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AN ANALYTICAL MODEL FOR PREDICTING
TRUCK PERFORMANCE ON INTERSTATE HIGHWAYS

I. INTRODUCTION

During the 1976-1977 school year, a university research project,
funded by the United States Department of Transportation (USDOT),
was conducted at Oregon State University. This project entitled
"The Energy, Economic and Environmental Consequences of Increased
Vehicle Size and Weight," developed a decision model that could be
used to evaluate the total effect of larger and heavier trucks on
the road system (1).1 The purpose of this decision model was to see
whether the use of such vehicles would be energy and cost effective
and to investigate operational and environmental consequences result-
ing from their use (2).

This decision model required a means of predicting the perform-
ance of trucks of various configurations over specified highway
sections. Although truck performance simulation programs have been
developed in the past, these programs are either proprietary in
nature or were found to be unsuitable for the USDOT decision model.
Therefore, it became necessary to develop a vehicle simulation pro-
gram in order to accomplish the project objectives.

The Truck Performance Simulation program developed is a time-
based computer model. It evaluates the total resistance that the
vehicle must overcome on a highway section of specified horizontal

and vertical alignment. The resistances encountered are tire rolling

1Number‘s in parentheses designate references in the Bibliography.




resistance, air resistance, grade resistance and cornering resistance
The performance of the truck is then found by specifying its engine,
driveline and tire characteristics (e.g., maximum brake horsepower,
brake specific fuel consumption, tire size and type) and, then,
evaluating its ability to overcome these resistance forces. Fuel
consumption, exhaust gaseous emissions, distance, velocity and accel-
eration are then determined for a specified time interval. The
length of each time interval varies with the severity of the terrain
encountered.

In the USDOT decision model, the Performance Model is a portion
of a traffic operations subsystem which also analyzes the truck's
effect on other vehicles in the traffic stream. The traffic opera-
tions component estimates the capacity of the roadway resulting from
reduced truck speeds on hilly terrain and speed changes due to
traffic conditions. The traffic stream speed is an input to the
Truck Performance Model (2). However, for this thesis, the Perform-
ance Program has been removed from the traffic operations subsystems.
This has required the use of supporting subroutines not found in the
USDOT decision model. These subroutines will be identified as the
program is described.

The Truck Performance Model is written in Fortran IV. and has
been designed to run on the CDC Cyber 70 computer at Oregon State
University. However, only minor modifications should be necessary
to run the program on another computer of similar size and capabili-

ties.

2



II. TRUCK PERFORMANCE SIMULATION

A general flowchart for the Truck Performance Model is shown in
Figure 1. A copy of the computer program is given in Appendix 1. The
data input to the USDOT model is handled by the main program and is
supplied to the Performance Model using labeled COMMON areas. In the
version described in this thesis, the data is read by the executive
program TSTTRK. The USDOT portion of the model begins with sub-
routine TRKOPS. Subroutine TRKOPS initializes variables and calls

the other subroutines of the program.

A. Data Reguired

The specific truck data required to use the Truck Performance
Simulation Program is listed in Table 1. Most of these data are
readily available from manufacturers of custom truck tractors.
Engine fuel consumption data must be requested from the engine manu-
facturer.

Data for the roadway over which the simulation is to occur must
also be obtained. For the Performance Model, the roadway is divided
info vertical road sections of constant grade or constantly changing
grade as shown in Figure 2. The speed restrictions due to horizontal
alignment (e.g., highway curves) are added to the vertical road
section in which they occur. The specific roadway data required are
listed in Table 2. Also listed are the weather data required by the

Truck Performance Program.
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Figure 1. General Flowchart for the Truck Performance Model




TABLE 1. TRUCK DATA REQUIRED FOR PROGRAM TSTTRK

DESCRIPTION

ENGINE DETAIL

Displacement, cubic inches
Maximum horsepower engine speed, rpm
Accessory horsepower
Lower shift limit, rpm

© Upper shift limit, rpm
Lowest allowed cngine speed, rpm
Maximum engine speed (red-line), rpm
Maximum engine horsepower

FUEL PERFORMANCE MAP, 1b/bhp-hr

Horsepower, J
Engine rpm, 1

MAXIMUM HORSEPOWER CURVE

Engine rpm, K

DRIVELINE DETAIL

Number of gears
Rear axle ratio
Driveline loss terms
Full throttle efficiency
Viscous loss factor
Transmission gear ratios
First gear
Second gear
. Final gear

PROGRAM

NAME

ENGINE (1)

(D
(2)
(3)
(4)
(5)
(6)
(7
(8)

BSFC (I,J)

Up to J
Up to I

BHPMAX

Up to K

70
20

(X3

= 20

NOGEAR
AXLRTO
DRLOSS (L)

(1)
(2)

GEARNO (M)

(1)
(2)
Up to M

= 15§



TABLE 1. TRUCK DATA REQUIRED FOR PROGRAM TSTTRK (Continued)

DESCRIPTION PROGRAM NAME
TIRE AND RIM DETAIL TIRRIM(N)
Tire outside diameter, inches (1N
Tire weight, pounds (2)
Static loaded radius, inches (3)
Drive tire revolutions per mile (1
Total number of tires (5)
Nominal rim diameter, inches (6)
BRAKE SPECIFIC EMMISSION RATE, gm/bhp-hr TKBSER (1)
Hydrocarbons (1)
Carbon monoxide (2)
Oxides of nitrogen (3)

TRUCK CONFIGURATION DETAIL

Total vehicle weight, pounds GCW
Overall width, feet WIDTH
Overall height, feet HEIGHT

Air drag coefficient DRAGCO



HORIZONTAL SECTION DETAIL

i

6500
2500
1000

70

VERTICAL SECTION DETAIL

Section Number:

Figure 2. Sample Roadway Section



TABLE 2. ROAD AND WEATHER DATA REQUIRED FOR PROGRAM TSTTRK

DESCRIPTION PROGRAM NAME

VERTICAL SECTION DETAIL

Mile post at end of section, ft VMP (i)
Constant grade, percent/100 GR (1)
Length, ft LENG (1)
Radius of curve, ft VCRAD (1)
Rate of change of grade, percent/100 R(i)
Number of vertical sections NVERT

i = 1 to NVERT

HORIZONTAL SECTION DETAIL

Mile post at beginning of curve, ft HMP (1)
Radius of curve, ft HRAD (1)
Length of curve, ft HCURL (1)
Maximum velocity allowed, mph HASPD (i)
Curve warning mile post, ft MPLA (1)
Number of horizontal sections NCURVE

i = 1 to NCURVE

WEATHER INFORMATION WETHER (j)
Wind direction, degrees clockwise (1)
from North
Wind velocity, mph (2)
Ambient air temperature, °F (3)
Atmospheric pressure, in. Hg. (4)
Water vapor pressure, in. Hg. (5)

PAVEMENT DETAIL

Static rolling resistance cocfficient CS
Dynamic rolling resistance cocfticient, l/mph'1 Ccv
Tire and pavement interaction coefficient Cp

POSTED SPEED LIMIT SPDLMT



B. Beginning the Simulation

The program design can best be shown by describing the sub-
routines as they are called by subroutine TRKOPS. As an aid to the
reader, the variable names used in the equations given are those used
in the computer program. Also, as variables are defined, their
computer names are shown in parentheses. A glossary of variable
names is given in Appendix 2.

The truck is allowed to enter the first vertical road section
(NOVSEC) at the maximum allowed velocity (VELALL). Because only
freeway or primary road sections are used in the program, no pro-
vision has been made for starting and stopping the vehicle. If the
truck comes to a stop during the simulation, an error message is
relayed and the programis terminated.

There are several velocity constraints that may limit a truck's
maximum velocity on a road section. The maximum allowed speed for
the truck, which is determined by the transmission and rear axle
gear ratios and the engines maximum (red-line) speed (TRKMAX), places
an upper 1limit on velocity. The traffic stream speed (SPD) may also
place an upper Timit on truck velocity. (This variable is supplied
by the traffic operations subsystem in the USDOT decision model when
subroutine STRMSP is called. In the Performance Model described here,
a constant speed is the input when STRMSP is called.) The posted
speed may put an additional restraint on the allowed truck velocity
(SPDLMT) . |

Subroutine ALLVEL finds the smallest of the velocity constraints

described above and defines this as the maximum allowed velocity
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(VELALL) on the vertical road section. A flowchart for this sub-

routine is shown in Figure 3. Subroutine ALLVEL is called at the
beginning of each new vertical road section (NOVSEC).

Other speed-Timiting factors are the road geometrics. Hori-
zontal curves and downgrades may require reduced speeds in order to
maintain safe operating conditions. The velocity required for these
road conditions (VELMAX) is found by Subroutines DWNHILL and HRZCRV
which are described later. The variables VELMAX and VELALL are com-
pared and the smallest velocity becomes the limiting velocity (VELLMT).
The truck is allowed to accelerate to this velocity if it is capable
of doing so.

Subroutine GRSLCT is now called to find the gear suitable for
the road geometrics initially encountered. This subroutine will be

described in a later section.

C. The Performance Prediction Loop

The performance simulation loop begins when the time interval is
set. The various subroutines are then called to obtain and to store
the data for the time interval. This procedure is repeated for each

new time interval until the end of the highway data is encountered.
1. Setting the Time Interval

The‘1ength of each time interval is found by subroutine VOTIME.
A general flowchart for this subroutine is shown in Figure 4. The
logic used in this subroutine is similar to that described by Klokkenga

(4) and used by Cummins Engine Company in their Vehicle Mission
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Simulation (VMS).2

The length of the time intervals are a function of road condi-
tions and truck performance. On long vertical sections where little
or no change in terrain is encountered, the length of each successive
time interval (TIMINT) becomes larger unitl a maximum of thirty
seconds is reached. However, if road conditions begin to change
rapidly, the length of each successive time interval decreases until
a minimum of one second is reached.

The following situations or road conditions will cause a decrease

in the Tength of successive time intervals:

(1) A gear change takes place. In this case, the time
interval is set to one second.

(2) The vehicle road velocity (VORVEL) exceeds the velocity
allowed (VELALL) by at least two miles per hour.

(3) There is a change in engine speed (CNGRPM) of more than
five percent between successive time intervals.

(4) The truck brakes for a downgrade or curve.

(5) The end of the vertical road section is impending.

The length of successive time intervals increases if the change in
engine speed is less than two percent between successive time inter-

vals or if the above ennumerated conditions are not encountered.

2Vehic]e Mission Simulation and VMS are trademarks of Cummins
Engine Company.
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2. Calculating the Required Rear Wheel Horsepower

A truck traveling on a road section is subjected to certain
forces. These forces are shown in Figure 5 (5). The summationof
the resistance forces is the amount of force, or tractive effort,
that must be exerted by the truck in order to maintain a constant
velocity.

Carl C. Saal developed an analytical method for predicting trac-
tive effort (6). His work was later used in the development of the
SAE Truck Ability Prediction Procedure (7). Later, Gary L. Smith,
in a special paper published by the Society of Automotive Engineers,
refined these truck performance prediction procedures (8). The
equations given by Smith are those used by Subroutine WHLBHP to find
the required tractive effort horsepower. A flowchart for this sub-

routine is shown in Figure 6.

a. Tire Rolling Resistance

The tire rolling resistance (ROLRES) in pounds-force, is esti-

mated using the relationship

ROLRES = (GCW)(CP) [(CS) + (CV)(VORVEL)] [1]
where GCW = the vehicle gross combination weight (total vehicle
weight), in pounds,
CS = the static rolling resistance coefficient,
CV = the dynamic rolling resistance coefficient, in mph'l,
and CP = the tire and pavement interaction coefficient.



Figure 5.
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The values of these coefficients are determined experimentally using

acceleration and coast-down data from actual vehicles. Values for
the bracketed portion of Equation [1], as calculated by several
investigators (9), are plotted in Figure 7. These curves suggest
that the rolling resistance is not only dependent upon velocity, but
also varies with tire size, type and width. The values of the co-
efficients suggested by Klokkenga (10) are used in Subroutine

(WHLBHP. They are listed in Table 3.

b. Air Resistance

Another force acting upon the truck is that caused by air resis-

tance (AIRRES). This force can be estimated using the equation (11)

WETHER(4) 2

AIRRES = ARFKTR [: :} [VORVEL + WETHER(2)]1" [2]
4

59.67 + WETHER(3)

where ARFKTR an air resistance coefficient, in (in. Hg.-mphz)/

"

(F - ft9),
VORVEL = truck velocity in mph,
WETHER(2) = headwind velocity, in mph,
WETHER(3) = ambient air temperature, in °F,

and  WETHER(4)

atmospheric pressure, in Hg.

This equation assumes that air resistance is proportional to dynamic
pressure which varies with the square of the velocity. It corrects
for ambient air temperature and pressure conditions (12).

A program refinement would be to use the head wind component

of the wind velocity vector. The magnitude of this component would
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TABLE 3. VALUES OF COEFFICIENTS FOR CALCULATING

ROLLING RESISTANCE (AFTER(10))

Tire Type Cs Cv
Bias ply 0.0059 0.000026
Radial ply 0.0043 0.000016

Road Type CP

Bias Radial
Smooth concrete 1.00 0.70

Smooth asphalt with solid base

Rough concrete 1.20 0.84
Rough asphalt with solid basc

Smooth asphalt with soft base
Rough asphalt with soft base 1.50 1.05

Packed dry gravel or dirt 2.00 1.40
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vary with changes in horizontal alignment of the highway. Calcula-
tions by Smith show that the resistance caused by side winds of
reasonable magnitude are negligible (13).

The air resistance coefficient (ARFKTR) is calculated in the

initialization segment of Subroutine TRKOPS using the equation (14)

ARFKTR = (0.044258) (DRAGCO) (WIDTH)(HEIGHT - .75) [3]

where DRAGCO = an air drag coefficient, in (in. Hg. - mph2) /°F

WIDTH

overall truck width, in feet,

and HEIGHT = overall truck height, in feet.

The air drag coefficient is determined from road tests or from wind
tunnel tests. Typical values suggested by Klokkenga are 0.7 for a
truck semi-trailer combination, 0.77 for double and triple combina-

tions and loaded flat-bed trucks and 1.00 for car haulers (15).

Cc. Grade Resistance

On a grade section, a truck encounters a grade force (GRDRES)
which is equal to the component of vehicle weight acting downhill.

This is calculated using the relationship

GRDRES = [(GCW)(sin(a)] (4]

where a = angle of incline, in radians, as shown in Figure 5.

In practice, the grade is designated by the ratio of the climbed
height, h, to the projected horizontal distance, s. Also, the grade

(GR) is expressed as a percentage. Therefore,
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GR = h/s (100) tan(a) [5]

For small angles the sine of the angle is approximately equal to
its tangent. Therefore,
(GCW) (GR) .
GRDRES = (GCW) [tan(a)] = ————— (6]
100
For grades of less than six percent, the error introduced by this
approximation is less than two percent (16).
For grades that are not constant, a rate of change of grade per

hundred feet (R) is used in the Truck performance Model. For these

sections

GRDRES = (GCW) [GR + (VODIST)(R)] [7]

where VODIST = The total distance traveled in the graded section, in
feet. It should be noted that the grade force is a resistance force

on upgrades, but acts in the direction of travel on downgrades.

d. Cornering Resistance

Another resistance force is encountered by a truck when it is
turning or while on a banked or highly crowned road section. This
force results from the tangential component of the cornering force.
The general equation for predicting this force, as suggested by

Smith (17) is



22

(FRCOEF) [TANDWT(1i)] [TANLNG(1i)]

K
CNRFRC = CORFCT )

j (HRAD)

1

1 —ZGCN VORVEL
¥ (8]
~ [TIRRIM(5)J[TIRRIM(8)] |(113.21)(HRAD)

where CORFCT

"

the correction factor for road bank angle,
K = the number of tandem axles,

FRCOEF

"

the tire drag coefficient between the axles on

the tandem,

TANDWT(1i) = the weight on tandem 'i', in pounds,

TANLNG(1) = the distance between axles of tandem 'i', in feet,
HEAD = the horizontal curve radius, in feet,

TIRRIM(5) = the total number of tires on the truck,

and  TIRRIM(8)

"

the average tire cornering stiffness, in 1b/deg.
The correction factor for bank angle is calculated from the equation

(14.95) (HRAD)(E)
CORECT =1 - 5 [9]
(VORVEL)

where E = the bank angle or superelevation of the road surface, in

ft/ft.

The procedure for finding the bank angle is shown in Figure 8.

e. Total Truck Resistance

The amount of power required to overcome the rolling, grade and

cornering forces is illustrated in Figure 9. Since the cornering
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force is relatively small in a freeway situation, it has not been
included in the calculation of required rear wheel horsepower in
Subroutine WHLBHP. However, it should be included if the program is
extended to predict truck performance on other types of roads.

The rolling, air and grade forces are calculated and summed in
Subroutine WALBHP. The total road resistance (TOTRES) is then con-
verted from force to horsepower using the relationship (18)

(TOTRES ) ( VORVEL)

TWHLHP = [10]
375.0

The total wheel horsepower required to overcome these vehicle forces

(TWHLHP) 1is then returned to subroutine TRKOPS.

3. Finding the Horsepower Available

At this point in the Truck Performance Program, it is necessary
to know the range of horsepower available from the engine at the
present engine speed. This will be used to find the present throttle
setting in Subroutine THRTTL. Subroutine VMAXHP is called to find the
maximum gross horsepower and friction horsepower. A general flowchart

for this subroutine is shown in Figure 10.

a. Gross Horsepower

Engine manufacturers often supply maximum horsepower (wide-open-
throttle) curves in their sales literature. These are usually given

in terms of gross horsepower (AVLBHP), or the brake horsepower of the
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engine before power losses to any engine accessories are accounted
for. A typical horsepower curve is shown in Figure 11. Data for the
engine to be used in the program are taken from such a curve in one
hundred rpm increments starting from the lowest allowable speed
(ENGINE(6)) to the maximum engine speed (ENGINE(7)). This information
is stored in a one dimensional array (BHPMAX). Linear interpolation
is used between the data points to obtain a gross horsepower value
for the present engine speed (ENGRPM).

The horsepower curves supplied by the manufacturer are for
‘standard conditions (85 F, 29.4 C; 29.38 in Hg, 99 kPa) is prescribed
by the "Engine Rating Code -Diesel- SAE J270" (19). In order to

correct these data to the ambient conditions, they are multiplied by

a correction factor (ENGINE(9)) calculated by

0.7
29.00 460 + WETHER(3)
ENGINE(9) = [11]
WETHER(4) - WETHER(5) 545.0

where WETHER(3)

ambient air temperature, in F,

i

WETHER(4) = barometric pressure, in in. Hg,

and  WETHER(5)

water vapor pressure, in in. Hg.

This correction is valid for dry barometric pressures between 28 and
30 inches of mercury (95 and 101 kPa) and between 60 and 110 F (289
and 317 K) (20). The horsepower correction factor is calculated

during the initialization of TRKOPS.

b. Friction Horsepower

When the throttle is closed, "engine braking" occurs. This
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phenomenon is due to engine friction work which is dependent upon
such factors as oil viscosity and shearing area, of] film thickness
and engine displacement, compression ratio and speed (21). Ideally,
data for closed-throttle tests could be used to calculate engine
friction work. Since this information was not available for the
Performance Model, the engine friction work is estimated from hot
motored work calculations. It should be noted that this is an approx-
imation and its accuracy has not been verified (22).

Relationships for hot motor work are given in the "Engine Rating
Code -Diesel- SAE J270" (23). The mechanical efficiency (MECHEF) for

a hot motored engine is

MECHEF = s [12]
<\0EFFT
BMEPE
ENGRPM ENGRPM 2
where COEFFT = 20.1893 - 3.75948 + 3.33129 —] [13]
1000 1000
(AVLBHP)(792,000)
BMEPEN = - [14]

[ENGINE(1)] (ENGRPM)
and  ENGINE(1) = engine displacement, in cubic inches. The available

friction horsepower can then be estimated by the relationship

AVLFHP = (1.0 - MECHEF)(AVLBHP) [15]
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4. Finding the Present Throttle Setting

In a .vehicle, the driver constantly varies the throttle position.
The driver compares the actual vehicle speed to the desired vehicle
speed, is aware of the vehicle acceleration rate and can see the
immediate conditions and changes in road terrain. All of these factors
influence the drivers input to the vehicle by means of the throttle.

The driver's throttle response is simulated by subroutine THRTTL
which is supported by inputs from other subroutines. A flowchart for
this subroutine is shown in Figure 12. Part'of the throttle logic used
is that described by Klokkenga (24).

In subroutine THRTTL, an attempt is made to maintain the truck
velocity (VORVEL) to within two miles per hour of the allowed velocity.
If the truck velocity is less than the allowed speed, the throttle
setting (RAKSET) is increased; if the velocity is greater, the throttle
setting is decreased. As the length of the time intervals increases,
the amount the throttle is moved during each time interval is de-
creased (e.g., road conditions are not changing). Also, as the
truck velocity approaches the allowed velocity, the throttle movement
allowed during each time interval is decreased.

Other conditions may also influence the throttle setting. If
the acceleration rate (VACCEL) exceeds one-tenth the acceleration of
gravity (2.1973 mph/sec; 7.1975 kmh/sec), the setting is reduced.

This rate is considered a "comfortable" maximum for trucks (25). The
throttle setting is held constant while a gear change is being made.
If the throttle is closed on a steep downgrade and the truck is

accelerating when it should be slowing, Subroutine VELDST is signaled
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to apply the brakes (KBRAKE = 1).

After the throttle setting (RAKSET) has been determined, the
gross horsepower available (ENGBHP) can be found. This is done by
interpolating between the maximum available gross horsepower (AVLBHP)
and the engine friction horsepower with respect to the throttle posSi-

tion
ENGBHP = [(RAKSET)(AVLBHP - AVLFHP)] - AVLFHP [16]
5. Calculating the Fuel Used and Exhaust Gaseous Emissions

After the engine speed (ENGRPM) and the available engine horse-
power (ENGBHP) have been found, the fuel consumed and the particulates
emitted can be determined. Fuel consumption can be estimated from
fuel performance maps which can be obtained from the engine manu-
facturers. These maps include lines of constant horsepower or brake
mean effective pressure, engine speed and fuel rate. These data are
obtained from engine dynamometer tests performed upon the specific
engine of interest. A typical fuel performance map is shown in
Figure 13. The fuel performance map, like the maximum horsepower
curve, is given for standard conditions.

The Truck Performance Model stores data from a fuel performance
map in a two-dimensional array (BSFC) in 100 rpm and 10 horsepower
increments. The data required by the program are in terms of brake
specific fuel consﬁmption which has units of pounds-mass of fuel per
brake horsepower hour. These data are read by Subroutine DIESEL. A

general flowchart for this subroutine is shown in Figure 14.
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Subroutine DIESEL finds the absolute value of the available
engine horsepower (TRKBHP) and then corrects it to standard conditions
(CORBHP). Then the data points in array BSFC which bound the desired
value are found. These data points are then used to perform linear
interpolation: first, for the present engine speed and, secondly,
for the available engine horsepower. Once the brake specific fuel
consumption (TOTBSC) has been found, the amount of fuel consumed
(TRKSFC), in gallons, for the time interval can be calculated since

(TOTBSC) (CORBHP) ( TIMINT)(7.12)

TRKSFC = [17]
25632.0

The density of the diesel fuel is assumed to be 7.12 pounds per gallon
(853 kg / m3).

Ideally, an emissions map similar to a fuel performance map
could be used to find exhaust gaseous emissions. However, this source
of data was not available for the Truck Performance Model. Therefore,
an estimate of the brake specific emission rate, in grams per brake
horsepower hour, is made using the maximum limits set by the United
States Environmental Protection Agency for hydrocarbons (BSER(1)),
carbon monoxide (BSER(2)) and oxides of nitrogen (BSER(3)). The
limits now in effect and those proposed for the future are shwon in
Table 4 (26).

The total amount of exhaust gaseous emissions (TKEMMS) are

calculated using the relationship
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TABLE 4. PAST, PRESENT AND FUTURE STANDARDS FOR BRAKE SPECIFIC

EMISSION RATES (gm/bhp-hr) (From(26))

1975 1977 1978 1979
POLLUTANT C F C F C F C F
Hydrocarbons 1.
10 16 { 5 16 | 53 | 16 | 5«
Oxides of Nitrogen 10
Carbon Monoxide 30 40 25 40 |25 40 |25 25

* C - California
F - Federal

AAlternative standarvds of HC - 1.0 gm/bhp-hr and
NO, = 7.5 gm/bhp-hr arc provided for the manufactor's

option

bPlanned
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TKEMMS = (SUMPRT) (CORBHP) (TIMINT) [18]

where SUMPRT =
;

BSER(1) [19]
1

It~

The value of SUMPRT remains constant for a given set of emissions
data and is calculated during the initialization of TRKOPS. Present
emission standards combine hydrocarbons and oxides of nitrogen. This
can be done in the Truck Performance Model by entering the total
amount in either BSER(1) or BSER(3) while setting the other variable
equal to zero. It should be noted that the exhaust gaseous emissions
ca]cQ]ated in this manner are the maximum that could be emitted by
the truck. The actual amount of emissions will be equal to, or less

than, the amount predicted by the simulation model.
6. Calculating Tractive Effort and Related Factors

Subroutine VELDST is now called by the Performance Model to calcu-
late tractive effort, distance traveled, truck velocity and average
acceleration for the present time interval. A general flowchart for

this subroutine is shown in Figure 15.

a. Driveline Efficiency

The percentage of the available engine horsepower that reaches
the driven wheels or the tractive effort horsepower, depends upon the
efficiency of the driveline components (e.g., the transmission, differ-
ential and other related components). The overall driveline efficiency

approach suggested by Smith (27) isused in the program. The following
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empirical relationship can be used to predict driveline efficiency

(PTHEFF),

/1 ‘
PTHEFF = [DRLOSS(1)] <1.0 - [DRLOSS(Z)]< >> [20]
RAKSET

where DRLOSS(1)

driveline efficiency at full throttle,

and DRLOSS(2) = viscous loss factor.

The values for the driveline factors depend upon the type of truck
tractor being modeled. Recommended values for use in Equation 20 are
listed in Table 5 (28). The driveline equation becomes undefined as
the throttle setting approaches zero (i.e., the throttle is closed).
Therefore, the driveline efficiency is assumed to reach a minimum of

fifty percent in the Performance Simulation Model.

b. Tractive Effort

It is now possible to determine the tractive effort of the truck.
The total power required to run the engine accessories (ENGINE(3))
(such as the fan, air compressor, turbocharger and power steering) is
subtracted from the available engine horsepower (ENGBHP). The result-
ing term is multiplied by the part throttle efficiency term (PTHEFF)
to obtain the horsepower presently available at the driven wheels.
When a gear change is occurring, the engine is disengaged from the

driveline, and the available wheel horsepower is assumed to be zero.
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5. SUGGESTED DRIVELINE FACTORS FOR CALCULATING EFFICIENCY

of Tractor

Full Throttle
Efficiency,
(DRLOSS (1))

.90

.86

.86

.86

.82

.82

Viscous Loss
Factor.
(DRLOSS(2))

0.042

0.066

0.066

0.066

0.092

0.041
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c. Net Accelerating Force

The net accelerating force (ACCFRC) can now be calculated by
subtracting the available wheel horsepower (AVLWHP) by the total
wheel horsepower (TWHLHP) required to overcome the road resistances.
This value is then converted to pounds-force. If the accelerating
force is positive, the truck will accelerate; if it is negative,

the truck will decelerate.

d. Effective Weight

The moving masses of the engine and driveline components
have rotational, as well as translational, motion during accelera-
tion. The inertial effects caused by this rotational motion can be
approximated by using an effective weight for the truck. This
effective weight (EFFWGT) will be larger than the actual vehicle
weight (GCW) during acceleration.

The engine, clutch, brake drums, wheels, and tires are the
major contributers to the total inertial effect. If the relatively
small effects of the propeller shaft, axle shafts and transmission
and differential gears, wheels and brake drums are neglected, the
effective weight of the truck can be estimated using the relationship
(29)

32.174

EFFWGT = GCW + 5 {[(EINRTA)(TOTRED)Z] + TINRTA}[21]
[TIRRIM(7)] ‘
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where TIRRIM(7)

tire rolling radius, in feet,

EINRTA = engine and clutch inertia, in ft—]b-secz,
TOTRED = overall gear reduction,
and  TINRTA = inertia of the tires, in fg-]b-secz.

The tire rolling radius is calculated during the initialization of
subroutine TRKOPS using the relationship (30)
5280

TIRRIM(7) = [22]
(2)(mw)[TIRRIM(4)]

where TIRRIM(4) = speed of the driven tires, in revolutions per mile.
The engine and clutch inertia for a four-cycle diesel engine is

approximated by (31)

1 ENGINE(1)) ©
EINRTA = 4+ |(1.6)—M " [23]
32.174 100

where ENGINE(1) = engine displacement, in cubic inches. The inertia

of the tires (TINRTA) is calculated by using the equation given by

Davisson (30)

2
TIRRIM(1) + TIRRIM(6)
TINRTA = |(X (0.2882) - 0.0990
12
QTIRRIM(Z)] [TIRRIM(5)1>] [24]

where TIRRIM(1)

tire outside diameter, in inches,

TIRRIM(2)

tire weight, in 1lbs,

TIRRIM(5) = total number of tires

and  TIRRIM(6) - nominal rim diameter, in inches.
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e. Distance and Velocity

The distance traveled and truck velocity for the current time
interval are now calculated by Subroutine VELDST. The method used to
calculate velocity and distance is based upon the work of Firey and
Peterson (33). If variable grade sections are modeled as circles of

large radius, Newtons second law states that

2 1
EFFWGT[& (VHDIST) (EFFWGT) (VHDIST)
= ACCFRC -

[25]
G |d(TIMINT)Z VCRAD
where EFFWGT = vehicle effective weight, in 1bs,
G = acceleration due to gravity, in ft / secz,
VHDIST = distance traveled, in ft,
TIMINT = the Tength of the time interval, in seconds,
ACCFRC = vehicle accelerating force, in 1b,
and  VCRAD = radius of the vertical curve, in ft.
Rearranging and simplifying
2
d“(VHDIST) 9
———— + (CONSTB)“(VHDIST) = CONSTA [26]
d(TIMINT)?2
(ACCFRC) (VCRAD)
where CONSTA =
EFFWGT -

0.5

G

and  CONSTB —— Now, a general solution to this nonhomoge-
VCRAD / .

neous, second-order differential equation is
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VHDIST = K1 cos (CONSTB)(TIMINT) + K2 sin (CONSTB) ( TIMINT)

+ CONSTA [27]

where K1 and K2 are constants of integration. Setting the initial
distance equal to zero and setting the initial velocity equal to the
truck velocity (TRKVEL), in feet per second, at the beginning of the

time interval

K1 = - CONSTA [28]
TRKVEL
K2 = [29]
CONSTB
Therefore,
TRKVEL
VHDIST = CONSTA - (CONSTA)(CONSTB) + (CONSTE) [30]
CONSTB

and VELNEW = [(TRKVEL)(CONSTD) + (CONSTA)(CONSTB)(CONSTE) J(BCONST)[31]

i

where VELNEW = truck velocity at the end of the time interval, in mph,

CONSTC = (CONSTB)(TIMINT)

CONSTD = cos(CONSTC)
CONSTE = sin(CONSTC)
3600 mi-sec

and BCONST = ——
5280 ft-hr

For grades with a vertical radius greater than 20,000 feet, the grade
is assumed to be constant. Then the following differential equation

applies
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.2
EFFWGT | d"(VHDIST)
= ACCFRC [32]
G d(TIMINT)?Z
Integrating and solving for the constants
'FACTOR
VHDIST = TRKVEL + (TIMINT) [33]
2
VELNEW = (TRKVEL + FACTOR)(BCONST) [34]
(ACCFRC)(32.174) (TIMINT)
and FACTOR = [35]

EFFWGT

This modeling technique has been shown to be accurate for grades of

less than ten percent (34).
f. Average Acceleration

The average acceleration (VACCEL), in miles per hour per second,

can be calculated using the relationship (35)

(VELNEW)Z - (VELOLD)?
VACCEL = (ACONST) [36]
(2) (VHDIST)

where VELOLD = velocity at the beginning of the time interval, in mph,

5280 ft-hr

3600 mi-sec

and  ACONST

Subroutine VELDST also checks to see if the truck should be slow-
ing (KBRAKE has been set to one by Subroutine THROTTLE). If the truck

is accelerating, the truck is braked at a rate not exceeding three
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miles per hour per second (4.40 ft / sec2

, 0.81 kph / s)(36). This
requires the recalculation of velocity, in miles per hour, and dis-
tance, in feet, for the time interval using the following relation-

ships which are valid for constant deceleration rates (37)

VHDIST =E[VELOLD + (O.5)(VACCEL)(TIMINT)](TIMINT%(ACONST) [37]
VELNEW = VELOLD + [(VACCEL)(TIMINT)] [38]

where VACCEL = rate of deceleration, in mph / sec.
7. Recording Vehicle Data

Subroutine DTAKPR records the data for each time interval when
the truck is not approaching a downgrade or horizontal curve. A
general flowchart for this subroutine is shown in Figure 16. The
length of the time interval (TIM), in seconds, the average truck
velocity (TSPD), in miles per hour, and the total number of time
intervals (NUMTIM) for the present vertical road section (NOVSEC)
are stored in the labeled COMMON area TROPS. A cummulative total of
the fuel consumed (DTAINI(23)), in gallons, the exhaust gaseous
emissions (DTAINI(4)), in grams, and the distance traveled (VODIST),
in feet, for the present section are also kept by Subroutine DTAKPR.

When the truck drives beyound the end of the vertical road section
(the variable ENDSEC becomes negative), the truck data for the current
time interval is corrected to the end of the road section using the
relationship

TKDATA(2) + ENDSEC

TKDATA = [TKDATA(i)] [39]
TKDATA(2)
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where TKDATA(1)

time, distance, fuel consumed or emissions for the

current time interval,

TKDATA(2) = uncorrected distance traveled during the current
time interval,
and  ENDSEC = the distance the truck has driven beyond the end of

the road section, in ft (a negative quantity).

The Performance Model is signaled that a new vertical section is abdut
to be entered (variable NEWSEC is set equal to one).' Also, the section
data are sent to Subroutine TRKOPS for processing.

Subroutine TRKOPS 1is supplied by the traffic operations subsystem
in the USDOT decision model. It has been replaced by a supportive
subroutine in the present Performance Model. The function of the
supportive Subroutine TRKOPS will be described in a later section.

If the truck is approaching a downgrade or curve (variable IFLGTR
equals one), the data for the time interval is transferred to Sub-
routine HLDTRK using array DTAINI. When the truck is on a downgrade
or curve (variable KNSTSP equals one) a record of the distance remain-
ing for the grade or curve (HLDDST) is kept. The maximum allowed
truck velocity (VELLMT) is set equal to the maximum gpeed allowed
for the current road geometrics (VELMAX). At the end of the grade or
curve, the maximum speed allowed is reset to the speed set by Sub-

routine (ALLVEL).
8. Changing Gears

In order to provide the required tractive force at the driven

wheels, the engine must be maintained within a narrow range of speeds.
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This speed range is usually bounded by the maximum torque engine speed
(ENGINE(4)) and the maximum horsepower engine speed (ENGINE(5)). Sub-
routine GRSLCT keeps the engine speed within this range by selecting
the proper transmission gear for the prevailing road conditions. A
general flowchart for 'this subroutine is shown in Figure 17.

Subroutine GERCHG is used by Subroutine GRSLCT to find the over-
all gear reduction (TOTRED) and engine speed (ENGRPM) for the current
truck velocity (VORVEL), in miles per hour, and transmission gear
being used (NUMGER). A flowchart for this subroutine is shown in
Figure 18. The overall gear reductfon (TOTRED) is found by multiplying
the rear axle ratio (AXLRTO) by the gear ratio of the transmission
gear currently in use (GEARNO). The engine speed, in revolutions per
minute, is then found using the relationship (38)

(VORVEL) TIRRIM(4) (TOTRED)

ENGRPM = [40]
60

where TIRRIM(4) = driven tire revolutions per mile.

Subroutine GRSLCT upshifts (reduces the overall gear ratio) if
the current engine speed is greater than the upper shift point
(ENGINE(5). The engine speed is never allowed to go above the maximum
engine, or "red-line" speed (ENGINE(7)). Subroutine GRSLCT downshifts
whenever the current engine speed is less than the lower shift rpm
(ENGINE(4)). On curves and downgrades, the truck remains in the lowest
gear possible for the maximum velocity allowed. This is done to pro-
vide greater engine braking.

When a gear change does occur, other parts of the Performance
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Model affected by the change are signaled by Subroutine GRSLCT
(variable IFSHFT is set equal to one). The subroutine also supplies
the engine speed and the number of the gear being used (INGEAR) for

each time interval.
9. Truck Behavior on Downgrades

On a long downgrade, a truck must rely upon its wheel brakes and
upon engine braking to maintain a safe speed. The truck driver usually
knows from experience what gear to select and at what speed to begin
“the downgrade in order not to overheat his brakes and to insure a safe
speed around any corners that will be encountered. This driver
behavior is simulated in the Truck Performance Model using a technique
described by Hykes (39).

The minimum brake rating horsepower (TRKBHP) recommended by
"Brake Rating Horsepower Requirements - Commercial Vehicle - SAE J257"
(40) is defined by the relationship

(1.4)(GCW)

TKBRHP = 12 + |———— [41]
1000

where GCW = the total weight of the truck, in 1bs.

The brake rating horsepower of the truck is estimated using this
relationship. This calculation is made during the initialization
of Subroutine TRKOPS.

The available braking horsepower for the truck can now be cal-

culated using the relationship
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(1.4)(GCW)

TKBRHP = 12 + | — © [41]
1000

where GCW = the total weight of the truck, in 1bs.
The brake rating horsepower of the truck is estimated using this

relationship. This calculation is made during the initialization of

Subroutine TRKOPS.

The available braking horsepower for the truck can now be calcu-

lated using the relationship

AVBRHP = TKBRHP + AVLFHP - TWHLHP [42]

where AVLFHP

engine friction horsepower,

I}

and  TWHLHP = total road resistances, in hp.

Due to the velocity dependence of the road resistance term, a velocity
can be reached on a downgrade where the truck brake rating plus the
truck friction horsepower will be exceeded by the road resistance
horsepower (the available braking horsepower will become less than
zero). At this and larger velocities the truck can no longer brake
safely on the downgrade.

A constant check is made of the vertical road sections ahead of
the truck by Subroutine DWNHIL. A flowchart for this subroutine is
shown in Figure 19. The look-ahead distance (EYEDST) has been set
to 1500 feet (PREDST) plus the distance traveled in the present time
interval (VHDIST). If a downgrade begins in this distance, all the
vertical road sections in the downgrade section are examined and the

maximum grade (LSTGRD) is found. The maximum velocity allowed by the
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downgrade (VELMAX) is then found by using Equation [42] at the point
of maximum grade.

Subroutine DWNHIL also checks the downgrade for horizontal curves.
If the maximum curve velocity (HASPD) is less than the allowed grade
velocity, it becomes the maximum velocity allowed on the downgrade.
Subroutine DWNHIL also calculates the total length of the downgrade
section (HLDDST) and the distance from the truck to beginning'of the
downgrade at the end of the present time interval (SLWDST). The
Truck Performance Model is then signaled that the truck is approaching

a downgrade (variable IFLGTR is set equal to one).
10. Truck Behavior for Curves

For road sections without downhill sections, Subroutine HRZCRV
is called to check for horizontal curves. A general flowchart for
this subroutine is shown in Figure 20. The horizontal road data
includes a signal (MPLA) 1500 feet before each horizontal curve.

When the truck approaches the curve signal point, Subroutine HRZCRV

finds the length of the curve (HLDDST) and the maximum curve velocity
(VELMAX). It then calculates the present distance from the truck to
the curve (SLWDST). The performance Model is then signaled that the

truck is approaching a curve (variable IFLGTR is set equal to one).
11. Truck Braking

When the truck approaches a downhill road section or curve, it
is allowed to travel to the beginning of the downgrade or curve and

its velocity is checked. If the truck velocity (VORVEL) exceeds the
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maximum allowed velocity (VELMAX), the truck is then backed up to
the point where the truck can safely brake to enter the downgrade or
curve at the velocity allowed.

The truck braking sequence is controlled by Subroutine HLDTRK.

A general flowchart for this subroutine is shown in Figure 21. When

a downgrade or curve is approached (variable IFLGTR has been set

equal to one), Subroutine HLDTRK is called and its variables receive
their initial values. The time elapse (DTAINI(1)), distance traveled
(DTAINI(2)), fuel consumed (DTAINI(3)), amount of pollutants
(DTAINI(4)), total truck distance traveled in the present road section
(DTAINI(5)), and the available engine horsepower (DTAINI(6)), for each
subsequent time interval in the slowing distance (SLWDST) are stored

in an array (DTALOG). The transmission gear used in each time interval
is also stored in an array (LOGDTA).

If the number of time intervals in the slowing distance reaches
forty, the data for the first twenty intervals are processed in the
same manner as done by Subroutine DTAKPR. The data for the last
twenty intervals is then numerically resequenced and the program is
allowed to continue.

When the truck reaches the beginning of the downgrade or curve,
if the truck velocity is less than or equal to the maximum grade or
curve velocity allowed, no braking is necessary to reach the allowed
velocity (VELLNIT). Then the data is processed by Subroutine DTADMP.
A general flowchart for this subroutine is shown in Figure 22. Sub-
routine DTADMP grocesses the data in a manner similar to Subroutine

DTAKPR. The time and speed for each time interval in a vehicle road
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section are stored in labeled COMMON area TROPS. Subroutine TRKOUT
is called at the end of each vertical section to process these and
0£her vehicle data.

[f the truck velocity exceeds the maximum allowed velocity at the
beginning of a downhill section or curve, Subroutine HLDTRK reviews
the present vertical road section until a safe braking rate can be
found. The deceleration rate (DECCEL), in miles per hour pér second

is calculated using the relationship (41)

(VELMAX)Z = (ENDVEL)?
DECCEL = (ACONST) [43]

2(SLWDST - DSTLOG)

where ENDVEL = velocity at the end of the time interval being checked,
in mph,

and DSTLOG

distance remaining to the beginning of the curve or

downgrade, in ft.

When a deceleration rate is found which is less than three miles per
hour per second (0.81 kph / s), the truck is braked from the end of
the time interval involved to the beginning of the grade or curve.
The data in the time intervals not affected by braking are processed
by Subroutine DTADMP.

The total time for braking (BRKTIM), in seconds, can now be
calculated using the equation (42)

VELMAX - ENDVEL

BRKTIM = (ACONST) [44]
DECCEL




61
After the braking sequence has been completed: Subroutine GRSLCT is
used to find the proper transmission gear (INGEAR); the time interval
(TIMINT) 1is reset to one second in Subroutine VOTIME, Subroutine
WHLBHP 1is used to find the tractive power required (TWHLHP); and
Subroutine VMAXHP is used to find the available engine horsepower
(AVLBHP) and friction horsepower (AVLFHP).

When approaching a curve or downgrade, the driver may be able to
slow down the truck sufficiently by "letting up" on, or closing the
throttle. This action is simulated in the Truck Performance Model by
approximating the desired throttle position by the relationship

AVLBHP - TWHLHP

SETLST = [45]
AVLBHP - AVLFHP

This throttle setting (which neglects driveline efficiency) is used

to reset Subroutine THRTTL. This approximation is used when the truck
is approaching from an upgrade section. However, when the truck is
approaching on a level or downgrade section, the throttle position is
set to zero (the driver's foot is assumed to be on the brake).

The engine horsepower (AVGBHP) during the braking process is esti-
mated by averaging the engine horsepower for the last unaffected time
interval and the presently available horsepower. This average horse-
power and the engine speed at the end of braking are used in Subroutine
DIESEL to find estimates of the fuel consumed and the amount of exhaust
gaseous emissions produced during the braking sequence. These quantity
estimates are divided among the road sections traveled during the

braking period in proportion to the section length to the total brak-
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ing distance (BRKDST). If the vehicle is not at the end of a vertical

road section after the slowdown sequence, the data for the current
section are recorded in Subroutine DTAKPR. Finally, the Performance
Model is signaled that the truck is at the beginning of the downgrade

or curve (variable IFLGTR is reset to zero).

12. Ending the Simulation Loop

At the end of each vertical road section, the truck data is col-
lected and stored by Subroutine TRKOUT. When the Truck Simulation
Program reaches the end of the roadway data, Subroutine TRKOPS
returns control to Program TSTTRK. Subroutine OUTPUT is then called
to print the truck data accumulated during the program run. This

completes the simulation run.

D. Supporting Subroutines

Subroutine TRKOUT and Subroutine QUTPUT have not yet been des-
cribed. They replace subroutines supplied in the USDOT decision

model and allow the Truck Performance Program to be run independently.
1. Recording Vertical Road Section Data

Subroutine TRKOUT is called at the end of each vertical road
section (NOVSEC). It records the Tength (TIM) and speed (TSPD) of
each time interval (NUMINT) from the COMMON area named DATA. This
subroutine also calculates the total time for the road section in
seconds. The total time (TOTIME), number of time intervals (TOTINT),

the amount of fuel used (TKFUEL), in gallons, and the total amount of
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exhaust gaseous emissions (TKEMNS) are also stored in COMMON area

DATA by Subroutine TRKOUT.
2. Printing Final Results

Subroutine QUTPUT has two basic functions. If an error occurs
in the Truck Performance Model, the variable IEXIT is set equal to an
integer unique to the subroutine where the problem occurs. Sub-
routine QUTPUT is then called to print an error message and data
generated up to the time when the error occurred. If no error occurs,
then, when the road data ends, the subroutine is called to print
data generated for the vertical road sections traveled by the truck.
Subroutine OUTPUT prints the number of gallons of fuel used and the
number of grams of exhaust gaseous emissions produced by the truck
for each vertical road section. A summary of the length of each time
interval and the truck velocity at the end of the time interval are

also printed.
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ITI. INITIAL PROGRAM TEST RESULTS

The road section shown in Figure 2 was uSed while testing the
Truck Performance Simulation Program. The extreme road geometrics
of this test section are not typical for interstate highways.
However, the road section provided a means of evaluating all the
subroutines with the exception of Subroutine HRZCRV.

The truck configuration used while testing the Program was a
three axle tractor semi trailer combination. A 350 horsepower engine
and a ten-speed transmission were used. A total vehicle weight of
80,000 pounds was used. The truck and road data used and performance
data acquired are given in Appendix 3.

A plot of truck velocity versus distance is shown in Figure 23.
The truck velocity was not restricted on the 1.4 percent downgrade in
Section 1. However, the velocity was restricted in Section 17 and
in Section 13 due to the steepness of the downgrades encountered.

A summary of fuel consumption and exhaust gaseous emissions are
given in Table 6. The fuel consumption data have been converted to
miles per gallon and gallons per payload ton-mile. The gaseous
exhaust emissions have been converted to grams per payload ton-mile.

A payload weight of 60,000 pounds was assumed for these calculations.
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10
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13

GALLONS

0.

0.

0.

085

010

038

.028

.096

.043

.053

.019

.065

.273

144

.029

. 440

TABLE 6.

DATA FOR INITIAL TEST SECTION

FUEL CONSUMED

MILES GALLONS

GALLON  PAYLOAD TON -~ MILE
4.08 0.004
3.07 0.005
1.71 0.006
2.32 0.007
1.70 0.010
1.50 0.011
1.78 0.009
2.01 0.008
1.76 0.00Q9
1.04 0.016
0.94 0.013
3.14 0.005
1.68 0.010

EXHAUST GASEOUS EMISSTIONS

GRAMS PAYLOAgRégE - MILE
87.4 4.18
10.3 5.78
40.0 6.25
29.3 7.59

101.4 10.41
45.9 11.78
56.4 9.92
20.0 8.80
68.4 10.03

289.6 16.99

153.0 18.70
21.7 3.98

401.2 9.05

99
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IV. CONCLUSION AND RECOMMENDATIONS

The initial test of the Truck Performance Simulation Model
suggests that it will provide the data required for the USDOT deci-
sion model. Simulation programs developed by former researchers
suggest that this program should have an accuracy of at least 95%
(43). However, the accuracy of this program has not been verified at
this time. Program testing and validation will be included in phase

two of the USDOT project (44).

A. Further Testing of Program

Further testing should be done using road sections with varying
terrain in the program. A variety of truck configurations should
also be tried. This will ensure that all programing errors have been

removed from the model.

B. Possible Future Program Modification

An interesting anomaly can be seen in the truck test data. The
velocity of the truck tends to oscillate about the desired velocity.
This is probably due to the equations presently being used in Sub-

routine THRTTLE. The throttle setting is governed by the equations

DLTRAK = {1.0 - cos[(w)(DIFVEL)(.25)]} (DLTTIM) {46]
(31.0 - TIMINT)
and DLTTIM = (471
31.0

where DLTRAK = change in throttle setting,
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and DIFVEL = variation of the truck velocity from the allowed velocity.
Equation [46] provides greater throttle movement as the velocity of
the truck (VORVEL) deviates more from the velocity allowed (VELALL).
The throttle is either opened or closed completely when the variation
in velocity (variable DIFVEL) exceeds two miles per hour. Equation
[46] Timits the change in throttle setting allowed for longer time

intervals. The present throttle setting (RAKSET) is calculated by
RAKSET = SETLST + DLTRAK (48]

where SETLST is the throttle setting for the previous time interval.
The above equations could be changed or modified to prevent the
present ve]ocity_variation. By reducing or eliminating the above
anomaly, the number of time intervals required will decrease. This
will occur since the time interval is a function of engine speed varia-
tion. (Engine speed is, in turn, related to the road velocity by the
overall gear reduction). A saving in computer time and possibly, an

increase in program accuracy will also result.

C. Suggested Methods for Validating the Program

There are two possible methods that can be used to validate the
computer program. One method is to run tractive effort tests on
various trucks and compare these results with the data obtainéd from
the program. The other method is to compare the program data for this
Simulation Model with a program whose accuracy has already been veri-
fied  (Such as the Cummins Vehicle Mission Simulation). The second

method would probably be the most economical of the two.
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It is strongly recommended that this program be validated before
it is used to simulate truck performance. Only then can this analyti-

cal model be used with confidence.
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Appendix 1.

FOQOG<AM TSTTRK
REAL MPLA, LENG
FLOMAON ZENGEAR/
CUMMON /TIREIN/
LOMMCN /WEIGHT/
COMMON ZATMEND/
COM4NN /TONFIG/
COMMON /TRANSM/ NOHGEAR,
COMMON /2AVT/ €S CVe C
COMACN ZALTGRHZ YMP L3310,
VORADC?EC0), ROZ30),
COMMACN /HORIZ/ HAP(2OT),
HASED (L), MPLACIHS),
COMMON /TRAFC/ SPDLMT
COMMON /FUTLIN/ ASFS (20,
COMMCN /TREMYS/ 3SER(3)

ENGINE ()
TIRRIM(T7)
GOW

U THER(S)
WIDTH,

COMACN /TKOFS/ TIM(2lu)s TSFOD

23)
)

COMAGN 7/ ZATE/ TIME(21,2
FXHAST(20) s TOTIAZ (2L

287 IN O JATA

REAN 17, NCURVE, NVERT,

FORMAT(ISX, 1247y I3.7¢F2,

READ 27, (VMP(I),y GR(I),
I=1NVERT)

FARPMAT(5F1245)

READ 23, (KMP(J). HRATZ ()]
MELA (DY, J=1,NTURVE)
READ 2, CS, LV, CP
FORMAT(2F8.6, FRB.2)
RPTAT 4y (WETHER(KY,

Fyw 48T (5F>41)

3TAY 51, GOW,e WINTH,

FAI=4aT{F4,1s 2F5 .2,

READ Bie (ENSTINE (MY,
(2°Lcostl), I=1,2)

FS.3)
M=1,

HETGHT,
AXLRTOC,

K=1,

HEILG
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Cony of the Computer Program

(INFUT,0UTPUT)

BHPMAX(23), DRLOSS(2)

’

CRAGCO
GEARNDI(LS)

GRI3CL), LENG(330),

NYFERT

HRAD (33D,
NCURVE

HCURL(33U),

70)

UMINT

2300,

- Z

DIESEL(20),

4 T -

’
TuT

SEOLMY

G)

VCRAD(I), RCI)es LENG(I),

HOURL(J)y HASPO(I)

’
5)
HT, BRAGCO

9)e (BHPMAX(N), N=1,20),

FIRMAT(IFE Wi /1 oF64J/710Fh./2F6e3)

2240 77, (TIRRIM(O)), J=14F)
FORPYAT(EFLD W)
PEWY R, NJIGTAR, AXLRTD, (GEARPMO(K), X=1,NOGEAZ)

FARMAT (L2, x+11F5,42)
90 3" M=1,.2t

PZA) 1'ds (USFCOMyND,
FORAAT(L2F5.3)

READ 1135, (RSEZR(ID,
FORMAT(3FL041)

Nz=1,70)

I=1,3)



STAPT TRUCK SIMULATION
CALL TRKDOPS

cRINT JATA

TEALT = 0
CALL OLTPUT (HVERT, LEXIT)
STOP

FENQ

74
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SURRQU TINE TRKOPS

DIMENSION DTAINI(G)

REAL LENG, MPLA

INTZGER OLJGFR, OLAIHSC

COMMCN /ENGFAR/ ENGINE(3), 3HPMAX(2]3), DRLOSS(2)

COMMON /TIREIN/ TIRRIMIT)

COMMON /TREM4S/ BSER (3)

COMMON /WEIGHT /7 GCW

COMMCN /ATMCND/ WETHER(S)

COMMAN /GUNFIG/ WIDTH, HEIGHT, DRAGECH

FOMYON /TKANSM/ NOGEAR, AXLRTO, GEARNO(15)

COMMON /ALIGN/Z VHMPL3GL), GR(3C{)s LENG(300),
JIRANDCW 0,y K(Z?00), NVERT

COMMON /HOPIZ/ HMP(30C), HRAD(307), HCURL(23D),
HASPED(300), MPLA(33C)y NCURVE

PROGRAM INITIALIZATION ‘
DATA ISLGT2, INTLIZ, KFRSTM, KN3TSP, KIRAKE, LWRGER,
NEWSZC, MOHSEC, NOYSEs, HLDDST, TRKIST, VODIST,
FREQST, VACCEL /5*0, 3*%1, 2*U.3y 1530.0y 2.1937/

UNIT CONVERSION CONSTANTS
AGONET 528%.C 7/ 3610 .0
BCUNST 1.0 / ACONST

ou

CUNSTANT FOR AIR RTSISTANTT CALCULATICN

AREKTS = [ ,L44259° ¥ JRAGCO * WIOTH * HEIGHT

FO? EMISSION CALCULATION

SUMSRT = (2SER(1) ¢ 3S3R(2) + BSER(3)) / 3J6ul.L

TRUSK MAXIYUM VELOCITY
TRKMAX = (ENGINE(7) * 67,31 / (AXLRTO * GFARNO(NOGEAR)
= TIRRIM(L))

LIMITS FOr BSFC MATRIX

LOWER RPM

LTL2EY = LFIL(ENGINE(S) / 1033.0) = 1

UoPER RPM

LTURFM = IFIX((ENGINS(7) - ENGINT(&) + 10C.0) 7/ 1C0.C)

HORSEPIWER CORRECTINN FACTOR

QARIFK = 2943 /7 (WETHER(4) = WETHER(S5))

TEMCOFK = (LT «0 ¢ WETHE2(2)) / 545.0) ** 0.7

CMGINE(Y) = BARQFK * TEMEFK

ENGINE INERTTa, FT-L3-SE3-5t0

FINRTA = (4,0 + (0.30G012 * ENGINZ(1) * ENGINE(1))) /
32,474
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CALCULATE PI
PI = 4,0 * ATAN(1.0)
PIZ = PI * 2.7

TIRS RCLLING RADIUS, FT.
TIRRIM(7) = 5280.0 7/ (PI2 * TIRRINM(4))

CONSTANT FOF CALCULATING VEHICLE EFFFCTIVE WEIGHT
CEFFWT = 32,174 / (TIRRIM(7) * TIRRIM(T7))

TIRE MOMENT OF INERTIA, L3-FT=-FT

TONSHNT = (02822 * ((TIRRIMIL) & TIRRIMBY) /7 12.0))

TINRTA = (TCNINT # TONSNT * TIRRIM(2) * TIRRIMI(S)) /
324174

TRUSK MINIMUA BRAKING HUORSZIPOWER
T3P = 1247 + (L4 ¥ GOW * Ueuul)

FINY INITIAL VELOCITY OF TRUCK (JELALL)
VELMAX = TRKYAR

FInND INITIAL VELCCITY ALLOWED
CALL ALLVEL (NOVSEC, TRKXMAX, VFLALL)

STLIST INITIAL GFAR (INGTA=), CALCULATF OVERALL GFAR
RIOUCTION (TOT2EIY AND ENGIME SPEZD (ENGRPW)
SALL GR3LCT (LWRGER, NCVSEC, VELALL, NOG-AR, IFSHFT,

TNGZAR, TOTRED, ENGRPM)
IFSHFT = ¢
PPYLIT = ENGRPM
VoPYIL = VELALL
VELLAT = VELALL
GO To 2217

AEGINNING OF TRUGK OPERATION LOOP
IF (NEWSIC WNE. 1) 60 70 223

IF A NEW VERTICAL =040 SFCTION (NDVSYC) IS eNTERED
(MFUWSEG = 1), FIND VELOCITY ALLCWID (viLatL)

NOVSEC = NOVSEC + 1

IF (NCV3EL o5T. NVERT)Y 60 TO €T3

CALL ALLVYEL (NOYSEC, TrKMAX, VELALL)
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VODIST = &€

FTMY LONGTH OF TIME INTERyAL (TIMINT)
200 CALL VOTTIMFE (ACONST, INTLIZ, RPMLST, NOVSEC, IFSHFT,
¥ \ORVEL, VELALL, ENGRPY, VODIST., VHDIST, TIVMINT)

FIND REQUIQED WHEEL HP TC MAINTATIN CONSTANT SPEEN
TWHLH?)

CALL WHLYHP (ARFKTR, VOJIST, NOVSEC, VORVELy EFFGRD,

¥ THHELHYP)

FIM3 MAXTIMUM ENGINE HO (AVL34P) AND ENGINE FRICTIGN HP
(AVLFH?)
CALL UMACHE (LTLPPM, LTURPM, ENGRIFM, AVLEHP, AVLFHE)

IF (INTLIZ +&Q. 1) G) TO 33

ESTIMATE INITIAL THRITTLF SETTING DURING THE FIKST
PRCGRAM LCOP

SETLST = (AVLFHP = TWHLHYP) 7/ (AVLEHP + AVLFHP)

IF (SITLST oLTe 243 STTLST = (o3

EINT MAXIMUM VELOCITY ALLOWFO FOR THE PRESENT CONDI-
TICNS (VELLMT)
TL2 OVELLAT = AMINL(VELALL, VELLMT)

FIND FRESENT THROTTLE SETTING (RAKSET) ANO PRESENT
CNGING GROSS HORZEPQOWIR (ENGEHP)

fALL THRTTL (PI, IFSHFT, VACCEL, SETLST, AVLBHF,

*  AJLFHP. VELLWMT, VORVEL, TIMINT, RAKSET, KBRAKES.

*  ENCBHP)

CALSULATS FUFL CANSUMETION (TFKSFC) AND TRUCK
EMISSICNS (TKEMMS)

FALL DIESEL (LTLRPM, LTURPM, SUMPRT, ENGIPM, ENGIHP,
* TIMINT, TRKSFC, TKEMH5) )

FIND FRe3eNT ACCELERATION RATE (VACTZIL),y TRUCK
VTLOSITY (YORVEL) aND DISTANCE TRAVELED (VKDIST)

VELOLD = VORJEL

CALL VELOST (ACONST. 3CONST, IFSHFT, K3RAKD, ENGHHP,

*  OAK3:T, VELOLOs. CSFFWT. EINPTA, TOTREJ, TINRTA,

* NOVSZC, TIMINT, TWHLHP, YAGCFL, VELNEW, VHOIST)
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FeOO<C T2UCK DATA AN CHFCK FOX THE £43 9F THE SECTIC
TRKIST = VODIST
CALL NTAXFR (RCONST, NIYSECy IFLGTR 4, KNSTSP, LWPGER,
* YZLALLs VYELMAX, HLDIIJS3T. TRAKL3Ty NEWSEZC,y VELOLD,
*  YSLNFW, VELLMT, VYAGCFL, TIMINT, VHDIST, TRKSFC,
*  TKgMuS, NTAINI, VYO3OIST. VORVEL)

FHENK OR=SENT EINGINE SFETD AND CHANGS GEARS IF
REAUIREE
OLDGFR2 = LNEFAFR
CALL 52SLCTILWRGER, NOVSZC. VORVIL, NLOGER, IFSHFT,
*  [NGEAR, TOTRED. FNGRPM)
IF (IFLGTR 0. 1) 6 TO <ol
OLOHSC = NOH3EC

AHEGK FO= £0S5SIZLE DONNGRADE AHEAC

CALL OWNWIL (ARFKTR, TKB3HP, LTILRFY, LTURPF, PREDST,
*  INGTAR, NOJSEC. OLIHSC, VHIIST, VOIDIST, VORYEL,
*  [4TLIZ, SLANST, VELMAX, HLODST, NOHSEGC, KNSTSP.
* JFLGTR)

IF (IFLGT? +320. 1) GJ TO wud

IF (INTLIZ JNE. 1 <AND. XNSTSP ,c0. 1) GO TO Lol

CHEAK FOX ORI ZONTAL GURVE

SALL HK73RV (NCVSEC, JLDHEC, VOUIST, VHOIST, SLWOST,
*  ySLMAX, HLIOST. NOASEGC, IFLGTRY

IF (IFLGTR LN 4) GO TO 45D

PREPAKI TO SLOW 704N IF 4 JOWMGRACE OR HORIZONTAL
CUSRVE IS APPROACHING

CALL HLDTRK (KFR3T4, ACONST. BCONET, LTLRPM, LTURFM,
¥  [L3IFKT2, SUMPST, 3SLWOST, VOIIST, NOVSTC, NFWSEG,
= YoLMAX, INGEAR, NTAINT. AVLEHP, RAKSET, ENGRPM,
¥ TATEEQ, IFSHFT. YO2VFL. VACCELy KNSTSP, K3RAKEy
¥ IFLGTR)

IF (INTLIZ +5Q. 1) GO 70 100

INTLLIZ = 1

a0 7O LG

RETURAN

ENT
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SURMUTINE ALLVEL (NOVSED, TRKMAX, VELALL)
RZAL LENG

COMMCN /TRAFC/ SPDLMT

COMAON ZALIGHN/Z YMP 330D,y GROTLED, LENG (300),
*  YCRADL D). RE3IT5), NVERT

FIND 3PESU OF THE TRAFFIC 5TREAM {sPD)
AALL STRMSPD (NUVSFC. 3PT)

COMPART TO THE TRUCK MAXTHAUM SFEZQC JUR TO GEARING
(TRKMAX) AND THE FOSTED SPEEC {$PILMT) ANJ OUTPUT
THE LEAST OF THEST 43 THE BLLOWELD VELOCITY (VELALL)

VELALL = AMINL (TRK¥AX, SP3, SPLLMT)

RETYRN

END

-~
-

QUTSUT CONSTANT STRIAM 3FEl)
SU3RVUTING STRMSPD (40YSET,
r:pr) = 6;‘ l('

DETUIN

END

5P2)



O

DO

SUNIDYTINE VOT
IFSHFT,
* TIMINT)
REanlL LENG
COoOMA40N ZALIGN/
= YIRADLZAL),
IF CINTLIZ .21
IF {(IFSHFT «NE

VORVEL

IME

VHMPA300),

L0,

. o)

(ACONST,
JZLALL,

80

INTLIZ,
ENiGRPM,

DD‘ﬂLST'
vONIST,

NOQVSEC,
VHGIST.

GRE3CUD)
HUERT

LENG (300,

G) TO &
o 1) 5O

T L%

IF &4 GSAS CHANGE Is ACCOURING SET TIME INTERVAL EQUAL
T2 ONE STCONC
5 TIMINT = 1.0
0 TO 60

LECITASE TIMe INTERVAL IF TRYCK IS GCING TOO FAST
1f IF (VORVEL «6T. VELALL + 2.4) GO TO &U

9EOUSE VELOCITY IF APPROACHING SNC OF VFRTICAL S57CTION
IF ((TIMINT * VOPVEL * ACOUST) 4GE. (LENG(NOVSEC) -
* (MOQIST ¢ VHOISTI)) 50 TO ot
IF (REMLST 5T, INGRIM) 6O TO 21
CNGRPM = (ENGRFEM = RPML3T) / RPMLST
GO TN 3y
>° CNG2EM = (PPMLST = ENGRPM) / ENGRFV
IF GHANGZ IN ENGINE SPE<) IS GREATER THAN FIVE
PTOCENT, FIoUGS TIME INTERVAL
35 IF (CNGRPM 6T Nei5) GO TO 4
IF CHANGE IN ENGINE 5PEED IS LESS THAN THWO PERCENT,
INJREASE TIME INTERWAL
TF (TNGREY JLT. 0.82) GO TO 5C
GO TI 5
LOTIMINT =
IF (TIMINT
6GJd 7D 68
53 TIMINT = TIMINT * 1.5
IF (TIMINT o6T. 30.3)
EC PEMLST = ENGRPM
PITI2N
FNC

TIMINT * J.5

JLTe 1.7 TIMINT = 1.2

TIMINT = 31.0
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SUBRCUTING WHLEHD (ARFKTR, JVOUIST. NOVSEC, VORVEL,
* EFFGRD, TWHLHP)

REAL LENS

COMMOM /ZTHGTAT/ FNGINL (), BHFMAX(ZJ), DRLOSS(2)
COMAGN JCONFIG/ WIDTH, HASIGHI, 0RAKGC0

COMACN ZATHONN/Z WETHER(S)

COMMON /24VT/ Cos CJy CP

COMACN ZALIGHN/ yMP(330), 5GR(3u0), LENG (3C0),

# 0 ynzAN(IAL), RL3uu), NVIRT

COMMON /WEIGHT/ GCW

C
C CALCLLATS RCLLING RESISTANCE
OOLIES = GLOW * (0SS + (0V * VORVEL)) * CP
e ;
¢ CALCULATE AIR *ESISTANCE
FEFJEL = VOKVEL + WETHER(2)
ATRIFES = AIFKTR * (WETHER(4) / (459.67 ¢ WETHER(3))) *
% LFFYEL ¥ FFFVEL
N
C CALCULATF PRESENT 6RADF
LFFGSN = (VODIST * 2(NOYSEC))Y + GF(NOVESED)
»
C CALNULAGE GRAUF RESISTANCE
GRIRES = GCW * EFFGR)
(‘,
n FIND TOTAL QS3ISTANGCZI, L3S
TOT253 = - (SOLRES ¢ AIRRES + CGRIFES)
C
C FINN TOTAL WHFE:L HOR3IEPOWER PEQUIRED
(‘ .

TWHIHE = (TCTRES * YOPVEL) / 375.1
BE TN
£
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CUSPNUTINE VMAXHO (LTL?PM, LTUPPM, ENGRPM, AVLBHP,
x  AVLFHR) |

PEAL MECHEF

COMYON /TNGEAR/ FNLINE(I), 34PMAX(Z)y DRLOSS(2)

FIND LOWER ENGINS 3PEEJ DATUA FOINT
LNWPEM = IFI( (((FNGRFV - ENGINEC(E)) /7 130.0) + 1.0)

FINO UPPEE ENGING SPEEC DATUM PGINT
JUP2PH = LOWIPM + L

IF (JUoRPHM L5T. LTURPA) 50 TO 10

IF (LOWR®PM .LE. 1) 50 TO 2¢

ROMLCW = FLOATU(LOWRPM ¢ LTLRPM) * L)

AVL3HE = (3HPMAX (LOS2PMY & (((BHPMAXTJUORPM) -

JHEMAX (LOWDP™) ) * (SduREM = FPALOW)) 7/ 1C6.01) *

¥ INGINE(S)

GO T2 3{

AVL34F = L.l

AVLFHP = £,

GO D 4y

AVLIHE = BHEMAX (L) * ENGINE (9)

CALZULATE ENGIN= FRICTION HP
GOEFST = 2...8G3 = (3.75948E-03 + (3.33129E-05 *
¥ OSNGREM) ¥ EZNGRPM)

BHEL PSN = (AVLOHP * 732.)2.0) / (INGINE(L) * ENGPPM)
MECHSF = 1.0 / (1.7 4 (COSFFT / 3MEPEND)
AYLE4S = (2,” = MECHEF) * AVLBHP

RETURN
FND
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SURRAOUTINE THRTTL (PT, IF3HFT. VACCEL, SETLST, AVLBHF,
*  AJLFHP, JELALLe VORVEL. TIMINT, RAKSET, KBRAKE,

¥ ENGEBHP)

()

IF (IF3HFT .0 1) G 70 73

THRAOTTLE SETTING IS MOT NHANGFLC ODURING GEAR CHANGE

C pcayYnE TrrOTTLE SETTING IF AGCCELZRATION IS TOO GREAT

IF (VACCZIL oLT. 2.1937) 5C Tn 13
PAKSTT = SETLST * (244373 7/ VACGEL)
IF (SAKSZT oLTe 2.42) RAKSFT = (W?
GO0 TN 70

[ NG Ne]

TNTERVAL
1C NLTTIM = (31,0 = TIAINT) /7 31.°
DIFVIL = VELALL - VIRVFL
IF (DIFVEL «GEs 264) GI3 TO 29

THRATTLE SETTING IS AFFESTED BY LFENGTH OF TIME

G THROTTLE STTTING T3 AFFICTEN BY THS NIFFERSENCE BETWEEN

G TIUCK JELQSTTY AND ALLOWED VELOCITY

IF (TIFVEL JLEs =2.37) GO TO 5i
NDLTRAK = (L4 = COS(2L * DIFVFL * 0.425))
IF  (OIFVFL JL7Te ueld) GO TO &F
PAKSET = SETLST + DOLTRAK
IF (2AXSST JLE. 1.3) G0 TO 3¢

20 RPAKSET = 1.C

30 K3RAKE = {
Go To 70

L OAKSET = SETLST = DLTRAXK
IF (SAKSET oGS 0.3) GO 7O »h

En RAKSET = (.C

6" KERLKE

G SIGNAL POSSTIIILITY NF 3IRAKING
7L SETLST =

¥ DLITIM

r CALCULATE THS PRFSINTLY AVAILABLE SNGINE GRPOSS HP

ENGAHP = (RAKSET * (AVL3IHP + AVLFHFE))} -
RETURN
END

AVLFHP



SURKCUTINE DISSEL (LTL2P4, LTURPM, SUMFERT, ENGFPM,
¥ CNGIHP. TIMINT, TRUSFO, TKEMMS)

COMACN ZENGHAR/ FNSINT(I), IHPMAX(2u), DRLUSS(S)
COAMMEN /FUELIN/Z 35FC(207D)

IF (SN°3HF oGT. 0.3) GO 7O 1€

TSKIHP = =FNGBHP
6o T 2§
1, TRKIHP = ENG3HF
C
¢ FOR2CCT ENGINE GRASS HNRSIPCWER TO STANNARD CONDITIONS
26 CORRHP = TRKJHP / ENGINE(9)
C
C FINT LOWER EHGINE SPEEN JATUM POINT
LOWRPHY = IFIX({{FN3ROM = ENGINE(S)) / 100.5) + 1.0)
~
C FINJ UPPER ENGINE SPEEC JATUM FOINT
JUPOEM = LOWRFM + 1
C
C FIND LOWZR [NGINS H9 DATHM POINT
LOWIHP = LFIK ((CORBHP / 15.0) ¢ 1.0)
C
¢ FINY USPER ENGINF H® D4TUM FOINT
IUFIHP = LNW3HF + 1
C
¢ INTZ<FOLATE TU FIND ASFS WITH RESPF:ECT TO ENGINF SFLED
REHLOW = FLOAT ((LOWR2M + LTLREM) ¥ L0J)
AHELOW = FLOAT(CLOWBHP = 1) * 10)
C
8 INTERECLATE 7O FINI 3SFC WITH PESFECT TN ENGINE HF
IF (LOWROM JLE. 1) 67 TO 3u
IF (JUPREM Gt. LTUVM) 60 TO 40
CONSNT = (SNGRPM = ROMLOW) * (.31
RSFLLW = (CONSNT * (3SFC{JUPRFN,LOWIHP) = B3FC(LOWRPM,
® LOW24P))) + SSFC(LOWRPY,LINEHP)
0SFGHT = (CONSNT * (33FC(JUP?FEM, IUFBHP) = 3SFC(LOWRPM,
*  TUPAHP))) + BSFCILOWSRM, TUPBHP)
Gn T3 5%
31 SSFOLW = ASFC(Lly LOW3IHO)
ASENHI = GSFO(L. IUP3HP)
Gu TJ 3°
L. RSEALW = 85FC(LTURPY, LOWEHP)
ASFAHI = ASFOCILTUR? My IUPIHP)
Er TOTIIC = ((COPBHP = IHOLOW) * L.l * (3SFCHI = ESFCLW))
* ¢ I3FCLW
c
C CALIULATE AMOUNT OF FUIL CONSUMMIC IM GALLONS
TRK3EC = (TOTESL * CIRSHO * TIMINT) / 25632.0
.
C CALNULLATE GASECUS EMISSIONS IN G2AMS

TKIAMS = SUMPRT ¥ [£QP3HO * TIMINT
ATTURAN
g8
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SUAROUTINE VELGST (ACONST, BCONST, IFSHFT. KORAKZ,
¥ ENGIHP, RAKSET, VFLOLD, CEFFWT, EIMNITA, TOTRID,
#  TINOTA, NOVSECe TIMINT, TWHLHP, VACCZIL,s VELNEW,
¥ YHIIST

Re AL LENG

COMACN /ENGFAR/ FNGINE(?), 3IHFMAX(24), D2LOSS(2)

COMMON /WEIGHT/ GCH

COMACN ZALIGMN/ VMP (3380, SRE3CC)y LENGU3LC),
¥ YSRADL3GG),, RO3CC) MVERT

IF (IFSHFT .&R0. 2) GI TO 1u

AVATL_A3LE WHEFL HP I3 7220 JURPING A GEAR CHANGE
AVLWHE = (.0
GO TO 4@

FIN)Y PART TH20TTLL DRIVILINTG [FFICIENCY
10 IF (RAKSFET .5T. 2.39) 52 T3 246
BTHZIFF = £.5
GO TO G
20 PTHIFF = DRLOSS(1) * (1.7 - (LURLOSS(2) * ((1.C 7/
*ORAKIET) - 1.0
IF (ETHEFF LT, Ye5) PTHEFF = (.5

CALCULATE THT HP AVATILABLE AT THE WHEZLS
27 AVLWFD = (EMNGBHP - EAGINT(3)) ¥ PTHEFF

CALCULATE ThHT ACDELERATING FORCE. L3S
LI ACGFRC = (AVLWHP + TWHLHP) ¥ (275,C / VELOLD)

CONVERT TrRUCK VELQUITY TO FT/SEC
TRKYEL = VELOLG * ACONST

CALPULATE TRUCK SFFECTIVE WEIGHT CUE TO INERTIA. LAS

EFFAGT = GOW ¢ (NEFFAT * ((SINSTL ¥ TOTRED * TCOTRED)
¥ + TINRTA))

1F (VCRAIINQVSEG) LT, 2)1¢u.L) GO TO 63

CALOULATS THS NEZW VELOSITY IN MPH AND OISTANCE
TRAVELED O W CONSTANT GRADFE

FAGTN® = ((ASCFR0 * 2,174) / EFFWGTY * TIMINT

VELNTW = (TRKYEL + FACTOR) * FHCONST

VHOTIST = (TFKVEL ¢ (FACTOS * £,5)) * TIMINT

60 10 7¢C
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oM

86

CALCULATE NEW VZLOCITY ANN DISTANCE TRAVELED ON A
CHANGING GRACE
€0 CONSTA = (ACCFRL ¥ VYCORAJINUOVSFC)) / EFFUWGT
CONSTY = SOKT(324174 / VORAD(NCVSEC))
FONSTC = CONSTR * TIMINT
IF (CCMOTO JLTe 1.57) GO TO 66
PRINT ha, NOVSEC
BL FORMALT (244,#ERPOP IN TIMC SPECIFICATION IN SECTIONZ,
¥ P2¢. I
GO TY 1a”
&6 CONSTD = LOS{CONSTSD)
CANST = SIN(CONSTO)D
VEUNEW ((TRKVEL * CONSTD) + (CONSTA * CONSTE *

[T

* (CONG1Z)) * BCONST
VHOIST = CONSTA = (3ONTTA * CONSTO) + ((TRKVEL /
* CONSIB) * SONSTE)

CALSYULATE THD PATF NF AJCSLERATICN, MFH/SEC
7C VAGREL = ((UJELNTW * YSLNZW) - (VELOLD * VELOLD)) /
¥ (2.0 ¥ VHRIST)) * ACONST

CHECK THROTTLF STATUS AND SRAKE IF REQUIRE)
IF (KHERAKF NE. 1) 62 TJ 30
TF (VANGEL +LF. M) GO TO 90

VELNIW = ¥FLALD = 2.1
VACTEL = (VELNEW = VILOLO) 7/ TIMINT
IF (vangsl HZ. =3.30) GO 70 &L
VASSEL = =3.47
VELNEW = VYELOLC + (VACCZL * TIMINT)
G, VHDIST = {((VELOLD # (C.5 * VACCEL * TIMINT)) * TIMINT)

* ® OACOINAT
ar IF (VYSLNZw 5T <.0) GO TO 11°f
PI4T Lul, NMNOVSED
FORMAT (lu¥X, #THE TRULK HAS STCPPEN IN SECTIONZ, ZX.
= I3
GO TO L4
110 IF (UEDIST 57+ 31.3) GO TO L3¢
PRINT 124, NJIVSED
120 FORMAT(LifX2NEGATIVE PRIOGRESS IN SECTIONZ,2X,12)

[®Y
L4
3

GO TN 144
13. RETURN
1al TIEXIT = 7

CALL QuUTeUT (NUVSEC, IRXIT)
END
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SUIROUTINE OTAKPR (3CONST, NOVSES, IFLGTRe KANSTSP,
*  LWRGERP, VELALL. VELMAK, HLODST. TRKDST, NEWSLG,
¥ ySLOLD. VELMEW. VELLMT, VACCEL. TIMINT, VHOIST,
¥  TOKSFC, TKFMMS, DTAINI. VONIST, VORVEL)

REAL LENG :

DIMENSION TKDATA(L), DTAINI(6)

COMMCN /TROF3/ TIM(240)Y, T3P0 (2C3), HNUMTIM

COMMAN ZALIGHN/ YMPU(32C), G(30L)s LENG(30D3),
*OUCRADCICT) .y RUBGL). HVERT

COMMON /TRAFZ/ SPDLMT

TKDATA(L) = TIMINT
TKDATA(2)Y = VYHOIST
TKDATA(3) = TRKSFC
TKOATA(Y) = TKEMMS

INITIALI?E VARTARLES IF AT BEGINNING OF NEW SECTICN
IF (NMEWASEC «NFe 1) GO TO LL '
DTAINT(3) Joe
OTAINT(W) 0.0

IF (IFLGTR +&0Q. 1) GO TO 5

1

"

NUMTTIM =
NFWSZC = ¥
VODIST = (.C

CALTULATe DISTANCE TRAVELED TN PREZENT SECTION
JONIST = TRKIST #+ TKIATA(2)

CHENK FOR EMD GF SZSTICH
ENDSEC LENG (NOVSECY - VODIST
VOoRvuEL VELMEW

IF (END3SC +6Te Se7°) GO TO 33

(11

CoRzTAT DaTA IF AT ZNC OF SECTION

MEWSEC = 1
CORENT = (TKIATA(2) + ENDSEC)/ TKLATA(2)
J0 231 =1, &

TKDATALCD) TKSATACLY * CORECT
CNNTINYEL

VORVEL
VODIST

VELOLD ¢+ (VAGCCEL * TKDATAUL))
LFNG(NOVSEQG)

"Wl

TOANSEER UaTA TO A¥RAY ITAINI FOR SUBROUTINE HLDTKK
DTAINT(L) TKDATALL)

NTAINTIE2) TKCATA(2)

DTAINI(3) JTAINI(R)Y +« TXKIATA(S)

JTAINT(Y) JTAINI(4) + TKDATA(4)

DTAINT (3) = VODIST

o uon



DO

N

(a3

45

Ut

J

(]

ALOTRK IN CONTROL
20e 1) 5O TO 52

PR

RETHYRN IF
1F (IFLGTR

REGU~] NATA

NUMTIM = NUMTIM + 1
TIMINUMTIM) = TKDATA(1)
TSPAUINUMTIMY = (TKOATA(2) /
IF {NedASZC «NF,. 1) 692 T2 &4J

QUTPUT JATA [F AT ZND )JF

CALL TRKAUT (MNCVSEG,

OTATINI(3),

88

(IFLSTR = 1)

TKOATA(L)) * BCONST

RIAND SECTION

JTAINI (b))

IF (XKNSTSP WNE. 1) 63 TO 54

KEEF TRACK COF HORIZONTAL CURVE ANC JOWNGRADE SESTION
LENGTHS

VELLYT = vFL1AX

HLUAJST = HLDDST - TKIATA(2)

IF (VELMAX LT. SPILAT) LW=GER = 1

IF (HLODST «GEe« J3.C) GO TO 59

KMSTCSE = ¢

YEZLLMT = VELALL

LWRGER = ¢

REUTURN

END
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SYRICYTINE GASLCT (LWRGER, NOVSEZ, VORVELy NUMGER,
IFIHFT, INGELR, TOT®:Id, ENGRFM)

COMYMON /UNGEFAE/ THGINT(9Y. 3HFMAX(23), DRLIJSS (2)

COMAON / TRANSM/ NOGEAR, AXLRTO, GEARNO(L15)

IFSHFT = &

INITGR = MUMSER

CALCULATT SFFSENT ENGINA SPERD

catLt FROHG (VORYUIL, NUMGER, TOTRED, ZNGRPM)

UPSHIFT LF FEQUIRED

IF (SNoROM T, ENGINF(5)) G0 TO 4T

DOWNSHIFT IF REQUIRED

IF (ENGRPM 57, ENGINE(WY)Y GO TO cd

NUMGER = NUMSGER - 1

IF (NUMGER LT, 1) G T3 3¢

Call GERCHG (VORVEL. NUMGER, TOTRED, ~NGRP M)

IF (SNORPM L7, ENGINE(4)) GO TO 13

IF (LW2GER LEQ. 1) 60 T0O 64

GO T2 147

NUMGER = 4

5C 70 91

NUMGER = NUMGFFKF & 1

IF (NUMGFER o6GT. HNOGEARY 6O T0 G

CALL GERDHG (VORJTL,y NUMARZR. TCTREU, SNGRPM)

IF (SN5EPM . 6T. ENGIANE(SY) GO TQ L

Gn TN 10

HUMGED = NUGDAR

FALL GERSHG (JCRYEL, NUAGER, TCTRED, ENGRPM)
IF (SNGRPM 6T, SHGINE(7)) 6O 70 110

G0 TO 147

USE LOWEST GFAK IF ON JOWNGRAGF Gk CURVE
NUMGEIR = HUNELR -1

IF INULAGE= LLT. 1) 60 TO 3¢

CALL HIPIHA (VORMVEL, NUM3E?, TOTRED, ENGR?ZM)
IF (ENGR2 LT, ENGINF(3)) GO TO £4J

NUMGZR = NUMSPFR + 4

CALL GT8CHG (YORVEL, NUMGER, TOTRFL, ENGRPMI
INGSAR = [UMSER

SIGNAL IF A

IF (INGEAR ilT,., TNITGR) IFSHFT =1

RETURN

CRINT 123, NOVSEC

FORMAT (cX,ierOo IN GZA? SELECTICN IN SECTION?Z,ID)
IFXIT = 9

CALL CcuTeyrs
ENQD

SHIFT HAS

(NQVSEC,

DCCURKRID (IFSHIFT = 1)

I=X1IT)

89



SUR2IUTINE GERRCHG (VIPVEL, NJIMGER, TUTRED, ENGKRFMY)
COMAON /TRANSM/ NO;S4R. AXLRTO, CEARNS(1E2)
COMACN ZTIREIN/ TIRRIM(IT7)

CALCULATE NEW GEAR RIDYCTIUN
TUT’FF = AALRTO ¥ GEARMI{(HNUMGFR)

OLLATE NEW CNGINE SFEFD
£EM =

DA
V (VORPVEL * TIRRIM(4) ¥ TQTRZO) / 6l.v

"“ u)f—

R
JRA

S R 2]
AJ

in A lTl O
e d
3

90
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SUA2QUTINE DAMHIL (ARFKTR, TKHERHP, LTLIPMy LTURPM,
PRIOST, INSEACS NOVYSLC, OLNHSC, VHNIST, VODIST,
JOSVEL INTLLZQ SLNDSTQ VELMAXY HLDDSTv NEWHSC,
KNSTS5Fe IFLGTR)

RZ4L LENGy MPLEL, L3TGRD

INTESG5 ILDH3C, ST<TSR )

COMMON ZALIGN/Z VMP(31iG)e GR(ZL{)y LENG(3US),
VORAD(3TL),y P03 e HVERT

COMMON /HCRIZ/ HMO(375), HRAD(ZIZIZ),y, HOCURL(30DG),
HASPC(IUG) e MEPLA(30D), NCURVE

COMMCN 7/ TRAFS/ SPNLAT

IF (INTLIZ NEZs £) GO TGO 5

TURPCUTINE INITIALIZATION

TATAIT = L.f

KMT35C = NUV3EC

FYEJST = PREJST &+ vHIISTY
DSTKPR = §.(

0 TO L0

IF NG NEW RCAD SECTION IS IMMINENT, RETURIN TC MAIN

PRUSGRAM
NSTKPR = DSTKPR = VYHIIST
LF (35TKPR W5T. Geud GO TO 140

TOTOST = VODIST

KMNT3ZC = NOV3EL + 1

IF (KNTSEC oLE. LSTSEZC) GO TO 140
NSTXFE= = §.C

CALCULATE LUK AMEAND DISTANCE
EYEDST = PRENST + JHIIST
IF (EYZDST LLFe LENG (NAVSEIC)) GO TO 149

CHECK FUR JUANGRANE AITHIN LNO0OK AKEZAD DISTANCE

IF (GR(KHTSFS) oLTe JeC +0Re RIKNTSEC) LLT. (0D
G 70 2L

TOTIST = TUTOST + LENG(KMNTLES

IF (TCTIST 57T TYZIOST) GO TO 143

KNT3=C = KNTSFC + 1

60 T3 140

FIND MAXIMUM GRADE 3ZCTICN ON COWNGRADE

20 LSTEGRD = vt

91
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STRTIGR = KNTSEC

IF (R{KNT3ZC) LT, Je5) GU TO &35

GEDMAX = GRIKNTSZC

NDSTGHO = LWt

G0 TO 45

GPAMAY = GRIXKNTSTN) ¢ (LINGIKNTSEC) * RIKNTSEC))
187G = LFNGIKNTSED)

IF {GRIMAX 550 LSTGRD) GO TO 51
LETGRD = GROAYAX

L3TO30 = KHNTIEL

NSTLST = DSIGRD

MNTSSC = KNTSEC ¢ ¢

IF (KNTSTC o56T. MVERT) 60O 7O 6L
IF (GRIKNTSFC) «LTe e ) GO TO 3
IF (QUKNTSEC) LTe 3.0) GO TO &i

FING THU 4AYTMUM ALLOWED VEILOCITY ON THE DOWNGRADE
VELMAX = VORVEL

NOGY=L {
LSTSEG KNTSEC - 1
CALL WHL3IHP (LSFXTR. D3TLST. LSTOSC, VELMAXy LSTGFD,

i

¥ TWRLHP)

AALL GRSLLT (L, LSTP3N, VELMAX, INGEAR, IFSHFT, NctDGF,

* REORED. REIEFH)

CALL VHAAKHP (LTLSPM, LTJRFM, FEO<EM, AVL3HP, AVLFHP)
AYRIAE = THKEOPHE & AVLFHD = TWHLAD
IF (8VY3RAP 57, J.23) GO 70 87
NOGYEL = 1

VEL4AX = VELAAX = Sl

GO TO 7¢

IF (NCSVZL .CN. 1) 60 70O 95

IF (AY3RYE LT, Jez) G0 7O 9o
VELMAX = VELYAX ¢ 35,)

IF C(JELMAA oLE. SPOLAT) 50 TO 7u
VEL40X = SPOLMT

GO 17 iu.

VELMAX = VELMAX = 5.

IF (NOVSFC WNE. 1) GO 7O 180

CALGULATE THE CISTANCE TO THE NDOWMGRACT (SLWEOST) AND
T4Z LENGTH NDF THE AR2ADF (HLDOST)
SLMIST = VOUDIST

31

GC TG 185

SAMI3T = VME(NCVYSES = 1) + VODIST
SLWIST = VMF(STRTGR) = S5AMOST
HLDD3T = YME(LSTSEC) - 54MOST
D3TXPR = HLLIST - EYZDST

IF (FME(OLNH3CY 6T, (SAMDST ¢ HLCIST)) 6O TO 13
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CHFCK FOR SFEED LIMITING HORIZCNTAL CURVES ON
JO0WNGRADE

IF (HRASPO(OLJIHSCY GT. VFLMAX) GO TO 120

VELMAX = HASPS (OLDOHSO)

OLDH4SC = UlDHSC + L

IF (CLLH3C LT NCURVFY GO TO 112

NEWHST = OLDHSC

IF (INTLIZ JMF. ) GO TO 135

VELMAX = AMINI(VELMAKL, 3FOLMT)
KN3TsP = 1

SLWIST = 0.0

G0 TQ Lud

IFLATR = 1

RETURN

£N)

THE

93
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SU3AICUTINE HRZCRV (NIVSIT, JLCHST, vOJIIST, VHDIST,
# SLWANST, VELMAX, HLONST . NEWKSC, IFLGTR)

RcAL LEND

INTFGER QLOKHSC

COMMON /HORIZ/ HMP(340) s HRAN(30Z)}, HCURL(3UY),
*OHASPO(300). MPLAC322), NOURVE

COMANN JALIGN/ YMP(3JGVy GR(3GC)y LENG(3I0),
¥ YTEAT(ANM), ROFIT), NMYERT

CHECK FOX HCRIZONTAL CURYES WITHIN LOOK AHEAD OISTANCE
TFEF (NCYUSED «MFe 1) G TO 1t
SaMI3T = vODIST
G0 70 20 ‘
15 SAA42ST = VMP(NCUVYSFG - 1) + VODRIST
20 15 (MELA(OLNHSC) «GTe (SAMIST + VROISTI)) GO TO 45

FINY LENGTH CF CURVE
HLDBST = HCURL(OLOHSN)

FIND Mak IMUM SPEED ALLIWED OM THo CHURVE
VELMAX = HASPD{OLDHST)

NEWHSS = ULDHSC +

IF (NFWH3C «LFe NCURVE) GO TO 3¢

NEWHSC = 0LDASC

FIND DISTANGF 10 GURVF
T, SLWIIT = HAP(CLIHYS3) = SAMDST
IFLGTR = 1

SETUIN

FND
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SUSR0UTINT HLNTRK (KF-=5TM, ACONST, 3CCONST, LTLFPH,
LTUSPM, ARFKTR, SUMET, SLWDST, VOJIST. NOVSEC.
NIWSEC, VILMAX, INGLA2, DTAINI. BYLPHP, RAKSET,
ENG=PM, TOTRED, IFSHFT, VOFVFL, VACCEL. KNITEP,

10

20

30

40

60

£ v K X

K3AKE, IFLGTRY
REAL LENG
INTEIGER OKETEN. OLDSEC

DIMENSION INTRVL(20), DTALNGI2044146),y SUMLOG(L),

* DTAIMI(E), LOGOTA(20,041)

COMMON ZALIGN/Z UMP(3N0), GROZ00), LENGEILM,
*  YIR4ADC300), R(3I00), MVERT ‘
COMYON /TROPS/ TIM(200), TSPD(200), NUMINT
IF (KFRSTM ,£Q. 1) GO TO 30

INITIALIZ: SUBROUTINF

DSTLOG = 0,0

NUMSEN = 1

INTNUM = 0

KFRSTH = 1

IMTYTL = 0

IF (NLWSEr JNZe 1) GO 70 10
KAGSEL = NOVIEHC + 1
OLDS:EC = K8BGS:ZC

GO 19 28

KEGSZIC = NQVSE~D
QLOS=C = NOVESEC
RETURN

RECOKE DATA FOR TIME INTERVAL
NTAINI(BE)Y = AYLAHP

IF (NOV3:C +EQ. OLASZC) GO TO 4O
INTRVLINUMSZC)Y = INTNUM

OLN3%0 = NOVSZC

NUMSZC = NUMSEC + 1

IF (HuMsec ,GT. 20) 5C Y0 200
INTNy™M = 0 ,

ITNTNUM = INTHNUM ¢ 1

IF (INTNUM LT, 40O) GO TO 200

DO 60 K = 1, ¢

JTALOGUINUMSZC, INTNUM, K) = DTAINI(X)
CONTINUZ

LOGITA(NUMSEC,TNTNUM) = INGIAC

ASTLNG = DSTLOG & DTAINT(2)

IF {DSTLOG +GZe SLWRSTY GO TO "”4Q0
INTOTA = IMNTDTA ¢ 1

IF (INTDTA LT. 40) RRETUYRPHN

RECOT0 DATA FOX FIFST 20 TIME INTERVALS
INTRVLCHUMSIC) = INTNUM

95
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KNTSZC = 1
INTNTA = 0
NUMTIM = NUMINT & INT=VL(1)
KUMINT = 0
GO TO =8
e KNTSZC = KMTSHEC + 1
IF (KNTSFT GT. 20) GG TN 200
K3637C = KBGSEZC + 1
KUMINT = 0
NUMTIM = INTRVLIKNTS:=C)
NUMINT = 0
HB INTOTA = IHTLRTA + 1

[F (INTDTA JGT, 20) GO TO 72

NUMINT = NUMINT + 1

KUMINT = KUMINT + 1

IF (NUMINT .GT, NUMTI™) GO TO 70
TIM(NUMINT) = OTALOG (KNTSFC,KUMINT, 1)
TSPICNUMINT ) = (DTALOG(KNTSEC,KUMINT,2) /
*  GTALOG(KNTSEC,KUMINT, 1)) * 3CONST

GO TD €3 '

70 NUMINT = NUMTIM

CALL TRKOUT(K3GSFCs DTALOGIKNTSEG,FUMINT,3),
¢ DTALOG (KNTSEC, NUMINT,4))

GO TO BG4

72 INTRSD = 9

"

NOMINT KUMINT
PESINYINCE RFHAINING TIME IMTERVALS
INTIVLIKNTSECY = INTRVLAKNTS=C) - KUMINT
74 NUMTIM = INTEVL(KNTSEC)
INTREN = INTRSO + 1
No 77 1 1y HUMTIM
no 75 J 14 6
KONUNTS = MOMIMT & T
JTALOSUINTRSO W14 J) = UTALOGIKNTSEC, KOUNTR,J)

76 CONTIMNUE .
LCGDTALINTESULI) = LOGDTA(KNTSEC,KCUNTR)

(A

77 CONTINUE

CNOMINT = D
KMTSEC = KNTS=EC ¢ 1
IF (KMTSOC JLZe NUMSZEC) GO TO 74
INTOTA = 20
NUMSZC = INTFESO
INTNUM = NUMTIM
TRETURN ‘

A0 INTRRVLINUMSSC) = INTHUM
IF (VOIVIL GTe VSLMAX) GO TO 20

RECOD NDATL IF TRUCK VFLOCITY 92CES NOT ZxCECD

ALLOWED

96
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KNSTSP = 9

CALL DTADMP (3GONST, K3GSEC, KFSTSC, NUMSEC, INT&VL,
* OTALOG, HOWSEC)

GO TO 17¢C

APAKE TRUTK IF VILOCITY EXC0IINS VELONITY ALLOWED
TOTIST = 0.9

O9STLOG = OSTLOG = DTALGGINUMSES, INTRYL (NUMSEC) ,2)
ENOVIL = (DTALOGINUMSEC, INTRYL (NUMSES) 4 2) /

*  LTALOGIHUMSEC,INTOVL(NUMECSR) 1)) * °CONST

PRKIST = SLWNST = DSTLNG

IF (2LKDST +LT. 0.0) GO TO 180

DECCEL = (CQVILMAX * VELMAX) = (ENCVIL * ENQOYEL)) 7/
* (2,0 * IFKNST)) * ACONST

W

IF (DECCEL oGre =3.00) GO 70 166

INTRVLOHUMSZS)Y = INTRVLINUMSEC) - 1

IF CINTEVL(NUMSEC) GZe 1Y GO TO 100

NUMSED = NUMSZC - 1

IF (NUMSEC LLT. 1) GO 7O 1830

GO 70 10°

CALL DTADMP (3CONST, K2GSEC, KFSTSC, NUMEBES, INTRVL,
* DYALCG. MOWSEQ)

8IKTIM = (VILMAX = ENCVEL) 7 NECTUL

IF (32KTIM JLT. 0,0) 2RKTIM = =-RkKTIM

RESTT SU3RCUTINAES AFTEx SXAEKING

CALL GR3.CT (1. NOVSZCs VvELMAX, LOFDTL(NUMSIC, INTRVL
¥ (NUMSETD)), IFSHFET, INGRLT, TOT2:n, ENGEPM)

CALL VOTIMS (J.04 1, ZNGFPV, NOVSEN. 1, 0.0, 0.0,

* ENGIRM, 0,0, 040 TIMINT)

CALL WRHLIHF (A<FKTQ, VODIST, NCOVSEC, VILMAX, ZFFGrO,
¥  TWHLHEP)

CALL VMAXHF (LTLZPM, LTUSPM, TNGRFM, AVLAIHP, AVLFHP)

FIND THROTTLC SETTING

IF (GX(NOVSEC) 6T, 8.0) GO TC 110

SETLST = 0.0

GO 70 120

SETLST = (AVLFHP = TWHLHP) 7/ (AVL3HO + AVLFHP)

120 mALL THRTTL (040y 0y 40 TETLST, AVLEHP, AVLFHFP,

* 0.Ns 047y Usfy RAKSZT, 04 ENGBHP)
Kazags = 0

-4

v
|

i

FUZ L CONSUMED AND SMISSICHS
(DTALOG(NUMSIOGTMTRVLINUMSEC) s 5) ¢ “NGZHP)

(V9]

S
A V53N
* o g.c

CALL DIZSFL (LTL=PY, LTURPM, SUMPET, ENGFPM, AYG3HPE,
' ARKTIM, FNLGAL, AVGEMS)

- N



98

DEN«Y J3iTa FNx S2LKING SECTICN
CUMAIAL = OTPLOGENUMET L. THTRYLANUMTENY , 8)
CUASTY 2 NDTELGLUNIMSIG,, TNTRVLANUMERD) 4 &)
TF (NCISEC «MF . NOVSRFG)Y RO T9 129
LTS o= 1.0
MUMTINT = HUMINT + 1
NK37on = ]
Lo 7Y 1390
ATy = N
NUMINT [HTP2VLILFSTSNY & 1
RAOE R {UFNSINONSTOY = OJTALQCGINUASTG g INTSVL (NUMSE0)
= 5YY 7 3<KD35T
130 QLTS 01y = ARKTTA4 # THOBEY
TUALDAE2Y = ARKDST O S0P
CHALNGI3) = (FLLGAL * SEOPTRY 4+ JUMGAL
CHML NG (a) = (AYLTHS 5 LNBTRY 4 UG

[
)
n

1l

TTACRNUATNTY = LUutLane)
PIRDONSTHTY = (SUMLOG(2Y /7 SUMLCCGOL)Y) ® 3RCONZT
TE (0%+7<d JEN, 1) 57 T) 1,9
LD TR2MT NN EEG,, SUMLCS 3, HUvLOG (e))
TITIST = TITNST + IHMLCS(2)
SAWILL = iy TI0 v L
M7 = HUMSEC ¢+ L
HiyagsT = 0
SUqsat = o
cuUMGs = )
IF INCIST0 oGTe MUYSTCY G0N TY 14
560972 = LUNSUINUMSTS) / RAKOST
L) TC 130
1L NKRTIN =
KNTETEP 1
TESHUET = 1)
YaClTL = DTCCRL
TTHPIR =z (ACNST - TATOST) /O NRKAST
"00TS 130
150 JORIIL = TIFJCNUMINT

IF NSO 70 «SHD. 1) 60 T2 1570
COLL T=KIUT (INOJU3IEC, SUMLSHE3Y . SUMLOG (4))
XA NNS B QiR

SESTT LU SEAUTING DiAKPT
1ol CALL TTE<E2 (TCOMSTe NUYTTO. THLGTPe KMHTT 35 Uy
VILMAY e YELMAK, N0y DTALIGENMUMTIES G INT VLR UNE ) o 1)
v e MTLHAX, MORYIL, STLAAY . 0. 0e SUMLOGL ),
TUMLAGIZ Y. SUMLNG (), SUMLOG(4)y ITAINT, VCOIST,
VO eyl e

X ot & &

171 TFLGT~ = 10
;(C.);j‘{'u = 0
IF34F7 = 0

MMINT = INTRVLINUASED)
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2T juN
PRINT L

190 FoPA4AT
VTULOTT 7Y 2e 22X,

201

»

PRI,

GOoTh 24

219 IECIT =
CalLl cireur (HCYS

P TN

£

31, K3GSch
{10¢, #27U

r 110N
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-

KOJANNDT FFERUCE
I3)

ANAR IR OVEPLOADZ

ECe TEXIT)

58FF0 TO A

SuFF
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SUBROUTINE UTACMO (350N3T, KAGSES, KFSTSCy NUMSEC,
¥ O INTRVL. DTALCG, NOWSERC)

DIMENZINN INTRVL(22), 2TALOGLLN 4 41,6)

COMMON / IROFS/ TIML270), TSPO(Z03)y NIUMINT

F=o0wl TIME INTERVAL CATA
KESTSC = 1
17 NOWINT = IHNTRVLIKFSTSE)

D0 72 0 = 1y NOWINT

KCGUNT = J & NUMINT

TIAM(KCCUNT) = DTALOG(KFESTSC, J. 1)

IF ATIM(KCOUNT) +LEe 0a2) GO TO o€
TSPIKCOUMTY = (DTALOGIKFSTSC4J92) / OTALOGIKFSTSCady1
* )y * BOQNST

IF (T3P0 (KCOUNT) LLE. 2e7) GO TO EQ

27 CONTINUE

NUMINT = KJUUNT

IF (NUMSEC JE0. KFSTSC) RO TN 29

CALL TRPKIUT (K2GSEC, NTALOGIKFSTIC,NOWINT,3) ,
¥ UTALUGIKFSTSC, NOWINT.))

KFSTSC = KFSTSC + 1

IF (KF3TSC «GT. 20 K0 TD 75
NUMINT = ¥

K3GSEC = KiG3eC + 1

G0 ™ 13

30 NOW3EC = KBGSEC
RETURN
LT FRINT 53, KEGSEC, NUMINT
57 FORAAT (1LX, 2ERP20R IN TIMZ SPFEGIFICATION IN SZCTIONZ,
* T4, 2WHEN NUMINT EQUALSZ,I4)
Go T2 3¢
EC PRINT 70, <53SEC, K3CUNT
7¢ FORMAT(LIXG7ERFO? IN DISTANGCF SPECIFICATION IN SECTIGN
¥ 2 TUy2WHEN MUMINT SNQUALSE, IG)
G0 TG 3¢
75 FRINT*, # SECTION NUMESR DVERLCAJZ
80 TzZxXIT = 12
CALL JUTOUT (KAGSES, IXIT)
FNOD
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SUSROUTINE TRKCUT (NJIVSEC, TKFUEL, TKEMMS)

COMMON ZTROFS/ TIMI2%), T35PI(Z204), NUMINT

LOMMAN /TATAZ TIME(21,230), SPEEJ(Z0.,200), DIESEL(20),
*  EXHAST{20)s TOTIME(2C), TOTINT (2O

G
r T2ANSFER TIMI AND SPEED TO COMMON CATA
TOTIME(NOVSEC) = (.10
nn 13 I[=1,NUMINT
TIMI(NOV3FC,I) = TIA(ID)
RPEST(MOVSEL,T) = TSPO(D)
G
G CALTULATS T0TAL TIMe IN SECTION
TOTIME(NAVSETY = TOTIME(NQUSFC) + TIM(I)
17 CONTINUE
~
C TRANSF IR NUM3EF OF TIMg INTERVALS (TOTINT)
C FUEL CONSUMEEC (TKFUEL)
C ceMISSIONS (TKEMMS)
C TO SCMA0H DATA
: TOTINTANOVSED) = HUMINT
DIESTLINQVSED) = TKFUFL
EYHASTI(NQVSED) = TKEMMS

RETYRN
END
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SUBROUTINE OUTFUT (NJVSEC, IEXIT)

CO4MIN /TROFS/ TIM(247), TSPD(20UY,y NUMINT
COMAQGN /DATAZ TIME(214200), SPEEI(22,290), DIESEL(2C),
*  EAHAST(2M), TOTIAZ(20), TOTINTI(20)
NUMSEC = 1

IF(TZXIT +EQe 2) GO TO 22

IF IZ4ATT IS NOT 7EPD, A PROGRAM TRROR HAS OCCURRED.
SUSRIUTINE TRKCUT IS CALLED ToO PRCONESS THE DATA FGR
THf LAST VERTICAL SECTION

PRINT 1G, NOJSEC . NUMINT, IEXIT
1" FORPMAT(z E£RFI? IN 3ECTINNZ,I3,2 AFTER INTERVALZ+ I3
* 7z WHEN IEXIT =%213)
CaLL TQKOUT(NOVDEC’ 3.9, J.9)

PRINT DATa FOR E£ACH VERTTICAL SECTICN
on PRINT 30, NUMSEC, DIZSILINUMSEC), EXHAST(NUMSEC)
3; FORAAT(z0OFOR SECTION NU43IER2,13&,5X, ¢FUEL USED = £,
* Elilllby? GALLONSZ,/,5X,2EMISSIONE = 2,E11.442GRAMSZ,
* /et INTERVAL TIME SPEEDJ®)
INTSYL = TOTINT(NUMSEC)
DO 5. T = 1, INTRVL
PRINT %0, I+ TIMZ(NUASEC, 1), SPEED(NUMSEC, I)
ul FORWQT (BXQ IS, ?X, Z(F?.Z))
53 CNMNTINUE
NUMSEC = NUMIEC + 1
IF(NUHSED JLE. NOV3EC) GO 70 20
IF (ISXIT .NE. 0) GO TO 60
FFTUIN
62 STOP
END



APPENDIX 2.
PROGRAM NAME

ACCFRC
ACONST
AIRRES

ARFKTR

AVBRHP
AVLBHP

AXLRTO

BCONST

BRKDST

CNGRPM

CNRFC

DECCEL
DSTLOG
DTAINI (1)

DTAINI (2)

DTAINI(3)

DTAINI(4)
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GLOSSARY OF IMPORTANT VARIABLE NAMES

DESCRIPTION

Vehicle acceleration force, 1b

Unit conversion, (ft-hr)/(mi-sec)
Air resistance, 1b

Air resistance coefficient, (in.Hg.-
mph2)/ (°F-£t%)

Available braking horsepower

Engine gross horsepower

Rear axle ratio

Unit conversion, (mi-sec)/(ft-hr)

Braking distancec, ft

Change in engine speed, rpm

Cornering resistance, 1b

Braking deceleration rate, mph/sec
Distance traveled, ft

Length of timg interval, scc
Distance traveled during time inter-
val, ft

Fuel consumed, gal

Gaseous Exhaust Emissions, gm



PROGRAM

DTAINI (5)

DTAINI(6)
EFFWGT

EINRTA

ENDVEL
ENGBHP
ENGINE(9)
EENGRPM

EYEDST
GRDRES

HLDDST

INGEAR
IFLGTR
IFSHFT
KBRAKE

LOGDTA

104

DESCRIPTION

Distance traveled in vertical sec-
tion, ft

Engine gross horscpower

Truck effective weight, 1b

Engine and clutch inertia, ft-1h-
sec?
Velocity before braking, mph

Engine gross horsepower

Engine horsepower correction factor
Engine speed, rpm

Look-ahead distance, ft
Grade force, 1b

Total length of downgrade or curve,

ft

Present transmission gear
Signal for approaching downgrade or
curve

Signal for gear change
Signal that truck should be slowing

Present transmission gear



PROGRAM
LSTGRD

NOVSEC
NUMGER

NUMT IM

PREDST

PTHEFF

RAKSET

ROLRES

SETLST

SLWDST
SPD
SPDLMT

SUMPRT

TIM
TIMINT
TINRTA
TIRRIM(7)

TKDATA (1)
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DESCRIPTION
Maximum grade, percent/100

Number of vertical sections
Number of transmission gear

Number of time intervals

Pre-set look ahead distance, ft

Part throttle driveline efficiency

Throttle setting

Rolling resistance, 1b

Throttle setting for previous time
interval

Braking distance, ft

Traffic stream speed, mph

Posted speed limit

Constant for calculating emissions,

gm/bhp-hr

Length of time interval, sec
Length of time interval, sec
Tirc inertia, ft-1h-scc?
Tire rolling radius, ft

Length of time interval, sec



PROGRAM

TKDATA (2)

TKDATA (3)

TKDATA (4)
TKEMMS
TOTBSC
TOTRED
TOTRES
TRBRHP
TRKBIIP
TRKMAX
TRKSFC
TRKVEL

TSPD

TWHLHP

VACCEL

VELALL

VELMAX
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DESCRIPTION

Distance traveled during time inter-
val, ft

Fuel consumed during time interval,
gal

Emissions during time interval, gm
Exhaust gascous cmissions, gr

Fuel consumed, gal

Overall gear reduction

Total road resistance, 1b

Truck braking horsepower

Absolute horsepower value

Maximum truck velocity

Exhaust gaseous emissions, gm
Truck velocity, ft/sec

Truck velocity for time interval,
mph

Total road resistance, hp

Average acceleration rate, mph/sec
Velocity allowed by Subroutine
ALLVEL, mph

Velocity allowed by road geometrics,

mph



PROGRAM

VELLMT

VELNEW

VELOLD

VHDIST

VODIST

VORVEL
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DESCRIPTION

Maximum velocity allowed, mph
Velocity at end of time interval,
mph

Average velocity of previous time
interval, mph

Distance traveled during time
interval, ft

Distance traveled in vertical sec-
tion, ft

Present truck velocity, mph
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APPENDIX 3. INITIAL TEST DATA
INPUT DATA
s
S
C THESE DATA APE IN ORDS FCR USE Lo TIUT INHTO THE
C SIMYLATICH nuutl
n
o NCURVE . "TYERT . SPOLMY
C
4 13 5%

G
e VERTICAL SFCTINN NDATA
C VMP(TI), LRIV, VLRAN(CI) . (D) y LENGII)
G

1);“(300 =Nel14 7‘)9‘}).” Uo] 1’*"0(100
1997,.5 -J.014 55 %40 44 ARV BT I BURS IS REVIVAPIL
2)6\).3 Oo(ino ':"5‘0(_45 Uo'}f})i]-‘j r)o.f."v
23N9.0 1024 34433, T 4.0
4197%.0 N.0 a15./51 -3 00d)52 342,007
L600.0 -04029 99393.1 ted 5:Jde 0
4800.10 -0.020 nihe L7 LRI | 21. 0
’340000 .0 3”40017 ”o‘]nl]l )“‘)o[]
h301.40 T.060 30303,.0 D et 150040
7520.0 0.0¢c0 14a,122 ~h.0dN )12 770,0
Q1,]r]o(.] 9.0 £934,142 '\)."]UJ‘J%z wndell
12900.9 -0.060 999443, o0 340040
C
S HIRIZINTAL SFOTION DATA
3 H42(J),y, HARAD0J)y HOUZL U)W HLOF (D o M2LA0D
G

15090.0 1-,37,10 1993.0 70l 1J0.0
3159.0 25,0 12%7.1 7.1 15.0.0
5703.10 558,0 204U, Gn o, B TTN9,. Y
650M.1 2200.0 1007.1) 760 5000,.0
C
o $Sy Cde CPe R dIAL TIRTT AW RuYnH AS2d400T
P
N.00+3 N.0NNNDLAK 1.03
C
C AT THE R ()
C

n.ﬂ 1000 70.0 39,0 Ue0
c
o GoWy WILTH. HTIGHT, J2aGCO
C

30980,011.,00 A.G6d0.U770
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5
C ERGINE M)
C
~
G BHPHMAX () 4 380 HP
C

‘ﬁ’]. 11*0 1'¢L*o 1/."-- ?J#u 25?- ?')'Bu 27%0 215, ‘lu.

\52"4‘0 352! 260, J4b, 327 2l)1l N.
r R
S PDRLISS(IY e & A L T7LCTIx
S
0e30 0.0
G
i TIRPIM(J),y RESIAL TIRES
C
4l1.8 130.0 19,2 14, ty.d 2.0

s NOGFLR, AalPile GEARIGCD)
~
1.0 L‘tll O-US b.:“ L‘o“:’j ‘o)'/ 4.7U 1?:”11 101" tu')’) ll?“‘ l.ﬂﬂ
C
C JSFSOMyN)y 300 HE ZHNGINE
~
3e6610.64104515004630 4645007400021 0e02i0et 3004251004 0304473
Ne504
G OLAGE o SLANK LRl Ho2S
Je7123e7120 05360 a7 Neaa50,54200,+220,4170,52140.4133.4200.427

¢3390,4590 565004750 .543

PLATE L SLLONK QLRSS Ri2F
0078307330 5700 0icn0eubalet3aNetilNeud?destdde+110,4060. 402
DewlF0ewltbUe=270,a37No6w0,4329,5 33 '
c PLANE & 3LfnK S4at)s ki XE
00854009500 6050 510003000l Vead70e4180 00l M1 d7ye 3400, 392
7¢3930,6000 60206001804 +427 004 040870040104 037
5 SLunE L ILANK SARIS HIRS
Ne31260¢9200 el e53004L710eesRTetr J300wllUe- 1300430, 8990, 08
0.39720363972N 4 3940,3969,.39304 %0200l Va7l e=22u]ewduequdle sl
Jed00
i DLACE 3 SLanK Suk)s H79f
Ne 337063970 ¢5700e50nNeS100s 4530038004270 00t 3 ) <1105 490,355
003920638 %0 e 232043607 ,.3920039-00320eaD1tdes?1?04+3 0 a0 +04y
Joa150 43170, 511
o FLACF 3 RLANK CrRI3 He 27
102170021 N0e 7T390.5937,053400=310e0nY M ea4asUsdnlaulldesl3y, s
e 393063890, 3920, 38w e 25700 33100 83304 300, 8330, 390343500, 0
14357043930.392043901),409

[ =}



110

PLACE 3 nsLAaNK $axd, HE o2y
0282128207830, 66.0eF5 20, =300y « 470 47 ADsabY,06273,42010,
e 407%0,3300,3470.39407870, 2310330043770 4353+40,7%3919,3120,
143800.38340.301U0,.30620.3010437FY,337

PLACY 3 JLANK CARSS K 2:

o441l e +200 29NN 7TV b0 T U a1 de 0 aRf AN 484 wullewsllescl
¢ 412060004 337043cC0432704 391034093750 03770.2740.3750.375
e 3770037 3 370N 37N 3700 4370 te 3790 S0 8587, 143

BLACE 2 3L ARK Cp Rus HeRE
4510062 00,9290 0 T3 NG EL Y T (068 30 Te0U 80 57206 a5 7 421044
4120, 4110, 4020,394%0,3423.33C0,33+0,37304377143700.3750,357
¢ B37L037 N 370037303710, 3710.3730.37701.37130,383

PLANKY 3 LAWK CuROS HIRr
eTHILeTDAT 0320079 70040 3005300 00190 0w I3 LT 0 L0600, 4ty
o873 04220 ,12045037,L010,3290434920.3304334),3400,.37490.37°7
371D X7 PN L3700, 3F97 30, 371303730437 20,.3730,3730,377

PLACE 3 ALAMK GARDS HE?R2S
¢e3341.9301  1ULLWR7TR0,712T 410,837 0,7
e +4+304320,4220,0150,6030,00,400G0,.
e 3300,37 23,3750, 3720.2710.2710,3730.,

PLACE LAY ThxuS WY
1352618012050 39 ne 0 TS e 3 N 51T e 8T w0 e L. e 31 0. u
e+ 300 h6b0 020028003 b tode 1) 0504343),3979,3220,3C"
¢ 3800,.,3360,3930, 800427906373 003770437780437n)1037200377043

PLATT R SLO8K SLPAS L2
21204211, 2100 .92 0474300632 0,0533 050005 0 S en 5200, 2
e403Je6 490, L42M 027 Tenw250e3197, 47704 35047337.4370,3320,73
3960430406283 ).37827037 300373003770 4377043 700 57304377043

DLACT 2 gLANK 50205 HuPE
7082705 L0 0YCT RGN 7 5EDP e 70U e 10005 0aT023,5

[

4
0%0"000"’7[}.473”0“&30 .1»3"4[].-4-'4”9.4 3’.’&.4(‘:[1.'31". ?2“'1!“21”.41'—)

"N
~I 0
D W

o
—~

').bl‘)'].“ﬁulloij’—"l]nﬁ
‘n‘:??lni‘-]l;qtj(].g
D.S:"*]-573ﬂ. ?7‘)”.‘

~4

= DL Do) e -
oo

~ D
™~

v

[~

oOIVOoaornndDa oivd

V120,670,605 0, 6010060920, 8350.34c0,3030,3203),33% 0,347 0,367
PLAGT 2 BLANK CiRDS HERS
¢e3192,3131.5021 1A 085106500172
53405090450 3MNew? 504100530009
c 4240, 42u0.a220,417°0.412 '
DLALE 2 BLANLK CLPMHS HERS
020-4
PLACE 23 t LGNK Ja=07% HISFE
5SER(I)s 197E 31A4IAR)S

[«=¥]

T3

Zelien4adlen el a3 3e57 /704580
Fr)l"‘;;d eed)e 4el) o B3IT0L433

DO WD D

357R(T)y 197F STENIJAZIS
IDoU -H].U IJ.U



111

DATA OUTPUT

<

GALLCN

nq

52~

+B54L

(]

(¥

N

D
=

i<

t: 0O

DWW

LNOANS LU OO o
(=21 BT N & INeL ol ol ol okl s
it} ®© o © 0 o © o @ * & o o
WU IMI T INUNI M T
— (AN WD D ORI N NN
. 4

L8 o
O AN DN OO
e LWL CUNINIM WU T

() +4 ®© o o ¢ © ¢ 0 ¢ ® ¢ o o

1] At SO IR NI M

m .

z il

D

Zwnd
Z<I

20>

Oy NN Tunwwnsao o

[ 1751¥F} it vt

= -

Cr-Z

(VED B o]

s

o
o
w

02 GALLONS

«9709

[y

€8]

[€p]

Downm
b2

T

Ly

o

[VER SN aSY JUR
Ot
i, ] @ @
LI ™M
F N
Lol

[N} ey
- e o
L MmN

O e e

s =

s

=n

D

Zwnd
<<

ZO>

Or Y N

Lan1a [T3]

[ a7 o

[BT D

LF o )

Ul

o
18

S

1 GALLCHM

g

-

« 3769

[

ti.

[fe]

>
X

~J<1

LY

g S

w OO OWL O v
[TVl . N AR I SF SR aNIaY)
11 @ o o ®@ @ ¢ o o o
AN AD IV -
[P TEaTToRE JJC I g g, g g}
o

M
oo oeOoD o>
e VOO WDOO

i 4 ® ¢ o ¢ ¢ & o o o

I tedeied vttt

o

2 4l

>

ZnNd
L <1

0>

(ST, "2 VPR STRIVE] L o

[al"23'Y

[zl

V- Z

LiE

(72174

(&)
'S

0 27727=01 GALLONS

t

o

L

n

oW
z

3T

(P91

i)

UNCANC e
Ot D e
+l1i o @ o o @
10 OO Wi
MMM VDD
Lag]

3
NP ooo.
e T NN IN O

r —~ e o o o o

) e

a

= H

o

ZzZwnd
< <

ZO>

Oy i Uy

=

-

Q=Z

WiF -

(V2] V8]

o

o
L

01 GALLONS

3575

1"

C

L

%

ow;m
2

A=<t

o

>0

[T oY hi. B Rk o JeuRbaRonl. 41 VR 630 S PRTVSRVAL. L -mg- o)
OuIHE OO OCMMOUMN T
4ili © ® © ® © o ® 0 o o o * * o o o o
WO M Ao OO OiNLIN T M3y
AM M MMM AN NS AN
-t

[Iak el
PO OCHCOTININMOM
T UL COUWCODUWDINNAO

o i ®© o @ ® ¢ 0 ® ® 0 o @ @ © o 0 o0

Ul pedvd A edrd ed v e v e v O O A

Qs

=

>

ZWJ
<<

ZO>

Oy =M TS AU MO T INWA

[ T9s10Y] B L P R R R P B

- (-

W~z

>

(72178}

[
o
18



112

=01 GALLONS

o

s 433

1]

o

af

[ 7]

owm
¥

N1

iy

o0

LUNOSOCT
ohiit. N ™
+'t} o ® o 0 o
Lo T Iy
DN NICININY
o

[Vqlta)
Jujonntmmm
eI LNONIMIAWIN

T e e e ® o

1] el BN

[0 4]

I H

~

COM(Y w=d (UMD A3 LY
[l V21 FF ]

-

CrZ

W =

I

34

C

[V

01 GALLONS

« 5310

(e}

s

(7]

oW
2

<X

tetey

e L)

WNCLNMAMDNMN 3 OWOAHY
DLLOMINC ONN C NN
41’ ® o 0o © 00 9o 0 0 0 o
(WO NEMNTO OO S0
NN M MMMV
M

r 0
NI COOOO OO0

OO OOOLVOOYW
Y +4 ®© o o o o 0o 06 0 0 0 o
it b Rl ol o R PR R R ]
a
bl
p
ZW

Z<g
TO>
(60 X B3 QESIAVE L FIN, JTRTRI  NUVAVEIES Y )
—U W et
(a2 1
O T

ST

[} V8]

@
(]
T8

«18887-01 GALLONS

#

[ )

TR

[Cal

DV
=

T

iy

]

L NONOW
[==TRRS . of . 4
i} o o 0o @
L Qs
QNN MMM
o

o

NI e

eI U OON
o & o o
Pl vt

UM3e=

it

pagl Fppuu ]
<<
Z0O>
Oy ~ O
=N
[l 7] od
Oz
at2 —
Wt

x
o
[°8

o HUOLHZ-01 GALLONS

n;

bt

%8}

oV
3

=T

L

o0V

LOANONM AL ML O N O
COliivd . T AOINM MDD
4’1l o o 0o ® o ® o0 ® ® 0 0 o
Wi WMo oo~ O M NI
UMMM NN NN N
S 4

[alle ¢
[VOAFR Lon Yo J et Juafan Yon Y ol enJan T oo Ton ¥, ol
s ilirNUCoocoOoOoOoOOoOoo

X +4 o o o ® 0o ® 0o ® ® 0 0 »

T8 e e vt el vl et ol el e

(o8]

T H

>

Zna
<<

ZO>

(O pilY NI UV =T OV e Oy 1Y)

—Wud et e

[l 721 o2

Oz

[FE> |

(72171

v 4
C
58 - e -



113

~\.

-

-

!

i~

—

-

L

-3

T

.

{

[a}

-
>

—_T

e

—ar

Lo ' R Wt o dlr N oL Gl oo B SRSV TESR S SR ool O S TSR RIA VI AT R
CLILCHUNS o re O LML T e N, 20
i e ® 8 ¢ o ¢ ® o ¢ & s o o & & " s e " ot s s e " e s

(IR Eam Eaalls G- Ul RN PUSCURSCNTRY I oW CUNCUN CHIMIE SR ol S S SN GEEQ LENES A R RN
D 1WAV P R R oL SR R e R R o R R o Rk o Rk el R el R S
-
ca
—iuw L TT et VD LIV NT LK L TOT L ST
e CC T L. O MMDOU NN MMM oD CUL LEC W
ol (=X
H brw i aded DU MV e e v YO AIN W 1 (N A v N el
o
-

T
=
=
prag st
—_==
Tt VIV O ¥ T O MM PO T I U
H PR e SR SRR SRR SR S 1 aREaNEaNE S AN ol QU o oV

—

—

A

[

o]

-+

P

il

1

-1

—t

.

H

T

N

I,ﬁ.‘

-7

Yoty

= -

LMDy © et fl 10 e 3N O 3 Y eV
C LT I A MMNEO Y [ ToeA T M VAN L 1T e
Wil ® ® o 8 & » o 8 & & s & ® s ¢ o s ° s 0 s s 2 s
[ERE N ool s ot JEL SN vl aUNANT Lo LA o TIL SIUUE ol RN So NRURVES SiRe gie S SN VINLA S SUNS 4
Cll v s rd i et = v v Tl vt et v e =1\
M

N

e, ST [CIRRL NS cil il S S 4 e L DI T TS .
e T U AN MO oo TOLOORLC CC NG DOy

L. 1 e @ ® o & & & & & » o & 8 v & & & % 2 s 0 0 0 s 0

™ [ K S A WE o e G e b bt B R Rl ol ko

i

T

ad
PatiiNe §

TOoO>

Ot N O O D=V I 0 Cc~0 M 2N

oy A el e el TN O DNS

D

=z

e 5 -

(N

n

Q.

7



114

¢2833--01 GALLONS

]

1S5

w

o
x

~J<t

Lt

D

W NONODIMUNN OO MIND
LD = OO MN
il © 06 o 060 ® 0o 0 00 0 e
[TRE oW 2T oal oX- 0 SN N M UAVO VARV RS E4Y o)
AUV v v v v vird v v v e v et
~

™o

I ooCo IO
e NOU DUV OOO I

0’ { ® ®© ¢ o o ® ® ® o ® @ o o

11 P ONed A vt A et

a

=1

pe)

Zzv
PIES Y

zZC>

[T X1 £ L ILVELSES JTRINEL, L L idl i gV, o]

=W v v vt

-

OH+HZ

LT

(76278}

14
C
V8

“+00 GALLONS

¢« 4335

M OAM N
[ WS SN JREVEN ST, o
it} o o ® o @

Mo

-t COoCo
e T OO

(Y +4 0 ¢ 0 oo

W i

N
2
ZNnd
< <1
ZO>
[ TR & S RSV PES S TR
—U)
-~ (O
CcHI
(IR0 ]
[Z2¥8]

v 4
Q
W

MONOAMNI NN GINNODONOIMGOCNT IMTOCNT INWO O
K 4. aXonit) 991717,?73)0}17172.)..0;0,1FVIDLG,Y3G116112-?OJQJ
.......‘..........................
UM WO UM 1O DS O M T U B QI M G2 U R WU g U PN
[P P pur g RES R R R MR A e ha babababalabal R ok ol ok ok okl

COCEmOONAmOOOOOOOOTOOOOOINCcoDooDEoCo
COOMOCOLOOCOCOOOOOOOOCOOOLCOEOoOOO0O
..................................
et vt vyt vt ard et vl it et Ayl e A vl A A T A e A A A v el

GO O D U T UV O QO » OU M @ UV WIS GU TN O v ) = YW Wt
s perpar T g P ST ST ST VTNV NT VI U NI NS Lol slerd i lasbathiel ot



115

NI MMNCOONOINVNOCONOINGTONCINDCOMO IN LOONOC I NOODONTINOOON
AN O A N AN O O A LAt OUHN DO AL I O T AL AN OO AN NI T M S AN TN
® ® © ©® ¢ © © & O ¢ © © o ¢ © © ° o o O O 8 O O 0O O O 9 O O O 5 9 O O O g o O T O o 0 " 9 o e o
SN CNM TN WM S RIS WM 4 U s P (O U IO G UM UV e Wi M TP (O UM 3
bbb e kel e bk banlebalabubabnbabababale Lo Ra LRl o R R e e bnbal i iniaba bahili et abubel nbabeint o bal

[enfcnYanTen Yoo Y uol anf an ¥ cnl v Rt L e ¥ s ¥ e e L wend end o § e st ¥ oy R on ¥ an Runf o] as-f oo Tobs ¥ B wol oo ¥ ¥ am Yo ¥ s anf e N Y o ¥ o Ron ¥ s A eyl o Koo ¥ e K ewe ¥ nee § eu’
O OUODC OO OOUOCOROECOOOOCOCOLOCOSOOOOCOOOCOOOOEOOoOOC
® ® o © o ® © © © © © ® ° o © ©* o o O © O 9o O O & O 9 © g v O O O o O O 9o e e O O o OO s 9

rdvdedrdirded vl A vtrdi i v rded vl it el il vl i i rd et el A v rd et v vl v v el A vt gd e v i

e AN ) W UNADIN WM Y1 A PO MO WUNR e (UM U RN O N 10 )M T NNWNS QI OCO T U I~ UYL e
ST XTI T L2 T INNNNNVNININNINOC OO OCOBOOECMRMNMNAMLMAMNMANCCT OO CODE

'
§
1

ITVNLCONTINNOQONDTI W
TR 19 ia¥ealaalu Aok S KoV ol oake SR S TVeR L NoNEEad
® o &« & © © o o © 0 * g o & s 0 o o
UMW IS LIV TS IOV 3 U ND
—rdrdrd Al Al A e A e -

CODOOLODOOOUWO OO
® ® ®© ® © o o & © & © o o © ° o »

e bhabababababnhanbababala ol o PoP R ool

(WL NN EE USROS CEGLI L _RoV] DI, STRIVE X 1
cooc oo CocooDCcooE
v vt v v v v e



116

GOZO}B?H.U“ZQ;“?.:OUUZO»l¢Zeuo?qlﬂ.zegonﬁqu?600?9!@.2600?%& IO ONOINDOOoOND TN
[oainl 1((17._—30.,0‘.1617.5ggl&iZ:,QQl&l?,C’.gﬁjifbie [EaYonyes 1..(012@,0;311(6.41250‘915,12.“Q;O)(LCYALZ
.O0.0...OO..0.0......O0.0.0.0000.00.0.0COO'.OJO0.00C.OOO..OOO.
UM T U DM 2 R A G U A TR AW BV U A O “ﬁz??&?)w}.l‘ﬂﬁ/??’tgvﬁb5776?}3& Y] 2N PEEVEIVAL. o BURY 0 o
11111111111111111111111111111111111111111111111111111111111111

.UauUOOOGQO.GOUUUGOOUUU”OUUO‘UOJUOOUOPJOUOOUGUGGQGCUUUUUUUOUUH.UUOU.J

OUUOUDOOHUOOGU.UOO.UGUUDUGGOUUOUOOUOOUOGUUOUUUGCUﬂuﬂ.UDUUﬂ,OOOUUUUE
...........................Q.'.....'..........................

1111111111111111111111111111111111111111111111111111111111111

WU D IR T UL M GO UG T U T B W W0 v ST LW @ V@ AT T D OO @ e s = WIS W O T 0N Tuiw a0
OO At v e et A A H A CIOIR AN NN NI MMM A MOM MM 3.3 233 ST IOLODNIEDINNDNIN OO O OO0 OOD
A v A vird e e rd vt ed wd v e At e el e e A e e PR AR S PSR ST R ksl ol ot ol abalnlalal ShS

1



