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PREFACE

This volume describes the nature and results of a Home Vehicle Use
Study undertaken to.determine the effectiveness of various information feed-
back systems fostering more efficient use of family vehicles. The study was
conducted by the National Public Services Research Institute (NPSRI) under
contract to the National Highway Traffic Safety Administration (Contract No.
DOT-HS-7-01775) and with the assistance of the Texas A & M University.

The study was part of a broad investigation of voluntary fuel consump-
tion that constituted the National Energy Efficient Driving System (NEEDS)
project. The following additional volumes describe other activities under-
taken as a part of the NEEDS effort:

National Energy Efficient Driving System, Volume I: System Require-
ments. This report describes a broad range of energy-efficient driving
behaviors, the information needed to influence those behaviors, the
target audiences to be addressed, the materials needed to reach the
target audiences, and the delivery systems capable of disseminating
materials.

National Energy Efficient Driving System, Volume II: Driver Education
Program. This report describes the development and evaluation of a
broad program in fuel-efficient driving intended for students in driver
education programs.

Dr. A. James McKnight served as the NPSRI Principal Investigator during
the phase of the activity reported upon in this volume. Mr. Morris Gold-
smith served as Project Administrator, supervising the preparation of mater-
jals and analysis of data. Dr. R. Don Williams, Texas Transportation Insti-
tute, served as Principal Investigator of the Texas A & M University sub-
contract and supervised the study activities described.

The authors are indebted to:

Or. John Eberhard, NHTSA, Contract Technical Manager, for his
advice and support throughout the NEEDS project.

Dr. David Shinar, Ben Gurion University of the Negev, for his
assistance in preparing an initial draft of this report.

Mr. Michael Sadof, NPSRI Data Processing Manager, for carrying out
the statistical analyses contained in this report.

Dr. N. R. Strader, Texas A & M University, for design of the
equipment used to measure distance and fuel consumption.

The Prince Corporatian for furnishing the in-car instruments used
to provide fuel and distance feedback.

Ms. Ruth Freitas, Ms. Patricia Goll, and Mr. Eugene Fasnacht for
preparing the report manuscript.

The eight families who permitted their vehicles to be instrumented
and their trip characteristics to be measured.

iii
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INTRODUCTION

Home Vehicle Use

Transportation statistics indicate that over three-quarters of the
automobile mileage is devoted to domestic travel--social, recreational,
shopping, etc. Because that kind of travel generally involves short trips,
the engine is cold during much of the drive. Consequently, these trips con-
sume a disproportionate share of the fuel. Therefore, a reduction in the
number of domestic trips through either consolidation or a combination of
trips can lead to substantial fuel savings for the family and the nation.
Trip consolidation involves combining s;everal trips to the same place into
one trip. Trip combination involves going to several places in succession
rather than traveling to each one independently. The first approach leads
to a reduction in number of trips and the number of miles, while the second
approach reduces the number of trips, the number of miles, and the propor-
tion of each trip driven with a cold engine.

Magnitude of Short-Trip Problem

While transportation statistics reveal the relative number of short
trips for which family vehicles are used, they do not provide a good basis
for estimating the amount of energy consumed on those trips. Most of the
estimates of the relationship between trip length and fuel consumption are
based upon analytic or laboratory studies. Based primarily upon vehicle
characteristics, such studies do not take full account of the traffic condi-
tions that characterize short trips.

In order to obtain some estimate of the magnitude of the problem
created by short trips, a brief exploratory effort was undertaken prior to
the study described in this report.

The travel patterns of three widely different cars used primarily for
private personal transportation were studied. The vehicles were a 1977 Ford
pickup, a 1972 Toyota, and a 1976 Ford Granada. All cars had automatic
transmissions. Electronic sensors and recording equipment were installed in
each car so that for each trip taken the total number of miles and the total
amount of fuel consumed were recorded. The observation period lasted one
week, during which 97 trips were made.

Although the absolute mpg levels varied widely among the three
vehicles, the relationships between distance and mpg were similar for all
vehicles. The results can be summarized as follows:

0o The distance-mpg curve appears to be a negatively accelerating
one rising sharply from a very low point for trips under two
miles and gradually leveling out for trips over ten miles.

0 Despite the obvious curvilinear relationship, the linear corre-
lation between distance and mpg is quite high (0.57 <r <.71).



o The average trip length was quite low with median distances of
1.6 to 2.9 miles. Thus, defining short trips as trips less or
equal to three miles is a convenient cutoff point, since it
includes more than a half of all the trips.

o Fuel consumption for the very short distances (less than two
miles) averaged about a half of maximum vehicle mpg. This
probably reflects the effect of "cold starts" and driving in
urban traffic.

o Fuel consumption over the mid-distance trip (2-9 miles) aver-
aged about two-thirds of maximum vehicle mpg. This probably
resulted from the stop-and-go nature of driving that character-
izes most short trips, even though the engine may have warmed
up somewhat after the first couple of miles.

0 Fuel consumption rate for the long-distance trips (over 10
miles) was 90% of the maximum mpg and probably results from the
use of limited access highways for substantial portions of the
trip.

Reducing Short Trips

It is difficult to predict the potential savings to be obtained through
trip consolidation and combination since there is no way of knowing how many
short trips are unnecessary. However, eliminating those trips that are
truly unnecessary and combining those that are necessary requires no sacri-
fice of travel objectives--only the time and effort it takes to plan ahead.
Given the high cost of fuel, the benefit/cost ratio would seem to be incen-
~ tive enough to make more efficient vehicle use a promising route to reduced

‘fuel consumption.

Research of the literature has failed to reveal any program that has
succeeded in getting families to use their cars more energy-efficiently.
However, there have been many studies of home energy conservation showing
that, under the right conditions, people can be motivated to reduce their
consumption of energy.

One element of programs that have been successful in fostering long-
term energy conservation has been a system of providing informational feed-
back to family members concerning the amount and source of their current
energy consumption, ways in which they can reduce it, and how much they
would be saving when they do succeed in reducing their consumption. Thus,
the critical element appears to be one of feedback that relates the invest-
ment in either money or effort to the payoff in savings or fuel costs.



The research reviewec in Volume I demonstrated that drivers trained to
conserve fuel can do so. What needed to be demonstrated was whether or not
feedback is a sufficient ¥ncentive to motivate them to change their driving
habits accordingly.

Previous attempts to provide an ingentive to fuel saving in driving by
giving drivers feedback on their fuel consumption have not been very suc-
cessful. This may hdve been due in part to the need for drivers to keep
"trip logs." The writing involved has proven to be too bothersome for
drivers to keep them for more than a short time without some extrinsic
incentive (e.g., money).

PURPOSE OF STUDY

The Home Vehicle Use Study described in this volume was undertaken to
determine whether drivers could be induced to make more fuel-efficient use
of their family vehicles if they were provided with informational feedback
on the nature of their trips and the fuel consumed. The specific feedback
to be provided was information that would show them the pdor mileage real-
ized in short trips and its effect upon their total fuel consumption.

The specific behavior change sought was a reduction in the number of
short trips by consolidating trips to the same destination and combining
different destinations into a single trip. In addition to pursuing this
objective, an estimate of the need for informational feedback would be
sought through a comparison of drivers' perceptions of their vehicle use
with a measure of their actual use.

METHODOLOGY

The study methods involved measuring the mileage and fuel consumption
of a sample of vehicles prior to and following the introduction of an infor-
mational feedback system. Measures collected prior to introduction of feed-
back would provide a picture of current trip characteristics, while a
before-and-af ter comparison would show the effect of feedback. The measured
trip characteristics, when compared with driver perceptions of vehicle use,
would help provide an estimate of the public's need for informational feed-
back. ' .

This discussion of experimental methodology will describe the vehicles
whose mileage and fuel was méasured, the equipment used for measurement, the

informational feedback systems employed, and the procedures under which the
experiment was conducted.

The Home Vehicle Use Study was conducted with the assistance of the
Texas Transportation Institute, whose staff participated in the actual
experimentation.

Vehicles
The fuel consumption of eight vehicles belonging to six families in
College Station, Texas, was analyzed. Four of the vehicles came from two-

car families, while the other four were from single-car families. This mix-
ture was designed to allow the results of the study to refiect differences
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between vehicles that fulfill all family transportation functions and
vehicles that primarily serve a single function, either commuting or family
business. The characteristics of the vehicles are summarized in Table 1
below. '

TABLE 1
CHARACTERISTICS OF VEHICLES USED IN THE STUDY
Veh. Veh. Veh. Model : Vehs./
No.  Make Model Year GW Trans. Family
1 Ford Pickup 1970 4200 Std. 1
2 Toyota Wagon 1978 2300 Std. 1
3 Plymouth Horizon 1980 2100 Auto. 1
4 Toyota Corolla 1978 2100 Auto. 1
5 Ford Esquire 1972 4200 Auto. 2
6 Chev. Malibu 1978 3400 Auto. 2
7 Ford Pinto . 1974 2100 Std. 2
8 Mercury Montego 1971 3800 Auto. 2

A11 vehicles were owned by members of the staff of Texas A & M Univer-
sity. Participation in the study involved some sacrifice of vehicle use
while measurement equipment was installed. The University's involvement in
the study provided a reason for participation by University staff and an
incentive that could not be matched in an attempt to solicit vehicles from
the general driving public.

The sample of families from which vehicles were obtained is certainly
not representative of the driving public or any large identifiable segment
of it. Under no circumstances could a sampie of six families from any one
location ever be considered "representative." However, there is no reason
to believe that they are markedly different from other families in their
patterns of vehicle use or with respect to factors that would determine
responsiveness to an information feedback system.

It was important that drivers of the vehicles in .the study not be aware
of the study's objectives during the baseline data collection period, that
is, the period prior to the introduction of feedback. If they had been,
they might have altered their travel behavior. This would have prevented
the baseline data from providing an accurate picture of their day-to-day
travel. Moreover, any premature behavior change that produced a reduction
in trips would make it difficult for feedback to show any effect.

The families were informed that the vehicles would be instrumented to
permit a study of vehicle characteristics. They were not told that the
vehicle information would be used as a way of studying their own travel
characteristics. Each participant was paid $100 for the inconvenience the



study entailed. They were told that the results of the measurements would
be discussed with them after the data had been collected.
Measuring Equipment

In order to measure the effect of feedback upon trip characteristics,

it was necessary to instrument all vehicles with a device that would record
the distance and fuel consumption of individual trips.

Requirements

Any device used had to be capable of installation in the vehicle in a
way that would prevent drivers from determining what was being measured. It
also had to be small enough to occupy some area of the vehicle to which
drivers did not require day-to-day access in order to avoid inconvenience to
the drivers and prevent the device from being damaged.

The device most often employed to record distance and fuel consumption
is a multichannel recorder in which different types of information are
recorded on different strips of a magnetic tape. The cost of such equipment
and the space it would require made it unsuitable for the proposed applica-
tion. The most appropriate device was deemed to be a microprocessor in
which information could be stored over a period of time and read out at per-
iodic intervals.

Device Design

A device was designed by Dr. N. R. Strader of Texas A & M University
‘and fabricated by the staff of the Texas Transportation Institute. Its
design is described in detail in Appendix A.

The device, referred to below as the "Fuel Distance Trip Monitor" or
simply "monitor," records distance and fuel consumption for up to 48 separ-
ate trips. The device is activated when the engine is started and records
pulses from fuel and distance in a pair of counters until the ignition is
turned off. The device automatically advances to the next pair of counters
each time the ignition is turned on, unless the vehicle fails to move (i.e.,
a false start).

The fuel sensor is a turbine-type fuel meter installed in the fuel
line. It is calibrated so that each pulse equals 1/1000th of a galion. The
distance sensor consists of two permanent magnets mounted on opposite sides
of the drive shaft near the transmission end. Each rotation of the drive:
shaft sends a pulse to the monitor. Since the vehicle travel distance cor-
respondin% to the rotations of the drive shaft differs from one vehicle to
another, the device must be calibrated over a known distance. The monitor

is stored under the hood in a case that protects it from oil, water splash,
etc.



Use of Device

The stored information is read out periodically by a research as-
sistant. Three displays present the trip number, function (fuel or dis-
tance) and number of pulses. A manual advance allows the assistant to move
from one trip and function to the next. The data are manually transcribed.
Once all counters have been read out, a manual reset button clears all coun-
ters and prepares the monitor to receive data for the next series of trips.

Information Feedback Systems

Three approaches to information feedback were attempted, each repre-
senting a different point on a continuum of cost and potential effective-
ness. The three types of feedback have been labeled, respectively, Manual,
Instrumented, and Mediated feedback.

Manual

The simplest system was a printed form on which drivers manually
recorded their fuel and distance at each fill-up. The form helped them to
calculate their weekly fuel consumption as well as their mpg. The form was
part of a booklet entitled "Are You Being Penalized By Short Trips?" that
described how to save fuel by combining and consolidating trips. A copy of
the booklet is prov1ded 1n Append1x B

Instrumented

The system that represented the midpoint of the continuum was an
Instrumented system using a microprocessor that measured distance and fuel
flow and displayed accumulated trip distance, fuel consumption, and mpg, as
well as instantaneous mpg. The driver could select among these displays
through a selector switch.

Mediated

The most expensive system was one in which feedback was mediated. Data
obtained from the monitors wére analyZed and used by the TTI staff to pre-
pare "Weekly Trip Profiles" that totaled the number of trips, the amount of
gas consumed, number of miles traveled, and miles per gallon, separately by
trip length. A reproduction of the form appears on the following page.

This Mediated feedback provided a goal for the following week's travel.
As such, it resembles strongly the type of feedback provided in most of the
successful efforts to reduce home energy consumption. Research has shown
goal setting to be an effective means of enhancing behavior change. Because
of the expense of feedback systems mediated by outside agents, this form of
feedback was not introduced until Manual and Instrumented feedback had been
evaluated and proven ineffective.



FIGURE 1
WEEKLY TRIP PROFILE

Trips made by Vehicle Toyota (#2) for the week
beginning January 28 and ending February 5

Trip Length Comparison Total

Data 0-3 miles 10 miles + Trips
Number of trips made 24 (77%) 1 (3.2%) 31
Amount of gas
consumed (gals.) 2.78 (53%) 57 (11%) 5.25 gal
Number of miles
traveled 32.7 (42%) 12.5 (42%) 77 miles
Miles per gallon 11.78 21.38 14.72 mpg
This week's number of short trips (0-3 miles) 24 trips
Target reduction 4%
Next week's short trip goal : 20 trips

Experimental Procedure
Once the six families agreed to participate in the program, the

monitors were installed on the eight vehicles. Baseline fuel and distance
data were collected over a two-week period prior to introducing feedback.

First Feedback Phase

Following the collection of baseline data, the first feedback phase,
lasting four weeks, was instituted. Half of the families received Manual
feedback, while the cther half received Instrumented feedback. Each of
these treatment groups consisted of two single-car families, and one two-car
family.

For all families, the feedback system was introduced as something that
"selected" members of the University staff were being asked to try out. The
experimental families were told they had been selected because of their
present participation in a vehicle-related study. The feedback devices were
disassociated from the measuring equipment in order to avoid giving the
impression the subjects® fuel consumption was being monitored. Such an
impression might have created an incentive to conserve beyond that created
by feedback alone.



During the first feedback phase, the only feedback available to the
Instrumented feedback group was fuel consumption. This element of feedback
involved far less installation cost than that involving mileage information.
It was hypothesized that merely seeing the amount of fuel consumed in short
trips could provide sufficient feedback to motivate a change in behavior.

If this were true, there would be no point in going to the added expense of
providing distance and mpg feedback.

During the four weeks following introduction of feedback, fuel and dis-
tance data were recorded and weekly fuel consumption compared with that over
the baseline period. Unfortunately, as will be seen, the comparisons showed
no marked reduction in the number of short trips or weekly fuel consumption,
nor was there an increase in mpg.

Second Feedback Phase

When the first feedback phase proved unsuccessful, the second feedback
phase began with the introduction of Mediated feedback. At the beginning of
this phase, project staff met with each of the families individually and the
fuel consumption records from the first feedback phase were reviewed. Fuel
consumption for the previous week was plotted on the Weekly Trip Profile.
The meetings in which fuel consumption records were received and discussed
were, with the participant's permission, tape recorded for analysis.

Following the meeting, drivers were provided trip profiles once a week
for the next four weeks. In addition, the distance sensor was connected to
the in-car feedback devices to allow the Instrumented feedback group to
receive all of the data the devices were capable of displaying.

Survey of Perceptions

As a means of determining how worthwhile it would be to provide feed-
back to the general public, a survey of driver perceptions of their own
travel behavior and fuel consumption was undertaken. Because of restric-
tions on surveys performed under federa]]y funded proaects the survey was
conducted by NPSRI with its own resources.

To obtain a reasonably representative picture of driver perceptions,
drivers seeking renewal of their driver's license were sampled. On any
given day, drivers appearing at a licensing station to renew their licenses
are a fairly representative cross section of drivers in general. The
sample consisted of 113 renewal applicants seeking to renew their licenses
at a large licensing station outside of Baltimore, Maryland. Because of its
location, the station drew from urban, suburban, and rural areas.

On the day of the survey, renewal applicants were asked by the clerk
processing their applications if they would be willing to take a moment to
complete a short survey while paperwork was being completed. The clerks
reported no refusals. The survey consisted of three questions concerning
actual vehicle use, four knowledge questions, and four questions asking for
driver opinion. The questions will be provided later in the discussion of
results. A copy of the survey questionnaire appears in Appendix C.



RESULTS

The discussion of Home Vehicle Use Study results will include the trip
characteristics of the subject population, the survey of driver perceptions,
and the effects of the feedback systems. The subjective reports of the
drivers participating in the study will also be discussed.

TRIP CHARACTERISTICS

Over the period in which travel and fuel consumption were monitored,
the vehicles were used for approximately 3,000 trips totaling approximately
10,000 miles and consuming slightly over 500 gallons of gasoline. The divi-
sion of trips, miles, and gasoline consumption by length of trip is present-
ed in Table 2 below.

TABLE 2 ‘
TRIP CHARACTERISTICS OF EIGHT FAMILY VEHICLES OVER FOUR MONTHS

Trip Length Trips Distance Fuel Avg MPG
N % N % N %
<1 mile 790 26.6 - 348 3.5 43 6.7 7.9
1-2 miles 833 28.0 1249 12.6 114 17.6 11.0
2-3 miles 453 15.2 1147 11.5 103 15.9 11.1
3-5 miles 505 17.0 1926 19.4 131  20.2 14.7
5-10 miles 225 7.5 1488 15.0 76  11.7 19.6
>10 miles 163 5.4 3753 37.8 179 27.6 20.9
Trip Length (Miles) Trip Fuel (Gals.) Miles Per Gallon
Mean 3.33 Mean .218 Mean 13.88
Median 1.83 Median .147 Median 12.67
25th Percentile .93 25th Percentile .074 25th Percentile 8.53
75th Percentile 3.29 75th Percentile .261 75th Percentile 18.07

Results from baseline and feedback phases have been combined in the
table to maximize the reliability of the estimates. Since no consistent
differences were ultimately observed across phases, the data may be legiti-
mately merged to provide overall estimates.

As can be seen from the table, most trips are short trips and most of
the gas is spent on those short trips. Median trip length for the sample of

eight vehicles was 1.83 miles, the median amount of gas used on each trip
was .147 gallons, and the median mpg was 12.67.

What is of particular interest is the effect of trip length upon aver-
age mpg. It is apparent that average mpg increases with the length of the
trip. Trips under one mile average (7.93 # 20.93 =) 38% of maximum mpg. At
the median trip length of 1.83 miles, vehicles are achieving only
(12.68 + 20.93 =) 60% of maximum mpg. This means in about half their trips,
drivers were realizing only 60% of the mpg their vehicles were capable of
providing.




To determine the gencral relationship between trip length and fuel con-
sumption, trip distance was plotted for each vehicle as a function of mpg.
"Best fit" regression line appears in Figure 2. In all cases, the logarith-
mic relationship provided a close fit to the data, Pearson r correlations
ranging from 0.6 to 0.9 between mpg and log miles.

Scatterplots for each vehicle are provided in Appendix D. It appears
from the plots that the differences in fuel efficiency among the vehicles
are manifested only for trips that are greater than one mile (log miles =
0). For shorter distances, all vehicles are equally fuel inefficient. The
slope of the regression functions seems to be somewhat related to vehicle
weight, the heavier vehicles having a lower slope and reaching a lower Tlevel
of maximum fuel efficiency at the longer trips than the lighter vehicles.

SURVEY OF DRIVER PERCEPTIONS

It is advantageous at this point to review, for comparison purposes,
the results obtained from the survey of renewal applicants. As explained
earlier, this survey called uvpon drivers to describe their trip character-
istics, as well as their knowledge of and opinions concerning fuel conserva-
tion. ' '

Trip Characteristics

The drivers' estimates of the percentage of trips made, miles compiled,
and fuel consumed in trips of varying distances appear in Table 3 below.

TABLE 3

DRIVER ESTIMATES OF TRIPS, DISTANCE, AND FUEL BY TRIP LENGTH
Trip Length Trips Distance Fuel
<1 mile 3.3% 4.8% 2.8%
1-2 miles 9.1% 8.2% 8.9%
2-3 miles 9.0% 9.1% 8.5%
3-5 miles o ‘12.9% 11.3% _ 13.9%
5-10 miles - C26.7% 23.8% - - 22.9%
> 10 miles 39.0% 42.8% 43.0%

100.0% 100.0% 100.0%

Because the drivers were not always careful to see that their estimated per-
centages of trips added to 100%, it was necessary to make an adjustment to
the total percentages so that they did equal 100%. The adjusted percentages
appear in the table. '

Internal Inconsistencies

A casual observation of the three columns of percentages would suggest
very strongly that drivers were not able to distinguish clearly among the
three questions. This is particularly striking when a comparison is made
between the "trips" and "distance" columns. If people were consistent .in
their judgments, then the percentages under "distance" should equal the per-
centages under “trips" multiplied by the mean trip length. In fact, the
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“distance" percentages make it appear as it the number of miles driven on
each long trip is the same as the number of miles driven on eacn snort
trip.

The relationship between the “trips" and “fuel" percentages is sumnilar-
ly inconsistent. Since it is obvious that long trips consume more gas than
short trips, again one would have expected proportionately greater fuel to
pe expended on long trips. This, however, was not the case, and tne "“fuel"
percentages are similar to "trips," implying that the amount of gas consumed
is the same regardless of the trip length,

Comparison of Estimates with Measures

In addition to being internally inconsistent, drivers' estimates of
their trip characteristics are at some variance with measurements of trip
characteristics. Their estimates for the number of trips undertaken at
various distances show much higher proportions of longer trips than do the
measurements of trip length reported in Table 2.

In part, the differences between Tables 2 and 3 may be attributabie to
what the renewal applicants considered a "trip." In making their estimates,
they may have used round trips rather than one-way distance. For example, a
trip to a shopping center two miles away may have been considered a sirgle
four-mile trip, whereas the monitor employed in the measurement of the trip
characteristic would have recorded it as two trips of two miles. VYet, even
allowing for such a difference of interpretation, the number of short trips
is still underestimated. For example, renewal applicants estimated that 39%
of their trips were over 10 miles long. Even if they really meant two trips
of 5 miles in length, it exceeds the percentage of trips exceeding 5 miles
in Table 2, which is only 13%. That is a threefold difference.

Because of their failure to recognize that long trips involve more
miles and more fuel consumption than short trips, the renewal applicants
inadvertently came up with reasonably accurate estimates of the percent of
miles and the percent of gas consumed in trips of various lengths. If the
simple arithmetic involved in estimating distance and fuel consumption had
been accurately carried out, it is likely they would have also greatly
underestimated the amount of distance and fuel involved in the shorter
trips.

The estimates of trip length obtained from the survey and the measure-
ments of trip length obtained from the sample of eight vehicles differed
substantially. It is possible that some of this difference refiects true
differences in the characteristics in the samples; the drivers surveyed may
actually have had a lower percentage of short trips than the drivers whose

trip characteristics were measured. However, it is difficuit to attribute
tne difference entirely to differences in sample characteristics. It is

l1kely that the renewal applicants underestimated the amount of their own
driving taken up by short trips.
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FIGURE 2

THE RELATIONSHIP BETWEEN MPG AND LOG MILES
FOR EIGHT VEHICLES
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Knowledge of Fuel Consumption

Driver responses to the four knowledge questions are shown in Table 4

below.

, TABLE 4
RESULTS FROM KNOWLEDGE QUESTIONS

1. Your car generally gets the best
mileage on trips which are:

(2.7%) a. Under 5 miles long
(2.7%) b. 5-10 miles long
*(88.5%)c. Over 10 miles long

2. The trip pattern that would
generally offer the best fuel
economy would be:

*(84.1%)a. One 30-mile trip
(7.2%) b. A 15-mile trip in the
morning and a 15-mile
trip in late afternoon
(3.5%) ¢. Three 10-mile trips

spread over the day

3. A vehicle which goes 10 miles on
a gallon of gas when the engine
- is warm will go how far on a
gallon when it is cold?

(18.6%)a. Over 9 miles
*(39.8%)b. About 8 miles
(34.5%)c. Under 7 miles

4. In cold weather, how far do
you generally have to drive to
~ reach maximum mpg:
*(37.2%)a. 15 miles
(31.9%)b.
(23.9%)c.

6 miles

2 miles

While it is not possible to infer a great deal from the responses to
four questions, it seems reasonable to conclude that drivers:

o Know that short trips are less fuel-efficient than long trips

(Questions 1 and 2).

0 Do not know how much less fuel-efficient short trips are

(Questions 2 and 3).
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Opinions Concerning Fuel Consumption

Results obtained from the four opinion questions appear in Table 5
below.

TABLE 5
RESULTS FROM OPINION QUESTIONS

5. When deciding whether or not to 7. By planning their daily trips
drive somewhere, the cost of gas better, people could save:
should influence you:

(80.5%) a. A lot of gas

(38.9%) a. A lot

(13.3%) b. Some gas
(36.6%) b. Some

(2.7%) c. A little gas
(21.2%) c. A little

6. Of the trips people make in their 8. People should drive their

cars every day, how many are really cars:
necessary?
(38.1%) a. GOnly when absolutely
(12.4%) a. Most necessary
(20.4%) b. Many (42.5%) b. As little as possible
(63.7%) c. Few (15.0%4) c. Whenever it's

convenient

It would appear that the drivers, as a group, were favorably disposed
toward fuel conservation. The great majority believed that:

o The cost of gas should influence the driving decision at least
some.

2 Only a few of the trips people take are really necessary.
o Better planning could save a lot of gas.

o People should minimize the amount of driving they do.

Summary

Drivers in general are favorably disposed toward fuel efficiency in
general and better travel planning in particular. They are aware that short
trips are fuel inefficient. However, they do not seem to realize how inef-
ficient short trips are or how much of their driving is consumed by them.
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EFFECTS OF FEEDBACK SYSTEMS

The effects of the Instrumented and Manual feedback systems were
studied by comparing changes in trip characteristics from the baseline to
first feedback phase within each of the two feedback groups. The effect of
the Mediated feedback program was measured by comparing the changes from
first to second feedback phases within each group.

The trip characteristics studied were fuel consumption, number of

trips, and mileage (mpg).

Fuel Consumption

The weekly fuel consumption of the eight vehicles in the baseline and
two feedback phases is summarized in Table 6 below.

TABLE 6
CONSUMPTION OF FUEL BY FEEDBACK SYSTEM AND PHASE

| PHASE
FEEDBACK Baseline Feedback-1 Feedback-2 Total
Manual 8.6 5.3 5.6 6.5
Instrumented 5.9 5.3 5.2 5.5
Total 7.3 5.3 5.4 6.0

An analysis of variance performed upon the data in the table fails to
show a significant effect for feedback system or phase or for the inter-
action between the two. However, the major comparison of interest is that
between the baseline phase and the two feedback phases. A test of contrasts
shows this difference to be significant (p = .02).*

To determine whether or not the reduction in fuel consumption was due
to the feedback systems, the changes in trip characteristics over the three

phases were examined., The next two sections examine the number of trips and
vehicle miles per gailon.

* Analysis of variance tables for all comparisons discussed in determining
the effects of feedback appear in Appendix E.
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Number of Trips

If the feedback systems were successful in encouraging trip consolida-
tion, one would expect a reduction in the number of trips the families took
per week. The effect would, presumably, be greatest for short trips, that
is, those under three miles in length. Table 7 below shows the total trips
and the number of short trips per week, as well a5 the proportion of trips
that were short trips.

TABLE 7
NUMBER OF WEEKLY TRIPS BY FEEDBACK SYSTEM AND PHASE

Instrumented Manual
Trips Baseline FB-1  FB-2 Baseline FB-1 FB-2
Total 31.9 28.3 31.7 26.5 22.3 24.1
Short 22.7 19.4 22.4 13.8 16.1 19.0
Proportion 711~ .686 .710 .520 722 .788

There appears to be a slight reduction in total number of weekly trips
between the baseline and first feedback phase, with a falling back during
the second feedback phase. However, neither the overall differences amcng
phases, nor the difference between the baseline and combined feedback phases
was statistically significant.

Short trips, like total trips, evidenced no significant differences
across phases or between baseline and feedback phases. Curiously, the
Manual feedback group seems to show an increase in the number of short trips
over the three phases. However, the absence of a significant interaction
between feedback system and phase suggests that the trend is not
statistically significant. Nor is there any rational explanation for it.

Failing to find a reduction in the absolute number of short trips, one
might expect a decrease in the proportion of short trips to total trips. It
is apparent from the table above that no such decrease exists. In fact, the

proportion actually seems to rise among families in the Manual feedback
group.
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Among the differences shown in the table, the only ones that are
statistically significant are those between types of feedback, those
receiving the Manual feedback having significantly fewer weekly trips, both
total trips and short trips. Since these differences prevail across the
three phases, they cannot be atlributed to any characteristic of the
feedback systems themselves but must be related to characteristics of the
families driving the vehicles.

From the analysis of the trips, it does rot appear that the decrease in
total fuel consumption noted in Table 6 can be attributed to a reduction in
either the number of total trips or the number of trips under 3 miles in
distance.

Vehicle Miles Per Gallon

If the reduction in fuel consumption over the three phases is not due
to changes in the number of trips, or the distance traveled, it must be due
at least in part to the way the vehicles are driven. Such changes might be
expected to show up in vehicle miles per gallon. An analysis of mpg for the
total number of trips and those under three miles appears in Table 8 below.

TABLE 8
MPG BY FEEDBACK SYSTEM AND PHASE

Instrumented Manual
Trips Baseline FB-1 FB-2 Baseline FB-1 FB-2
Total 17.6 16.9 19.2 16.6 12.2 11.4

Short 13.4 13.0 14.2 12.7 9.4 9.7

The most noteworthy finding in the table is the difference between the
Manual and Instrumented feedback groups. The Manual feedback group exper-
ienced a decrease in mpg between the baseline and feedback phases. This may
be attributed, at least in part, to the previously noted increase in the
number of short trips. The Instrumented feedback group experienced an
increase in mpg between the first and second feedback phases. This may be
due to the fact that the ability of the Instrumented feedback to display mpg
was not utilized until the second feedback phase.

The significance of the separate trends for tne two feedback groups was
not tested. It would not have been legitimate to apply significance tests
to differences that emerged from the data in the first place. However, the
interaction between phase and feedback system was significant for all trips
(p = .03) and almost significant for short trips (p = .06).

As in the case of trips, mpg showed significant differences between two
feedback groups, this time favoring groups that received the Instrumented
feedback. However, since they appeared in the baseline as well as feedback
phases, they cannot be attributed to the type of feedback system.
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DRIVER REPORTS

Because of the small sample size and large variations in driving habits
and vehicle characteristics, the drivers' observations concerning their
travel habits and the usefulness of feedback may be considered as important
as the quantitative data obtained from their vehicles. The following coni-
ments made by the drivers were taken from the tape recordings made during
the meetings at the beginning of the second feedback phase.

1. A1l drivers said they were already trying to save fuel one way or
another.

2. To a greater or lesser extent, all claimed they were familiar with
the information presented in the pamphlet.

3. Three of the four drivers who received the Instrumented feedback
said it was "useful" or that they "used it" but did not specify
how it was useful or how they used it. One thought it was a
“nuisance." _

4. One couple stated they always kept a log of fuel purchases and
odometer readings so that they were constantly aware of their fuel
consumption.

5. Although not all drivers planned all their trips in advance, all
said that they already combined trips.

6. Individual comments on fuel saving techniques they had already
been using included the following:

a. One man bicycled as much as possible.

b. In one two-car family, there was a tendency to use the more
efficient car whenever possible.

c. One woman pooled all her shopp1ng and child-related trips
‘with a friend.

d. One woman stated she plans all her trips in the beginning of
the week so she can combine them to the maximum extent pos-
sible.

e. A woman stated that whenever she stopé the car to talk, she
does nci leave the motor idling.

f. One mar stopped using his own car for work-related trips and
now uses only the University car for that purpose.

When confronted with a weekly log of all their trips, 7 out of the 8
drivers expressed surprise at the large number of trips that they took and
said they had "no idea" what all these trips were or where they came from.
Although, at the end of the interviews, drivers typlcally agreed to set a
new]goal of fewer short trips, they rare]y succeeded in reaching their
goa
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DISCUSSION

There are obv1ous lTimitations to the generality. of results obtained
from a sample of only six families. However, if the drivers who were
surveyed and those whose fuel consumption was measured resemble the public
at large, the following can be said of drivers in general and their home
vehicle use: :

0 They recognize the importance of reducing fuel consumpt1on and
the. amount of fuel wasted on unnecessary trips.

o They recognize that short trips are less fuel efficient than
long trips, but do not realize how much less.

0 Théy underestimate the number of short trips they take and,
therefore, the amount of fuel consumed on them.

0 When confronted with the number of short trips they take, they
recognize the need for more efficient home vehicle use, but do
not; make the changes needed to achjeve it.

The results do not make the prospects of achieving more efficient use
of home vehicles very promising. If a Mediated feedback system involving
measured fuel consumption and mileage along with a personalized profile of
weekly fuel consumption doesn't succeed in chang1ng behaviors, it is hard to
imagine what will succeed.

=

Obstacles to Efficient Home Vehicle Use

Probably one of the greatest obstacles to more efficient home vehicle
use is the need for planning. To consolidate or combine trips, the driver
must think ahead. Other routes to fuel savings can be effected at the
moment the driver realizes the need for them. A driver who recognizes he is
overaccelerating can come off the accelerator. A driver who is fed up with
footing the biil for a gas guzzler can go out and buy another vehicle.
However, the driver who suddenly realizes he needs a loaf of bread, a
package of fuses, or another pound of hamburger has already missed the
opportunity to combine the trip with an earlier one.

Doubtless, drivers could reduce the number of short trips if they felt
they had to. They could make the effort needed to plan ahead or, having
failed to do so, could postpone fulfillment of their immediate travel
objectives until a later trip. Right now, it would appear that most
families are unwilling to make this effort.

A few of the drivers interviewed were quite candid in acknowledging
their disinclination to alter travel habits. One who had recently purchased

a highly fuel-efficient vehicle claimed he had done so specifically to avoid
the need to change his travel habits. Others, while not so outspoken,
probably shared similar feelings--if not when they were being interviewed,
at least at the time their travel decisions were being made.
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Potential Fuel Savings

It is difficult to estimate the amount of fuel that could be saved by a
reduction in short trips. The data collected during the study do not permit
any determination of how many of the short trips taken could have been
combined or consolidated. Trip logs were eschewed as a data-gathering
device because of the danger that the act of keeping them might alter the
very behavior they were to measure. Besides, merely knowing the nature and
purpose of trips would not have enabled one to determine which ones were
necessary and which ones were not.

Deciding whether any one trip is truly necessary involves a purely
subjective trade-off between the urgency of travel objectives and the
urgency of fuel consumption. The only way to accurately estimate how much
fuel could be saved through a reduction in the number of short trips is to
provide an incentive to trip reduction equivalent to that prevailing under
short fuel supplies and see how individual drivers resolve the competition.

In the sample of drivers studied, approximately 40% of fuel was
consumed in trips under 3 miles. If one-half of these trips could be
eliminated through consolidation and combining of trips, the overall
reduction in fuel consumption would be 20%. A reduction of this size does
not approach that attainable through the purchase of more fuel-efficient
vehicles. However, as a fuel conservation measure, it offers the following
combination of virtues:

Immediacy--Short trip reduction can be effected immediately in
response to fuel shortage. Vehicle downsizing, on the other hand,
is an evolutionary process, requiring time both for fuel-efficient
vehicles to enter the fleet and for fuel-inefficient vehicles to
leave the fleet.

Scope--Almost every family can take advantage of short trip
reduction. Many other measures, such as use of mass transit, are
available to only a segment of the driving population.

Certainty--Fuel saved by trips not taken is fuel that is not
consumed. The savings resulting from many other fuel conservation
measures end up being consumed elsewhere. For example, much of
the fuel saved in carpooling is consumed in picking up and
dropping off passengers and by making other use of the vehicles
tnat are freed by the carpool.

Magnitude--While perhaps small in relation to the benefits of
vehicle downsiziny, the fuel savings through short trip reduction
exceed the savings possible through, for example, improved
operating techniques, tune-ups or improved maintenance.

Prospects of More Efficient Vehicle Use

What are the long-range prospects for achieving more efficient use of
family venicles?
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Effects of Fuel Shortages

From the results of research surveyed in Volume I, it appears that
there have been two periods during which drivers were motivated to economize
in fuel--in 1974 and in 1978, when fuel was in short supply and long lines
appeared at the gas pumps. During these crises, drivers forsook the use of
their personal automobiles in favor of carpooling, mass transit, and simply
not traveling. Once the crises had passed, there was 2 drift back to normal
travel patterns. Fortunately, the two crises and the steep rise in fuel
costs following each stimulated the purchase of smaller vehicles. This, in
combination with general downsizing of the vehicle fleet, has produced a
continuing reduction in fuel ‘consumption.

As long as fuel is readfly available, cost alone does not appear to be
sufficient to alter travel habits. Nor should it really be expected to. At
the time this report is written, cost of fuel--approximately $1.30 a
gallon-~is still modest. When inflation is taken into account, it is no
more expensive than it was approximately 30 years ago.

Future Prospects

When fuel supplies are again curtailed, and long lines return to the
service stations, drivers will be again motivated to conserve in order to
1engthen the period of time between fill-ups. A permanent curtailment may
g1ve rise to some form of rat1om1ng, which will motivate vo1untary changes
in travel behavior just as it did in World War II. ‘The question is whether
drivers will include a reduct1on in short trips among their conservation
efforts.

Based upon the information gathered in this study, the likelihood that
drivers will seek to improve fuel economy through a reduction in short trips
does not appear to be great unless a strong effort is undertaken to
encourage it. This speculation is based upon the drivers' underestimates of
both the number of short trips they take and the fuel penalty these trips
entail.

There is also the experience of the two previous fuel crises, durin?
which conservation was achieved primarily by reduction in the number of long
trips (e.g., summer vacations). Obviously, part of the reduction in long
trips had to do with the uncertainty of fuel availability. However, even
where drivers could reach a distant location and return on a tankful of gas,
it seems likely that they were more mindful of the fuel expended in such
long trips than they were of that consumed in their numerous short trips.

Before drivers can be expected to include a reduction "in short trips
among their fuel conservation measures, they will need to know much more
about the magnitude of short trip fuel penalties than they do now. The need
for such information must be addressed by those governmental and private
sector organizaticns that have traditionally undertaken to educate the
public with regard to fuel conservation.
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Measuring Device

One other finding of the study that warrants mention is the
effectiveness of the Fuel Distance Trip Monitor in providing reliable
measures of distance and fuel consumption. The success of the monitors in
this regard represents one of the few positive "findings" of the study. The
following characteristics all contributed to its success:

Unobtrusiveness--Because its small size allowed it to be tucked
away under the hood, the device did not influence the driver whose
behavior was being measured.

Reliability--None of the devices failed from internal malfunctions
or the effect of heat, cold, or vibration.

.Cost--Because they were made from of f-the-shelf components, %he
devices were quite inexpensive to build. Cost of labor and
materials was in the neighborhood of $300 per unit.

The major limitation of the device was the need to manually transcribe
accumulated data on a periodic basis. The need to keep the device small and
inexpensive precluded the use of magnetic or paper tape readouts. The
need for manual transcription could be overcome by modifying the device to
permit data to be read onto magnetic tape. 1If the devices were to be used
in long-term data gathering for either research or operational purposes,
such a modification would be desirable.

The monitors would probably have their most valuable use in fostering
efficient use of fleet vehicles. While travel patterns in many fleets are
determined by prescribed routes or by dispatchers, in many other fleets the
travel pattern is left primarily to drivers, e.g., sales and delivery
personnel, In such situations, the installation of monitors on vehicles
would allow fleet managers to study the trip characteristics of drivers for
both research and operational purposes. Unless they were told, drivers
would not know the devices had been installed. If they did become aware of
the devices, they could not tamper with the data. In most fleets, it would
not be difficult to bring vehicles to one location on a daily or weekly
basis so that data could be read out of the monitors.

Efforts at the present time to seek more efficient vehicle use may
prove more effective among commercial fleets than among individual families
for the following reasons:

0o The savings realized through more efficient vehicle use become
highly significant when extended over a large number of
vehicles,

~ 0 Because commercial fleets are part of a business enterprise,
fleet managers are likely to be more responsive to cost
considerations than are individual families.

o Fleet managers are in a better position to maintain the
records needed to assess the effects of short-trip reduction
efforts than are families.

0 Fleet managers control financial incentives for modifying
behavior that are missing in most families.
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CONCLUSIONS AND RECOMMENDATIONS

From the results of the Home Vehicle Use Study, the following
conclusions are offered:

0

Somewhere between 50% and 70% of travel by family vehicles
involves trips having a one-way distance of three miles or
less.

Drivers underestimate the amount of their travel devoted to
short trips.

While aware that short trips are fuel-inefficient, drivers are
not aware of the extent of the inefficiency.

The provision of feedback on fuel, distance, and mpg does not
reduce the amount of proportion of travel involved in short
trips.

No specific action is recommended at the present time. However, at

such time as the fuel available for personal transportation becomes
curtailed, the following action at the federal level is recommended:

0

Information and education materials describing the magnitude of
the short-trip penalty, as well as the techniques of trip
consolidation and combination, should be prepared and
disseminated to seek reduction in the number of short trips
taken by the driving public.

Research should be initiated to assess the cost-effectiveness
of various ways of providing individualized feedback on short
trips and their relation to fuel consumption.
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1.0 OPERATION

Operation of the Fuel/Distance Trip Monitor includes some automatic
and some manual functions.. The fuel and distance measuring and storage
functions are performed automatically. Display of previously stored trip
data and clearing the trip data file are the only operations requiring
user interaction. Two pushbutton controls, RESET and ADV (advance) are
provided to control display and storage of trip datd. See Figure 1.

1.1 RESET The RESET pushbutton clears the display and resets the inter-
nal trip pointer to the first trip. Depressing and releasing the button
performs this function. This button will normally be used at the beginning
of a read-out sequence.

In addition, the RESET button is used in conjunction with the ADV
(advance) button to clear the trip history file. The RESET button must
be held down while the ADV button is pressed and released. The simultane-
ous two button operation is required to minimize the possibility of acciden-
tally clearing the trip history file. Either button, by itself, will not
clear the file.

1.2 ADV The ADV (advance) pushbutton is used to sequence through the
stored data for previous trips. The stored data includes trip number (1 to
32), fuel usage, and distance traveled. The first time thé ADV button is
pushed after RESET has been pushed, the number 01 will be displayed indica-
ting trip number one. The second push of ADV causes the fuel for trip num-
ber one to be displayed. A small LED indicator labeled FUEL also lights to
indicate the fuel display. The third push of ADV causes the distance trav- |
eled to be displayed and the LED labeled DIST to light. '

Subsequent pushes of the ADV button cause data for other trips to be
displayed. The sequence of trip number, fuel usage, and distance traveled
is repeated. After the distance traveled for the most recent trip is dis-
played, the sequence starts over with the number 01 displayed again. The
sequence can be restarted with trip number one at any time by pushing the
RESET button once to reset the internal trip display pointer.

1.3 OVERFLOW Two kinds of overflow are possible. First, more than 32
trips could be made before the trip history file is cleared. Since no
memory is available to store data after the 32nd trip, any additional fuel
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and distance results are lost. The data stored for the first 32 trips

" vemains valid. Normal operation should include recording trip data and

clearing the data file prior to the 33rd trip.

Secondly, it is possible to overflow the fuel and/or distance displays.
It is highly unlikely that the fuel display range {approximately 99.99
gallons) will be exceeded. The distance display range of 99.99 miles is
more likely to be exceeded. However, the internal distance counter has a
range of over 650 miles. If a trip of more than 99.99 miles (for example,
142.62 miles) were made, the display would drop the most significant digit
and display the last four digits (42.62 miles in this example). No overt
indication of an overflow condition would be given. However, the corres-
pondingly large fuel usage and the odometer reading should allow a deter-
mination and correction of the overflow data.



2.0 DESIGN DESCRIPTION
The Fuel/Distance Trip Monitor is an instrument designed to measure

and remember the fuel usage and trip length for a sequence of automobile
trips. The instrument consists of a fuel transducer, a rotational trans-
ducer, an ignition ON/OFF sensing connection, and an electronics package.
A four digit decimal display device and control pushbuttons are also
included.

2.1 FUEL TRANSDUCER The fuel transducer is an impeller type flow meter
manufactured by Zemco. The transducer is mounted in series with the fuel
line betweeh‘the fuel pump and carburetor. The transducer is applicable
to gasoline powered cars except those with fuel injection.

Fuel flow causes an impeller to turn at a rate proportional to fuel
flow. This impeller drives a second impeller which interrupts a light
beam between an incandescent light source and a photo diode. Each time
an impeller blade passes between the Tight source and the photo diode,

a corresponding change of current through the photo diode is sensed by

the electronics package.

2.2 DISTANCE TRANSDUCER The distance transducer consists of a sensing
device and a set of small permanent magnets. The two permanent magnets

are attached to opposite sides of the drive shaft near the transmission.
The sensing device is mounted to the car chassis near the permanent magnets
on the drive shaft. The sensing device is positioned beside the drive
shaft near the path of the permanent magnets.

As the car moves and the drive shaft turns, the permanent magnets
move past the sensing devicé. A small current is induced in the sensing
device each time a permanent magnet passes. This current is sensed by the
electronics package and converted to distance.

2.3 IGNITION ON/OFF The ignition ON/OFF sensing connection is used to
control the trip fuel and distance memory. A source of 12 volts which is
switched ON and OFF by the ignition switch is required for this sensing
function. While the instrument is powered, the fuel and distance sensors
are active. Each time the ignition switch is turned OFF, the current fuel
and distance counts are stored in the trip memory and the fuel and distance
count accdmulators are set to zero. The storage function is conditional on
a non-zero fuel value. This prevents a false trip if the ignition is cycled.
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2.4 ELECTRONICS PACKAGE The electronics package consists of wave shaping.
electronics, counting circuitry, memory devices, display electronics, display
devices, and pushbutton inputs. The package is continuously powered from
the automobile's 12 volt electrical system. Almost all active components of
the electronics package are of the GMOS type to minimize the current drain
on the automobile battery. When the display is OFF, the total drain is about
50 milliamperes or approximately one-tenth that of a car radio.

The wave shaping electronics consists of RC filters and CMOS inverters
connected as amplifiers. These devices minimize extraneous noise and convert
the input signals to levels compatible with digital electronic components.
These input signals arrive from three external sources including 1) the fuel
sensing transducer, 2) the distance transducer, and 3) the ignition sensing
connection. In addition, the RESET pushbutton and the ADV pushbutton are
sensed as inputs. .

The counting circuitry, memory devices, and display electronics are
provided by a simple microprocessor system. This system is comprised of a
microprocessor, a permanent memory device, a read/write memory device,
digital inputs, and digital outputs. The microprocessor, guided by a firm-
ware instruction sequence stored in the permanent memory device, controls the
other components to perform the fuel/distance trip monitoring function. The
read/write memory device is used to store the fuel usage and distance trav-
eled for up to 32 separate trips. The digital inputs sense the information
from the various transducers and pushbuttons, while the digital outputs are
used to drive the decimal and indicating LED displays.

The display devices consist of a four digit decimal display and two
function indicating LED's. The decimal display can show fuel usage in the
form XX.XX gallons, distance traveled in the form XX.XX miles, and trip
number in the form .pPPXX (P indicates a blank display digit). The fuel and
distance quantities are set for an “average" car. The exact values depend
somewhat on the average fuel flow rate and particularly the tire size and
differential gear ratio. A scale factor can be developed (see Calibration
Section) to convert the displayed quantities to correct fuel and distance.
The two indicating LED's are used to show whether the four digit display is
fuel or distance.



The pushbugton inputs are used to control the display of fuel and
distance data for each trip. The RESET pushbutton always clears the display
and resets the trip pointer to the first trip. The ADV (advance) pushbutton
is used to step through the stored trips in the sequence of trip number,
fuel used, and distance traveled. If the ADV pushbutton is pushed while the
RESET button is held down, the entire trip memory is cleared.
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3.0 INSTALLATION

There are three main subassemblies for the Fuel/Distance Trip Monitor.
Installation of each subassembly and subsequent system interconnection are
described in the following paragraphs and in Figure 2.

3.1 FUEL METER The fuel meter is to be installed in the fuel line between
the fuel pump and the carburetor. The fuel meter should be installed in an
upright position away from engine heat for proper operation. Flexible
gasoline hose can be used to conne:t the fuel meter.

A suitable metal bracket should be fabricated to mount the fuel meter.
This bracket can be connected to the fuel meter using one of the small bolts
holding the two halves of the fuel meter together. Do not remove more of
these small bolts than necessary to prevent breaking the seal of the internal
fuel meter gasket. The other end of the bracket should be connected to the
car body or the engine block at a convenient place. VThé fuel meter should
‘be positioned away from engine heat in an upright, level position with the
hard white plastic cylinder with the two spade lug connectors toward the top.
The fuel meter will be less accurate if mounted in a nonvertical position.
Intense engine heat may cause premature failure of the fuel meter. Do not
mount the fuel meter above the engine block where it will receive stagnant
engine heat after the engine is shut off.

On many cars, a metal fuel line connects the fde] pump and the carbu-
retor. A convenient method of connecting the fuel meter requires that a
section be cut from the fuel line. The fuel line should be removed from the
car during the cutting operation and cleaned afterwards to prevent a poten-
tially harmful residue of metal filings from remaining in the fuel line.
With a section of the fuel line removed, gasoline hose can be placed over
the fuel pump side of the cut line and run to the underside of the fuel
meter. A second section of gasoline hose can be run from the top of the
fuel meter to the carburetor side of the cut 1ine. A1l four connections
should be clamped with a hose clamp of the proper size.

3.2 DISTANCE TRANSDUCER The distance transducer consists of a sensing
device and two permanent magnets. The two permanent magnets are to be mounted
on opposite sides of the drive shaft near the transmission end of the drive
shaft. The magnets must be positioned on opposite sides of the drive shaft
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REAR VIEW OF FUEL/DISTANCE TR MONITOR

L 2 2 2
-0I+ -FU+ 2’&29 ?“3
A AABIBA AR AE -
7] DD 0/ To SWATCHED -
v . /—b +12- voLTs
4 L/ (ov wWHEN TN
15 aN)
' T 42 veLT +
CAR
T"Ew BATTERY
/Vl
FUEW
~ ouT
G T '
\ ’ FVEL.
HosE.
<— FvEL
S TRANSDUCER
\
0 | ROSE -
suitcHeD  ORANGE
+12 VOLTS 'T
(oN WHEN TGN Fuel- :
1s on) : L
“To FLeoR, 3 M
PAN !4— % —> o
' 1 AGMET
1 1 | | P e, TAPE 0':
l I oppoS\TE SIWDE=
' oF DRWE SHAFT

“TPPE
w / DisTANCE
TRANS DUCER.

METAL
SCREWS
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to minimize any unbalance of the drive shaft. A section of strong fiber
tape can be used to cover and hold the magnets in place on the drive shaft.
The tape should be wound around the drive shaft in the direction opposite
to the normal rotation of the drive shaft. A spot of glue should be used
to cover the end of the tape to prevent fraying.

The sensing device should be mounted to the car body at the side of
the drive shaft in line with the path of the permanent magnets. The metal
mounting strap should be attached to the floor pan of the car so that the
sensing device can be positioned between one-fourth and three-eighths of an
inch from the permanent magnets. The sensing device is to be mounted beside,
rather than above or below, the drive shaft to minimize the effects of verti-
cal drive shaft motion. Prior to operation of the car, verify that adequate
clearance exists between the sensing device and the permanent magnets as
the drive shaft is turned through a complete revolution.

3.3 ELECTRONICS PACKAGE The electronics package cah be placed in the
trunk of the car or at a convenient point inside the car. Engine compart-
ment mounting is discouraged. The package is not sealed against water and
must not be placed where road splash’ or rain can penetrate the cover.
Although the electronics pacﬂage can be attached to the car, it is probably
more convenient to leave th: package free so that it can be repositioned
when data readings are taken.

If the electronics patkage is to be mounted to the car, the six cover
retaining screws should be’ removed and the cover 1lifted off. Obtain two
small "L" brackets, drill mounting holes.in each side of the cover, and bolt
the "L" brackets to the cover. Attach the cover to the electronics package
and then bolt the entire assembly to the car using the "L" brackets.

3.4 SYSTEM ELECTRICAL CONNECTION After the fuel meter and the distance
transducer are in place and a position has been chosen for the electronics
package, the three devices must bé interconnected. The connection of each
device is described in the following paragraphs. When running intercon-
necting wires, be sure to keep the wires away from moving parts or high heat
points. See Figure 2 for pictorial details.

The fuel transducer requires connection to the car's electrical system
and to the electronics package. The connection to the car's electrical
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system provides power for the fuel transducer light source. The green wire
from the fuel meter should be attached to a ground connection. Almost any
metal in the engine compartment will suffice. The orange wire should be
connected to a switched 12 volt source which is at 12 volts only when the
ignition switch is ON. The "hot" or "+" side of the ignition coil is a
possible connection point. '

The two spade lug connection points on top of the fuel transducer are
to be connected to the rear of the electronics package. A twisted-pair,
shie]ded cable of 18 to 22 gage wire is sufficient. The fuel transducer
spade lug marked "GRAY" should be connected to the electronics package ‘
terminal screw marked "FU+". The other spade lug marked "STRIPED" should
be connected to the terminal screw marked "-FU".

The distance transducer only requires a connection to the electronics
package. Use a twisted-pair, shielded cable of 18 to 22 gage wire to make
the connection. Connect one spade lug (either one) of the distance trans-
ducer to the terminal screw marked "-DI". Connect the remaining spade lug
to the terminal screw marked "DI+". Be sure that the cable is routed away
from the drive shaft and exhaust systems,

Power for the electronics package must be provided from an unswitched
source of +12 volts. This could come from the battery or possibly from the
car's lighting system. Connect this wire to the terminal screw marked "+12"
and run a corresponding wire from a ground point (car frame) to the terminal
screw marked "GND". . This connection will power-up the electronics package.
The current drain on the battery is small and will not significantly discharge
the battery under normal circumstances. Use 18 gage wire for this run.

‘The remaining connection is to provide the ignition ON/OFF sensing
function. An 18 to 22 gage wire should be connected to a point which is
powered only when the car ignition switch is ON. The other end of this wire
should be connected to the terminal screw marked "IGN".

3.5 PRELIMINARY TEST After the connections in Section 3.4, the electronics
package should be operational. Test the unit by pressing RESET followed by
ADV. At this point, the number 01 should be displayed on the LED display.

If there is no'display, check the power connections and insure that +12 volts
and ground are present. If these connections are good, momentarily disconnect
and reconnect the wire at the +12 volt terminal screw. Use the RESET and the

ADV buttons to bring up the 01 display.
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3.6 ALTERNATE BATTERY SOURCE On some automobiles, turning the ignition
switch to START and activating the starting motor solenoid creates a
virtual short circuit condition across the car's battery. Where this

is the case, the battery voltage may drop below about 5 to 7 voits
momentarily due to this "short circuit". Although this is a temporary
condition, a voltage of less than five volts may cause the Fuel/Distance
Trip Monitor to forget the stored trip values dnd require a reset.

~ An alternate external battery can be connected with the positive
battery terminal to the terminal screw marked “ALT" and the negative
battery terminal to the terminal screw marked "GND". This will prevent
loss of trip data in the Fuel/Distance Trip Monitor due to a momentary
low voltage from the car's electrical system. A 9 volt transistor battery
is sufficient for this purpose. The current drain on the 9 volt battery
is insignificant since it supplies current (about 50 milliamperes) for
only a fraction of a second each -time the car is started. The main
limitation on the lifetime of the¢ 9 volt battery will be from environ-
mental causes. The 9 volt battery should be replaced every three to

six months.
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4,0 CALIBRATION

i The Fuel/Distance Trip Monitor needs to be calibrated for each
installation on a different model car. Both fuel calibration and distance
calibration should be performed. The fuel calibration will remain fairly
stable from car to car. The distance calibration will depend significéntly
on tire size and differential gear ratio. Suggested calibration techniques
are given in the next two sections. Note that valid trip data can be
accumulated during the calibration trips. '

4.1 FUEL TRANSDUCER CALIBRATION The fuel transducer calibration will vary
slightly with different fuel flow rates, different transducers, and differ-
ent mounting positions. The fuel transducer:output drives an electronics
package which provides a 4 digit readout in hundredths of a gallon for an
‘"average" car. This readout and actual fuel intake can be used to provide
a calibration factor. : : :

This calibration factor can be obtained in much the same way that an
individual would determine gas mileage. The necessary steps are to:

1) Install the Fuel/Distance Trip Monitor.
2) Fill the car's gas tank completely with the car on level ground.
3) Drive the car normally, accumulating trip fuel and distance data
for more than half a tank of gas (10 gallons).
4) Repeat step 2 and record the quantity of fuel required.
5) Total the accumulated fuel data over the trips between steps 2 and 4.
- 6) Determine the ratio of fill-up fuel quantity from step 4 to the
accumulated fuel total from step 5. This ratio can then be multi-
-plied by the fuel reading for any single trip to obtain the actual
fuel used. ‘ o :

_ For example, assume that the gas tank was filled and 10 trips were made.
The fuel readings for these 10 trips were 0.89, 0.50, 1.45, 3.20, 2.45, 0.68,
0.30, 0.88, 1.30, and 0.45 gallons for a total accumulated fuel usage of 12.10
gallon%. Assume that 11.35 gallons were required to refill the gas tank. -
The ratio of 11.35 gallons to 12.10 gallons gives a calibration factor of
0.938. This factor should be multiplied by the single trip fuel readings
to obtain the actual fuel used. In the first trip above, 0.89 gallons was
the trip fuel reading. The actual fuel used was 0.89 x 0.938 = 0.83 gallons.
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Since the car fill-up fuel may vary due to car position and air pockets
in the gas tank, a more accurate calibration can be obtained by repeating the
procedure above for more than one tank of gas.

4.2 DISTANCE TRANSDUCER CALIBRATION The distance transducer calibration will
vary significantly with tire size and differential gear ratio. The distance
transducer output drives an{e1ectronics package which provides a 4 dfgit
readout which roughly corresponds to hundredths of a mile. This readout and
odometer readings from the car can be used to provide a calibration factor.

This calibration factor can be obtained during the same trips used to
obtain ‘the fuel calibration factor. The necessary steps are to:

1) Install the Fuel/Distance Trip Monitor.
'2) Read and record the car's odometer with the car on level ground.
3) Drive the car normally, aécumu]ating trip fuel and distance data
" for several trips (preferably 100 miles or more).
4) Repeat step 2 and calculate the difference in odometer readings.
5) Total the accumulated distance data over the trips between steps 2
and 4. ‘
6) Determine the ratio of odometer determined distance from step 4
to the accumulated distance total from step 5. This ratio can then
be multiplied by the distance reading for any single trip to obtain
the actual distance. traveled for that trip.
For example, assume that the odometer read 10384.6 in step 2 and that
6 trips were made. The distance readings for these trips were 5.30, 15.45,
25.66, 2.34, 54.34, and 18.45 miles for a total accumulated distance of
121.54 miles. Assume that the odometer reading in step 4 was 10545.1 for
a traveled distance of 160.5 miles. The ratio of odometer distance (160.5)
to accumulated trip distance (121.54) gives a calibration factor of 1.321.
.This factor should be multiplied by the single trip distance readings to
obtain the actual distance traveled. In the first trip above, the trip
reading was 5.30. The actual distance traveled was 1.321 x 5.30 = 7.00
miles.
As with fuel calibration, a more accurate calibration can be obtained
by repeating the procedure for several trips. It would be a good idea to
" read the car's odometer each time the accumulated trip totals were read
and recorded.
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R2 -
R3 -
R4 -
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HAIMN FROGRAM COUNTER

BCDO CONVERSION SURBROUTIMNE

BCD DIGIT CONVERSION SUBROUTINE

FOINTS TO DISFLAY SUBROUTINE

R5.0 USED AS DISFLAY STATUS FLAG

RS.1 SAYES RESIDUE O INFUT PROCESSINT
CONTAINS THE DISPLAY TIMHE~QUT COUNT
R7.0 USE AS TEMP DATA -

R7.1 USED TO SAVE CURREMT DATA IHAGE
STATUS INFUT FOINTER :
FUEL COUNT

DISTANCE COUNT

Reg.0 DIVIDE COUNT FOR DISTANCE

RBE.1 DIVIDE COUNT FOR FUEL

DISFLAY LATCH FOINTER

RCD DISPLAY FILE POINTER
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$F O DISFLAY SUBROUTIME

$CE BCD DIGIT CONMVERT

INIS

SMI+$FF DOUZLE NGF

LINI+$CO

PHI+C

LUT+440Q

FHI4D

SHL SET I TO %80
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BR+FROG  MAIN PROG . ADR
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PRDG EQGU $30
FAG3 EQY  $0300
FUSC EQU AR FUEL SCALE COUNT
FUS2 EaQU 24 1/2 FUEL SCALE CNT
nISC EQU 50 DISTANCF SCALE CNT
nis? EQU 29 1/2 DIST SCALE CNY
®k MAIN FROGRAM LOOF *kk*k***#x#*k«thvk*k*#kkk*kt*t
- ORGG  FROG
SUSL FCB  GHI+? GET ZERO
FCR  FHI+S CLEAR RESIDUE HOLD
FOR  IMC+& COUNT TINME RELAY
FCR GHIt6 1.LOOK AT DELAY
FDR RZH+CLRD  TIME TO TURM DISPLAY OFF
FCE SEF+43 CALL TITSPLAY *
‘BKFU FCE SEX+8  INDEX TO INFUT STATUS
FCH  GHI+7 GET LAST DATA
FCR XOR :
FOOE AMI+%1F SELECT ACTIVE RITS
FIk  RZ4+SUEL »
FC® PHI+S SAVE CHANGES
FCE LIX GET NEW DATA
FCE FHI+7 SAVE AS CURRENT DATA
FCE  GHI+S GET CHANGES
FCE AND PICK OFF ZERQ TO ONE TRAN%:TINNS
FNIE EBZ+4SUBL. NONE THERE
XX FPROCESS BIT 0 - FUEL COUNTER -
EITO FCR SHR o
FOR BNF+EIT1 RIT O NOT SET
FCBR FHI+S SAVE RESIDUE
FCkR LION+E GET IMFUT STATUS
FIIE  ANI+$01 '
FOR  RZ+RATO GO AWAY TF MOT THERE
FCB GHI+E L
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FCB FHI+E
FOEB XRI4FHSC IS IT MAX CNT?
FOR HBNZ+RATO SKIFP IF NOT THERE
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FCE  FHT+S SAVE RESIDUE =
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FOE ANI+$02 ~ ‘
FOE EZ+EAT1L GO AWAY IF NOT THERE
"FCE  IMC+R INCR DIV CNTR
FCR GLO+HE
Fia XRIFOISC I8 IT MAX CMT?
FOBE  ENZ+RATI1
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X% FROCESS BIT 2 -
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FUB
FCB
FCE
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FIR
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FIE
FCR
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GHI+S
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CLEAR RCD DISFLAY FILFE

CLEAR (€D IMNICATORS

BACK TO 7 SEG LED

GET & $01

REMNEW DISFLAY TIME OUT CNT
BET RESIDUE EACK



117
113
119
120
121
10
LR
-
b e

124,

i23
124
127

128
129
135
131
132
133
134
135
134
137
138
137
140
141
142
143
144
14%
144
147
143
149
150
1351
152
153
154
i55
1554
157
138
159
160
1461
162
183
154
165
166
167
1468
149
179
171
172
173
174
175
176

oo0n
00CE
0010
0011
0012
0014
0014
0017
0018

001A

001f;
o001l

O01E -

Q01F

0021

0023
0025
0026
0027
0028
0029
0024
0028k
0020
002F
0031
0032
0033
0034
00335
0036
0037
0038
0039
003a
003C
002n
003F
00490
0042
0043

0045

0047
0048
0044
004R
004¢C
004¢&
COAaF
¢050
00351
0053
00354
0055
0C35é
0057
0058
O05A
005C

Fé
IEAL
RS
98
FFO1
3A12
08

- A7

Faog
3243
8c
B6
87
FAO4
3242
FBFF
A7
AD

87

50
20
8L
FE7F
3827
FBO9
ALl
98
ST
92
ALl
E9
Ao
EA
AR

FB19

AR
FB18
BE
I0AS5
85
FAO3
3254
85
FEO3
AS
Fé
3353
84
AE
9A
2056
89
AE
99
RE
2
3045
FBoa
AD

¥%X FROCESS BIT 3 -

EIT3 FCE
FUR
FCR
FCR
FIE
FIR
FCR
FCE
FOR
FUR
FCu
FCR
FCR
FOR
FUOR
FDR
FCH
FCR
FCR
FCR
FCER
FCR
FOB
FUR

BRT3

BLT3

Foe

FCE
FCR
FCH
FCR
FCE
FCu
FCe
FCE
FCHB
FDR
FCR
FI'R
" FCB
FIR
FCE
FOER
FOR
FCR
FI®R
FCR
FC®B
FOR
FCOu
FCR
FCE
FI'E
FCH
FCR
FCR
FCR
FCn
FoR
FI'R
FCh

CCTR

RT3

BEFT3
RGT3

RRT3

SHR
BENFABITS
PHI+S
GHI+8
SMI+1
BNZFERT3
LIN+S
FLO+7
ANT+¢08
BZ+RBAT3
GLO+C
FHI+A
GiL.O+7
ANT+304
BZ+RCT3
LOI+$FF
FLO+7
FLOAD
GLO+7
STR+U
DECHD
GLO+L
XRI+$7F
BMZ+BILY3
LDT+$09
FLO+D

GHI+S

STR+D
GHI+2
FLO+D
FHI+9
FLO+S
FHI+A
FLO+A
LOT40IS?
FLO+E
LOT+HFUS2
FHL+E
BR+EAT3
GLO+5
ANI+303
E7Z+RRT3
GLO+S
XRI+$03
FLO+S
SHR
RUF+ROT3
GLO+A
FLO+E

- GHI+A

BR+EFT3
GLO+9
FLO+E
GHI+®
FHI =
CEF 42
BR+BATZ
LII+$0R8
FLO+D

ADVAMCE RUOTTON
RIT 3 NOT SE7

SAVE RESIDUE

GET 480

WAIT FOR CNT
GET INFUT STATUEG
SAVE INFUT STATUS

EXIT IF NOT SET

GET A $01

RENEW TELAY TIME OUT
RESTORE

CHECK FOR RESET ALSH
CONTIMNUE AUY FROCESSING
GET CLEAR IATA

SAVE FOR LOOF

SET FNTR TO END

GET CLEAR DATA

STUFF IMN HIST FILE
BACK UF

GET LOW ADR

AT REGIN YETT

G0 S0ME MORE

GET “IN’ FNTR AUR

GET 480
RESET HIST
GET ZERQ
RESET RCD NISFLAY FILE FNTHR

*IN’ FNTR

CLEAR FUEL CNTR

CLEAR NIST CNTR
GET HALF DIST SCALE CNT
GET HALF FUEL SCALE CNT

SKRIF OTHER FROCESSING

GET DISPLAY STATUS

SEE TF REAL TIME DISFLAY ON
BR IF NOT REAL TINE

GET DISFLAY STATUS
ALTERNATE DISFLAYS

STORE STATUS

BR IF Oonh

COUNTER 2 TO CONYERT BUFFER

EXIT
CONUVERT

TO COMMOM

COUNTER 1 TO RUF

CALL CONVERT
GO TC COMMON EXYIT
GET ‘0OHT” PNTR ADR



0051 on FCR  LINED GET HIST FILE ‘0OUT‘ FENTR

005E Fé FCB  SHR TEST FOR QD
COSF 337R FI's  RBIOF4RUT3 BR IF 0RO
V061 on . FCBR  LDN+D GET HIST FILE “0QUT’ FNTR
00462 AL FC®  PLO+D USE RAM PNTR
0063 40 FCE LUA+D GET HIGH BYTE FROM FILE
0064 BE FCB  FHI+HE
00565 An FCB LUA4D GET 1.OW RYTE
0056 AE FC®  FLOD+HE STUFF IN CONVERT BRUFFER
y 0067 - 8D . FCB GLO+U GET {.0W RYTE QOF FNTR
7 00568 . FAGZ FIO'R ANI+¢03  PICK OFF LOW TWO BRITS
0064 3AGTF . FOR  BNZ+RGTI SKIF IF MOT MOD 4
004T F901 FOB DRI+$01  TURN ON BIT O
004K 20 FCR DRECHD BACK ONME
006F ic ROT3 FCR INC4C SET 70O LED’S
0070 5C FCR STR+C STUFF DATA
0071 2C - FCE DECHC RACK TO 7 SEG LED
0072 8h FCE GLO+D GET LOW RYTE OF FNTR
0073 A7 FCR  FLO+Z TEMF SAVE
0074 F803 FOR LDI+$08 GET ‘0QUTY PMTR ADR
0076 Al FCB FLO+L
0077 87 FCB GLO+7 RESTORE .
0078 S FCE STR+D UFDATE HIST FILE ‘0OUT’ PNTE
0079 3057 FOR  BR+EST3 TO COMMON EXTT
007k on EDT3 FCR - LON+D GET HIST FILE ‘0UT’ FNTR
007¢C FCO1 FOBE  ADI+$01 INCR
2 007E sh FCR  STR+U UFDATE HIST FILE ‘0UT’ PNTR
007F 3292 FOER BZ+RYTI AT END OF DISPLAY FILE
5 0081 i FCBE  INCHD FNT T “IN’ FNTR
o082 ED FCR  SEX+D
0083 F7 FCe &M ‘QUT MINUS “IN
0084 2D FCg OEC+D BACK TO 0OUT’ FNMNTR
0085 3A%4 FI'B  ENZ+RYT3
0087 on FCE L DN+D GET ’0UT’ FNTR
0088 FERREO FOE  XRT+$80 SEE IF AT BEGINNING
008A JAT2 FOE EBMZ+RUT3 :
0038C F87F FIB  LDI+$7F
008E Sh FCB  STR+D BACK 70O TRIF 1
008F . 98 FCR  GHI+S GET $8¢
00370 3095 FOR BR4+EXT3I 710 SHIFT
0C92 ?8 EVT3 FCkE GHI+8 GET ¢80
0093 S0 FCB STR+D RESET HIST FILE ‘0OUT’ FNTE
0074 o BYT3 FCR  LONtU GET “CUT’ PNTR
0095 Fé BXT3 FCE SHR oIy ry 2
00?6 Fé& FCBE SHR THIS GET CNT/4
0097 FF1F FOR  SHMI+$1F GET RID 0OF OFFSET LESS ONE
G099 AE FCBE  FLO+E STUFF CONT IN CONMERT RUF
007A 92 FCBR  GHI+2 GET ZERO
Q09R BE FCBE  PHI+E
0o9cC o2 FCR SEFP+2 CALL CONVERT
coon 72 FCB OGHI+2 GET ZERQ
009k ATl FCBE  PLO+D FOINT TQ RCI DISF FILE
0CF So FCR STR+D BLANK HIGH DIGIT
Q0AY in FCE  INCH+D .
20A1 S0 FCa STR+DI BLAMK MEXT DIGIT
00A2 ic FCr INCHC -
00A3 5C FCR STR+4C BLANK LEZR’S
00A4 2C FCR DEC+C BFACK TO 7 SEG LED

00AS 95 EAT3 FCB  GHI+S  GET RESIDUE BACK

- A-23



[P

B PR

~ ey o2

235
227

238

239
240
241

242

243

244

245

246
247
248
249
250
251
it

A ot e

253
254
235
266
257
258
259
260
261
2632
263
264
265
2864
267
268
269

270

271
272
273
274
2795
276
277
278
279

00n6
00A7
00A7
00AA
O0AEH

00AD

00AF
Q0RO
o0R2
QQOR3
QORS
O0OE?7
O00RS
O0R9
OQRA
O0EC
QORD
OORE
00BF
00€0
00C1
o0cC?2
00C3
00C4
00CS
00Cs
00C?
o0Cce
00CaA
QOCE
ooCh
00CE
00CF
eono
o0n1
0002
00N3

OOﬁS'

0004
o0ns
oon7z

Fé
RIS
BS
08
FAL10O
3205
93
3ARS
39
I208
Faoy
Al
on
Al
3200
99
Sh
ip
a9
Sh
10
94
S5h
in
£2A
5h
an
FCO1
n7

FB809

Ali
87
So
95
FE
RS
3034
5

co
0030

¥% FROCESS BIT 4 - IGMITION OFF/0N IMDICATOR

R{T4 FCR
FOR
FOR
FCR
FI:R
FIE
FCR
FIIR
FCR
FUR

RCT4 FOR
FCR
FCH
FCR
FIOR
FCE
FCR
FCE
FCR
FCR
FCH
FCE
FCH

FCE.

FCR

FCE

FCR

FOVE

FCR

FOR

FCH

FCR

FCR

BET4 FCR
 FCE
FCR

FOR

RAT4 FCH

¥ ENMD OF

BEND RHME
FCE
Fug
END

GHR
BEMF+REMI
FHI+S
LUN+S
ANT+510
EZ+EATA
GHI+9
ENZ+ROT4
1.0+9
BZ+RATS
LII+$09
FLO+D
LI+
FPLO+L
BZ4+EBETA
GHI+9
STR+D
INCHD
GLO+9
STR+D
INCHD
GHI+A
STR+N
INCH+D
GLO+A
STR+N
GLO+D
ART+301
FLO+7
LOI+$09
FILLO4D
GLO+7
STR+D
GHI+S
SHL
FHI+S
BR+CCTR
GHI+S
INFUT BRI
0

%0
SUERL
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GO TO EMD

SAVE RESIDUE

GET TINFUT STATUS

SKIPF IF NOT 7HERE
GET FUEL CONT HIGH

GET FUEL CNT LOW
SKIF OUT IF NONE
GET ‘IN‘ PNTR ADR
GET HIST FILE ‘IN’ FNTR
SKTF STORE IF NO MORE ROOM
GET FUEL CNT

GET DIST CNT

INCR HIST FILE “IN‘ FNTR
TEMF SAVE

GET “IMN’ FNTR AR

RESTORE LATA

UFDATE HIST FILE “IM’ FNTR

GET RESIUUE BACK

EACK UP ONE

SET FOR BAT3 RECALL

GO TO COMMON CLEAR FROCESSING
GET RESIDUE RACK

T FROCESSING

LONG ERAMCH



R U G,

G ONOU D G

00E0

00RO
00B1
00B2
00R3
O0RS
O0ES
0CB7
00E8

" QOB?

OORE
00BC
OOED
0QRE
00CO
00C1
00C2
00C3
00C3
00Cé6
ooc7
00C8
00CaA
00CE

oocu
00CE
00CF
oono
oop1

oom2

oon3

oona

00DS
oonésé
o0n7
oons
oone
O0DE
ooncC
oonn
OODE
OONIF
00EO
GE
00L
00E3
00E4
00ES

'****X*********X*k***********X***X***X*****************
X% SUBROUTINE BINDEC - RINARY TO DECIMAL CONVERSIC

X¥ R2 IS THE PROGRAM COUNTER

Do
92
AD
F8E7

"AF

EF
D3
n3
F?80
oh
1D
n3
F240
3D
1D
n3
F220

Sh

10

8E

-F?10

ah
3080

D2
92
A7
8E
F7
AE
9E
1F
77
2F
HE -
17

3300 .

8E
Fa
AE
9E
1F
74 .
BE

27
87
J0CH

Xx R3I IS USED
¥k RD POINTER

TO CALL A SUBROUTIME
T0 BRCD DISFLAY FTILE

¥%¥ -RE CONTAINS RINARY DATA ON ENTRY
XX RF FOINTS TO THE FOWER OF TEM TABLE

ORG
SRET FCEB
NECE FCE

FCE

_ FDE

FCE

FCE

FCE

FCH

FDOR

FCE

FCE

FCR

FOR

FCE

FCR

FCE

FIoR

FCR

FCB

FCE

FLE

FCR

FDR

$RBO
SEF+0
GHI+2
PLOFD
LOI+FTAR
FLO+F
SEX+F
SEF+3
SEF+3
ORI+4$80
STR+D
INC+D .
SEF+3
ORI+$40
STR+D
INCH+D
SEF+3
ORI+$20
STR+D
INC+D
GLO+E
ORI+$10
STR+D
BR+SRET

RETURN TO MAIN PROCRAM
GET ZERO
SET BCD FILE FOINTER TO ZERO
GET HIGH BYTE OF FTAR ADK
SET UF INDEX REGISTER

CALL DECDIG 10K
CALL DECDIG iK

CALL DECDIG 100

CALL DECDIG 10

GET UNITS DIGIT

THIS LEAVES ﬁCB FILE FOINTER AT 3

KKK SO KK KK 0K KK KKK K KOR FOR Kk ok ook ook Aok ok ke kR eok ko ok Xy
X% SUBROUTINE DECDIG - CONVERT A SINGLE DIGIT

¥X R2 IS THE RETURN FC

¥% R3 IS THE FROGRAM COUNTER

XX RE CONTAIME THE DATA

xXx RF FOINTS TO POWER OF TEN TABLE

X% R7 USED AS TEMP REGISTER

DSTR FCER
DSTE FCR
FCR
DLPA FCE
FCE
FCh
FCER
FCH
FCR
FCH
FCR
FCE
FIE
FCE
FCB
FCR
FCR
FCE
FCR
FCE
FCE
FCEB
£ChR
Ful

SEF+2
GHI+2
FLO+7
GLO+E
SH
PLOE
GHI+E
INCHF
SHE
DEC+F
FHI+E
INC47
RIOF+DLFA
GLO+E
ADD
PLO+E
GHI+E
INCHF
ADIC
PHIE
IMC+F
DEC+?
GLO+7
BR+DSTR
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RETURM 7O R2 AS PC
GET ZERO

CLEAR CNTR

GET LOW D'ATA BYTE

RETURN LOW BYTE
GET HIGH DATA BYTE
MOVE TAERLE FNTR

RESTORE TABRLT PNTR
RETURN HIGH BYTE
"DIGIT CNTR

BRANCH IF PDSITIVE

RESTORE
MOVE TABLE FPNTR

RESTORE HIGH RBYTE

MOVE TO NEXT FAIR
CORRECT DIGIT CNTR
GET THIS DBEC DIGIT
RETURN



63
64
65
66
67

68

69
70
71
72
73
74
75
76
77
78
79

00E7
00E?

00ER

OOED

00EF
00FO
00F1
00F2
00F3
00FS
00F7
00F8

1027
E803
6400

0AQ0 -

0o
4l
5C
8n
FEOA
3AF8
AD
30EF

*k**#****************X**X**X*#****&Y***************X****#

* % FOWER OF TEN TAELE
FTAE FDB $1027

FOE $EB03

FOE $6400

FDE $0A00
KKK K KKK K K KKK KR A KKK KR ORI K OK RO Rk Ok K K KKK K
XX SUBROUTINE DISFLAY - TO DISPLAY DECIMAL COUNT
DISF FCE SEF RETURN TO RO FOR FC
DISE FCE LDA+D GET DATA + STROBE BIT

FCE  STR+C

" FCR  GLO+D GET LOW BYTE OF BCD FILE ADR

FOE XRI+4 IS IT LAST ADR?

FOE EBNZ4DND TO END

FCE FLO+D STUFF ZERO AND START OVER
IND  FDE EBR+DISF GO AWAY

ENI
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APPENDIX 3
pARTS LIST
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ITEM NUMBER

DESCRIPTION

W W N N NN NN N DD NN = e ad od o cd ood and wd wed
- O W O N OV U H W N = O W OO N P WN -

O 0O N O N & W N

400
| 422
NSB7881

.1802
2716
IM6561
74C04
74C08
74C14
74C42
74C48
74C175
80C97
UA7805
2N3705
1N914
1N4004
¢9114
Cca1i6
C9118
C9124
€9140
220uF
22ufF
0.22uF
0.10ufF
0.05uF
39pF

Digital display bezel

PC board nounting adapter
Multidigit LED series

Red LED with mtg hardware

SPST momentary pushbutton switches
COSMAC microprocessor (RCA)

Single 5 volt supply EPROM (Intel)

256x4 RAM (Harris)

" Hex inverter (National)

Quad 2 IN AND (National)
Hex Schmidt inverter (National)
BCD to decimal decoder (National)

BCD to 7 segment decoder (National)

Quad D flip-flop (National)
Hex tri-state buffer
5 volt regulator
Transistor
Signal diode
Rectifying diode
14.pin WW socket
16 pin W socket
18 pin WH socket
24 pin WW socket
40 pin WW socket
16 pin DIP header
Capacitor (25 volt)
) " .
Capacitor (15 volt)
o
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Resistor (1/4 watt)

4 1/2 x 6 inch perfboard

Quad screw type terminal strips
Heat sink for T0220 package
6-32 x 1 inch stand-offs

ITEM NUMBER DESCRIPTION
32 1Megq

33 470k "
34 100k !
35 39k "
36 20k "
37 10k "
38 6.8k "
39 4.7k "
40 3.3k "
4] 2.7k "
42 1k "
43 680 "
44 470 "
45 39 "
46 - Enclosure
47 -

48 -

49 -

50 -

51 - Small "L" brackets
52 -

Miscellaneious mtg screws

A-29
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APPENDIX B

A Are You Bein
Penalize

By Short Trips?

Cut your gas consumption by over 25% -- for nothing.

Nothing to buy.

@ Nothing to install, |

B-1



Ever wonder why you don’t get ydur "
EPA estimated mileage?

If you check your mpg on a long trip, you probably find
you're doing pretty well. But, if you check it from tankful
to tankful during everyday driving around town, the chances
are you'll find you're getting only half of what you get on
the open road. '

Why?
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Statistics show that the majority of trips you make With the family car

are short trips--under 5 miles each way. These short trips penalize you in
two ways. '

Cold Start--While the engine is warming up a rich fuel mixture and
sluggish lubrication system will drive your mpg way down. For the first
couple of miles, you're Tucky to get even half of your rated mpg.

Stop-and-Go--Not many people have a freeway from their front door to the
supermarket. Most short trips involve a 1ot of stop and go. Each time

you stop for a traffic light, stop sign, or other traffic, it takes more
gas to build back up to speed. Even with a warmed-up engine, you still

lose. about a third of your rated mpg.

Save money

Save time |
~ Save wear

Defending against the short trip can save you a bundle. Al1 you have to

do to cut your total gas bill by 25% is follow the four C's.

e Consolidate your trips--gef everything at one time;
e Combine--several places into a single trip.
o Call--let your fingers do the driving,

e Count the gallons you save.



Consolidate

Do you sometimes find yourself driving to the same store or shopping
center two or three times in one week--or even in one day?

’Is‘it possible that you could have handled everything in one trip?
Many people find that they cah by following these simple rules:

Procrastinate--Putting things off until later isn't a1ways a bad
idea--particularly if there are other things that are going to have
to be done later. Before you hop in the car and go get something
ask you:se1f (or whoever is sending you), "Do I really have to get
it now?

Keep Errand Lists--The best way to get everything in one trip is to
know what "everything" is. Keep a family 1list of things you need

from the supermarket, drugstore, hardware store, etc., and think ahead.

Ask Others--Whenever anyone is about to take off in a car, take a
moment to think of what you need. It may be able to save you a trip.
By the same token, when you are the one who's going out, see what
you can pick up for others.

"Hey, I'm going down to the drugstore.
Anybody need anything?"

B-4
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You can't always do everything you need to at one place. You can still
save gas by combining places into one trip.

Look at what the Thompsons discovered about the way their family car
was being used.

TUESDAY'S TRIPS

HOW 1T WAS HOW IT COULD HAVE BEEN
Driver Purpose Miles Driver Purpose Miles
Sis Take Tommy to school 4 Mom Take Tommy to school 4
Sis Drive Home 4 Mom To supermarket for week's
Mom To supermarket for week's - ) shopping !

shopping 4 Mom  Drive home 4
Mom Drive home 4 Sis . To Sally's to get books 3
Sis To Sally's to get books 3 Sis To school to pick up Tommy 2
Sis Drive home 3 Sis Drive home 4
Mom To school to pick up Tommy 4 Dad To drugstore for cigarettes 2
Mom Drive home 4 Dad To Sally's to drop off Sis's
Dad Drugstore for cigarettes 2 books z
Dad Orive home 2 Dad To bowling alley 2
Dad To bowling alley (league , Dad Drive home

night) 3
Dad Drive home 3
Sis To Sally's to return books 3
Sis Drive home 3

% 27

The Thompsons could have cut their driving almost in half, and their
gas consumption even more (eliminating cold starts) without giving up
anything! A1l they had to do was to get their act together early enough
in the day to combine trips. '
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Call

The telephone can carry your words more cheaply than your car can
carry the rest of you. Here are some words that can save money.

7

Do you carry a
5/8" widget?

Yeah, but we're all

, , “out, Try Acme HARDWARE
VA : Hardware on the other
E}} E}} side of town.

Dear, would you drop by
the cleaners and pick up
Susan's formal on the
way home? ‘

Sufe, honey.
Anything else?

| Could I reserve two

tickets for the night
§ of the 16th?

]:" -t s we o w ve

.
MR ENNE W N

Certainly, just
pick them up at the
box office 10 minutes ; I I;;]

before curtain time.

-




Count

Even though short trips don't add many miles to your odometer,
they are expensive miles.

Cutting your short trips in ﬂa]f can reduce your overall gas
consumption as much as 25%. That adds up to over $300 a year for the
average family. , 17

COUNT up your own savings using the simple "Four C's Savings
Log" on the back page. This log will tell you how many gallons,

miles, and dollars you are saving.
And remember, to get these savings you don't have to give up
a thing!

In fact, you actually gain:

Time--Each short trip you eliminate means one less
interruption of the day's activity to go wrestle with
stop-and-go traffic.

Car Life--The miles devoted to short trips and cold
starts are the hardest miles you can put on a car.
Each trip you don't take adds a little to the Tife
of a car.,

S
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Four C’s Counting Guide

To see how much you can save through the Four C's program, you need only
to be willing to fi1l your car's tank orice a week, on the same day, for 15
weeks. (After the first couple of weeks, it should be fun to see how much you
are saving.)

On the back of this booklet is the Four C's Saving Log. You can use
this Log to help you count your savings. Here's how:

1, Start with a full tank.

2. Exactly one week later, fill it again. Write down how many
gallons your tank took under "Gallons." (If someone else
fills the tank, have them tell you the amount or give you
the credit card receipt.) In the example below, the car
took 19.2 gallons.

3. At the end of the second week, fill it again and enter the
"gallons." In the example, the car took 20.4 gallons.

4, At this point, average the gas consumption for the first
two weeks. The "average gallons" will become the basis
for estimating what you save (two weeks are necessary to
get a good basis for comparison). In the example, the
average consumption was (19.2 + 20.4) ¢ 2 = 19.8 gallons.

5. Now start the Four C's program. Get the family together
and go over the program with them. Tell them you're
keeping a record of how much they are saving.

6. During the next 13 weeks, compare each week's gas consump-
tion with the "average gallons" and write the difference
under "saved." In the example, the car took 14.6 gallons
(in Week 3) after the Four C's program was introduced.
This was a savings of 19.8 - 14.6 = 5.2 gallons.

7. At the end of 13 weeks, add up the total gallons saved.
In the example; it totaled 67.6 gallons.

8. To estimate the yearly savings, multiply the 13-week
savings by 4. In the example, the estimated yearly
savings in gasoline is 67.6 x 4 = 270.4 gallons. To
figure out what this is worth, simply multiply that
.total by the prevailing cost of gasoline. In the -
example, the cost of gasoline was $1.30 per gallon. When
ghi? was miltiplied by 270.4 gallons, the total saved was

351.52.



Sample
4 C's Savings Log

GALLONS| GALLONS
WEEK | USED | SAVED
START PROGRAM ] 19.2
2 20.4
AVerage gallons 19.8
START 4 C's 3 | 14.6 5.2
13.7 6.1
5 15.1 4.7
| |15 14.4 5.4
TOTAL SAVINGS 67.6
GAS PER YEAR 67.6 x 4 = 270.4
DOLLARS PER YEAR |270.4 x $1.30=$351.52

Here are some additional suggestions to make the program work better.

® Decide in advance what you're going to do with the
money you save (a week at the beach, a moped, etc.).

@ Review the savings with your family on a weekly
basis. Talk about ways of saving more,

o Try to set a goal. Experience shows people will
save more if they have a particular goal in mind.
After one goal is reached, set another one.

e Skip any week in which you take a really 1ong'trip
(200 miles or more). Pick up again the next week.

B-9



Your 4 C’s Saving Log

GALLONS [GALLONS

WEEK | USED | SAVED
START PROGRAM ]
2

average gallons

START 4 ('s

3 .

4

10

11

12

13

14

15

TOTAL SAVINGS

GAS PER YEAR
DOLLARS PER YEAR

B-10



1. Of the total number o
make each week, what
trips which are:

0-1 mile long?
1-2 miles long?
2-3 miles long?
3-5 miles long?
5-10 miles long?
10+ miles Tong?
TOT

2. Of the total number o
drive each week, what
covered in trips whic

0-1 mile long?
1-2 miles long?
2-3 miles long?
3-5 miles long?
5-10 miles long?
10+ miles long:
TOT

3. Of the total amount o
use each week, what p
consumed in trips whi

0-1 miTe Tong?
1-2 miles Tong?
2-3 miles long?
3-5 miles long?
5-10 miles long?
10+ miles long?
TOTAL

APPENDIX C
HOME VEHICLE USE SURVEY [
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HOME VEHICLE USE SURVEY 11

Circle the answer which is most correct.

Circle the answer which best represents
your opinion.

1. A vehicle which goes 10 miles on
a gallon of gas when the engine
is warm, will go how far on a
gallon when it is cold?
a. Over 9 miles
b. About 8 miles

c. Under 7 miles

2. Your car generally gets the best
mileage on trips which are:
| a. Under 5 miles long
b. 5-10 miles.long
c. Over 10 miles long

3. The trip pattern that would
generally offer the best fuel
economy would be:

a. One 30-mile trip

b. A 15-mile trip in the
morning and a 15-mile
trip in late afternoon

c. Three 10-mile trips
spread over the day

4, In cold weather, how far do you
generally have to drive to
reach maximum mpg?

a. 15 miles
b. 6 miles
C. 2 miles

C-2

5. When deciding whether or nor to drive
somewhere, the cost of gas should
infldence you:

a. A lot
b. Some
c. A Tittle

6. Of the trips people make in their
cars every day, how many are really

necessary?
a. Most
b. Many
c. Few

\

7. By planning their daily trips better,
people could save:
a. A lot of gas
b. Some gas
c. A Tittle gas

8. People should drive their cars:

a. Only when absolutely necessary
b. As Tittle as possible
c. Whenever it's convenient

i



APPENDIX D
MPG-DISTANCE SCATTER PLOT

The following figures provide scatter plots of the relationship
between trip length and trip mpg. Betause of the curvilinear relation-
ship between these two variables, tri@ distance is expressed in log miles.
A separate scatter plot has been provided for each vehicle. The character-
istics of each vehicle can be obtained from Table 1 in the text.

Each asterisk in the scatter plot represents one or more trips
falling within the cell represented by the intervals of mpg and log miles
indicated on the coordinates of the chart. More than one trip falling in
the same cell appears as a single asterisk. For that reason, the number
of trips exceeds the number of asterisks on the scatter plot. (The number
of tr;ps corresponds to "Number of Pairs" in the table above each scatter
plot.



HOME VEHICLE USE STUDY

VEHICLE 1 - 1970 Ford Pickup
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HOME VEHICLE USE STuDY

VEHMILCLE @ - 1978 Toyota Wagon
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HOME VEHICLE USE STUDY

VEMLOLE S

- 1980 Plymouth Horizon
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HOME VEHICLE

VEHICLE 4
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HOME VEHICLE USE STUDY

YEHICLE 5 - 1972 Ford Esquire
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HOME VEHICLE USE STUDY
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HOME VEHICLE USE STuDY

7 - 1974 Ford Pinto
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HOME VEHICLE UBE STUDY

VEHICLE 8 - 1971 Mercury Montego
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APPENDIX E

ANALYSIS OF VARIANCE TABLES

In the following tables: :

Factor A = Feedback Factor B
Level 1 = Manual Level 1
Level 2 = Instrumented Level 2

Level 3

Phase
Baseline
FB-1
FB-2

noau
wnun

FUEL CONSUMPTION
HSOURCE D.F. H5UM-S0R. MEAN SOUARE F-FRATIN FROR

A0 18 1 2H, 4071 28. 4031
B 15 2 79,9414 9, 4707
AR 2 T BRES 16,9415

ERROR 101 1947 185 18, 2904 1
A, TOT. 106 1ead. 5y 168. 7602 O

MODEL R-SEUARED: 0710191

TARLE OF TESTS ON CONTRASTS
CONTRAST VALLIES ESTIMATE SUM-S0R . F--RATID FROR

) 1 . D043 28,4021 1.552808 I )
'F¢1 -2 1 1 —a 637184 78,928 4, F1ER2 014
= 0 -1 1 Q125797 L 0120102 L, B4HLEEE-04 W&
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A1ER2 —. POLELE " 7 7 7h4&4 - G EH0OLE WG
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TARLE OF ARJUSTED MEANS FOR VARIABLE 2

N MEAN D
FOLTOR A0 18 )
LEVEL 1 o5 !;\ 20412 T T R
LEVEL 2 s S 462G B 27761

FACTOR B 15 )
LEVEL 1 o 7.
LEVEL 2 1 5. %
LEVEL = T

- o a
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FACTOR AR. .« INTERAQCTION
LEVEL AC 1 ) BC 1 1a a
i
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2
LEVEL A 1 B2 19 D 34053 B SABES
5'

) &3
) R
LEVEL AC 1 B XD 18 « EAH811 2. 8549
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SOURCE

4 ¢
B(
Ay

18

15

ERROR
AD .
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CONTRA

Al -

E'( l e

R
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AiRe

TARLE
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1
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e
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NUMBER OF SHORT TRIPS

SOURCE D.F.  SUM-SOR. MEAN SOUARE F-RATIO F RO

Al LED 1 707,407 707,407 B. 58292 - 099

B4 150 = 189, 222 Q4. 1608 1.14245 W a7
el 2 144,841 B2, 4203 1.4417¢ A

ERROR 101 D6EPE. 6 Géh. E758 1
Abd. TaT. 106 &H754 . EE L7222 0

MODEL R-SEUARED: 157014

TABLE OF TESTS ON CONTRASTS
CONTRAST VALUES ESTIMATE SUM-50K. F-ROTIO FrOR
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LEVEL 3 g 20,7222 T 65887
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