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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

1
Numbers in parentheses designate references in the Bibliography.
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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.
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II. TRUCK PERFORMANCE SIMULATION

A general flowchart for the Truck Performance Model is shown in

Figure I. A copy of the computer program is given in Appendix I. 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 Required

The specific truck data required to use the Truck Performance

Simulation Program is listed in Table I. 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

into 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.



(77STATT)

IREAD DATA

INITIALIZE
VARIABLES
AND
CONSTANTS

4

SET TIME
INTERVAL

CALCULATE
RrAR WHEEL
HORSEPOWER

FIND
AVAILABLE
HORSEPOWER

FIND
LIMITING
VELOCITY

SET THROTTLE
POSITION

CALCULATE
FUEL AND
EMISSIONS

CALCULATE
VELOCITY
AND
DISTANCE

RECORD
DATA

SELECT
PROPER
GEAR

YES

REDUCE
SPEED IF
REQUIRED

(NEW \NO
ROAD

SECTION?

YES

FIND
VELOCITY
ALLOWED

NO

Figure 1. General Flowchart for the Truck Performance Model



5

TABLE 1. TRUCK DATA REQUIRED FOR PROGRAM TSTTRK

DESCRIPTION

ENGINE DETAIL

PROGRAM NAME

ENGINE(I)

Displacement, cubic inches (1)

Maximum horsepower engine speed, rpm (2)

Accessory horsepower (3)
Lower shift limit, rpm (4)
Upper shift limit, rpm (5)
Lowest allowed engine speed, rpm (6)

Maximum engine speed (red-line), rpm (7)
Maximum engine horsepower (8)

FUEL PERFORMANCE MAP, lb/bhp-hr

Horsepower, J
Engine rpm, I

MAXIMUM HORSEPOWER CURVE

Engine rpm, K

DRIVFLINE DETAIL

BSFC (I,J)

Up to J = 70
Up to I = 20

BHPMAX (K)

Up to K = 20

Number of gears NOGEAR
Rear axle ratio AXLRTO
Driveline loss terms DRLOSS(L)

Full throttle efficiency (1)

Viscous loss factor (2)

Transmission gear ratios GEARNO(M)
First gear (1)

Second gear (2)

. . . . Final gear Up to M = 15
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TABLE 1. TRUCK DATA REQUIRED FOR PROGRAM TSTTRK (Continued)

DESCRIPTION PROGRAM NAME

TIRE AND RIM DETAIL TIRRIM(N)

-Tire outside diameter, inches (1)

Tire weight, pounds (2)

Static loaded radius, inches (3)

Drive tiro revolutions per mile (El)

Total number of tires (5)
Nominal rim diameter, inches (6)

BRAKE SPECIFIC EMMISSION RATE, gm/bhp-hr TKBSER(I)

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

HMP. = 3050
HRAD = 2865
HCURL = 1250
HSPD = 707

HMP = 5000

HRAD = 550

HCURL = 800

HSPD = 46.3

HMP = 6500
HRAD = 2500
HCURL = 1000
HSPD = 70

HMP = 1600

.HRAD = 1637
HCURL = 1000
HSPD = 70

Section Number:

1

1840

VERTICAL SECTION DETAIL

2 3 4 5 6 7 8 9

+5% 60
-1.4% 57.1

342.9
62 40 500 200

157.5

10

13

Figure 2. Sample Roadway Section
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TABLE 2. ROAD AND WEATHER DATA REQUIRED FOR PROGRAM TSTTRK

DESCRIPTION PROGRAM NAME

VERTICAL SECTION DETAIL

Mile post at end of section, ft
Constant grade, percent/100
Length, ft
Radius of curve, ft
Rate of change of grade, percent/100
Number of vertical sections

HORIZONTAL SECTION DETAIL

VMP(i)
GR(i)
LENG(i)

VCRAD(i)
R(i)

NVITT
i = 1 to NVERT

Mile post at beginning of curve, ft HMP(i)

Radius of curve, ft IIRAD(i)

Length of curve, ft IICURL(i)

Maximum velocity allowed, mph HASPD(i)

Curve warning mile post, ft MPLA(i)

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 coefficient CS

Dynamic rolling resistance coefficient, 1/mph-1 CV

Tire and pavement interaction coefficient CP

POSTED SPEED LIMIT SPDLMT
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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 program is 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 limit on velocity. The traffic stream speed (SPD) may also

place an upper limit 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-limiting 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.

I. Setting the Time Interval

The length 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 length 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.

2
Vehicle 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 summation of

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)]

where GCW = the vehicle gross combination weight (total vehicle

weight), in pounds,

CS = the static rolling resistance coefficient,

[ 1]

CV = the dynamic rolling resistance coefficient, in mph
-1

,

and CP = the tire and pavement interaction coefficient.
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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)

AIRRES = ARFKTR
WETHER(4)

459.67 + WETHER(3)
[VORVEL + WETHER(2)]2 [2]

where ARFKTR = an air resistance coefficient, in (in. Hg.-mph
2
)/

( F ft2) ,

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 base

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)(DRAGC0)(WIDTH)(HEIGHT - .75) [3]

where DRAGCO = an air drag coefficient, in (in. Hg. - mph
2

) /°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).

c. 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



CNRFRC = CORFCT

1

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

L

1=1

[TIRRIM(5)][TIRRIM(8)]

2 (HRAD)

(GCW)(VORVEL)2

(113.21)(HRAD) y
[8]
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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(i) = the weight on tandem 'i', in pounds,

TANLNG(i) = 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 lb/deg.

The correction factor for bank angle is calculated from the equation

CORECT = 1
(14.95)(HRAD)(E)

(VORVEL)2
[9]

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) is 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

ENGINE(9) =
29.00

WETHER(4) - WETHER(5)

460 + WETHER(3)

545.0

where WETHER(3) = ambient air temperature, in F,

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, oil 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 =
1

1+
BMEPE

[12]

where COEFFT

BMEPEN

=

=

20.1893 - 3.75948
(ENGRPM)

1000

+ 3.33129

(AVLBHP)(792,000)

ENGRPM\2
[13]

[14]

1000 )

[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 posi-

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 consumption 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
b

Hydrocarbons
10 16 5 16 5a 16 5a

1.5

Oxides of Nitrogen 10

Carbon Monoxide 30 40 25 40 25 40 25 25

* C California
F - Federal

aAlternative standards of lIC - 1.0 gm/bhp-hr and
NOx = 7.5 gm/bhp-hr arc provided for the manufactor's
option

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

3

SUMPRT = X BSER(i)
i=1

[19]

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

calculated 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),

PTHEFF = [DRLOSS(1)] 1.0 [DRLOSS(2)]
RAKSET)

where DRLOSS(1) = driveline efficiency at full throttle,

and DRLOSS(2) = viscous loss factor.

39

[20]

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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TABLE 5. SUGGESTED DRIVELINE FACTORS FOR CALCULATING EFFICIENCY

Type of Tractor Full Throttle
Efficiency,
(DRLOSS(1))

Viscous Loss
Factor.

(DRLOSS(2))

4 x 2 0.90 0.042

4 x 2 w/aux. 0.86 0.066

4 x 4 0.86 0.066

6 x 4 0.86 0.066

6 x 4 w/aux. 0.82 0.092

6 x 6 0.82 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)

EFFWGT = GCW +
32.174

M EINRTAX MTOTRED)
2

] + TINRTA21]
[TIRRIM(7)]9

//
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where TIRRIM(7) = tire rolling radius, in feet,

EINRTA = engine and clutch inertia, in ft -lb-sect,

TOTRED = overall gear reduction,

and TINRTA = inertia of the tires, in fg-lb-sec
2

.

The tire rolling radius is calculated during the initialization of

subroutine TRKOPS using the relationship (30)

5280

TIRRIM(7) = [22]

(2)(TO[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)

EINRTA =
1

32.174
[23]

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

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

Davisson (30)

TINRTA = 0.2882)

TIRRIM(1) + TIRRIM(6)

12

([TIRRIM(2)] [TIRRIM(5)])]

where TIRRIM(1) = tire outside diameter, in inches,

TIRRIM(2) = tire weight, in lbs,

TIRRIM(5) = total number of tires

and TIRRIM(6) nominal rim diameter, in inches.

- 0.099)

[24]
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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

EFFWGT52(VHDIST)

G [0(TIMINT)2

(EFFWGT)(VHDIST)
= ACCFRC [25]

VCRAD

where EFFWGT = vehicle effective weight, in lbs,

G = acceleration due to gravity, in ft / sec2,

VHDIST = distance traveled, in ft,

TIMINT = the length of the time interval, in seconds,

ACCFRC = vehicle accelerating force, in lb,

and VCRAD = radius of the vertical curve, in ft.

Rearranging and simplifying

where CONSTA-

d
2
(VHDIST)

+ (CONSTB)2(VHDIST) = CONSTA
d(TIMINT)2

(ACCFRC)(VCRAD)

EFFWGT

[26]

G 05
and CONSTB Now, a general solution to this nonhomoge-

=(;CRAD

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

CONSTB

Therefore,

[29]

VHDIST = CONSTA (CONSTA)(CONSTB) + (CONSTE) [30]

CONSTB

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

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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EFFWGT
r-
d
2
(VHDIST)

ACCFRC [32]

G d(TIMINT)2

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)

VACCEL =
(VELNEW)2 (VELOLD)2

(2)(VHDIST)
(ACONST) [36]

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

5280 ft-hr
and ACONST =

3600 mi-sec

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 =i[VELOLD + (0.5)(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(3)), 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 = [TKDATA(i)]
TKDATA(2) + ENDSEC

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

to be entered (variable NEWSEC is set equal to one). Also, the section

data are sent to Subroutine TRKOPS for processing.

Subroutine TRKOPS is 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 speed 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 reduction (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

TKBRHP = 12 +
(1.4)(GCW)

1000

where GCW = the total weight of the truck, in lbs.

[41]

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



TKBRHP = 12 +
(1.4)(GCW)

1000

where GCW = the total weight of the truck, in lbs.

53

[41]

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,

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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Figure 20. General Flowchart for Subroutine IIRZCRV
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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 processes 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

other vehicle data.

If 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 per second

is calculated using the relationship (41)

DECCEL =
(VELMAX)2 - (ENDVEL)2

2(SLWDST - DSTLOG)
(ACONST) [43]

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)

BRKTIM =
VELMAX ENDVEL

DECCEL
(ACONST) [44]
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After the braking sequence has been completed: Subroutine GRSLCT is

used to find the proper transmission gear (INGEAR); the time interval

(TIMINT) is reset to one second in Subroutine VOTIME, Subroutine

WHLBHP is 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 =

AVLBHP - AVLFHP
[45]

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 OUTPUT 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 length (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 OUTPUT 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 OUTPUT 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.



64

III. 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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TABLE 6. DATA FOR INITIAL TEST SECTION

VERTICAL
ROAD

SECTION GALLONS

FUEL CONSUMED

MILES GALLONS

EXHAUST

GRAMS

GASEOUS EMISSIONS

GRAMS
GALLON PAYLOAD TON - MILE PAYLOAD TON - MILE

1 0.085 4.08 0.004 87.4 4.18

2 0.010 3.07 0.005 10.3 5.78

3 0.038 1.71 0.006 40.0 6.25

4 0.028 2.32 0.007 29.3 7.59

5 0.096 1.70 0.010 101.4 10.41

6 0.043 1.50 0.011 45.9 11.78

7 0.053 1.78 0.009 56.4 9.92

8 0.019 2.01 0.008 20.0 8.80

9 0.065 1.76 0.009 68.4 10.03

10 0.273 1.04 0.016 289.6 16.99

11 0.144 0.94 0.018 153.0 18.70

12 0.029 3.14 0.005 21.7 3.98

13 0.440 1.68 0.010 401.2 9.05
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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 = cos[(ir)(DIFVEL)(.25)]} (DLTTIM) [46]

(31.0 TIMINT)

and DLTTIM = [47]

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] limits 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 velocity 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 obtained 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. Cores of the Computer Program

PPOGilm TSTT-ZIK (INPUT,OUTPUT)
REAL mPL4, LE.NG

r,omACN /ENGFAE/ ENGINE (a1, BHPmAX(20), ORLOSS(2)
CU` ACN /TIREIN/ TIRRIm(7)
COMMON /HEIGHT/ GCW
COMmON /ATMCAD/ wETHER(5)
COMA9N /'T'ONFIG/ WIDTH, HEIGHT, CRAGOO
C3mION /T2ANSM/ NT.;EAR, AXLRTC, GEARNO(15)
COHMCN /PAVI/ CS, CV, CP
COA1ON /ALIGN/ VmP(3J11), GR(3CL), LENG(350),

* VOqa)(700), P(70), NVE.T
COAACN /HDRIL/ HAn(39), HPA7)(3JJ), HCURL(3JU),

* HAsPE)(3LC..), mPLA(31.13), NCURVE
COMMON /TRAFC/ SoOLAT
COmION /;U=LiN/ 3SFC (21.),7rJ)

COMACN /TREmAS/ :3SER(3)
COmACA /TkOPS/ TIA(?)u), TSPO(2C.), NUMINT
comAGN /-:;A74/ TIHE(23,203), 'PEE3(2;,?j0), DIFSEL(20),

* FXHAST(PL), TOTI17(2), TuTINI(?1)

C ,3F.:Al IN )ATA
DEAD V. NGLIVE, NVET, SPOL4T

1C FoccIAT(5X,17.7x,13,7.F2.6)
READ ?1, (VmP(I), GR(I), R(1). LENG(I),

* I=1.NVERT)
21 FOP447(5F12.5)

REV') 2), (HMP(j), HRAC(J), HCJRL(J), HASPO(J),

* m,='LA(J), J=1,NCU2,VE)
REA7 71, CS, CV, CP

3r F-0?mAT(2E3.6, F8.2)
(wETHE(K), K=1,5)

p9,...14T(5E.1)

-3,7,12 7.7, GCw, wIT,H, HEIGHT, CRAGC0
5m vim.i4T(Ei.1. 2F5.2, F5.3)

MEA1 (::JIGINE(M), M=10). (UHPMAX(N1, N=1,2U),
* (0;LC.:.;S(I), I=1,2)

6 FDecIAT(9EE.i./1;.-F6.J/13F6.i2/2F6.3)
Pc-i.) 71. (TI?PIm()), J=1,6)
EOEHAT(Ei.2)
=!E...-1 87, NJGEAY. AXL?TO, (GEARNO(K), K=1,NOGEAR)

F5 FORlaT(l?,.;X,11F5.2)
DO 91 4=1,2[
READ (C;FC(4,N), N=1,70)
FGR14T(1?F5.3)

(ESER(I), I=1,3)
iI FORA;IT(3E1...1)



C
C STA77 TRUCK SIMULATION

CALL TPKOPS

rIAT OATH
TEXIr = 1

CALL oLTnuT
STOP
ENO

(NVEPT,
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SUPPOU1INE TRKOP1
DIMENSION DTAINI(6)
REAL LENG, MPLA
INTEGER OLJGFR, OLDH3C
COmMCN./ENGP4P/ ENGINE(9) , 3HPMAX(20), DRLOS3(2)
COMMON /TIREIN/ TIRRIm(7)
COMMON /TPEMIS/ OSER (3)
COM.ION /WEIGHT/ GCW
COMMON /ATMCNO/ wETHER(5)
COMION /CUNFIG/ WIDTH, HEIGHT, DRAGCO
rommON /TPANSM/ NOGEAR, AXLRTO, SEARNO(15)
COMMON /ALIGN/ V1P(30L), GR(3PL), LENG(300),

* 419A9(10), P(710), NVERT
COMMON /HOPIZ/ H1P(30C), HRAD(301), HCURL(330),

* HASPO(300), MPLA(3JC), NCURVE
C

C

C PROGRAM INITIALIZATION
DATA IFLGT?s, INTLIZ, KFRSTM, KNSTSP, K'1RAKE, LWRGER,

* NEwSEC, NOHSEC, NO4SEC, HLBOST, TKDST, VODIST,
* PRFOST, VACCEL /B*0, 3*1, 7*C.;:i, 1500.0, 2.1937/

C

C UNIT CONVERSION CONSTANTS
ACONST = 5281.0 / 36)0.j
9CONST = 1.G / ACONST

C
CONSTANT FOR AIR RFSISTAW;T_ CALCULATION
ARF<TP = 0.C4425F * 3R6J;co * WIDTH * HEIGHT

C FOP EMISSION CALCULATION
SUNr=RT = (?SER(1) 3S.7R(2) BSER(3)) /

C

C TPU(7,K MAXIMUM VELOCITY
TKMAX = (ENGINE(7) * 60.(J) / (AXLRTO * GFARNO(NOGEAR)

* * TIRRIM(4))
C

C LIMITS FOrt DSFC mATRIX
C LOWER RPM

LTLRPm = iFIX(EN0,INE(5) / 100.C) 1

C UPPER RP4
LTURPM = IFIXUENGINE(7) ENGINE(5) + 10C.0) / 1C0.0

C

C HOR1EP)WER CORPEOTIDN FACTOR
riAROFK = 29.) / (WET9E0(4) WETHFP(5))
T7-71cFK = ((4OC.0 WETHEP(fl) / 545.0) ** 0.7
LNGINE(9) = 9APUFK * TEmPFK

C ENGINE INERTIA, FTL3 S' ;EC
EINRT4 = (4.J 4. (0.30012 * ENGINE(1) * ENGINE(1))) /

* 32,174
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C

C CALCULATE PI
PI = 4.0 * ATAN( 1.0)
PI2 = PI * 2.F3

C

C TIRE RCLLING RADIUS, FT.
TIRRIM(7) = 5280.0 / (PI2 * TIRRIV(4))

C

C CONSTANT FOP. CALCULATING VEHICLE EFFECTIVE WEIGHT

CEFFWT = 32.174 / (TIRRIm(7) * TIPRIM(7))
C

C TIRE MOMENT OF INERTIA, LI -FT -FT
TONSAT = (;.2822 * ((TIRRIM(1) f TIRRIm(61) / 12.())

* - C.J91L
TINRTA = (TOA:-JNT * TONSAT * TIRRIM(2) * TIPRIM(5)) /

* 32.174
C

C TRUCK IINIMUA BRAKING HORSPOWFR
TK3RHP = 12.1 + (1.4 * GCW * 6.u,;1)

C

C

C EIN1 INITIAL VELOCITY OF TPUCK ( VELALL)

VEL1AX = TRKAAx
C

C ETA') INITIAL VELOCITY ALLOWED
CALL ALLVEL (NCVSEC, TRKMAX, VELALL)

C

C
'r

SELECT INITIAL GEAR (INGEA.;.), CALCULATE OVERALL GEAR
REDUCTION (TOTRE1) AND ENGINE SPEED (ENGRPm)

CALL GR::iLCT (LWRGER, NCVSEC, VELALL, NOGEAR, IFSHFT,
* INCAR, TOTPEO, EAGRPM)
IFSHFT = C

PEALST = FNGRPM
VORVEL = VELALL
VELLAT = VELALL
GO TO 2C:!

C

C REGINNING OF TRUCK OPERATION LOOP

1CC IF (NEWSLC .NE. 1) GO TO 200

IF A NEW VERTICAL ROAD SFCTION (NOVSEC) IS ENTER7D

(AEWSEC r 1), rIND VELOCITY ALLCWEO (VELALL)
NOVSEC = NOVSEC + 1

IF (NCVSEC .ST. AVERT) GO TO SC1
CALL ALLVEL ( NCVSEC, TkKMAX, VELALL)
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VOOIST =
C

FIND LENGTH OF TIME INTERVAL (TIMINT)
200 CALL VOTTIE (ACONST, INTLIZ, RPNLST, NOVSEC, IFSHFT,

* VORVEL, VELALL, ENGRP1, VOOIFT, VHDIST, TIMINT)

,c

FIND REQUIRED WHEEL HP TC MAINTAIN CONSTANT SPEED
(TWHLHP)

CALL WHL'.3HP (ARFKTR, VODIST, NUVSEC, VORVEL, EFFGRO,

* TWHL4P)

FI,L3 mAXIMUM ENGINE H0 (A4L9HP) AND ENGINE FRICTION HP

(AVLFH0)
CALL VmA<H0 (LTL0PM, LTURPM, ENGRPm, AVLF1HP, AVLFHP)

IF (INTLIZ 'EQ. 1) G3 TO 30:3

C ESTIMATE INITIAL THROTTLE SETTING DURING THE FIRST
PRCGRAm LOOP

SETLST = (AVLFHP - TWHLHR) / (AVLehP + AVLFHP)
IF (S.:_TILST .LT, SETLST =

C.

C

C

C

C

FIN') MAXIMUM VELOCITY ALLOWED FOR THE PRESENT CONDI-
TIONS (VELLMT)

VELL4T = AmIN1(VELALL, JFLLIT)

FTND FRLSFNT THROTTLE SETTINr; (RAKSET) ANO PRESENT
7NGINE GROSS HORSFOWER (ENGEH0)

CALL THRTTL (PI, IFSHFT, VACCEL, SFTLST, AJLOHF,
* A/LFHP, VELLMT, VORVEL, TIMINT, RAKSET, KaRAKE,

* ENCRHP)

CALCULATE FUEL CONSUMPTION (TPKSFC) ANC TRUCK
EMISSIONS (TKEMMS)

CALL DIESEL (LTLP0M, LTURPM, SUMRRT, ENGRPM, ENG3HP,

* TIMINT, TRKSFC, TKEMA3)

C FIND PRLSENT ACCELERATION RATE (VACC.-7L), TRUCK

V7LOCITY (VORkff.L) AND DISTANCE TPAVELED ( VhDIST)

VELDLO = VORJEL
CALL Vt:LIST (ACONST, 3C0NST, IFSHFT, KiRAKr, TNG'iHP,

* JaKJ T, VELULO, CEFFWT. TOTRED, TINPTA,
NIVSEC, TIIINT, TWHLHIP, 1ACCFL, VELNEW, VHDIST)
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T?UCV DAT4 4N1 CHCK FOR THE c'40 OF THE SECTIC
TRK)ST = VOOIST
CALL CTAKER (QCONST. NO47E0, IFLGTR KNSTSP, LWPGER,

* 4777LaLL, k/FL4AX, HL)JST. TR'<LSTI NEWSEC, VELOLO,
* VELNEW. VELL"4T, VACCFL, TIMINT, VHOIST, TRKSFC,
* TKEYs4S1 OTAINI. q0DIST. VORVEL)

r CHECK PRS7NT ENGINE SPEFO AND CHANGE GEARS IF

C RFlUIREC
OLOGFH = INC;EAP
CALL G4SLCT(LWRCER, 1OVS70, JORVEL, OLOGEIR, IFSHFT,

* INGEAR, TOTRED. ENSRP1).
IF (IFLGTR ..E0. 1) G1 TO 460
OLOHFC = NOHSEC

r7HECK FO-?, POS7,I3LE OOWNCRAOF AHFAE
CALL OwN,4IL (ARFKN, TK9RHP, LTLF-0, LTLP PREOST,

* NP/SEG. OL)HSC, vH1ISTI 40DIST, VoR,JEL,

* IATLIZ, SLA7ST, VELmaX, HLOOST, NOHSTC, KNSTSP.

* IFLGTR)
IF (IFLGTR 'EC. 1) GJ TO
IF (INTLIZ .1E. 1 .410. KNSTSP 'EC. 1) GO TO 460

C
C CHECK FOR HHORIZUNTAL CURVE

CALL HRZCRV (NCVSEC, OLDHL;;;, VOUIST, VHOIST. SLWOST,

* VFLMAX, H130ST. NOHSFC. IFLGTR)
IF (IFLGTR .LO. U) G3 TO 450

DRERAR'.7: 70 FLOW CORN IF 4 004mGRAEF OR HORIZONTAL
CURVF IS APPROACHI1G

400 CALL HLOTRK (KFR3TA, ACONST. BCCAFT, L7LRP(4., LTURFM,

* FKT?, aP0P;j. SLWOST, VO3IST, NOVSCC, NFWSEC,

4 VELHX, INGEAR, OTAINI. AVLEHP, RAKSET, ENGRPM,
* ilic0. IFSHFT. VORVFL. VACCEL, K1STSP, K3R/4KE,

* IFLS7R)
45P IF (INTLIZ .7.0. 1) GO TO IOC
4f)'3 INTLI7 = I

CO TO 1i:0
5CC RFTIPN

END



C

SW3MIINE. ALLVEL (NOVSFC, TP.KmA)(, VFLALL)

REAL LENS
C011ON IT,R4FC/ SPOLAT
COMION /ALIC-;N/ V9P(130), (;(72.L,C), LENG(300),

* VCRAO(3). R(1C), NVFRT

FIN-) SPE:7j) OF THE TRAFFIC STREAM (S00)
CALL STRMSPC (NOVSFC, 3Pfl)

79

C

C COMPARE TO THE TRUCK MAXT1U4 SPEEC DUE TO GEARINr,

(TRKmAX) AND THE POSTED SPEEC (PDLMT) AND OU.PUT

C TH': LEAST OF THES,7 AS THE ALLOWEC VELOCITY (VELALL)

-VFL ALL = uMIN1 (TRKI.AX, SP°, SPCLMT)

;CTI-JPN

Frio

OUTPUT CONSTANT STREAM SPE:1
SU57OUTINE STRmSPO (AOJSEC, SPO)

r3PD = bO.r,

PETUN
END
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SWIROUTINE VOTIME (ACONST, INTLI7, RPMLST, NOVSEC,
IFSHFT, 4rRyLL, 4:LALL, ENGRP4, VODIST, VHOIST.

* TImINT)
REAL LENG
COmAON /ALIGN/ VmP(300), GR(3C6). LENG(3001,

A V7,A1(7,OL), P(773), AVERT
IF 'INTLI7 .EQ. ,;) 'GO TO 5
IF (IFGHFT .NE. 1) GO T3

IF A CL:A',' CHANGE IS OCCURING SET TIME INTERVAL EQUAL

.fl ONE SECOND
5 TIMINT = 1.0

GO TO 60

OECREASE TIME INTERVAL IF TRUCK IS GCING TOO FAST

1C IF (VCC\P_:L .GT. VELALL + 2.j) GO TO 40

C PEOUCE VELOCITY IF APPROACHING ENC OF VERTICAL SECTION
IF ((TIMINT * VOVEL * ACONST) .GE. (LENG(NOVSEC) -

* (VOOIST 4-
VHOIST))) GO TO AL

IF (RPMLST .GT. ENGR3M) GO TO 2J
CNGRPM = (ENGFPM - RPMLST) / RPMLST
GO To 3U

7 CNG?Fm = (RPLST - ENGRPM) / FNGRPP

IF CHANGE IN ENGINE SPE,E0 IS GREATER THAN FIVE
Pr"CENT, PELAJO7 TIME INTERVAL

3J IF (CNGRnM .GT. 1. 5) GO TO 4i1

C

IF CHANGE IN ENGINE GREED IS LESS THAN TWO PERCENT,

C. INV:PEASE TIME INTERVAL
TF (T'NGRFA .LT. J.:12) GO TO 5C
GO TO 5.
TIMTAT = TIMINT * 1.3
IF (TIMIWT .LT. 1.3) TIMINT = 1.2
GJ 7.) 60

Si TIMINT = TIMINT * 1.5
IF (TIMINT .GT. 3r1.7)) TIMINT = 31.0

EC PcMLST = ENGRPM
PFTIJRN
FNC
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ct)Gs2CUTINF WALFHP (AFKTP. i0OIST, NOVSEC, VOkVEL,

* TW-(LHP)

REAL LF.NG
C0410N./FNG17A7/ FNGI\JE(1, (PirMAX(2J), IPLOSS(2)

rol.ftA /CONFIG/ WIDTH DPAGC0
GUYI1ON /AT-IC10/ WETHFR(;1
COH1CN /PAVT/ C:), Of, CP
COMAON VNID(3')0), G-?,(36C), LENG(3C0),

* VCA1(7CC), NVERT
COW1UN r4EIGHT/ GCW

C

C CALCL4T7 kCLLINc, '-IFSI7,TANOE
POL?FS = GCW * (CS + (C4 * VORVEL)) * CP

CALCULATE kESISTANOE
EFF4EL VOkVFL + WF.THFR(2)
eirs = A;;Ficfl=. * (WETHEP(4) / (459.67 + WETHER(3))) *

* tFFVEL * FFFVFL

CALCULATE PRCSENT GRAOr
ErFG°9 = (VOOIST * ',(N(PrLC)) + F ( NOVSEC)

C
CALCULAGt_ GkAuF .RiEiI`3TANCF
GPTRFS = GCW FFFGR..)

C FIN: TiTAL PF_SISTANC=, CIS

TOT ?E3 = - (°OLRES + AIRPES + GROPES)

C

C FINr, TOTAL W-IFU HOR:;EPOWEP PFOUIPFD

7WHI_HP (TCTPES * 40PVLL) / 375.1
;;FTU4'N

FUJ
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FAJLIRrIUTINE V1AYHD (LTLRom. LTUPPM. ENGRPM, AVLBHP,

Pc'AL M,T.CHEF
COMMON /7NGPAR./ r_NANF(g), 3APMAX(2J), ORLOSS(2)

FINO LjWEE,R. ENGINE SDEFO IATU1 FOIrT
LOWcM = IFI< (((FNGRPti - EJGINE(E)) / 1j0.0) 1.j)

FINO UPPFF ENGINE SoEEC DATUA POINT
JUPPM = LOW-.PP + 1

C

IF (JUpiRoil .GT. L71J P1) GO TO 10

IF (LOWO,M .LE. 1) 7,1 TO 20
P,04LOW = PLOATA(LOWRoM + LTLRPv) *
AVL1Hr = (OW"MtlX(LOAPP1) + (((pHL)mAx(jupppm) _

* ,i,-axcLow?pm» * (7A(,;RPA - FPILOW)) / 1C0.0)) *

* !E4GINE(9)
GO Tl 3(

1,$ 441.3,AP =

AVLFHP = cir
GO TO 41j

2, AVL?Ho = BH171AX(1) * ENGINE (a)

CALCULATF_ ENGIN,7 FRICTION HP
COEPFT = 2L,1393 - (3.75948E-13 + (3..33129E -06 *

* ,7NGRP1) * 7NIGR°1)

BtPEN = (AVLPHP * / (ENGINE(1) ENGPPM)

Y'.17CL4cF = 1.0 / (1.1 + (COEFFT / 3MFPFN))
AnFAP = (1.7 - MECHEF) * AVLBHP
RETURN
FNS
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SUI2ROUTINE THRTTL (PT, IFSHFT. VACCEL, SETLST, AVLBHP,

* AqLFHP, 4ELALL. VORVEL. TIMINT. RAKSET, KBRAKE,
* ENGEIHP)

C

C THROTTLE SETTING IS AOT OHANGFC DURING GEAR CHANGE
IF (IFSHFT .EO. 1) GO TO 7j

r.
prlijr;v THOTTLE SETTING IF ACCELERATION IS TOO GREAT
IF (VACC EL .LT. ?.1937) SC TO
PAKS7T = SF.TLST (2.1 -i3 / VACCEL)

IE ( PAKSET .LT. RAKSP'T =

GO rn
C

THROTTLE SETTING IS AFFEOTEJ FY LENGTH OF TIME

C TNTERVAL
1C flL7TIM = (31.0 - TIAINT) /

DIFTLIL = VELALL VORVEL
IF (OIEVEL .GE. 2.1) GO TO

C THROTTLE S7T7ING IS AFF;ECTE BY THE OIFFERENCL BETWEEN

C TRUCK JELOCITY 440 ALLOWFD VFLOCITY
IF (1IFVEL .LE. -2.1) GO TO
OLTRAK = (1.0 - COS(II * DIEVEL * 0.25)) * ULITIM

IF (OIFVFL .L7. 4.1.)) GO TO 4r
PAKSFT = SETLST + DLTRAK

(RAKSET .LE. 1.:) GI TO
?O PAKSET = 1.0
3C KBRAKE = C

GO TO 70
YAKSET = SEILST DLTR\K
IF (OAK ET .GE. 0.0) GO TO 60

5r2 RAKSET =
C

C SIGNAL POSSIBILITY OF 3RAKING
6^ KRRAKE = 1

7C SETLST = RAKSET

CALCULATE THE rPFS7NTLY AVAILABLE ENGINE GPOSS H0
ENG2HP = (RAKSET * (AVL3HP + AVLFHF)) - AJLFHP

RETURN
END
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SWIROUTINE DIESEL (LTLRPA, LTUPPM, SUIPRT, ENGPPM,

* E9GHP. TIMINT, TRKSFr. TK7mMS)
COM1CN /ENGVAY/ ENGINF(4). 1HRmAX(2u), DPLOSS(2)
COMmON /FUELIN/ 33F0(2(,,70)
IF (ENGBHP- .GT. 0.3) GO TO 1C
TR,K3HP = -FNG8HP
GO TO 26

11, TRK1HP = ENG3HF

CORLC7 FNGI1F GROSS HORSEPCWFP TO STANDARD CONDITIONS
2G CORP.HP = TRK3HF / ENGINE(9)

C

C FIN1 LOWER ENGINE SPEE1 1 ATU9 POINT
LOWRPM = IFIX(((FNIRPM - EWSINE(6)) / 100.) 4- 1.C)

FIND UPPER ENGINE SEED 0ATUm POINT

JUP'RM = LOWRFM 1

C FIND LOWER PIGINP Ho OATTI POINT
LOW3HP = irIX ((COL3HP / 1.0)

C
FIN1 URPER FAGINF H0 DATUM POINT
IUP1HP = LOW3HP 1 1

C

C INT7-,OLATL TO FIN1 9SFC WITH PFSI':.:GT 70 ENGINE- SFECG

RPNLOW = FLOATULOWRPM + LILREM) 4' IN)
RHFLOW = FLOAT((LOW9HP - 1) * 10)

C.

C INTERPOLATE_ TO FIN1 3SFC WITH PFSPEOT TO ENGINE HP
IF (LOWRom .LE. 1) 51 TO 3,;
IF (JUPRPM .5E. LTURM) 50 TO 40

CONSNT = (ENGPP+1 - RRMLOW) * C.01
RCFCLW = (CONSNT * (9SFC(JUPRPM,LOW1HP) - BSFC(LOWPFM,

* LOW= -)P))) + 9SFC(LOWRPm,LDWEHP)
ElSPOHI = (CONSNT * (33FC(JU07FM,IUPBHP) - 3SFC(LOWRPM,

* IU°9HP))) + EASFC(LOWPPI,IUPSHP)
Gn To 56

31 FSFOLW = RSFC(1, LOW 3H°)
3SFCHI = DSFC(I. IUP3H2)
SU TO 73

qSF^,LW = i77tFC(LTURcIA,LOWeHo)
9SF041 = 1`3FC(LTUR1,IUP9HP)

cr TOT33C = ((COPE3HP - 1HPLOW) * * (33FCHI - ESFCLW) )

* 3SFCLW
C

C CAL3ULATF AMOUNT OF FUEL GONs'UmMEC IN GALLONS
TRKFC = (TOTESL * C1R5H0 * TIMINT) / 25632.0

CALOLLATE 1;A3ECUS EMISSIONS IN GRAMS
'KF4mS = SUMPFT * CO 3H° * TIMINT
RETURN
ENO
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C

C.

C

C

C
r

SUFIROUTINE VELCST (ACONST. TICONST, IFSHFT. '<BRAKE.
* ENGHP, RA<SET, 1rLOLD. CEFFWT. EIIRTA. TOTREO.
* TINRTA, NOISEG. TWHLHP, VACCEL, VELNEW.
* VHOIST)
REAL LENG
OOM1CI /NGEAR/ FNGINE(9), 3HPMAx(2J). ORLOSS(2)
COMMON /WEIGHT/ GC0
COmACN /ALICl/ V1P(3;0), LENG (3LC ),

* 'rs,R.13(7,06), R(30). IVERT
IF (IFSHFT .c.P. J) GO TO lo

4VAILA1LE WHEEL HP 17 7ERO DUPING 4 GEAR CHANGE
AVLWHR = U.0
GO TO 40

FIN) PART THROTTLL DRIVELINF. EFFICIENCY
10 IF (;'5KSET 1.39) GO TO 2U

PTHEFF = C.5
GO TO 70

2L PTHEFF = ORLOSF.(1) * (1.1 (LPLOSS(2) * ((l. /

* R1K,ET) 1.C)))
IF (PTHEFF .LT. 1.5) PTHEFF = C.5

CALCULATE THE HP AVAILABLE AT THE WHEELS
31 AVLW -R = (ENGBHP FAGINF(3)) # 2THEFF

C CAL.'3ULATE THE ACOELERATING FORCE, L9S
40 ACGRC = (AVLWHP + TWHLHP) * (375.0 / VELOLD)

C

CONVERT Ti.<.(1CK VELOCITY TO FT/SEC
TRKVEL = VELOLD * AcoNst

C CALCULATE TPUCK FFFECTIJE WEIGHT CUE TO INERTIA, LqS
EFF4GT = GOW + (CEFF4T * ((FINRTA * TOTREO * TOT;i.fO)

* + TINPTA))
IF (4CRA)(NOVSEO) .LT. 210;j.(.) GC TO 60

C

CALCULATE THE NEW VELOCITY IN MPH AND DISTANCE
C TRAVELED OA m CONSTANT GRAOF

FACTOR = ((ACCFRC * 72.174) / ERFWGT) * TIMINT
VELIRw = (TRKILL + FACTOR) * PCOAST
VHDIST.= (TPXVEL + (FACTOR * C.5)) * TI4INT

GO TO 7C
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C CALCULATE NEW VELOCITY 4N9 DISTANCE TRAVELED ON A
0-ANSING GRACE

60 CONSTA = (ACCFcL * V0R4J(NOV3PC)) / EFEWST
CONSTJ = SOKT(2.174 / VCRAD(NOVSFC))
r0N.;TC = GONSTB * TIMINT
IF (CC1TC .LT. 1.57) SI TO 66
PRINT 64, NOVSEC

64 FOR` AT (2X,SERPO9 IN TI1E SPECIFICATION TN SECTIONS,
*

GO TO 14'
66 CONSTD = u0S(CONSTC)

CONSTE = SIN(CONSTC)
VFLNEW = ((TRKVEL * CONSTO) + (CONSTA * CONSTE *

* CONS1?)) * RCONST
VHOIST = CONSTA - (CONSTA * CONSTO) + ((TRKVEL /

* CONS1B) * CONSTE)

CALCULATf: TH.1: RATE' OF AC:',ELEPATICN, MPH/SEC
7; VACOr.L = MIELNEW * VELNEwl - (VELOL) * VELOLO))

* (2.0 * vHntsT)) ACONST
C

C CHECK THROTTLE STATUS AND F,RAKE IF REQUIRE)
IF (KBPAKE .NE. 1) GO TJ 90
IF (VACCEL .LF. 6.0) GO TO 90
VELNEW = VELILC -
VAC',EL = (VELNEW - VELOLD) / TIMINT
IF (VACCEL .GE. -3.3(7) GO TO FL
VAC3cL =
VELNFw = VELOLC + (VACCEL * TIMINT)

fi VHDIST = i(VELOLD + (0.5 * VACCEL * TIMINT)) * TIMINT)
* * ACON%;T

gr IF (VELNEW .ST. ,.J.0) GO TO 111
PRINT Jul, NOVSEC
FORIAT (luX, tTH7 TRUCK HAS STOPPEC IN SECTION, 2X.

* 13)

50 TO 141
11L IF (VHDIST .ST. 1.)) GO TO 13i:

PRINT 12J, NJVSEC
in FOPmAT(iCx.sNEGATI4E PROGRESS IN SECTIONt,2X,I71

GO 70 141.)

13., PETJRN
14C IEX IT = 7

CALL OUTDUT (NOVSEC, IEXIT)
END



C
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SUROUTINE DTAKPR (ACONST, NOVSEC, IFLGTR, KNSTS0,

* LWRGFR. VELALL. V7LMAX, HLOOST. TRKrST, NEWSEC:,

* Va_OLO. /ELNEW, VELLMT, VACCEL, TIAINT, VHDIST,
* TRKSFC, TKFMmS, OTAINI. VODIST, VORVEL)
RFAL LENG
DIMENSION TKDATA(4), OTAINI(6)
COMMON /TROFS! TIM(2j!7), TS0-)(20), NUMTIM
(70A'4ON /ALIGN/ V"41)(31C), G.:(3(1.). LENS(300),

* kh;RAD(H), R(3 j), NVFRT
COMAON /TRAFC/ Sr'DLAT
TIOATA(1) = TIMINT
TKOAT,-A(2) = \MOIST.
TKOATA(3) = TRKSFC
TKDATA(4) = TKEMMS

INITIALI7E VARI49LFS IF AT BEGINNING OF NEW SECTION
IF (NEWSEC .1F. 1) G9 TO 1iJ
DTAINT(3) = J.0
CTAINI(4) = 1.0
IF (IFLGTR .E0. 1) GO TO 5
NUMTI =

5 NFWSEC =
VODIST =

C

C CAL',ULATL DISTANCE TRAVELED IN PRESENT SECTION

lc vinisT = TRK1ST + TKOATA(2)
C

CHECK FOR END OF SECTION
ENOS7C = LENG(NOVSEC) - VODIST
VORVFL = VEL1EW
IF (ENDSEC .GT. '') GO TO 3)

C CORRF1',T DATA IF AT :NC OF SECTION
NEWSEC = 1

CORECT = (TKOATA(2) + FN1SEC)/ TKCATA(2)

DO 23 I = 1, 4

TKDATA(I) = TKOATA(I) * ^,ORFCT

2 CONTINUE
VORIEL = VELOLO + (VACCEL * TKOATA(1))
VODIST = LFNG(NOVSEC)

C
TR.AN7FF_R IJMTA TO A4..,ZAY DTA1NI FOR SUDROUTINE HLOTEK

-3 DTAINI(1) = TKOATA(1)
OTAINI(?) = TKEATA(2)
OTAINI(11 = 7TAINI(1) + TK)ATA(3)
OTAINI(4) = )TAINI(4) + TKOATA(4)
OTAINI (5) = VODIST



C

RET9RN IF HLOTRK IN CONTROL (IFLTR = 1)

ir (IFLGTP .E0. 1) GO TO 5::

C

C

C.

RECOO OATA
NU"TIm = NUMTIM + 1

-Im(Nwirim) - TKTATA(1)
TSPO(NUlTIM) = (TK)ATA(2) / TKOATA(1)) * BCONST
IF (NESE0 .AF. 1) GO TO 4i

OUTPUT OATI IF Ar ENO JP RA: W) SECTION
CALL TRKOUT (NOV3FC, OTAINI(3), jTAINI(4))

4:5 IF (' <NSTS'P .NE. 1) GO TO 54

KEEP T1:kCK CF HORIZONTAL CUR4F 4NC DOWNGPAOE
LENGTHS

VELL.'T = VFL1AX
HLOOST = HLO1ST - TK1AT4(2)
IF (VELMAX .LT. 3F1LAT) LVNGER =
IF (HLOOST .GE. 3.C) GO TO 50
KNSTF0 =
VELLmT = VELALL
LWRGER =

5C Pr:TURN
ENO
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SECTION
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FUEPOUTINE GRSLCT (LWRGER, NOVSE;, VORVEL, NUMGER.
* IF7HFT, INGEAR, TOT031 ENGRrM)
COm"JN /L:N;FAF, EIGINF(9). 3HPMAX(23), 19.LOSS(2)
COMION / ",PAN M/ NOGEAR, AXLTO, GEARNO(15)
IFSHFT = V

INITGR = tiuw7,ER

C

C CALCULATE r,FFSENT FNGINE SPEED
C

UALL GFRCHG (VORVLL, NUMGE, TOTREO, ENGRPM)

C

C UPSHIFT iF PCOUI,?.EO
IF (ENGR,1M .GT. ENGINF(5)) GO TO (07

C

C 00WN3HIFT IF REQUIRE1
IF (EN6RPM '::NGINE( )) GI TO 23

10 NUM GER = NUMGFF - 1

IF (NOAGFR .LT. 1) G1 TO 3
CALL GERCHG (VORVFL. NUM5F, TOT 'ED, ENGRPM)
IF (MGRPM .LT. ENGINE (4)) GO TO 1?

20 IF (LWRGER .E0. 1) GO TO 6J
GO TO

3C NUMGER = 1

GO TO q0
43 NUMGFP = NUMGFk: f 1

IF (NUmGER .GT. NOGEAR1 C) TO CJ
CALL GER7;HG (VOR47L, NOAGLR. TCT-ZFO, ENGRPM)
IF (FNSRPm .GT. ENGINE(5)) GO TO 40
GO T1 10i

5L. NOmGFR = HOG,17AR
!'ALL GFRr.;HG (JORVEL, NUMGtR, TOTREC, ENGRPM)
IF ( ENGRPM .ST. 7NGINE(7)) GO TO 110
GO TO 10'1

C

C USE LOAEST GFAk IF ON JOWNGRADF OR CURVE

E-2 NUmGER = NUmSE < - 1

IF (NUAGER .LT. 1) GO TO 3.3

CALL G-L-PCHG (VORvEL, NT.IGF?, TOTRED, ENGR0m)

IF (FNGRD.1 .LT. ENGIAF(5)) GO TO F3
= 1

(VORVEL, NUmGF.-<, TOT;;FC, ENGRP4)
irL ING-AR = NUMGER

SIGNAL IF A ;HIFT HAS OCCURRFC (IFSHIET = 1)

IF (INGEAR .NF. TNITGR.) IFSHFT = 1

RETURN
11" PR,INT 12J, NOV:EC
12C FOR',IAT (2X,/ERROR IN GEAR SELECTION IN SECTION1',I5)

IFXIT = 9

GALL CUTOUT (NOVSEC, IFXIT)
ENO
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SUP'-flUTI1F GEROWG (kr)9VEL, NJmGE, ToTPE), ENGmP1)
CD4A0N /TRAN3M/ NO:.;E,AR. ^,XLRTO, CEARNO(15)
COM1CN /TIREIN/ TIRRIM(7)

r.

1. CAC".ULATE NEW GEAR REMJC-I'ION
TOTFC. = AXERTO * GEARND(NU1GFR)

cAc;LLArE NEW ENGINE SPEED
ENG4Pm = (VORVEL * TIRRIM(4) * TOTRO) /
RETARA
ENO



SWTROUTINE CANHIL (ARFKTR, TK6RHP, LTLRPM, LTURPM,
PRF.OST, NSEAR. NOVSLO. OLOHSC, VHDIST, VODIST,

* VORVEL, INTLIZ, SLWDST, VELMAX, HLDDST, NEWHSC.
* KN7TSP. IFLGTR)
RrAL LENG, MrLA, LSTGRJ
IN7FGFR 1LDH3C, S.NTSR
COMMON /ALIGN/ VMP(310). GR(7LC). LENG(363)t

* VC';AD(.!"L), R(3:11). NVERT
COMMON /HGRI7/ HIP(310), HR41(7.2), HCURL(303),

* PASPC(3l 6), MPLA(330), NCUPVE
COMMON /TkAFS/ S°0L4T
IF (INTLI7 .NE. C) GO TO 5

C BRCUTINE INITIALIZATION
TnTisr = ff:
KNTSEC = NUVSFC
FYF)ST = PPE3ST * VHjIST
OSTKPR = O.0
GO TO 117

r
C IF 10 NEN ROAD SECTION IS IMMINENT, RETURN TO MAIN
C PROGRAM

5 OSTKPR = DFTKPR - VH)IST
iF (OSTKPR .GT. 0.u) GO TO 146
TO7CST = \mots?
KNTSEC = NOV3FC * 1

IF (KMTSEC .LE. LYTSEC) GO TO 1 "0
9STKt:.4 =

C

C CALCULATE LU1K AHFA1 DISTANCE
EYEAST = PRFOST + 4H1IST
IF (EYEDST .LF. LENG(N1VS7C)) GO TO 147

C. CHECK FOR DUWMGRAOF WITHIN LOOK AHEAD DISTANCE
1" IF (GR(KNTSFC) .LT. J.0 .0R. R(KNTSEC) .LT. C.C)

GC TO
TOT)ST = TOTOST + LENG(KNT.iEC)
IF (TOTDST EY:DiT) GO TO 14J
KNTSEC = KNTSFC + 1

GO TO 10
C

FIND MAXIMUM GRADE SEC TION 01 COWNGRAJF
2 LSTGRD =

91



STRTGP = KNT3EC
31 IF ('-KNTS7C) .LT. j.) GO TO L3

GPO14X = GP(KNTS!-7O)
OST5P0 =
GO TO 45

4: GPOMAX = GR(KNTS7C) CLENG(KNTSE() * R(KNISEC))
OST521 = LFN5(KNTSrO)

L5 IF Ir:1MAx .5E. LSTG70) GO TO 5J
LSIG90 = GPOIAX
LTC = KNTSEC
OSTL5T = DSTGPO

5U vNTS1C = KNTS7C s 1

IF (NTEC 'GT. 'IVERT) GO TO 6L
IF (GR(KNTSFC) .LT. 1.'1 GO TO 3j
IF (Y(KNTSFC) .LT. 1.0) GO TO 40

C
FIND THL: lAYTMUM 4LLOwEJ VELOCITY ON THE DOWNGRADE

EL VFL!'4AX = VORVFL

C

92

NOG /3L = L

LSTSEL; = KNISrO - 1

70 CALL WHL3HP (AcrKT. OSTLST. LST0SC, kIFL4AX, LSTGF).

* TWI-LHR)
ROLL GSLGT(1, LSTRS(',. VrLMAX, INGEAR, IFSHFT, NEEDGPI

4 REoREJ, RFOFFM)
CALL 4'-1/1(HP (LILPA, LTJ;;P9, AVL1HP. AVLFHP)

= TKFDHP AVLP4D - TWHLH

IF (71RAP .7,T. J.1) GO To 8r,

NOGVEL = 1
VELAAx = VELAAX - 5.j
GO TO 70

PC IF (NC,VEL .E0. 1) GO TO .3,;

Ir (AVBRHr .LT. J.J) Go TO 9i,

VELIAX = VFLUX 5.9

IF (JFLMAx .LE. SP)L1T) SO TO 76
VFLAAX = SPCL4I
GO TO 1O.:
VELMAX = VEL4Ax - 5.)

95 IF (NO /SFC .NE. 1) GO TO 100

CALCULATE THE CISTANGF TO THE DOWNGRADE (SLWOST) ANC
THF LENGTH O® THE r;417 (HLDOST)

SAHO:iT = VODIST
GC TO 105
SAmT3T = VM(--(NOV('FC - 1) + VDDIST
m_w)s+ = vAF(9HTG4),) - 7;AAOST

HLODET = 4mP(LSTSEC) - SAMOST
OST <P = HLUO.:-)T - EYEDST

11, IF (1-'(31.71H.3C) .GT. (SAAD:3T + HLODST)) GO TO 13.



C

C

C

CHECK FOR SPEEC LIAITING HORIZCNTAL CURVES ON THE
powNGRADE

IF (HASPO(OLJHSC) .GT. VFLMAX) GO TO 120
VEL-s14X = HASPC(OLOHSC)

12 OLOHSC = uLOHSo 4-

IF (OLLH30 .LT. 1C'JQVF) (0 TO 11:1
17-j NEWHSC, = OLCHSC

IF (INTLI7 .1F. G1 TO 135
VEL4Ax = AMIN1(VELmAX, :31L4T)
KN3TSR = 1

:A141ST =
GO TO 143

133 IFL;TR = 1

141 RETURN
FNU
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SURRCUTINE 1-(7_CRV (NOVS:7. OLCHSC, VODIST, VHDIST,
* SLAIST. VELMAx, HLDOST, NEWHSC, IFLGIR)
RLAL LENS-,
INTFGFR OLOHSC
CO"l'1ON /HORI7_/ H4P(3J0), HRAP(30::A, fiCURL(3J0),

3;');), MFLA (3'30), NCLPVE
COMAON /ALIGN/ 4A0(3JC, GR(3C0), LENG(3;G),

* \flRA7(3C('), R(7,17!), 'AVERT

CHECK FOR HORI7ONTAL CURVES WITHIN LOOK AHEAD DISTANCE
TF (NOVSEC .1F. 1) GI TO IL
S;-cilST = VHDIST
GO TO ?O
SAAOST = 1( 1P(NCVSFC - 1) + VHDIST

2.'Z' IF (4PLA(OLOHSC) .GT. (SAM)ST + VHDIST)) GO TO 14

FTN1 LENSTH CF CU?VE
HLOOST = HCURL(OLOHSC)

FIE 14XIMOH SFEJ ALLOWED OM THE CURIE
VEL1AX = HASPO(OLDHSC)
NFWHSC = uLr'HSC f 1

IF (NEWH:;C: .LF. NCURVE) GO TO 3J
NEW-(SC = OLD-(SC

FTNO rflSTANOF TO CJRqF
C,Lw-)T = H1F (OLDHSC) - SA'ADST
IFLT4 = 1

;v-TURN
END
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SU9ROUTINE HLPTRK (KF-'STM, ACONST, 3CONST, LTLFP1,
* LTURPM, ARF<TR, SUm'IcT, ELWPST, VOlIST, NOVSEC.
* NFWEEC, VELM#'4X. !7TAINI. AV'PHP, RAK7FT,
* ENGPM, TOTPED, IFSHFT, VOFVF.L, VACCEL, KNZTSP,
* K3RAKE, IFLGTR)
REAL LENG
INTEGER 0Kc.TFN, OLOSE0
DImF.msIoN INTFvL(2n), OTALOG(20,41,6), SUmLOG(4),

* OTAINI(E), LOGOTA(20,41)
COMMON /ALIGN/ v4P(3n0), GR(300), Lc:'1G(3un),

* V7,R40(00), R(301), MVFFT
OOM1ON /TROPE/ TIM(200), TS'O( ?00), NUMINT
IF (<FSTM .E.O. 1) GO TP 30

C

C INITIALIZT SU3ROUTINF
DSTLOG = 0.0
NUMS7f7. = 1

INTNUM = 0

KFPSTM = 1

INT'YT4 = 0

IF (ILWSEO .NE. 1) .G0 TO 10
K'IGSEC = NOVE + 1

OLDSEC = KBGEEC
GO TO 20

10 K9GSC = NOVSEr7,

OLDSEC = NOISEC
20 RETURN

C

C RECORD DATA PC; TIME INTERVAL
30 PTAINI(6) = AVL1HP

IF (NOVS:::C OLOSLC) GO TO 40
INTRVL(NUMSEC) = INTNUM
OLPST!:7, = NOVS7C
NUMS7C = NUMSzC + 1

IF (NUmSEC .GT. 20) GO TO 200
INTNUM = 0

40 INTNUM = INTNUM + 1

IF (INTNUM .GT. 40) GO TO 20C
00 60 K = 1, E

OTALOG(NUMSC, INTNUM, K) = CTAINI(K)
60 CONTINUE

LOGOTA(NUS:T.O,INTNUM) = INGE.A'

OSTLOG = OSTLOG + DTAINI(2)
iF (OSTLOG .GE. SLWOST) GO TO
TNTITA = INTOTA 4 1

IF (INTOTA .LT. 40) RETURN

C RFC07,.9 DATA FOR FIF3T 20 TIME INTP,VALS
INTRVL(NUMSL:C) = INTNUM
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KNTSEC = 1

INTOTA = n

NUMTIM = NUMINT + INT:',VL(1)
KUMINT = 0

GO TO 68
64 KNTS-70 = KNTSEC + 1

IF (KNTSF7 .GT. 20) GO TO 200
KBGSEC = KRGS..0 + 1

KUMINT = 0

N(JMTI' = INTRVL(KNTSEC)
NUIINT = 0

68 INTDTA = INTnTA + 1

IF (INTOTA .GT. 20) GO TO '2
NUMINT = NUIINT + 1

KUMINT = KUMINT + 1

IF tNUMINT .GT. NUMTIM) GO TO 70
TIM(NUMINT) = OTALOG(KN7SFC,KU1INT,11
TSPD(NUMINT ) = (OTALOG(KNTSEC.KLIINT,2) /

* OTALOG(KNTSECOCUmINT, 1)) * BCONST
GO TO E.3

70 NUMINT = NUITIM
CALL TRKOUT(K3GSFC. 0TAL0G(KNTSECUMINT,3),

* OTALO(KNISEC,NUMINT,4))
GO TO 64

72 INTRSO = 0

NOMINT = KUmTNT
C

'FS7QUENCE RFmAINING TIME INTE9JALS
INT'?.VL(KNTSEC) = INTRVL(KNTSEC) KUMINT

74 NUMTI M = INTc;V;_(KNTSFC)
INTRSO = INTRSO + 1

00 77 I = 1. NUMTIM
00 76 J = 1, 6

KOONT,-7 = NOIImT + T

DTAL0.7,(INTIRSO,I.J) = OTALOG(KNTSEC,KDUNT.J)

C

C

C

76 OONTINUE
LOGOT(INTF30.I) = LOGOTA(KNTSEC,KOUNTR)

77 CONTINUE
NOmINT = 0

KNTSEC = KNTSEC + 1

IF (KNTSEC NUmSEO) GO TO 74
INTOTA = 20
NUMSEC = INTPSO
INTNUM = NUMTIM

rTU,'Ok4
90 INTRVL(NU1SEC) = INTNUM

IF (VOR.VEL .GT. VELIAX) GO TO ?0

RECORD DATA IF TRUCK VELOCITY 00ES NOT EACFED VF:-.LOCITY
ALLOWED



97

KNSTsP
CALL DTAnM° (3CONST, K9GFC, KFSTSC, NUMSEC. INTRVL,

* OTALOG, NOWSEC)
GO TO 170

C

BPAKE TRUCK IF VFLOCITY EYC7:0S VELOCITY ALLOWED
90 TOT.IST - 9.1
100 OSTLOG = DSTLOG - OTALOG(NUm7,EC,INTPL(NUmSEC),2)

f.NOVL = (DTALOG(NUMSEC,INTRVL(N(1'rEC),') /
* ETALOG(NUISEC,IN7PL(NUM7C).1)) r'CONST
"RKIST = sLwnsT - DsrLor,
IF (9kKOT .LT. 0.0) Gn TO 180
DECCEL = (i(V2LMAX VtILMAX) - (ENCVHL * ENCV.7L)) /

* (2.0 * 1RK7YST)) * AC047T

IF MECCrL .Gt. -3.01) GO To 10
INT,b/L(HUIFC) = IN.NVL(NUMSt'.C) - 1

IF tINTPVL(NUmSEC) 11 GO TO 100
NUMSEC = NUMS]:C - 1

IF (NUMSEC .LT. 1) GO TO 180
GO TO 10!0

105 CALL DTADMP (3CONST. KBGSEC, KFSTSO. NUMSEC, IINTRVL.
* 2TALOG, )'owsEc)
Rc:KTIm = (V7L1AX ENDV7L) / CITCCEL
IF ('3RKTIM .LT. 0.0) 3RKTIM = -BRKTIM

C RES7T SUBROUTINES AFT E';( BRAKING
CALL GPSLOT (1. NOVSEC, VELMAX, LOGDTA(NUMSEC.INTVL

* (NUMSEC)). IFSHFT, ING7Ac, TOTPED. ENG;PM)
CALL VOTIMF (0.0, 1, :isiGPIDN, NOVSEC. 1, 0.0, 0.0.

* ENGP'='m, 0.0, 0.0, TIMINT)
CALL WHL3HF (A;;FKTP, VODIST, NOVSEC,, VELmAX, 7FFGRD,

* TWH1 HP)
CALL VMAXHP (LTLPM, FrIGP", AVL1HP, AVtFHP)

C

C FIND THriCTTLE SETTING
IF (GR(NOVSr-7C) .GT. 0.0) GO TO 110
SETL ST = 0.0
GO TO 120

110 SETLST = (AVLFHP - TWHLHP) / (AVL3H0 + AVLPHP)
120 CALL THRTTL (0.0. 0, E.0, !:EILST, AVLHP, AVLHP,

* 0.0, 9.9, 0.0, RAKSET, 0. ENGBHP)
KBPAKt = 0

r
Ec-TImATF FUEL CONSUMED AND EMISSIC!-:
AVS1HP = (OTAIOG(NUMS:rC,INTRVL(NUMSFC). 8) + "INGBHP)

* *

CALL DIESEL (LTLR.Pm, LTUP.PM, SUMP;T, ENGPM, AVGBHP,
* BRKTIM, FNLGAL, AVGEMS)
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1A R11
(;WA';11, 1'll.nr-(Nu45,7.c. riT9U1ANUM77c,1,1
I-U.17,7', - 1)T;;LOCANI1'IS:".C, TNTVL(NUP!';r(A,L)

IF CNCASq NIDVFC) r 0 T1
= i.0

rurATT = NVINT +
fliC1": = 1

'1 131
.174 OV;),7-1

t-I-I\r = Prr?41-(KF'3T;C) 1

';".",P=:: 7 fLF471(NOW377,) 1TALOC(NUPC9I'7;VLANU17,EC),
* 51) / 1,-O<DST

131 7')1L f1' = 1PKTT1 * 7:777R
I1 ALY-!.(e2) 7 '7;1K-Y71 *

-711.1t.7';(77)) 7 frrLG;1 * 7F.1-,PT-fl +

S9`11.1"G(4) - (4\(,7',; '.-.;:'sepr.R)

TIA"sUITT) 7 L)1.1"LO(;(1)

il7,1f\JTNT) (71)1Lo;(?) / '.)!Imi_c(;(1)) * 300N:T
TF r(7!<.?r1 .ER. 1) (3'1 rl 1)!1

"?<111- TJ4LC7(31. .i(P'LOG(4))

= 71177,7 + Till1L3(2)
= +

= NUY1FC + 1

WIAINT = 1

= 0

IF (W:ISTC .E. v1U4S7C1 1.19 t 1 41

= L'7N7J1NIJIS7.;) / 9P,KOST
T' 131

ILO n77-N = 1

= 1

TF SL)"

V.C7,71. = 17,7CC71_

(-c (D - T1Tr:ST). / rPK1ST
r,U "1 139

TSr1(NU"I'AI)
IF (N.7:4:;71.; 1) GI '1 1,Y1

r,aLL 7,:cMT (NU:31TO, SUML0c,(3). SUMLOrl(=,))
(Y1 -1 177

01P.7.
lb(! CIILL ;71C'R (r.corST. NO/7ri-, Kr-i'.1Th 0,

* V71 Y',Y qrL'Ic,x, 0.1, TrA!_lr,fmul!.-=.;.IN1-).vi_(t,u-ST:L).r1
* t. v:LHA. V124771_, J'LAAY.. 9.0. 7UNL06(1).

7'1v1_1(-,(2). 7u1Lnr,(3), ;u1Loc(4), irAINI, vC9IST.
* ,)f1 -r1L)

171 TFL7,7; = 0

Kc.)71.`' = 0

IP';;AF- 0

= i',i1V1(NU1SEC)



P7-jR7A

1(7r1 131, K3r,SEC
190 Fr_14.17 ;O:NOT 7'FflL0-7. :or-Fp TO A

* i7ri 2> 13)
Tc ?ll

20(1 7` E 1 ION THE;-7P ovEoLom77
211 17<17 ---- 1,7

LJrpHT
DET) N
Pr1

Cicv7EC, IFXIT)

99
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SUBOUTINE OTACM° (3CON3T, K2GSEC, KFSTSC, NUMSEC,
* INTfliL. OTALOG, NOWSEC)
OImENSION INTRVL(2)), CT1LOG(Z.r,41,6)
COMMON /IROF3/ TI1(210), TSP9(203), NJMINT

TIME INTEQVAL CATA
KFSTSC = 1

NOWINT = IN.NVL(KFSTSC)
Do j = 1, NOWINT
KCGUNT = J NUMINT
TI1(KCCUNT) = DTALOG(KFSTSC, J, 1)
IF (TIM(KCOUNT) .LE. L.) GO TO
TSPO(KCOUNT) = (1TALOG(KFSTSC,J,2) / OTALOG(KFSTSC,J,1

* )) * BOCNST
IF (IS'10(KCOUNT) .LE. 3.9) GO TO ELI

21 CONTINUE
NUMINT = KCOUNT
IF (NUMSEC .EO. KFSTSC) GO TO 30
CALL TRKOUT (KGSEC. OTALOG(KFSTSC,NOWINT,31,

* UTALUG(KESTSO,NOWIAT,4))
KFSTSC = KFSTSC * 1

IF (KFSTSC .GT. 2L1 GO TO 75
NUMINT = r

K3GSEC = KOGSEC
GO TO 10

3r1 NOW-SEC = KBGSEC
YFTURN

44 PRINT J. KFGSEC, NUMINT
51 FOR1AT (1LX, tCRROR IN TIME SFFCIFICATION IN SECTIONI.,

* NUMINT EOUALSt,I4)
GO TO 30

EC PRINT 70, <E ,SEC, '<CUNT
7v FO2 IAT(1)X.IEPOR IN DISTANCE SPECIFICATION IN SECTIGN

* $,I4,t14HEN NUMINT EQUALSt.IL)
GO TO 0

73 PRINT*, t SECTION NUMBER OVERLC4Jt
8r TEXT' = 17

CALL OUTPUT (K9G'3EC, IFXIT)
ENO
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SUUROUTINE ,TRKCUT (N)C3ECI TKFUEL, TKEMMS)
comlnN /TROFS/ TIM(2%). TS0J(2), NUMINT
COMMON /CATA/ TIME(23,E,371), SPEEJ(20.200); OIESEL(2C),

* EXHAST(20). TOTIME(2C). TOTINT(23)

TA1SFE-R TIME AND SPEED TO COMMON CATA
TOTIME(NOVSFC) = 0.0
n1 1J I=1,NUMINT
TImc,:(NOV:3FC,I) = TIA(I)
7,'PEFO(NOVSEC,I) = TSDO(I)

C. CALULAT'l TOTAL TIME IN SECTION
TOTIMF(N1VSF) = TOTImE(NOVSFC) TIM(I)

CONTINUE
r

C TRANSFR NUM3EP OF TIME INTERVALS (TOTINT)
C FUEL CONSUME° (TKFUFL)

C EMISSIONS (TKEMMS)
TO 7CmMON DATA
'OTINT(NDVSEC) = NUIINT
OIFSFL(NOVSEO) = TKFUFL
EXHAST(NOVSEC) = TKEMMS
RFTURN
ENn
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SUBROU'INE OUTPUT (NOVSEC, IEXIT)

C0411N /TOFS/ TIM(2j1), TSPD(20J), NUIINT

COMACN /DATA/ TIME(21,20J), SPEE1(20,200), DIESEL(20),

* EXHAST(211), TU'IAE(21:), TOTINT(201
NIJMSEC = 1
IF(TEXIT .E0. :) GO TO 2r?

C IF IEXIT IS NOT 7EP1, A PROGRAM ERROR HAS OCCURRED.
SW;RDUTINE TRt<CUT IS CALLED TO PROCESS THE DATA FOR

C THE LAST VERTICAL SECTION
C

PRINT 10, NOVSEC. NUMINT, IEXIT

if! FCP4AT(2 ERFOP IN 3ECTIONt,I3,1 AFTER INTFRVAL,I3,

* IEXIT =113)
CALL TRKOUT(NOVEC, 0.0, J.0)

C

C PRINT DATA FOR LACH VERTTCAL SECTION

29 PP1N' 3C, NUMSf:C, OIESEL(NUASEC), EXHAST(NUMSEC)

3 FOR1AT(zOFOR c:FCTION NU13Eit,I4,5X,tFUEL USED = t,

* L,ALLONSt,/,5X,tFmISIONS = z,E11.4,XGRANSt,

* /.t INTERVAL TIME SPEE)t)

INTRVL = TOTINT(NUMSFC)
DO 5. I = 1, INTRVL
PRINT 40, I. TIME(NUASEC, I), SPELC(NUMSEC, I)

aC FORMAT (5iX, 13, 7X, 2(F7.2))
53 CONTINUE

NUmScC = NUmSFC * 1

IF(NUASP.: .LE. NOVSEC) GO TO 20

IF (IEXIT .NE. 0) GO TO 60

PCTURN
60 STOP

ENO
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APPENDIX 2. GLOSSARY OF IMPORTANT VARIABLE NAMES

PROGRAM NAME DESCRIPTION

ACCFRC Vehicle acceleration force, lb

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

AIRRES Air resistance, lb

ARFKTR Air resistance coefficient, (in.Hg.-

mph 2
)/( F-ft

2
)

AVBRHP Available braking horsepower

AVLBHP Engine gross horsepower

AXLRTO Rear axle ratio

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

BRKDST Braking distance, ft

CNGRPM Change in engine speed, rpm

CNRFC Cornering resistance, lb

DECCEL Braking deceleration rate, mph/sec

DSTLOG Distance traveled, ft

DTAINI(1) Length of time interval, sec

DTAINI(2) Distance traveled during time inter-

val, ft

DTAINI(3) Fuel consumed, gal

DTAINI(4) Gaseous Exhaust Emissions, gm
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PROGRAM DESCRIPTION

DTAINI(5) Distance traveled in vertical sec-

tion, ft

DTAINI(6) Engine gross horsepower

EFFWGT Truck effective weight, lb

EINRTA Engine and clutch inertia, ft -lb-

sect

ENDVEL Velocity before braking, mph

ENGBHP Engine gross horsepower

ENGINE(9) Engine horsepower correction factor

ENGRPM Engine speed, rpm

EYEDST Look-ahead distance, ft

GRDRES Grade force, lb

HLDDST Total length of downgrade or curve,

ft

INGEAR Present transmission gear

IFLGTR Signal for approaching downgrade or

curve

IFSHFT Signal for gear change

KBRAKE Signal that truck should be slowing

LOGDTA Present transmission gear
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PROGRAM DESCRIPTION

LSTGRD Maximum grade, percent/100

NOVSEC Number of vertical sections

NUMGER Number of transmission gear

NUMTIM Number of time intervals

PREDST Pre-set look ahead distance, ft

PTIIEFF Part throttle drivel ine efficiency

RAKSET Throttle setting

ROLRES Rolling resistance, lb

SETLST Throttle setting for previous time

interval

SLWDST Braking distance, ft

SPD Traffic stream speed, mph

SPDLMT Posted speed limit

SUMPRT Constant for calculating emissions,

gm/bhp-hr

TIM LenEth of time interval, sec

TIMINT Length of time interval, sec

TINRTA Tire inertia, ft -lb -sect

TIRRIM(7) Tire rolling radius, ft

TKDATA(1) Length of time interval, sec
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PROGRAM DESCRIPTION

TKDATA(2) Distance traveled during time inter-

val, ft

TKDATA(3) Fuel Consumed during time interval,

gal

TKDATA(4) Emissions during time interval, gm

TKEMMS Exhaust gaseous emissions, gr

TOTBSC Fuel consumed, gal

TOTRED Overall gear reduction

TOTRES Total road resistance, lb

TRBRHP Truck braking horsepower

TRKBIIP Absolute horsepower value

TRKMAX Maximum truck velocity

TRKSFC Exhaust gaseous emissions, gm

TRKVEL Truck velocity, ft/sec

TSPD Truck velocity for time interval,

mph

TWHLHP Total road resistance, hp

VACCEL Average acceleration rate, mph/sec

VELALL Velocity allowed by Subroutine

ALLVEL, mph

VELMAX Velocity allowed by road geometries,

mph
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PROGRAM DESCRIPTION

VELLMT Maximum velocity allowed, mph

VELNEW Velocity at end of time interval,

mph

VELOLD Average velocity of previous time

interval, mph

VHDIST Distance traveled during time

interval, ft

VODIST Distance traveled in vertical sec-

tion, ft

VORVEL Present truck velocity, mph
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APPENDIX 3. INITIAL TEST DATA

INPUT DATA

FHF7E 2ATA UPI: IN OR0:7.? RCK 02)E 11, TA.'11 INT2
C SIMilLoTICN 110!AL

NCU=,'NL. SraNi
C

4 13

VE?..TICAL ..3ECTIT)N FIATb

C VmP (I) , 1 R(I) , VC,YAF)(I) , ?(t), L:NG I )

144).0 -0.01, 19,-,9 j. 0 0.) 1 +.9.0

19 `37.5 -0.014 55>7.141 0.o101 J 1 ,7.'

2,b0.) 0.000 t.51.L-3 U.1n)143 r)o2.-)

2300.0 0.0 J (-1-13.t1 ".' 341.0
3757.143 0.0-3 .41-.7'71 -J.)001 '' )i.1,..3

4101.0 0.0 q13.7-1 -3.01J),' 3-49.'r7

4600.4 -0.0?) ric3)J';.1 (1. 7)0.0
4400.0 -0.020 r)).1.7 0.9001 201.51

5400.0 0.0 0n4..17 11.1111 A t),0

5'400.0 9.r f-11 4q3c13.fl 0.1) 1 00. 0

7570.0 0.01,0 1J4.1),) -0.0001,7 7-'0.0

1110.1 3.0 ''-44.1'12 -;.OUJJ'17 4)0.0
12100.9 -0.0t0 trIT-4.j4.1.) 0.j 3-fl00.0
r

r qj-?Ii-rsiTL SFf TIWJ 041a
Hio(J), --I' AO(J), H( U-W (1). H,,,i 1(j) , 1-)1 i( J)

C
1003.J 1..D37,n 1003.0 70.) 100.0
3150.0 ?4t_..0 12'4).1 -9.9 1,,O.n
590_1.0 ,,(1.0 700.1 ..-)' -01.1
6500.1 2500.0 1001.1 10.1 5619.0

C

k, CS, CJ. CP. Pi))AL TI.:--: .15_1,1 P(11,H "A,J14' 1

r;

9.0043 0.01001-) 1.00
C

C 4ETHER(K)
C

V
r.

0.0 10.0 70.0 3J.r. u.o

WIuTH. H=IGHT,

10110..011.90 P.000.07'0



C (.M1

-$

C

C

10
C

355. 2200. 20. 1500. ?UM. 303. ?...0d . 3;0.

BHP1A X (N) , 3F-.:U HP

114. 1 414. 1/L. 23 +. 2 .3? . ? .
324. 332. 340. 346 3-.):). 2a1. 0.

ITZLJS.S (1) b A 1. T -i+CTT-<

0.90 C. n66

TIPPIM(J) r,TU,L.

41.fi 130.0

N0GF.1.1P, 4,ALH . GE:IA Pio ( /

4.11 6.05 b.3U L..,11 3. 1: 1. )0

774.
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31U.

10.d ?2.'

C 33F':.',(.1,N) 3'.)0 HP ,-JJG-1,1:_.

3,5410.6410.5160.46:30.4-.50.41-41.42i 0.42;0.4 cor1..---..)13.,-4:)30.',7
(1.504
Ls. DL:,C,E. L AHK P,'"::)

3.71.20.712n ...3-.34,0 .47c0..4.450.4200., ?20 .4170 L.1,--)3.4200.27
0.4310.4490.4L'10.47'-79.Fi+3

LA."7,E C, C, P S

0.7330.7A .3u .r.;7113.4(:L.)0 .4540.4 1+0. 4110.40bUs
0,,U10.4160.-4270.4379.4:740. 44 121..Ci3
C PL+07E
O. ."15 . 4'411.-t 7 .41 '2;3

1. 19.30.40911.4020 fl.t+ +21j. 14 !':.) fb!'F.7U .4 )1.3 . =4,1?
, °1-1-4nE 4 ?LANK NK

.- 111. 43 Sur

'3.4b0
r3LiArt: 3 '7'Li.-;1k<

,11u. pjfj.

3.4150.40q0. 411
PLaGF. 3 gL4INK

1. 7111..?.tno. 7300.5430.53 +0. --JIFF]
S913..i39n. 7<-3":!U . SO- . 7, 7U. i ito. ';'10 I. 3'iAt) .

1..3313. 39 30. 30120.3(0A.L01
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PLArL 3 rsl..1.Wle

1.2821.220.730.E,t,3 .r':20. -14J. ri 11. 41%+i)..L',1. 427,1.47. 00. 395
0.40 it]. 31-40 i3'0 .1° 49. i1J.3A40 iTr'3. 34,0. 3 ;-).1. 3 i20. 37Q
0.3300.3`540. 3o11.1.3b20.3810.

ANK 1,31\ 1,)S

1.42+1. +-n-4.0 q,-.10.79r1L1.!-.°,7U."-.. 41'1.4 )811. 4P .1). ..1.11.-451U.421
0 41'0 .40 cqJ 5`' 7(1. 3"1 q .3 1011. 1; . /7;)(1. 37')11.
1. 3779.37 'Yd. i7._dr1.17-3.!761. Tu'l. (I ,N1

C r' :`04K

1.'4'451.41 -,0. -1?"J. "3t 3u -5.41.-,410.4L0
0.4120.41111.L112(3.3q'i0.1-174).

in.3700. i7311,3719. i71f1.573!J. i7 i0.
C PI Arc_ 3 .5L At.K CA-Ri-j3 ?-
1,-1)11.7`) .111(.).0.7 a 70 .E7,DJ )i 1. L7J-I. 4.)(,(1.
3.427 .L1211. LI331.1-010 "1 4J 37(10. 37.7
0.3710. t7 rP.37(111.3f:'-r1 .171 J. 3733. i721). 37,1. 7731. i77

PLAC:7 3 "LVIK ;i-t\L13 HE?`
.8740 .7129 Q.79 O'M ;J +770

IL 441.30 i (I . 2 2 11 L, t. 11.4vill.411;-.9.40(i i) fl 7 f.1 . . . . 1

0.3(30](1. 3(1.-q5(1. 37;'1).3-i10. .R710.37:01. 720 1..5730.
Or. i "si...(6.; 17:

2. 1.5 52 . 1361 . 2i-- :Jr) 7, .) fl 1.) " 4- *1) . 1.4 r) .-'311). 473
0*-46'1o:441.400-0.20 11.1. +0.)0.3-
l). 8ol).33/40 :577 ti .37 711. 3(6 ). f :=,11. 3,10. 5-it.:

Pt_ -^7. 7 i./L 8.4K ...;(-r?:-

0.463J.L++49 .4.+20.4?/ .71-11.,_.j99.3127n.3cyl
0.3161.3o40.,-3A31.3?:c!1.3, 33. -..i7...1.3771.37 3701. 1-1,3i1.3770. i7L
(s, DLA7..r HL')F
2.70,5.?..7J.F.,1.f4i)11QL1.899(175'.F.' 1311i.I.111.61i*1.7.r.)?j.:341(,'. J1 '

0.5u140.417U.4730.-fb

J. 4120 .1437U . L4L.F 11) . 1,120.3 i 10A ) 3-1 c, n.
L Ar; C IL?

2.(-41.92.11,1.60?1.1P7O.P10. 30.5770.'3E.
0.5..140.5t.rjo.5,J39..P

4221. 41' 9.412
C LPAGF Ct,Prj; -1r=

3.204
C PLACTi 23 t L [INK ;74A:=1:

6SP...r( I). 1971: :Si

C

C 3,37'Zr I ), ST4N.J4zii
16.0 40.0 t1.0



111

DATA OUTPUT

FOR SECTICN NUM3EP 1 FU71 = .8545E-01 r,ALLONS
EMISSIONS = .3741E*02GRAt'IT
INTERVAL TIMt sPEtn

1 1.00 56.07
2 1.50 54.14
3 1.50 53.r;E-.

2.25 54.7?
2.25 54.45
2.25 54.1/

7 2.25 55.64
2.25 55.36
2.25 56.96

10 1.38 54.3E
11 1.69 53.90
12 .42 54.78

FOR SECTION NUMBER 2 FUEL usEn = .9709=-0? GALLONS
EMISSIONS = .1034E+02GRAMS
INTERVAL TIME SPEr

1 1.00 54.5?
2 .99 53.51

FOP SECTICN NU"3E:.', 3 FU'EA. USED = .3769E-01 5Auctis
EMISSIONS = .31971+02GRAMS
INTERVAL TIME SPEF9

1 1.00 52.1E
1.00 50.70
1.00 49.31
1.00 47.96
1.00 46,46
1.00 44.

7 1.00 4-.19
1.00 41.20
.19 39.21

rOP SECTION NUMBER 4 FUEL USE') = .27727--01 GALLONS
EMISSIONS = .2933E+02GRAMS
INTERVAL TIME SPEEr

1 1.50 39.11
2 1.50 31.25

1.50 37.39
L 1.00 36.61

.64 36.11

FOR SECTICN NUMBER 5 FUEL USED
EMISSIONS = .1014E+03GRAmS
INTERVAL TIME SRE.:-C

1 1.50 35.14
2 1.00 33.04

1.00 31.80
1.00 31.01
1.00 30.30
1.00 29.66

7 1.00 29.09
1.50 28.31

9 1.50 27.37
it 1.00 26.29
11 1.00 25.74
12 1.50 25.6!::
12 2.25 25.16
14 2.25 24.26
15 1.13 23.79
16 1.00 2L.10
17 .43 24.48

= .9576E01 (;ALLONS



FOR SECTICNI NLMBER, 6 FUEL USED =
EMISSIONS = .4599E.4-02GRAMS
INTERVAL TIME SPEED

1 1.50 24.70
2 2.25 24.9E
3 3.33 24.5q

1.69 21.61
.73 24.30

FOR SF2DTICN NUMBER 7 FUEL US:-.0 =
EMISSIONS = .5635E402G2AvS
INTERVAL TIME .F.D

1 1.00 25.07,
1.00 26.3?
1.00 27.57
1.00 28.E0

5 1.00 30.02
1.00 30.77

7 1.50 31.74
1.00 31.09
1.00 31-1.16

lt 1.00 35.21
11 .61 36.26

FOR SECTION qUM3F? 9 FUEL USED =
EMISSIONS = .2100E402GAMS
INTERVAL TIME SPEED

1 1.50 36.42
2 1.00 35.35

1.0d 35.70
.29 35.45

FOR SE.CTICN NUMBER FUEL USED =
EMISSIONS = .6341E402GRAMS
INTERVAL TIME SPEED

1 1.50 3.12
2 1.70 33.93
3 1.50 32.41

1.50 30.36
5 1.00 29.51
E 1.00 23.73
7 1.00 27.9E

1.00 26.96
1.00 25.60

1C 1.00 24.30
11 1.00 23.43
12 1.00 22.52

.09 21.56
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. 6456E-01 GALLONS
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FOR SE_CTION NUMEc:: 1? FUSL USED = .2813-01 GALLONS
EMISSIONS = .2172E+0?Gc.AmS
INTERVAL TIME SFv:.:0

1 2.25 19.02
2 1.00 19.20

1.90 13.75
1.00 15.23
1.50 17.95
1.50 17.47
1.90 17.10
2.25 16.67
1.13 1E.12

11 1.69 16.23
11 1.00 16.25
12 1.00 15.33
13 .41 13.33

FOR SFCTION NUMBER 13 FUEL OSLO = .4395:4.00 GALLONS
EMISSIOr)S =
INTERVAL

1

2

5

.4012F+03GiANS
TIME SPEED
1.00 14,71
1.00 16.?7
1.00 19.62
1.00 13.;2
1.00 13.i9

6 1.00 15.43
7 1.00 1E.55
8 1.00 16.97
9 1.00 16.45

1C 1.00 15.92
11 1.00 13.32
12 1.00 14.14
17 1.00 15.72
14 1.00 17.16
15 1. 0 17.25
16 1. 0 1E.57
17 1.)0 19.90
15 1. 0 13.90
19 1. 0 14.12
2C 1. 0 15.70
21 1. 0 17.14
2? 1. 0 17.23
23 1. 0 16.56
21, 1. 0 15.90
25 1. 0 13.90
26 1. 0 14,12
27 1. 0 1.5.E9
2e 1. 0 17.19
29 1. 0 17.23
3C 1. 0 1E.9E
31 1. 0 15.30
32 1.)0 13.90
33. 1. 0 14.1?
31. 1. 0 15.69
35 1. 0 17.14
3E 1. 0 17.22
37 1. 0 1E.56
3f 1. 0 19.90
3. 1. 0 13.90



4( 1.00 14.12
41 1.00 15.69
42 1.00 17.11.
43 1.00 17.22
44 1.00 16.56
4E 1.00 15.90
4E 1.00 13.90
47 1.00 14.12
4 E 1.00 15.59
45 1.00 17.14
5( 1.00 17.22
51 1.00 1E,56
52 1.00 15.90
53 1.00 13.90
54 1.00 14.12
5! 1.00 15.69
5E 1.00 17.14
57 1.00 17.22
5E 1.00 16.56
5C 1.00 15.90
6( 1.00 13.90
61 1.00 14.12
52 1.00 15.59
63 1.00 17.14
64 1.00 17.22
65 1,00 16.56
6E 1.00 1E.90
67 1.00 13.90
6= 1.00 1+.12
6g 1.00 15.69
7( 1.00 17.14
71 1.00 17.22
72 1.09 15.56
73 1.00 15.90
74 1.00 13.90
75 1.00 14.12
7E 1.00 15.59
77 1.00 17.14
75 1.00 17.22
75 1.00 16.56
8C 1.00 17.90
81 1.00 13.90
R2 1.00 14.12
83 1.00 15.69
84 1.00 17.14
85 1.00 17.22
8E 1.00 16.56
87
85

1.00
1.00

15.90
13.90

8C 1.00 14,17

q( 1.on 15.69
91 1.00 17.14
92 1.00 17.22
93 1.00 1 c.5E
94 1.00 15.90
95 1,00 13.90
9E 1.00 14.1?
97 1.00 15.69
9E 1.00 17,14
99 1.00 17.22

10C 1.00 16.56
101 1.00 15.90
102 1.00 13.90
102 1.60 14.12
104 1.00 15.59
105 1.00 17.14
106 1.00 17.22
tn7 1.00 16.56
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10E 1.00 15.90
105 1.01 13.90
110 1.00 144.12
111 1.00 15.F9
112 1.00 17.11-
11:! 1.00 17.2?
11=4 1.00 16.56
111- 1.00 15.90
11E 1.00 13.90
1.17 1.00 14.12
11E 1.00 15.69
11c. 1.00 17.14
12C 1.00 17.2?
121 1.0.0 16.56
122 1.00 15.90
127.! 1.00 13.90
124 1..00 14.12
12! 1.00 15.69
12 1.00 17.14
127 1.00 17.22
12E 1.00 16.56

1.00 15.90
13( 1.00 13.90
131 1.00 14.1?
132 1.00 15.69
133 1.00 17.14
134 1.00 17.22
13F 1.00 16.56
13E 1.00 15.90
137 1.00 13.90
139 1.00 14.1?
139 1.00 15.69
140 1.00 17.14
141 1.00 17.22
142 1.00 16.56
14: 1.00 15.90
144 1.00 11.90
145 1.00 14.12
145 1.00 15.69
147 1.00 17.14.
149 1.00 17.22
1.4g 1.00 16.56
150 1.00 15.90
151 1.01 13.90
152 1.00 14.1?
153 1.00 15.69
154 1.00 17.14
155 1.09 17.22
15E 1.00 16.56
157 1.00 15.90
15E 1.00 13.90

1.0U 14.12
16C 1.00 15.69
161 1.00 17.14
162 1.00 17.22
16'3 1.00 16.5+6
164 1.00 15.90
15F 1.00 13.90
16E 1.00 14.1?
167 1.00 15.1-9
169 1.00 17.14
16 .63 17.22


