulate responses of vehicles traveling over rough surfaces

L
¥

Read Name of Vehicle *

— and/or FILWRT

8
Vehicle
Available in
Program

Print
Availsble Vehicles

Designate Appropriate
Vehicle Subroutine

Call Subroutine DATA
(Contains Vehicle Con-
stants and Initial Con~
ditiona

Select the Desired In-
put and Output Options

Read Vehicle Speed and
Teletype Printout
Interval

!

Compute RKG Interval

——

Convert Output
Variables to
Appropriate Units

!

Compute
RMS Accelerations

l )

Compute
Max and Min
Accelerations

Call Subroutine FILEIN*
for External
Profile Input

Call PRINT *

Is
Program
Completed

No
Call PRINT
Call
PEAKAC
Call SHIFT

%_~____

Interpolate Profile
to Obtain Intervals
for RKG

—

Call Designated
Vehicle Subroutine

I

Call POWER

!

Call RUNGE

Call Subroutine NOISIN
for Internally Generated]
Profile

Ig
ntegration Step
Completed

T =T + AT

*The accomplishment of these actions depends on the selected options

Fig. (87
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SUBROUTINE SHIFT

PURPOSE: To shift profile array, point by point, beneath the vehicle

Start

I =NY -1

PASTP(I) = PROFIL(I)
PROFIL(I + 1) = PROFIL(I)
I=1-1

No

Yes

Fig. €88
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SUBROUTINE FILIN

PURPOSE: To input a profile point from an

external file

Y

This First Call? Yes
Was
Previous Call Yes

an EOF?

Read Next
Profile Point YIN

Print, ''Name of Input
Profile File?"

Read, FNAME

Open File
FNAME

Y

Read File Identification
FID(I), I = 1,12

This an EOF? JSTOP = 1 >~
JSTOP = 2
Return
Fig. (€89
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SUBROUTINE NOISIN

PURPOSE: To internally generate a random profile with normally distributed amplitudes and a specified
rms and PSD

Previous Call an
EUF?

Print, "Type the Following
Noise Generating Constants:"
AA, SD, XBAR, FACTOR, STNUM, NPTS

]

Veo Read, AA, SD, XBAR,
I-0 FACT, IX, NPTS
I X = 0.
- -,
l;ﬁ IX = 1X%4099 I IFIRST = 1
] .

Vo=V o+ A/(2.4223)

I1=1+1
i
No
Yes|
V= (V- 6.)4D
V = V - XBAR

Vo
[ NPTS = ~NPTS

)

Positive?

X = X%AA + V
YIN = X#FACT

JSTOP = 2 Last Point2

NPTS = NPTS + 1

Return

*This operation is equivalent to the congruential multiplicative method given by IX = MOD(4099#IX,24%23)
but will work only on & machine with 24 bit integer worde and which uses two's complement representation

Fig. C90
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SUBROUTINE PRINT

PURPOSE: Provides a teletype printout of all pertinent pre-test information, appropriate headings and response quantities.

2

For L = 1, NAXLES
Call VARFIX to retrieve
the Lth axle motions
Print Lth axle motions

1s
e
- Longitudinal

Acceleration
Computed

Are
Driver Motions
Computed?

Yes

No

Return

AN

Call VARFIX

to retrieve

Longitudinal
Motion

Print
Longitudinal
Motion

=

Print
Driver Motions

Is
This First
Call?

Yes

Print, VELMPS, VELIPS, DFLTAL,
DELTAT, NSTEPS, H, VEQID, FID

¥

No{*

Set RMS Print
Flag On

Set RMS PRint
Flag Off

¥

Is
This First
Callt

Print Heading

e

IFIRST="Not First"l

J

Is

Absorbed Power
Computed?

No

¥

Yes

Print T, PROFIL(1}

Print T, PROFIL{1l), VID, ABSPWR

Call VARFIX to
Retrieve Vertical cg
Motions

v

Print
Vertical cg Motions

l

Call VARFIX to
Retrieve Pitch Motions

!

Print
Pitch Motions

L

Fig. C91
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PURPOSE:

SUBROUTINE

VARFIX

To arrange the response motions in proper sequence for printout

Start
VOUT (1) = VAR(I)
N = I+ IDF
VOUT (2) = VAR(N)
VOUT(3) = ACCGS(I)
VOUT (4) = RMS(I)
\
Return
Fig., C92
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SUBRUUTINE FILWRT

PURPOSE: To write the output to a file in a format suitable for listing on a high speed line printer.

Is
This First
Call?

Print,
"Name of Output File"

Y

Read,
FN (File Name)

S

Slew to Top of
Next Page

Page Finished?

I Write a Dummy Output, Close
Write No File, Open File. This pro-
r"" Subheading cedure establishea a permanent
- . file on GE-400 T/S System
I 2 s0 any subsequent output will
not be lost if the program
aborts
Write
Displacements
Veng:::es Write Main Heading
Write s
Accelerations rofile

Input from
External File?

Write Input File Name
and
File Identification

)

Write RMS Accelerationg
(if IMS Accelerations
are Computed)

Write Input Profile
Identification

L«
¥

Write, VELMPR, VELIPS, DELTAL
DELTAT, NSTEPS, and H

IFIRST ~ 1

Set Up
Subheadings

Fig. €93
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SUBROUTINE PEAKAC

To print the maximum and minimum accelerations

NDEV = TELETYPE

Write NDEV, Heading
and Peak Acceleration

NDEV = File

Yes

PURPOSE:
at the termination of the program
J -
Values
Slew to
lext Page

A

Was
Detailed
Output File Requested
In Options?

NDEV = File

!

Fig. C94
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SUBROUTINE DATA

PURPOSE: To systematically store the vehicle parameters

for insertion into appropriate elements of the
main program

Specify a Particular Vehicle
Through the Call Command

Fetch the Vehicle Parameters
From Storage

Load the Parameters for
the Designated Vehicle
Into the Main Program

Fig. C95
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PURPOSE:

GENERAL FORM OF A VEHICLE SUBROUTINE

To compute the forces acting on the vehicle for substituting into the
RKG Algorithm

Compute Forces (FORCW)
on Each Wheel or Bogie

Compute Suspension
Deflections (SPDEF)

\

Compute Suspension
Velocities (DSPDF)

\

Determine Suspension
Spring and Damping
Forces via Table-lookup
(FORCK) and (DAMP)

\

If Tracked Vehicle,
Then Determine Track

Mwm_

[

Substitute These Results
Into Equations of Motion
for Input to RKG
Algorithm

Return

Fig C96
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TABLE Cl1
-] -

VDPROG

I$LIB,COST, ,F509

25N DM

3$RPC

435AV v

1G0C *%k*x*k*xx*kSTORAGE ALLOCATIONS s#kkxkkkkk

110 COMMONFORCH (6) ,FORCT (7) ,FORCK (6) ,FORCW(SE)
120 COMMONSPDEF (6) ,DSPDF(6) ,THRESH(9) ,SIGMA(9) ,GAMMA(9)
130 COMMONVAR (18),Y(100) ,PWRVAR(9) ,DAMP (6)

140 COMMONACCISS (9) ,ACCGS (9) ,ACCMAX (S) ,ACCMIN(S)
150 COMMONSUMRMS (9) ,RMS(9) ,LENC10) ,MASS(6)

160 COMMONH ,T ,DELTAT ,DELTAL ,VELIPS ,VELMPH ,NSTEPS
170 COMMONYIN ,DRVMAX ,DRVMIN ,ABSPWR

180 COMMONDISDRV ,VELDRV ,ACCDRV ,RMSDRV

190 COMMONIFPWR ,IFFILE ,IFPACC ,IFDRV ,IFRMS,IFINPT
200 COMMONNY ,IDF ,NAXLES ,NSEGS ,IFHORZ ,FNAME

210 COMMON FMASS, INRTIA, HORMOM, DRVLEN

220 COMMCNVEHRID(2)

230 coMMON PROFIL(100),PASTP(100),INDEX

240 DIMENSION DRIVER(4),I0PT(8)

250 DIMENSION FIDC12) ,XTNAMEC4)

260 DIMENSION FK(18) ,P(18),Q(18),PY(S),PWRFK(9),PP(3),QQ(9)
270 INTEGER SETUP(5)

20 REALLEN ,MASS ,INRTIA

20 EQUIVALENCE (SETUP ,NY)

300 EQUIVALENCE(DRIVER (1) ,DISDRV)

310 EQUIVALENCECIOPT (1) ,IFPWR)

320 DATAFID/36HINTERNALLY GENERATED PRCFILE WITH SH,
330& 30HAPED PSD AND SPECIFIED RMS. ,IH 7/

340 DATAIYES/IHY/ ,NO/IHN/

350 DATA XTNAME/S5HM =151, 4HM =35, 4HM-60,5HM =113/
360 DATAIBELL 7458752/

STOC *x*k*kxkxVARIABLE INITIALIZATION kkdokokskxkk

375 CALL COST

380 DO 10 I=1,100

350 10 Y (I )=PROFIL(I)>=PASTP(1)=0,

400 po201i=1,9

410 PWRVAR(I)>=0,

420 QAIN=0.

430 ACCISS(I)=0.

440 SUMRMS(1)=0,

450 QdI>=0.

460 ACCMAX(I)=0.

470 20 ACCMINCID=0,

430 ACCDRV=0,

450 D0301=1,18

500 30 VAR(I)=0,

510 T=0.

520 SDVRMS=0,

530 ABSPWR=0,

540 DRViMAX=0,
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-2 -
VOPROG CONTINUED

550 DRVMIN=O0,

560 YIN=O,

570C---~YIN IS THE PROFILE INPUT POINT
>80 H=,001

90C----H IS RKG STEP SIZE

600 DZLTAL=4,

§10C---DELTAL IS PROFILE SEGMENT SPACING IN INCHES
620 JSTOP=1
630C-~--=JSTOP 1S THE STOP FLAG, 1=GO, 2:=STOP

640 NSTOP=0
§50C----NSTOP IS THE STOPPING VARIABLE
660 TPRINT=O0,

§70C----TPRINT IS TTY PRINTOUT TIMEKEEPER
68 0C **kx*kx*k*VEHICLE CONSTANTS READ=IN dkkkskkxik

$0 PRINT, ‘'THIS IS THE GENERALIZED TWO-DIMENSIONAL VEHICLE",
700& MODEL PROGRAH ]

700 12 PRINT, "NAME OF VEHICLE™,~*
720 RZAD1,TNAME

730 DO 51 1=1,4

740 IF (TNAME-XTNAME(I))51,11,51
750 51  CONTINUE

760 PRINT3,XTNAME

770 GOTO12

80 11 GO TO (61,62,63,64)1

0 61  ASSIGN 81 TO ISUB

300 GOTO65

810 62 ASSIGN 82 TO ISUB

820 GCTO65

830 63 ASSIGN 83 TO ISUB

840 GOTO65

350 64 ASSIGN 84 TO IsSUB

860 65 CALL DATA(I)D

BTOC x**x*%kx**SELECTION CF OPTIONS ¥okkdokkkxk

830 Do40I=1,6

850 40 ICPT(I)=IYES .
300 50 PRINT, DO YOU WANT THZ FOLLOWING CPTIONS

310 PRINT, "ABSORBED POWER ™,

920 CALLINPUT (IFPWR) .
930 FRINT, A DETAILZD OUTPUT FILE","*
940 CALLINPUTCIFFILE) )

350 PRINT, "PEAK ACCELERATIONS ™, *
960 CALLINPUT (IFPACC) )

970 PRINT, "DRIVER MOTICKS ",~ %

380 CALLINPUT (IFDRV) .

%0 PRINT, "RMS OF ALL ACCELS",~*
1600 CALLINPUT (IFRIS) .
1010 PRINT, "EXTERNAL FILE IWPUT ,%=*
1020 CALL INPUTCUIFINPT)

10300 *x%%*%%k%kPROGRAM CPTION SET=UP kakkxkkkxk
1040 70 IR"S=IDF
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1050 IMINKX=IDF
1060 IFC(IFPACC JEQ «NODIMINMX=0

1070 IF CIFRIS +EQ «NODIRMS=0

1080C #xxxxx*x*VEHICLE RUN VARIAELEZ INPUT*¥*xx
1090 PRINT, "VEHICLE VELOCITY IN iMPH. ,~x
11900 READ ,VELMPH i}
110 PRINT, "TTY PRINTOUT TIME INTERVAL™,~*
1120 READ,TIP

1130C *kskkkk*¥TIME STEP & RKG TIME SET-UP kkkkkkkok
1140 VELIPS=zVELMPH*17.8

1150 DELTAT=DELTAL /VELIPS

1160 NSTEPS=DELTAT /H

1170 TSP =NSTEPS

1180 HzDELTAT /TEMP

115 0C skokskxkkkxkQUTPUT SCALING*******#
1200 133 20151=1,IDF
1210 15 ACCGS (I )=zACCISS(1)r388,

1220C----RESET PITCH ACCEL

1230 ACCGS (2)=ACCISS(2)

1240 ABSPWR=-100.*PWRVAR (1) /T

1250 IFC(IFORV=-NO) 41,42, 41

1260 41 DISDRV=VAR (1)+DRVLEN*VAR(2)

1270 VELDRV=z=VAR (IDF+1)+DRVLEN*VAR(IDF+2)

128 0C sk kkkxkk kRS CALCULATION skekakkskkokk
1290 42 DO16I=1,IRMS

1330 SUMRMS (I )=SUMRMS (I )+ACCGS (1 )**2
1310 16 RS (1)=SQRT (SUMRMS (1 )*DELTAT/T)
1320 IF(IFDRV-NO)13,14,13

1330 13 SOVRMS =5DVRMS+ACC DRV %% 2

15340 RMSDRV=SQRT (SDVRMS*DELTAT /T)

1350C *kxkxxx*xkPEZAK ACCZLERATION CALCULATION sokskkkkkx

1360 14 201 71=1,IMINKX

1370 ACCHMAX (1) zAMAX I (ACCMAX (1) ,ACCGS (1))
1380 17 ACCMINC(IDI=AMINI CACCHMINCI) ,ACCGS (1))
1390 IFC(IFDRV=-NO)35,36,35

1430 35 ORVMAX = AMAX 1 (DRVMAX ,ACCDRV)

1410 DRVIMIN=&ANINT (DRVIMIN ,ACCDRV)

14200 x**kkxxxkPROFILE I NPUT *k%%kkk*
1430 36 IFAIFINPT-NGY25,268,25
1440 25 CALLFILINCFID,JSTOP)

1450 GOT0 27

1460 26 CALLNCISINC(JSTOP)

1470C *kkkx%xkxkPROGRAM OQUTPUT *%kkkkkokx
1480 27 IF(IFFILE-NOD)18,19,18
1450 18 CALLFILWRT(FID NPL)

1500 195 IF(T-TPRINT)21,22,22

1510 22 CALLPRINTCFID)

1520 TPRINT=TPRINTA+TIP

153 0C skxkkkk kAT N PROGRAM skokokokokkokkokok
1540 21 IF(NSTCP-NY)23,24,23
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1550 23 CALLSHIFT

1560C-~--SHIFT ADVANCES THZ Y PROFILE ARRAY
1570 IF(JSTOP-2)28,29,28

1580 29 NSTOP=NSTOP+1

1550 28 PROFILCI)=YIN

1600 INDEX=~NSTEPS

1610 LDF = 2%1DF

1620 599 DO 199 J=1,1DF

1630 K=J+IDF

1640 199 PY (J)=VAR(K)

1650 DO 999 I=1,NY ,
1660 999 Y (I)=PASTP (I )+((INDEX+NSTEPS+1)*(PROFIL (I )-PASTP(I)))/NSTEPS
1670 DO 299 I=1,4

1680 GO TO ISUB,(81,82,83,84)

1650 81  CALL M151(FK)

1700 GOT0 299

1710 82  CALL M35(FK)

1720 GOTO 299

1730 83 CALL M6&0(FK)

1740 GOTO 299

1750 84  CALL MI113(FK)
1760 299 CALLRUNGE (P ,Q,VAR,FK ,LDF,I)

1770 DG 399 I=1,IDF

1780 K=1+IDF

1790 399 ACCISS(I)=(VAR(K)I=-PY(1))/H

1800 ACCDRV=(ACCISS (1)+DRVLEN*ACCISS(2))/386.,
1810 IF(IFPWR-1HN)>&893, 799,699

1820 695 DO 899 I1:=1,4

1830 CALLPOWER (PWRFK)

1840 895 CALLRUNGE(PP,GQ ,PWRVAR ,PWRFK,9,I)
1850 795 INDEX=INDEX+!

1860 IF (INDEX)599, 499,599
1870 499 CONTINUE

1880 T=T+DELTAT

1850 GOTO100

190 0C sk kkkkkkFI NAL OCUTPUT skkkokkk

1910 24 CALLPRINTC(FID)

1920 IF(IFPACC-N0)31,32,31

1930 3} CALLPEAKAC (NPL)

1940 32 PRINT2,(IBELL,I=1,40)

1950 CALL COST

1960 CALL EXIT

1370 1 FORVAT (2A6)

1980 2 FORMAT (40A 1)

1990 3 FORMAT (28HTHE AVAILIABLE VEHICLES ARE:X,3(A5,1K,) ,X,1H& XAS)
2000 END

2010 SUBROUTINESHIFT

2020THIS SUBROUTINE ADVANCZS THE PROFILEZ UNDER THE VEHICLE

2030 I=nNY-1 .

2040 | PASTP (I )=PROFIL(I)
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2050 PROFILCI+1)=PROFILC(I)
2060 IzI-1
2070 IF(ID1,2,1
2080 2 RETURWN
2050 END
2100 SUSROUTINEFILINC(FID,JS)

2l 10THIS SUBROUTINE OPENS THE INPUT PRCFILZ FILE, READS A
2120NEW INPUT VALUE [YIN], AND CHECKS FOR END OF FILE.
2130 DIMENSIONFIDC(12)

21 40 DATAIFIRST/0/
2150 IF(IFIRST), 2,1 .
2160 2  PRINT, 'NAME OF INPUT PRCFILE FILE
2170 READS ,FNAME

2180 CALLOPENF (1 ,FNANE)

2150 READC1,5)FID

2200 IFIRSTZ1

2210 1 IF(JS-2)3,4,3

2220 3 READCI,DYIN

2230 CALLEOFTST(1,JS)

2240 4  RETURWN

2250 5 FORMAT (1246)

2260 END

2270 SUBROUTINENCISIN (J)

2280THIS SUBROUTINE SUPPLYS THE NEXT INPUT PROFILE POINT
2290FR0M AN INTERNALLY GEWERATED RANDOM NUMBER (FROM

2300GAUSS AND RANDU), AND SHAPES THE RANDOW NOISE

2310T0 A SPECIFIED PSD.

2320 DATAIFIRST/0/

2330 IF(J-2)1,2, 1

2340 1 I1F(IFIRST)3,4,3 .
2350 4  PRINT, TYPE THE FOLLOWING NGISE GENERATING CONSTANTS:

2360 PRINT, "AA,SD ,X-BAR ,FACTOR,ST-hUM ,NPTS"
2370 READ ,AA,SD ,XBAR,FACT ,IX ,NPTS

2580 Xz0.

2390 IFIRST=1

2400C xx*xGAUSS & RANDU
2410 3 V=0,

2429 I=0.
2430 10 IX=IX*4055
2440 IF(IX)>30,40,40

2450 30 IX=IX+8382607+1
2460 40 AzIX

2470 V=V+A/ (2, %%23)
2430 I=1+1
2450 IFC(I-12)10,20,10

2500 20 V=(V=-6,)%SD
2510C x*xkNOISE GENERATICN
220 V=V-XBAR

2530 IF(NPTS)5,5,6
2540 6 V=0,




-5 -
VDPROG CONTINUED .
2550 NPTS==NPTS

2560 5 XzX*AA+V

2570 YIN=X*FACT

2580 IF(NPTS)7,8,7

590 8 J=2

2600 RETURN

2610 7 NPTS=ikPTS+1

2620 2 RETURN

2630 END

2640 SUBROUTINEPRINT(FID)

2650THIS SUBROUTINE HANDLEZS THE PROGRAM PRINTOUT IN THE
2660TELETYPE.

2676 JIMENSICONFIDC(12) ,HEAD(4),VID(3)

2680 DIMENSIONVOUT (4)

26950 DATAVID/15HABSORBED POWER=z/

2700 DATAHEAD/24HDISPL VELOC ACCEL RMSACC/
2710 DATAIFIRST/0/,NO/IHN/

2720 25 IF(IFIRST)2,1,2
2730 | PRINT 1! ,VELMPH ,VELIPS ,DELTAL ,DELTAT ,NSTZPS ,H

2740 PRINT12,VEHQID,FID

2750 2 K=4

2760 IFC(IFRMS=-NDD9, 10,9

27170 10  K=3 .
2780 9 IF(IFIRST)»20,21,20

2790 21  PRINT13,(HEAD(I),I=1,K)
2800 20 IFIRST=1

2810 IF(IFPWR-H0)3,4,3

2820 3 PRINT 14, T, PROFILC1), VID, ABSPUWR

2330 GOTGS

2840 4  PRINT 14, T, PROFILC1)

2850 5 CALLVARFIX (1,VOUT)

2360 PRINT15,(VOUT(I),I=1,K)

2870 CALLVARFIX (2,V0UT)

2830 PRINT1S,(VCUT(I),I=1,K)

2890 DO22L=1 ,NAXLES

2900 N=2+L

2510 CALLVARFIX (N ,VOUT)

2920 22 PRINTI7,L,(VOUTCI),I=1,K)

2930 IF (1FHORZ )23, 24,23

2940 23  Nzil+l

2950 CALLVARFIX (N ,VOUT)

2960 PRINT18,(VOUT(1),I=1,K)

2970 24 IFC(IFDRV-NO)7,8,7

2980 7 PRINT19,(DRIVER(I1),I=1,K)

2950 8  PRINT,

3000 RETURE: i i
3010 11 FORMAT(///"VELCCITY="F5.2," MPH ("F6.1," IPS)"/
3020& "DELTA-L= "F5.3,3X, DELTA=Tz"F6,4/

30304 "NSTEPS="14,4X, Hz"F7.6) .

3040 12 FORMAT (| 2HVEHICLE 15: 2A6/1THINPUT PROFILE IS:/12A6)
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3050 13 FORMAT(//,6X,4(4X ,A6))

3060 14 FORMAT(/,5HTIME=F6.3,X,6HINPUT=F 7.3 ,X,2A6,A3,F7.3)
3070 15 FORMAT(/,3HC-G3X,4F10,5)

3080 16  FORMAT (SHPITCHX,4F10.5)

3090 17  FORMAT C4HAXLEI1,X,4F10,5)

3100 18  FORMAT (SHHORIZX ,4F10.5)

3110 19  FORMAT (5HDRVERX ,4F10.5)

3120 END

3130 SUBROUTINEVARFIX (I ,VOUT)

31 40THIS SUBROUTINE IS CALLED BY PRINT TO SELECT THE
3150VARIABLES TO BE PRINTED.

3160 DIMENSIONVOUT (4)

3170 VOUT (1)=VAR()

3180 N=I+IDF

3190 VOUT (2)=VAR (N)

3200 VOUT (3)=ACCGS (1)

3210 VOUT (4)=RMS (1)

3220 RETURN

3250 END

3240 SUBROUTINEFILWRT(FID,NPL)

3250THIS SUBROUTINE HANDLES THE OUTPUT TO AN EXTERNAL FILE
3260THAT IS WRITTEN WITH 120 CHARACTER LINES, AND CAN BE

3270LISTED ON THE HIGH-SPEED PRINTER.,

3280 DIMENSIONHEAD1(6) ,HEAD2(2)

3290 DIMENSIONVOUT (10),FID(12)

3300 DATAIFIRST/0/,NPL/15/

3310 DATAHEAD1/35HAXLEl AXLEZ AXLE3 AXLE4 AXLES5 AXLEGS/
3320 DATAHEAD2/11HH ,C-G V,DRV/

3330 IF(IFIRST)1,2,1 o

3340 2 PRINT, NAME OF OUTPUT FILE",~*

3350 READII,FN

3360 11  FORMAT(AG)

3370 WRITE(2516)

3380 CALLCLOSEF(2,FN,T)

3390 CALLOPENF (2,FN, 7)

3400 WRITE(2; 1 2)VEHQID

3410 12 FORMAT (41X ,3TCIH*),/,41X, 1H* 35X, 1H*,/ 41X IH*, 2X,
34204& 246, 19HPROGRAM OUTPUT FILEZ2X,lHx,/,

34304 41X, 1H* 35X, lH*,/, 41X ,3TCIH*)/ /)

3440 IFC(IFINPT-1HN)3, 4,3

3450 3 WRITE (23 13)FID FNAME

3460 GOTOS

3470 4 WRITE(2314)FID

3480 13  FORMATC(17HINPUT PROFILE 1S:X,12A6,10X,12H[ FILE NAME ,AS,
34508 X,1H1/)

3500 14 FORMATC17HINPUT PROFILE IS:X,1246,/)

3510 5 WRITE(2;15)VELMPH ,VELIPS ,DELTAL ,DELTAT ,NSTEPS H

3520 15 FORMAT(/,SHVELOCITY=F6,2,X, 1 THMILES PER HOUR (,

35308 F6.1,X,18HINCHES PER SECOND)7X ,8HDELTA-L=F5,3,X ,6HINCHES,
3540& 9X ,8HDELTA-T=F10.8,X, THSECONDS ,//,
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3550&
3560&
35170
3580
3590
3600
3610
3620
3630
3640
3650
3660
3670
36380
3690
3700
3710
3720
3730
3740
3750
3760
37170
3780
3790
3800
%810
B20
3830
3340
3850
860
B70
3880
3890
3900
3$10
3920
3530
35490
3550
3560
35170
3580
590
4000
4010
4020
4030
4040

20

10
22

Q ~3 -

16
21
17

24

25
18

26

27
28
15

29

51
32
34

33
35
30
36

37

35HNUMBER OF STEPS IN RKG INTEGRATION=I4,626X,

12HSTEP SIZE H=F12,10//)

IFIRST =1

KK=2

IF(IFDRV-1HN)>10,20,10

HEAD2(2)=0

KK=KK=-1

IF(IFHORZ)21,22,21

HEAD2(1)=HEAD2(2)

KK=KK=1

GoTo2l

IF(NPL-50)6,7,7

IF(NPL-54)8,9,9

WRITE(2;16)

NPL=NPL+1

GOTO7

NPL=0

FORMAT(IH )

WRITE(2317)(HEADI(I),I=1 ,NAXLES),(HEAD2(1) ,I=1,KK)

FORMAT (2X , 4HTIME3X, 4dY (1) 14X ,5HV ,C-G,4X ,5HPITCH, 4X ,B(A6,3X))
WRITZ(2516)

NPL=NPL+2

D0231=1,IDF

VOUT(I)=VAR(I) .
J=1DF

IFCIFDRV-1HN)>24,25,24

JzJ+1

VOUT (J)=DISDRV

WRITE(2318) T, PROFILC1), (VOUT(I),I
FORMAT(/ ,X ,F7.4,F68,2,2X ,6HDISPL.2X, 1|
DO261=1,IDF

K=1+IDF

VOUT (I »=VAR(K)
IFC(IFDRV-1HN)27,28,27

VOUT (J)=VELDRV
WRITE(2;19)XCVOUT (L) ,I=1,d)

FORMAT (16X ,8HVELOCITY 10F9., 4)
D0291=1,IDF

VOUT (I >=ACCGS (1)
IFC(IFDRV-1HN)>31,32,31

VCUT (J)=ACCDRV
IFC(IFPWR-1HN)>33,34,33
WRITE(2330)CVOUT(I),I=1,d)

GOTO035

WRITE (2336)ABSPWR, (VOUT (1) ,I=1,d)
NPL=NPL+4

FCRMAT (16X ,6HACCEL . 2X, 10FS,4)

FORMAT (6HPOWER=F6,2,4X ,6HACCEL . 2X , 10F9S., 4)
IFC(IFRMS=-1HN)Y37,38,37

D0331=1,IDF

=1,d)
0FS.4)
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4050
4060
4070
4080
4050
4100
4110
4120
4130

39

VOUT (I )=RMS (1)
IFCIFDRV~1HN)Y 41,42, 41

VOUT (J)=RMSDRV

WRITE (2540)(VOUT(I),I=1,d)
FORMAT (16X ,BHRMS JACC . 10F9 ., 4)
NPL=NPL+1

RETURN

END
SUBROUTINERUNGE (P ,Q,X ,FK 1 ,N)

41 40THIS SUBROUTINE IS THE RUNGE-KUTTA-GILL ALGORITHM.

4150
4160
4170
4180
4150
4200
4210
4220
4230
4240
4250
4260
4270
4280

@ oo

43500
4310
4320
4330
4340
4350
43380
4370
4330
4330
4400
4410
4420
4450
4440
4457

4460THIS

4470
4430
4450
4500
4510
4529
4530

. 4540

10

2

1S

15

DIMENSIONP (1),3C1), X (1) ,FKC1),AC4),B(4),C(4)
DATAA/.5,.2528532188,1,707106781,. 1666666667/
DATAB/2.,1.,1.,2.,/
DATAC/.5,.2928932188,1,707106781,.5/

TazAN)

TB=3 (N

TC=C (N

2010I=1,0

PUDI=TAX(FK(I)=-TB*Q (1))

XCID)=X(I)H)+P (1)

RUI=QUD)+3 ., *¥P (ID)-TC*FK (1)

RETURN

zND

SUBRCUTINEPCWER (FK)

SUBROUTINE IS THE ABSORBED POWER EQUATICNS.

DIMENSIONFK (9)

U2z=-87.,743%ACCDRV=-1,0424%PWRVAR(8)
Ul==-U2-3,246*%PWRVAR (§)

UO=-U1+1,318*PWRVAR (4)

FKCI)=A*(,00873%PWRVAR (2)*¥PWRVAR(3))
FK(2)=i{*(-49,9484*%ACCDRV)
FKC3)=H*x(~1C0,*U0-55,*%PWRVAR(3))

FKC4)zH* (=103, %U1+7] . 6%PWRVAR(5)=53, 45*%PWRVAR (4))
FK(5)=H*(~-100,xU1-47,73*xU0)
FK(8)zH*(=10,*U2=-T78,59*PWRVAR(T)~-55, 28*PWRVAR(6))
FKCTYzH*(=10,*%)2-6,259%U 1)
FK(3)=H*x(=-677,43*%ACCDRV~-388,8*PWRVAR(9) =46, STH#FWRVAR(8))
FK(9)=H*(-87,T43*%ACCIORV~2,742%U 2)

RETURN

£ND

SUBROUTINEPEAKAC (NPL)

SUBROUTINE WRITES THE PZAK ACCELERATION VALUEZS

N=66
WRITE(N ;) PEAK ACCELERATION VALUES™
WRITE (N 3) MAXTMUM  MINIKUM

WRITE (N $6) (ACCKAX (1) ,ACCHMINCID ,I=1,2)
pO151=1 ,NAXLES -

J-I1+42

WRITE (N 7)I ,ACCHAX (J) ,ACCMINCD
IF(IFHCRZ)Y 11,12, 11
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4550
4560
4570
4580
4590
4600
4610
4620
4630
4640
4650
4660
4670
4680
4690
4700
4710
4720
4730
4740
4750
4760
4770
4780
4799
4300
810
4820
4830
4840
4350
48608
870
4880
4850&
4500&
4510&
4320
H30&
4540&
4H50&
460
H570&
4580
4950&
5000
5010
5020
5030
5040

11
12
i3
14
4

i16
17

WRITE (N38)ACCIMAX (IDF) ,ACCMIN (IDF)

IFC(IFDRV-1HN)13,14,13

WRITE (N 39)DRVMAX ,DRUMIN

IF(N-2)4,2,4

IFC(IFFILE~1HN)16,2,16

IF(NPL-54)17,18,18

WRITE(235)

NPL =NPL+!

GOTO16

N=2

GOTO19

RETURN

FORMAT CIH )

FORMAT (6HC-GACC 2F9.4,/,6HPITCH 2F9,4)

FORMAT (4HAXLEI I ,X,2F9.4)

FORMAT (6HHORIZ 2F9.4)

FORMAT (6HDRIVER 2F 9., 4)

END

SUBROUTINEINPUT (INP)

READL,INP

IFCINP ,EQ, IHY ,OR INP .EQ . IHN)RETURN

PRINT, "TYPE YES OR NO ' ,~*

GOTO10

FORMAT (A 1)

END

SUBROUTINE DATA (N)

DIMENSION DVEHCL(2,4) ,DTHRSH(S,4) ,DGAMMA(S,4) ,DSLGIMA (S, 4)
DIMENSION DMASS (6,4),DVAR(S,4) ,DLENCIO,4)
DIMENSION DFIMASS (4) ,DINRTA (4) ,DDRVLN(4)

INTEGER DSETUP(5,4) :

DATA DVEHCL/10HiM~-151 JEEP,11HM=35 TRUCK,10Hi1-60 TANK,
10HM =113 TANK/

DATA DSETUP/34,4,2,7,0,53,5,3,9,0,50,9,6,5,1,36,8,5,5,1/
DATA DTHRSH/6.,2.7,+8,0.,48,2.7,6.,2%0,
7e5,4¢5,241,46,0.,46,2.1,4,5,7.5,
3.5,1.,0,,14,3.5,4%0,,

3.2,49,0.,.9,3.2,4%0,/

DATA DGAMMA /7420.,565.,655,,685.,655.,565.,420.,2%0.,
sgl.,716.,817.,878.,900.,878.,817.,716,,581.,
3885.,4715.,5000.,4715,.,3885.,4%0.,

1500, ,2000.,3500.,2000,,1500.,4%0,/

DATA DSIGMA/9%0.,9%0,,3145,,1670,,0,,-1670.,-3145.,4%0,,
1500.,700,,0.,-700.,-1500,,4%0,/

DATA DLEN/44.3,40.7,8%0.,113,,39.,24,,24,,6%0.,
77.,44.,11, ,-22, -55.,-88.,4%0.,52.,24,,0,,-28,,-65,,5%0./
DATA DilASS/.27,.27,4%0,,1.191,2,08,2,05,3%0.,6%0. ,6*0,/
DATA DFMASS/2.58,18.8,0.,0./

DATA DINRTA/3282.,90876.,0.,0./

DATA DDRVLN/0.,0.,25.,25,./
DATA DVAR/-1,17069,.00076,-.81339,-,84536,5%0.,

C-262




VDPROG
5050& -2.627,.,006,-1,038,-1,552,~1.658 ,4%0, ,
5060& =5.79,-,0089,~.966,-,97,-.942,-.913 ,-.884,-.856,0.,
50704 =3.75,-40087,~,76,=.78,~.76,=,73,-.68,2%0./
5080 DO 10 1=1,2

5090 10  VEHQID(I)>=DVEHCL (I ,N)

5100 DO 20 I=1,5

5110 20  SETUP(I)>=DSETUP (I ,N)

5120 DO 30 I=1,NSEGS

5130 THRESH (I )=DTHRSH (I ,N)

5140 SIGMA (I )=DSIGMA (I ,N)

5150 30  GAMMA (I )=DGAMMA (I ,N)

5160 DO 40 I=1,IDF

5170 LEN (I )=DLENCI ,N)

5180 40  VARCI)=DVAR (I N)

5190 DO 50 I=1,NAXLES

5200 50  MASS (I )=DMASS (I ,N)

5210 FMASS=DFMASS (N)

5220 INRTIA=DINRTA (N)

5230 DRVLEN=DDRVLN (N)

5240 RETURN

5250 END

5260 SUBROUTINE M151(FK)

5270 DIMENSION TEMP (2),FK(8)

5280C ***xxALGEBRAIC UPDATE OF VARIABLES
5250C--SEGMENTED WHEEL INPUT

5300 DO10I=1,2

5310 FORCW(I =0

5320 DO10J=1,7

5330 K= (I=1)%27+J

5340 I1=1+2

5350 TEMP 1Y (K)=VAR (11 )-THRESH (J)
5360 IF(TENP1)20,30,30

5370 20 TEMP 1=0

5380 30 FORCW (I )=FORCW (I )+GAMMA (J)*TEMP ]
5390C--FORCW 1S THE RESULTING WHEEL FORCE
5400 10 CONTINUE

5410 TEMP 1=SIN(VAR(2))

5420 SPDEF (1)zVAR (3)-VAR (1)=-LEN (1 )*TEMP 1
5430 SPDEF (2)zVAR (4)-VAR C1)+LEN (2)*TEMP |
5440C-~-SPDEF IS THE SUSPENSION SPRING DEFLECTION
5450 TEMP 1=VAR (8)*C0S (VAR (2))

5460 DSPDF (1)=VAR(7)-VAR (5)~-LEN (1)XTEMP ]
5470 DSPDF (2)=VAR (8)-VAR (5)+LEN (2)*TEMP |

52480C--DSPDF IS THE SUSPENSION SPRING DEFLECTION VELOCITY
549 0C x*x*x*COMPUTATION OF FRONT SUSPENSICN FORCE [FORCK(1)]
5565 FORCK(1)=1500,*SPDEF (1)

5675 FORCK(2)z 1500,%SPDEF(2)

568 0C xxx*x*COMPUTATION OF FRONT SUSPENSICN DAMPING [DAMP(1)]
5685 DAMP (1)=42,%DSPDF (1)

5795 DAMP (2)=42.*DSPDF (2)
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VDPROG CONTINUED

5910C **x*xDI FFERENTIAL EQUATICNS
2920C FK(1&5)--VERT C-G IMOTION
5930C FK(2&6)=--PITCH MOTION
3940C FK(3&7)~--AXLEL MOTION
2950C FK(4&8)--AXLE2 OTION

5960 DO 11 I=1,4

5970 11 FK(I)=H*VAR(I+4)

5980 STEMP=0.

5990 DO 21 I=1,2

6000 TEMP (I )=FORCK (I )+DAi1P (1)

6010 STEWP=STEMP+TEMP (I )

6020 21  FK(I+6)=H*(FORCW(I)-TEMP (1)-MASS (I )*386,)/MASS (1)
6030 FK (5)=H* (STEMP -FI1ASS #386. ) /FiNASS

6040 FK (6)=H* (LEN C1)*TEMP (1)=LEN (2)*TEi1P (2) ) /INRTIA
6050 REZTURN

6060 END

6070 SUBROUTINE 1135(FK)

6080 DIMENSION TEMP (3) ,FK (10)

809 0C *****x*ALGEBRAIC UPDATE OF VARIABLES

6100 FORCW(1)=0.

§110C--FRONT AXLE KESULTING FORCE [FORCW(1)]

6120 D0S00I=1,9

6130 TEMP 0=Y (I )=VAR (3)=-THRESH (1)

6140 IF(TEMP0)910,900,900

6150 910 TEMPO=0.
6160 9500 FORCW(1)=FORCW(1)>+GAtMNA (I )*TEMNPO

8170 FORCW(2)=0.,

6180C--SECOND AYLE RESULTING FORCE [FORCW(2)]
6190 D0520I=1,9

5200 TEMP0zY (1 +32)-VAR (4)-THRESH (1)

6210 IF(TEMP0)930,920,920

6220 930 TeMPO=0.
§230 920 FORCW(2)=FORCW(2)+GANMA (I )*TEMPO

§240 FORCW(3)=0.

6250C--REAR AXLE RESULTING FORCE [FORCW(3)]
6260 D0S40I=1,9

6270 EMPO=Y (I +44)-VAR (5)-THRESH (1)

6280 1F(TEMP0)950,940,940

6290 950 TEMPO=0.

6300 940 FORCW(3)=FORCW(3)+GANMA (I )+TENMPO

631C U= (VAR (4)=VAR (5)) /48,

6320 BETA=ATAN(U)

6330 DBETA= (VAR (5)=VAR (10)) /(48 % (1. +U*U))
6340 TEMP 1=SIN (VAR (2))

6350 TEMP2=SIN (BETA)

8360 TEMP 3=C0S (VAR (2))

6370 TEiP 4=C0OS (BETA)

§380C--SUSPENSION SPRING DZFLECTION [SPDEF]
6390 SPDEF (1)=VAR (3)=VAK (1)-LEN C1)*TE¢P |
5400 SPDEF (2)=VAR (4)=VAR (1 )+LEN (2)*TENP 1-LEN (3)*TEilP 2
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@orroc contrnued

6410 SPDEF (3)=VAR(5)-VAR (1)+LEN (2)*TEMP I+LEN (4)*TEMP 2

6420C--SUSPENSION SPRING RATZ OF DEFLECTION [DSPDF]

6430 DSPDF (1)=VAR (8)=VAR(6)-LEN (1 )*VAR(T)XTEMP 3-

6440 DSPDF(2)=VAR (9)~VAR (6)+LEN(2)*VAR (7)*TEP 3-LEN (3)*DBETA*TEMP 4
6450 DSPDF (3)=VAR(C10)~VAR (6)+LEN (2)*%VAR (T)*TEMP 3+LEN (4)*DBETAXTEMP 4
6460C~-~-FRONT SUSPENSION SPRING FORCE [FORCK(1)]

6470 IF(SPDEF(1)+4,4)420,425,425

6430 420 FORCK(1)=11771,43%SPDEF(1)+66714,3

6450 GOTO0 460

6500 425 IF(SPDEF(1)+3.65)430,435,435

610 430 FORCK(1)=3333,33%SPDEF(1)+7986,.65
6520 GOTO 460

6530 435 IF(SPDEF(1)-3.65)440,445,445

6540 440 FORCK(1)=1145,2*%SPDEF (1)

§550 GOTO 460

€560 445 IF(SPDEF(1)-4,4)450,455,455

6570 450 FORCK(1)=3333,33*%SPDEF(1)=7986.65
6580 GOT0 4680

6590 455 FORCK(1)=11771,43%SPDEF(1)~-66T714,3
6600 460 CONTINUE

6610C--REAR AXLES SUSPENSION SPRING FORCES [FORCK (2&3)]

6520 DO5101=2,3

§30 IF (SPDEF (I)+5.7)470,475,475

640 470 FORCK(I)=46000.%SPDEF (I)+243800.
6650 GOTO0510

6660 475 IF(SPDEF(I)+5,1)480, 485,485

6670 480 FORCK(I)>=9333,33%SPDEF(I)>+34800,
6680 GOTC510

6650 485 IF(SPDEF(1)=-5,1)490,495,495

6700 490 FORCK(I)=2509.8*SPDEF(I)

6710 GOTO0510

6720 495 IF(SPDEF(I1)-5,.7)500,505,505

6730 500 FORCK(I)=9333,33%SPDEF(I1)-34800.
6740 GOTO510

6750 505 FORCK(I)>=46000,*SPDEF(I)=243800.
6760 510 CONTINUE

6770C--FRONT SUSPENSION DAMPING [DAMP (1))

€780 IF(DSPDF(1)+,6)520,525,525
§790 520 DAMP(1)=70.*%DSPDF(1)-800,
6800 GOTO0540

810 525 IF(DSPDF(1)-,6)530,535,535

6820 530 DAMP(1)=1402,*DSPDF (1)

6830 GOT0540

6840 535 DAMP(1)=40.*DSPDF(1)+820.

§850 540 CONTINUE '

6860C-~REAR SUSPENSION SPRINGS DAMPING ([ DAMP(2&3)]

6870 D0o5701=2,3

6880 IF(DSPDF(I)+,6)550,555,555
90 550 DAMP(I)>==-950,

S00 GOTO0570
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VDPROG CONTINUED .

610 555 IF(DSPDF(1)-,6)560,565,565
20 560 DAMP(1)=1583,*DSPDF(I)
30 GCTO570

6940 565 DAMP(I)>=950.

69550 570 CONTINUE

6960C #x*x**DI FFERENTIAL EQUATIONS
6970C FK(1&6)>--VERT C-G MOTION
&580C FK(2&7)--PITCH MOTION

690C FK(3&8)-~-AXLEl MOTION

7000C

7010C FK(5&10)-AXLE3 MOTION

7020 DO1I=1,5

7030 1 FK (I)zH*VAR (1 +5)

7040 STEMP=0.

7050 D02I=1,3

7060 TEMP (I )=FORCK (I )+DANP (1)

7070 STEMP=STEMP +TEMP (1)

7080 2 FK(I+7)=H*(FORCW(I )=-TEMP (I)-MASS(I)*386,)/MASS(I)
7050 FK (6)=H* (STEMP-FitASS %386, ) /FMASS

7100 FK (T)=H*C(LEN C1)*TEMP (1)~LEN (2)*TEMP (2))/INRTIA
7110 RETURN

7120 END

7130 SUBROUTINE M60(FK) ‘
71 40 DIMENSION TH(4),IY(6),FK(18)

7150C #****x*xALGEBRAIC UPDATE CF VARIABLES

7160 DATAIY/4,12,20,29,37,45/

7170 DATATH/12.,10.,8.,6./

7180 HORMOM =0,

7190C--COMPUTATION OF VERTICLE [FORCW] AND HORIZONTAL (FORCH] FORCES
7200C RESULTING FROM THE PROFILE INPUT (Y] TO THE SEGHENTED BOGIES.

7210 D0200I=1,6

7220 FORCH (1)=0,

7230 FORCW(I)=0,

7240 D0100J=1,5

7250 K=1+2

7260 L=1Y (I)+J

7270 TEMP=Y (L)=VAR (K )=THRESH (J)
7280 IF(TEMP)10,20,20

7250 10 TEMP=0.

7300 20 FORCW(I )=FORCW (I )+TEIMP *GAMMA (J)
7310 100 FORCH(I)=FORCH (I )+TEMP*SIG1A (J)
7320C-~-SUSPENSION SPRING DEFLECTION [SPDEF)

7330 SPDEF(I)=VARCI)+LENC(I)*VAR(2)-VAR(K)

7340C--MOMENT ABOUT THE C-G RESULTING FRCM THE HORIZONTAL FORCES ([HORMOM]
7350 HORIMOM=HORI10Mi +F GRCH (1 ) * (46 ,+SPDEF (1))

7360 KK=I+11

7370C--VELOCITY OF THE SUSPENSION [DSPDF} SPRING DEFLECTION

7380 200 DSPDF(I)=VARC10)+LENCI)*VARC11)-VAR(KK)

7390 VARFEL=0. . . ‘
7400C--COMPUTATION OF FORCES FROM THE "FEELER
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VDPROG CONTINUED

7410 D0O30I=1,4
7420 TEMP=Y (I )=-TH ()
7430 IFC(TEMP)30,30,40

7440 40 VARFEL =AMAX | (VARFEL ,TEMP)
7450 30 CONTINUE '
7460C-~-SUSPENSION [FORCK] SPRING FORCE COMPUTATION

7470 DO700I=1,6

7480 1F (SPDEF (1)-,402)710,710,720
7490 720 SPDEF(I)=z,402

7500 DSPDF(I)=0.

710 710 IF(SPDEF(I)+12,)730,740,740

720 730 FORCK(I)>=29998.*SPDEF(1)+339972,
730 GOTO 700

40 740 FORCK(I)=1667,%SPDEF(I)

750 700 CONTINUE

T60C-~-SUSPENSION SPRING DAMPING [DAMP]

7570 D0800I=1,6

7580 IF(ABS (DSPDF(1))-1.)810,820,820
7590 810 DAMP (I)=2750,*DSPDF(I)

7600 GOT0800

7610 820 DAMP(I)=SIGN(2750.,DSPDF(I))
17620 800 CONTINUE
7630C-~-TRACK INTERCONNECTION FORCES [FORCT]

7640 TEMP=VAR (3)~VARFEL
7650 IF(TEMP)>50,50,60
7660 50 FORCT (1)>=300,*TEMP
7670 GOTO 70

7680 60  FORCT(1)=0.,

7690 70  D080I=2,6

7700 JzI+1

7710 K=dJ+1

7720 80  FORCT(I1)=375.%(VAR (K)=VAR(J))
T730C *x**+xDI FFERENTIAL EQUATIONS
7740C FK(1&10)=-=-VERT C-G MOTION
7750C FK(2&11)=-=-PITCH MOTICN
7760C FK (3&12)=--AXLEl MOTION
T770C v« v o W .
7780C FK (8&17)--AXLE6S MOTION
7790C FK(9&18)=-HORIZ C-G MOTION

7800 FORCT (7)=0.
7810 DO 11 I=1,9

7820 11 FK(I)=VARCI+9)*H

7830 FK (18)=0.

7840 FK(10)=0.

7850 FK(11)=0.

7860 DO 31 I=1,6

7870 TEP =FORCK (I )+DAMP (1)

7880 FK (I +11)=H*(TEMP=FORCT (I )+FCRCT (I+1)+FORCW (1 )=-1420,)%,2717
890 FK (11)=FK (11)-LEN (I )*¥TEMP

7900 FK (18)=FK (18)+FORCH (I )
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VDPROG CONTINUED

B0 31 FKCI0)=FK (10)-TEMP

20 FK C10)=H*(FK (10)%,008-386.)
30 FK (18)=H*FK (18)%.008

40 FK C11)=H*(FK (11)=HORMOM) /581700,
7950 RETURN

60 END

70 SUBROUTINE M113(FK)

80 DIMENSION TH(4),I1Y (5),FK(16)
799 0C *****ALGEBRAIC UPDATE OF VARIABLES
8000 DATAIY/4,11,18,24,31/

8010 DATATH/12.,10.,8,,6./

8020 HORMOM=0,

8030C~-~-COMPUTATION OF VERTICLE [FORCW], HORIZONTAL [FORCH], AND
8040C MOMENT [HORMOM) FORCES RESULTING FROM THE PROFILEZ INPUT (Y]

8050 00200I=1,5

8060 FORCH(I)=0,

8070 FORCW(I)=0.

8080 001004=1,5

8090 K=I+2

8100 L=IY (1)+d

8110 TEMP=Y (L)-VAR (K)-THRESH (J)
8120 IF(TEMP)>10,20,20

8130 10 TEMP =0,

8140 20 FORCW(I )=FORCW (I )+TEMP *GAMMA (J)
8150 100 FORCH(I)=FORCH (I )>+TEMP*SIGMA (J)
8160C-~-SUSPENSION SPRING DEFLZCTION [SPDEF]

8170 SPDEF (I )=VAR (1)+LEN (I )*VAR (2)=-VAR (K)
8180 HORMON =HORMOM+FORCH (I )*(46 ,+SPDEF (1))
8130 KK=I+10

8200C--SUSPENSION SPRING RATE OF DEFLECTION [DSPDF)
8210 200 DSPDF(I)>=VAR(S)+LEN(I)*VARC10)~VARKK)

8220 VARFEL=0. . i
8230C--RESULTING DEFLECTION OF “FEELER" [VARFEL]
8240 D030I=1,4

8250 TEMP =y (I )-TH (1)

8260 IF(TEMP)Y30,30, 40

- 8270 40 VARFEL =AMAX | (VARFEL ,TEMP)
8280 30 CONTINUE
B8290C~-SUSPENSION SPRING FORCE AXLES 1&5 [FORCK(1&5)]

8300 DO 700 I=1,5

8310 IF (SPDEF(1)-.4)710,710,720
8320 720 SPDEF(I)=.4

8330 DSPDF (I )=0.

8340 710 IF(SPDEF(I)+2.7)730,740,740
8350 740 FORCK(I)=740,74%SPDEF (1)

8360 GO TO 700

8370 730 IF (SPDEF(I)+9.5)741,741,742
8380 742 FORCK(I)>=514,71*SPDEF(I1)-610.28
8390 GO TO 700

8400 741 IF (SPDEF(I)+9.6)743,744,744
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VDPROG CONTINUED

8410 743 SPOEF(I)=-3.8
8420 744 FORCK(I)=z15872,*%SPDEF(1)+143334,
8450 700 CONTINUEZ

8440
8450

D0 2000 I=1,5
IF(ABS (DSPDF(1))-7.,42)330,840,840

8460 330 DAMP(1)=316,71*DSPDF (1)

8470

GO TO 2000

8480 840 DAMP(I)=SIGN(2350, ,DSPDF(I))
8450 2000 CONTINUE
8500C~~-TRACK INTEZRCONNECTICWN FORCES [FCRCT]

35170
g520
8530
8540
8550
8560
8570
8580

50

60
70

8530 890
BS00C *xkkxDIFFZRLNTIAL EQUATIONS

g8s10C
2620C
3630C
8640C
8650C
%560C
8670
86380
8690
8700
8710
8720
87130
3740
8150
3760
8770
3730
8750
2300
8810
8820
8830

1]

31

TaiMP=zVAR (3)=VARFEL
IFC(TEMP)50,50,60

FORCT (1)=300,*T 4P

GCTO70

FORCT(1)=0,

D080I=2,5

JzI+1

KzdJd+1
FORCT(I)=175.%(VAR(K)=-VAR(J))

FK(1&5)--VERT C-G MOTICN
FK(2&10)-PITCH MCTICHN
FK(3&11)-AXLE1 1QOTION

FK ¢7&1'5)=AXLES MOTION
FK (8&16)=HORIZ C=G MOTION
FORCT (6)=0,
DO 11 I=1,8
FK (1 )=H*VAR (I +8)
FK(9)=0.
FK (10)=0.
FK(16)=0.
DO 31 I=1,5
TEMP =FORCK (I Y+DANP (1)
FK (1 +10)=H*(TEMP-FORCT (I )+FORCT (I+1)+FORCW (I )=500.,)%0.772
FK (10)=FK (10)=LEN (I )*TEiP
FK C16)=FK (16)+FORCH (I )
FK (9)=FK (9)=TZiMP
FK (9)=H* (FK (9)%,035-386.)
FK C18)=H*FK (16)%.036
FK C10)=H*(FK (10)=1{CRiiCi ) /68000,
RETURN
END
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