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TO Charles L. Gray, Director, ECTD
I
A
THRU : F. Peter Hutchi&s, Project Manager, TEB

Ralph C. Stahman, Chief, TEB r

The following engineering test report has been prepared by the Test and
Evaluation Branch of the Emission Control Technology Division, Office of
Mobile Source Air Pollution Control, and is transmitted for your review
and clearance.

Number and Title

Evaluation of Gastell, a Device to Modify Driving Habits, EPA-AA-TEB-81-13

Subject Matter

The Gastell device senses vehicle manifold vacuum. The device emits an
audible and visual signal when manifold vacuum drops to a preset, pre—
sumed inefficient, level. The driver responds by easing off the acceler-
ator thereby achieving a higher manifold vacuum and turning the device
off. EPA tested this device because it appeared to offer a benefit. The
test program was conducted over an extended time period and consisted of
two dynamometer test phases followed by a road test phase.

The initial dynamometer phase consisted of FTP and HFET tests with the
Gastell Device on three late model vehicles.

In order to more fully understand the Phase I results, a dynamometer
study of the effects of acceleration rate, Phase II was undertaken with-
out using the Gastell Device. A more aggressive (greater acceleration
rates) driving cycle was developed to aid in evaluating the effects of
such driving behavior on fuel economy. This short test program consisted
of FTP and hot start LA-4 tests on two vehicles using the standard and

"modified" driving cycles. Also, a test cycle consisting predominately
of accelerations was also used to evaluate the effects of acceleration
rate on vehicle fuel economy. Five late model vehicles were tested at

various acceleration rates.
The third test phase consisted of road tests with the Gastell Device

under carefully controiled test conditions. Two drivers drove the four
test vehicles over a specified road route in San Antonio.
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Conclusions

In the 1initial phase of testing, the use of the Gastell device to modify
driving habits did not show a significant positive or negative effect on
either emissions or fuel economy.

The overall analysis of the Phase 11 effort ({(without the device)  to
develop a modified FTP to evaluate the effects of more aggressive driving
behavior on fuel economy was that any of the cycles developed would
probably have little or no effect on fuel economy. Therefore, the Gastell
device was not tested with these more agressive driving cycles.

The Phase II test cycle (without the Gastell Device) consisting predomi-
nantly of accelerations gave an average of 14.6%Z improvement in fuel
economy between the lowest acceleration rates and the highest accelera—
tion rates used. Wnen these acceleration fuel economy improvements are
adjusted for the portion of typical driving time actually devoted to
acceleration, the maximum fuel economy savings would be 1.9%; but, in
consideration of the constraints of actual driving conditions, a more
realistic potential savings would be less than 1/2%. A similar analysis
based on fuel consumed during acceleration modes yielded an estimated
improvement potential of 1.3%.

Having found no fuel economy effects in Phases I and 1I using the vehicle
dynamometer, a road test program was undertaken with the Gastell Device.
For the six combinations of vehicle and operator, in only one case did
the use of the Gastell Device cause an improvement 1in vehicle fuel econ-
omy greater than l%Z. The amount of the fuel economy improvement for this:
one case was 5%, It is interesting to note that even for this one case,
the other less aggressive driver's fuel economy in this vehicle was the
same with or without the device ana 4% better than the driver who saw an

improvement.
Approved: (C/ﬂfii/ //CZ//:¢
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
- 5 WASHINGTON, D.C. 20460
""‘Lpgoiid‘\
OFFICE OF
AIR, NOISE, AND RADIATION
Date:

- Subject: Announcement of Fuel Economy Retrofit Device Evaluation ---
ACTION MEMORANDUM

From: Michael P. Walsh, Deputy Assistant Administrator
for Mobile Source Air Pollution Control (ANR-435)

To: Edward F. Tuerk, Acting Assistant Administrator
for Air, Noise, and Radiation (ANR-443)

Summarx

The attached document has been prepared for publication 1in the
Federal Register to announce the completion of the evaluation for the
"Gastell" - a driver's aid fuel economy retrofit device.

Background

Section 511 of the Motor Vehicle Information and Cost Savings Act (15
USC 2011 (b)) requires EPA to evaluate fuel economy retrofit devices with
regard both to emissions and to fuel economy, and to publish the results
of the evaluation in the Federal Register.

Discussion

The appended final evaluation report for the "Gastell" driver's aid
fuel economy retrofit device was prepared in Ann Arbor. The attached
Federal Register notice announces the availability of the evaluation
report and summarizes the results. This device 1s designed to provide
the vehicle operator visual and audible indications of inefficient engine
operating conditions so that the fuel conscious drivers can modify their
driving habits to obtain improved efficiency.

Summary of Evaluation

EPA fully considered all of the information submitted by the Device
manufacturer in the Application. The evaluation of the Gastell device
was based on that information and the results of the EPA test program.
The EPA test program was conducted over an extended time period and
consisted of two dynamometer test phases followed by a road test phase.



In general, EPA testing of the Gastell device did not show a positive
benefit from its use. None of the Phase I chassis dynamometer tests with
the Device installed showed a positive fuel economy effect or any effect
on emissions. Four vehicles of varying size and power~to-weight ratio
were road tested in San Antonio (with from one to two drivers each) and
only one vehicle/ driver combination showed a fuel economy improvement
(5%) with the Gastell device. . It 1s concluded from the test data
available that only drivers with aggressive driving behavior (or other
driving habits that involve excessive throttle manipulation) could
benefit from use of this Device and then only if; (1) their vehicle
happened to have the fuel economy response characteristics that favorably
matched the activation setting of the device and (2) the driver
consistently responded to the device signal and refrained from such
aggressive driving. :

Recommendation

I recommend that you sign the attached Federal Register notice.

Approved:

Disapproved:

Date:

Attachment
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OFFICE OF
AIR, NOISE AND RADIATION
March 12, 1981

Mr. Ray P, Smith, Jr
Automotive Devices, Inc.
129 Susquehanna Street
Williamsport, PA 17701

This is in response to your November 17, 1979 letter which submitted an
application for an evaluation by EPA of the "Gastell" device under Sec—
tion 511 of the Motor Vehicle Information and Cost Savings Act and your
November 3 and November 12, 1980 letters in which you question the appro—
priateness of the EPA testing of your device.

In consideration of your concerns about the adequacy of the EPA chassis
dynamometer tests for evaluating your device, a third test phase was
conducted in San Antonio, Texas using road test procedures under typical
urban driving conditions. The results of that test phase were used to
quantify our conclusions with regard to the fuel economy improvement
attributable to your device. "

The EPA evaluation of your Device has been completed and a copy of the
final report is enclosed. Also enclosed, as a courtesy to you, 1s a copy
of the summary which 1s expected to be published in the Federal Regis—
ter. This final report entitled "EPA Evaluation of the Gastell Device
Under Section 511 of the Motor Vehicle Information and Cost Savings Act"
will be made available to the public. If you have any questions con—

cerning this report, please contact Mr. Merrill W. Korth of my staff at
313-668-4299,

Sincerely,

Charles L. Gray, Director
Emission Control Technology Division

Enclosures
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ENVIRONMENTAL PROTECTION AGENCY

[40 CFR Part 610]

[FRL AMS- }

FUEL ECONOMY RETROFIT DEVICES

Announcement of Fuel Economy Retrofit Device Evaluation
for "GASTELL"
AGENCY: Environmental Protection Agency (EPA).
ACTION: Notice of Fuel Economy Retrofit Device Evaluation.
SUMMARY: This document announces the conclusions of the EPA evaluation

of the "Gastell" device under provisions of Section 511 of the

Motor Vehicle Information and Gost Savings Act.



FOR FURTHER INFORMATION (ONTACT: Merrill W. Korth, Emission Control

Techuology Division, Office of Mobile Source Air Pollution Control,
Environmental Protection Agency, 2565 Plymouth Road, Ann Arbor, Michigan

48105, 313-608-4299,

BACKGROUND INFORMATION: Section 511(b)(l) and Section 5li(c) of the
Motor Vehicle Information and Cost Savings Act (15 U.S.C. 2011(b))

requires that:

(b)(1) "Upon application of any manufacturer of a retrofit device (or
prototype thereof), upoﬁ the request of the Federal Trade Commission
pursuant to subsection (a), or upon his own motion, the EPA Administrator
shall evaluate, in accordance with rules prescribed under subsection (d},
any retrofit device to determine whether the retrofit device increases
fuel economy and to detérmine.whether the representations (1if any) made

with respect to such retrofit devices are accurate."

(¢) "The EPA Administrator shall publisn in the Federal Register a

summary of the results of all tests conducted under this section,

together with the EPA Administrator's conclusions as to -

(1) the effect of any retrofit device on fuel economy;

(2) the effect of any such device on emissions of air

pollutants; and

(3) any other information which the Administrator determines to

be relevant in evaluating such device."

-2-



EPA  published final regulations establishing procedures for

conducting fuel economy retrofit device evaluations on March 23, 1976

[44 FR 17946].

ORIGIN OF REQUEST FOR EVALUATION: On November 11, 1979, the EPA received

a request from Automotive Devices, Inc. for evaluation of a fuel saving
device termed '"Gastell.'" This Device 1is designed to provide the vehicle
operator visual and audible indications of inefficient engine operating
conditions so that the fuel-conscious drivers can modify their driving
habits to obtain improved efficiency. An evaluation has been made and
the results are described completely in é report eﬁtitled: EFA Evalua-—-
tion of the Gastell Device Under Section 5L1 of the Motor Vehicle Infor-
‘mation and Cost Savings Act. Copies of this report are available upon

request.

Summary of Evaluation

EPA fully considered all of the information submitted by the Device
manufacturer 1in the Application. The evaluation of the Gastell
device was based on that information and the results of the EPA test

program.

The EPA test program was conducted over an extended time period and
consisted of two dynamometer test phases followed by a road test

phase. The testing performed by EPA showed:



The Phase 1 testing consisted of FIP and HFET dynamometer tests
of the Gastell device. Overall, the use of the Gastell device
as a driving ‘aid did not show & significant effect on the

vehicle's fuel economy or emissions for either the FTP or HFET.

The Phase II testing consisted .of modified LA-4's (FTP) and
acceleration rate studies conducted on the vehicle chassis

dynamometer without using the Gastell device.

The more aggressive (greater acceleration rates) modifications
of the LA-4 cycle developed showed no change in fuel economy
when compared to the standard FIP (LA-4). Therefore, since the
preceding tests with the Gastell device did not show an
improvement in tﬁe vehicles' fuel economy for either the FTP or
HFET, the Gastell device was not tested .with these more

aggressive driving cycles.

Evaluation of five vehicles on a test cycle consisting
predominately of accelerations did show that during accelera-
tion there was an average 14.6% -improvement in fuel economy
between a very low acceleration rate (1 mph/sec.) and the
higheét acceleration rates used (up to 5 mph/sec.). There was
an average 8.5% improvemeﬁt in fuel economy between the
moderate (2 wmph/sec) and highest acceleration rates. This
indicates that reduced vehicle acceleration rates can improve
fuel economy for some vehicle operating conditions. However,

when these acceleration fuel economy improvements are adjusted



for the average portion of driving time actually devoted to
acceleration, the maximum fuel economy savings would be 1.9%;
but, 1in consideration of the constraints of actual driving, a
more realistic potential saving would be less than 0.5%2. A
similar analysis based on fuel consumed during acceleration

modes yielded an average estimated improvement potential of

1.3%.

C. Having found no appreciable fuel economy effects in Phases 1
and II using the vehicle .dynamometer, a road test program,
Phase I1I, was undertaken Ei&ﬁ the Gastell device. For the six
combinations of vehicle and operator, in only one case did the-
use of the Gastell device cause an improvement in vehicle fuel
economy greater than 1%Z. The amount of fuel economy improve—‘
ment for this one case was 5% with tﬁe Gastellﬁdevice.. It is
interesting to note that even for thié one case, the other less
aggressive driver's fuel economy in this vehicle was the same
with or without the Device and 4% better than the driver who

showed an improvement.

In general, the EPA testing of the Gastell device did not show a-
positive benefit from i;s use. None of the Phase 1 chassis
dynamometer tests with the Device installed showed a positive fuel
economy effect. Four vehicles of varying size and power—to-weight
ratio were road tested in San Antonio (with from one to two drivers
each) and only one vehicle/driver combination showed a fuel economy

improvement (5%) with the Gastell device. It is concluded from the



test data available that only drivers with aggressive driving
behavior (or other driving habits that involve excessive tﬁrottle
manipulation) could benefit from use of this Device and then bnly if:
(1) their vehicle happened to have the fuel economy response
characteristics that favorably matched the activation éetting of the
Device and (2) the driver consistently responded to the Device's

signal and refrained from such aggressive driving.

Intuitively, many people might expect the principles behind the Gastell
device to produce an improvement 1in fuel economy. In fact, at the
beginning of the program, EPA evaluation .eﬁgineers involved 1in the
evaluation expected the device to produce significant benefits and were
surprised when the early data showed no effect on fuel economy. There-
fore, this evaluation has been more extensive and time consuming th;n
most such projects at EPA., At this time, our test resuits support the

foregoing evaluation.

Date Edward F. luerk
Acting Assistant Administrator
for Air, Noise, and Radiation



EPA Evaluation of the Gastell Device under Section 511 of the Motor
Venicle Information and Cost Savings Act

The following 1s a summary of the information on the device as suppliied
by the Applicant and the resulting LPA analysis and conclusions.

l. Marketing ldentification of the Device:

"The trade name of the device 1s GASTELL™. '“There are four different
mcdels available, marked: ’

2004 four cylinder engines

2005 five cylinder engines

2006 six cylinder engines

2008 eight cyiinder engines :
Also, if the letter (S) follows the model number, switch is provided
to shut off the audible signal; this is optional only."

2. Inventor of the Device and Patents:

Inventor

A. Raymond P. Smith Jr.
2521 Linn Street
Williamsport, PA 17701

Patent

B. "Patents are pending on the device, application is considered
to be confidential until patent issues, I have enclosed a copy

of this application marked "Priviledged and Confidentisl." "

3. Manufacturer of the Device:

Automotive Devices, Inc.
129 Susquehanna Street
Williamsport, PA 17701

4. Manufacturing Organization Principals:

Ray P. Smith Jr., President
Robert Flemming, Secretary-Treasurer

5. Marketing Organization in U. S.

For catalogue sales:
Sun Hill Industries
Glenbrook Industrial Parx
652 Glenbrook Rd.
Stamford, CT 06%00

All other distributing and marketing by the manufacturer:
Automotive Devices, Inc.
129 Susquehanna Street
Williamsport, FA 17701



(o))

"We sell to department stores, automotive warehouses, garages, etc.

-2-

Marketing Organization in U.S. making Application:

Automotive Devices, Inc.
129 Susquehanna Street
Williamsport, PA 17701

Applying Organization Principals:

Ray P. Smith, Jr., President
Robert A. Flemming, Secretary-Treasurer

Description of Device:

A.

"Purpose of the Device (as supplied by Applicant):

(1). "To provide my energy-starved nation with a product that
can assist in the effort to conserve gasoline. For the fuel
conscious driver, GASTELL is a constant and reliable source of
fuel conserving information. The device will teach any driver
on an ongoing basis how to apply proper acceleration of a
vehicle with the gasoline 1internal combustion engine, and
obtain top efficiency"

(2). 'My -second objective of course, 1is to secure an income
through the sale and use of GASTELL."

Theory of Operation (as supplied by Aéplicant):

engine,

(1). "GASTELL uses the theory that maintaining the vacuum
within the intake manifold of ine internal i

ol

R

(2). "In operstion, GASTELL measures the vacuum within the
intake manifold, and converts those readings 1into audible and
visual 1indicators. The audible 1indicator is seen to have an
advantage over the common vacuum gauge in that (1) you do not
have to take your eyes from the road to read its signals and;
(Z) you don't have to be an engineer to 1interpret its signals.
See Patent Application enclosed, defining operation in detail
as well as schematics, defining different methods .of
construction, and lastly, see the spec sheet." The patent
application is Attachment A.

9. Applicability of the Device (as suppliied by Applicant):

"GASTELL can be installed on all cars and trucks, regardless of
models, with gasoline internal cowmbustion engines.

There are presently four models available.



-3-

cylinder engines
cylinder engines
cylinder engines
cylinder engines

The 2004 application for
The 2005 application for
The 2006 application for
The 2008 application for

oG oo

The present calibration settings are: 4 cyls. 3.5 inches of mercury;
5 cyls. 4.0 inches; 6 cyls. 5.0 inches, V-8's 7.0 inches. Some cars
and trucks will allow or require slightly higher or lower settings,
we suggest the vehi per cogtact dealer or factory, j

T e 3 T LT There is no difference

tnerefore, omERRENE

between an

10. Costs (as supplied by Applicant):

"The suggested retail price of GASTELL is $39.00. The installation
cost should be under $10.00."

l1. Device Installation - Tools and Expertise Required (as supplied by
Applicant):
"Installation instructions for GASTELL are enclosed." See

Attachment B.

12. Device Operation (as supplied by Applicant):

"Operator's Manual enclosed with application." See Attachment B.

13. Maintenance {(claimed):

"There are no maintenance procedures required. GASTELL
to be more or less sensitive for different englnes or

e

vehicles."

14, Effects on Vehicle Emissions (non-regulated) (claimed):

"With the use of GASTELL, the average driver will reduce emission
considerably because they are burning up the fuel consumed to a
greater extent. I have no scientific fact to substantiate this
claim, however, after just a few days of driving with GASTELL, the
inside of the tailpipe on the vehicle will turn from black to white.
It 1s concluded from this, that the polluted emissions are reduced
significantly from that of the automobile without the device."

15. Effects on Vehicle Safety (claimed):

"GASTELL™ can in no way endanger the driver or occupant of a vehicle
in use. . The device will make a car safer in driving, in that the
driver's eyes never have to leave the road to use same. Computers,
Flow Scan, and other competing devices all distract the operator from
his normal driving, and are a safety hazard in use."



16.

17.

e

Test Results (Regulated Emissions and Fuel Economy) (claimed):

".... the GASTELL principal is & proven concept. The theory behind it

has been tested by our own Government. (See Entitled Driver Aid and
Education Project, prepared by the United States Department of Energy,
wherein extensive studies were done and have established that a
manifold vacuum gauge can improve mileage statistically. (See Page
XIV of that report.)'" DOE/CS-0043, UC-96, July 1978 "Further, on
page XX of the report, last paragraph, the suggestion that a device
like GASTELL -should be developed and would be an improvement over the
common vacuum gauge, in fact would eliminate most of the educational
problems experienced with the use of a vacuum gauge, throughout this
report. GASTELL, when installed in a car and used properly, would
eliminate programs needed to teach people how to use a vacuum gauge.
It also would eliminate the need to train over 100 million people in a
different method of driving. GASTELL takes the guesswork out of what
is too much acceleration when starting out and what is not enough. No
two cars are alike.” Page XIV is Attachment J-1, Page xx 1is
Attachment J-2.

"Finally, both Automotive Devices and myself - have contacted many
testing laboratories to attempt to have GASTELL tested. Most have
flatly turned us down with reluctance in giving us this in writing.
They are all concerned about an area that Government has already
clouded the water. A copy of a letter from one of those testing
laboratories is enclosed." See Attachment C.

Testing by EPA:

A detailed report of the testing performed by the EPA is given in EPA
report, EPA-AA-TEB-81-13, "Evaluation of Gastell, A Device to Modify
Driving Habits," provided as Attachment B. The test program was:
conducted over an extended time period and consisted of two
dynamometer test phases followed by a road test phase. A brief
description of this testing effort is given below:

A. In Phase I, chassis dynamometer tests were conducted according to
the Federal Test Procedure (FTP) and the Highway Fuel Economy Test
Procedure (HFET). The test program consisted of baseline tests and
Gastell tests. The Gastell tests consisted of a standard test
procedure (FTP or HFEY) which was altered by having the operator back
off the accelerator, as necessary, to silence the audible and visual
Gastell vacuum alarms. The vehicles tested were: :

(1). A 1979 Buick Regal was tested using the procedures
cited in 17. A. above. A total of four FTP's and four
HFET's were used for this evaluation. Five Hot Start LA-4
tests (first 1372 seconds of the FTP starting with a
warmed-up stabilized vehicle) were also conducted using the
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baseline, Gastell,and a Gastell "modified"(l), These test
data are detailed in Attachment B,

(2). A 1979 Chevrolet Impala was tested using the procedures
cited in 17. A. above. A total of five FTP's and six HFET's
were used for this evaluation. These test data are detailed
in Attachment B.

(3). A 1975 Dodge Dart was tested using the procedures cited
in 17. A. above and the Gastell (frozen)(Z)., 4 total of
six FTP's and six HFET's were used for this evaluation.
These test data are detailed in Attachment K.

B. The Phase I1 testing consisted of modified LA-4's (FTP) and
acceleration rate studies conducted on the vehicle chassis dynamometer
without using the Gastell device. The testing performed and vehicles
used were:

(1) Two more aggressive (greater acceleration rates)(3)
driving cycles were developed to further aid in evaluating
the Device. The test program consisted of hot start LA-4
tests using the standard driving cycle and these two 'mew"
cycles 3). A total of nine LA-4 tests were conducted on a
1980 Chevrolet Citation. A total of three FTP tests were
conducted on a 1975 Chevrolet Nova. These test data are
detailed in Attachment B.

(2) A 1980 Chevrolet Citation, 1980 Dodge Aspen, 1979 Ford
Pinto, 1979 Mercury Zephyr and a 1979 Oldsmobile Cutlass
were used in a test program designed to quantify the effects
of acceleration rate on vehicle fuel economy. The test
cycles used consisted of a series of accelerations. For
these tests, the vehicles were accelerated at a fixed rate
to a cruise speed, cruised for a few seconds, and then
decelerated at the fixed rate of 2 mph/sec. The cruise time
was chosen so that all tests to a selected cruise speed
would be of equal distance. This sequence was repeated 4

(1) A second GCastell procedure, 'modified" was also used. For this
procedure the FTP (LA-4) driving cycle was modified by reducing the
vehicle accleration rate to a level just below that at which the Device
would signal. This smoothed the cycle and would be representative of a
very experienced driver's use of the Device.

(2) A third Gastell procedure, '"frozen accelerator" was also used. For
this procedure the operator again backed off the accelerator to shut off
the Gastell alarms. The operator then held his foot fixed 1in this
position until the vehicle's speed matched the driving cycle.

(3) The LA-4 cycle was modified by increasing the acceleration rates at
speeds below 25 mph. Two cycles were used - Mod. 1 which used slightly

increased acceleration rates and Mod. 2 which used nearly wide—open
throttle (WOT) accelerations.
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times (5 total cycles). This test sequence was repeated for
each combination of acceleration rate and final cruise speed
(14 total test sequences) for each vehicle.

The third test phase consisted of road tests with the Gastell
device under carefully controlled test conditions. Two drivers
drove the four test vehicles over a specified road route 1in San
Antonio. The vehicles were:

A 1980 Chevrolet Citation, 1975 Chevrolet Nova, a 1980
Mercury Cougar XR-7, and a 1979 Mercury Marquis were used in
the San Antonio road test program. A total of two hundred
and thirty road tests were conducted using these vehicles.

LS. Analysis

A.

Description of the Device:

(1). The primary purpose of GASTELL (as stated in 8. A. l.), 1is
to save fuel. The operator's manual (see Attachment B), GASTELL
sales literature provided with the application (see Attachment
D), and ADI's GASTELL information letter provided to EPA (see
Attachment E) also state that by functioning as a preset manifold

‘vacuum gauge, GASTELL is able to warn the fuel conscious operator

of potential vehicle problems. Insofar as 1t functions as a
preset indicator of manifold vacuum and thereby as a vacuum
gauge, this «claimed ability to point to problems appears
reasaonable.

(2). The theory of operation given in 8. B. is in agreement with
the functions the device described in the patent application (see
Attachment B) would be able to provide —-- namely audible and
visual indications of vacuum levels above or below a preset level.

(3). The GASTELL device was not described in detail in the
application itself., The Device was described in more detail in
the sales literature for the device as marketed (see Attachment
E) and the patent application. (See Attachment A).

(4). The patent application describes a device incorporating
several features not incorporated in the units described in the
installation 1instructions (see Attachment B) and operator's
manual (see Attachment B), sales literature (see Attachment D),
and GASTELL packaging carton (see Attachment E). These
features/functions were:

(a). "a time delay circuit between the alarm circuit and the
audio signal generator. prevents the audio alarm from being
prematurely actuated during necessary periods of inefficient
fuel usage, such as those which occur during the emergency
handling of the motor vehicle."

(b). an automatic throttle control 'connected to the time

delay circuit of the alarm circuit, so that the throttle
control, like the audio alarm generator, becomes actuated



B.
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only 1if the 1inefficient {fuel consumption condition 1last
beyond a preset amount of time.."

(c). a switch to override the throttle control by means of
"a microswitch mounted under the gas pedal for breaking the
connection between the relay and the time delay circuit
when the gas pedal 1is pressea to the floor of the motor
vehicle."

(d). '"an electronic counter may be connected to the time
delay circuit of the alarm circuit for counting and
displaying the number of times a gas wastage condition
occured which lasted beyond the preset delay period of the
time delay circuit."

The lack of these features/functions was judged to have no
material adverse bearing on the GASTELL testing conducted by EPA.

Applicability of the Device:

The applicability of the Device stated in the Application

Section 9) appears to be correct for most gasoline engines.
However, turbocharged gasoline engines are not specifically
addressed. Turbocharged gasoline engines have different
mant fold vacuum characteristics from their naturally aspirated

counterparts and therefore would rew

Section Y also notes that some vehicles will require the Gastell
device to be recalibrated to adjust its sensitjvit Although
Y IERAN - B b a
straig orward proceaure or someone who wunderstands the
principal of operation, knows the amount of change required, and
has the necessary tools.

P I T S . DR .,

Costs:

The ‘Device installation appears simple and should be able to be
accomplished in a minimum amount of time. The installation cost
estimate of $10 appears reasonable for those purchasers who do
not choose to install the Device themselves.

Device Installation - Tools and Expertise Required:

The GASTELL instructions (see Attachment B) appear to be
complete for the physical installation of the Device.

These instructions imply that installation is a do-it-yourself
job. The sales literature (Attachment D) says it is a "do-it-
yourself installation." The carton (see Attachment E) in which
the Device 1is sold says that the "detailed instructions enclosed
with GASTELL allow most drivers to make 1installaton without
professional help." These statements, 1implied and specified
about the level of expertise required for device installation,

appear to be correct.
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The installation instructions specify only cowmmon tools (drill,
knife, pliers, ana screwdriver) are required for installation.
These tool requirements appear to be correct.

The packaging carton states 'GASTELL 1is available 1in four
models. Each is "pre-set'" to perform effectively in the engine
indicated. It 1s important to match the correct GASTELL model
to the number of cylinders in your engine. No adjustment of

GASTELL 1is necessary.'" Section 9 notes that the calibration
settings may requlire changes on some vehicles and suggests
contacting the dealer or factory. However, there 1is no

reference to the possible need for adjustement of the Gastell
calibration given in the installation instructions.

As noted in 18. B., EPA anticipates recalibration should be a
straight forward procedure, however it would require some
expertise and special tools. Specifically:

(1). understanding the Gastell principal of operation and
how the Device was constructed to put this theory 1into
practice

(2). data or factory recommendations as to the necessary
amount of change in the calibration required for each wmodel
for each condition (too sensitive or not sensitive
enough). This information was not provided in the
application nor in any of the ADI/GASTELL literature.

(3). © vacuum gauge, vacuum source (if vehicle's vacuum
source 1s unable to be used), ohmmeter or voltmeter (if

unit is not hooked up to vehicle's 12 volt power).

Device Operation:

The Gastell device appears to function as described 1in
8. B. (2). That is, it converts a vacuum level to an audible and
visual signal of that vacuum -level. The Device appears to be
calibrated to the vacuum levels specified in 9. (see Attachment
B, Discussion of Results, 4. Post-Test Gastell Checkout).

The operator's manual (see Attachment B) appears to properly
cover the operator's use of the dévice. However, like the
installation instructions (see Attachment B), and packaging (see
Attachment E), the operator's manual makes no reference to the
possible requirement for recalibration that might be required
(see Section 9) to change the Device's sensitivity.

Device Maintenance:

The application specifies that no maintenance is required for
the Gastell device. Although this appears true in the general
usage of the word maintenance, the vacuum lines, electrical
lines, and fittings 1installed would require normally the
periodic, albeit . infrequent, inspection accorded similiar
components 1in the vehicle.
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The application also again notes that the Device can be
recalibrated. See 18. D. for discussion.

Effects on Vehicle Emissions (non-regulated):

Non-regulated emissions were not assessed as part of this
evaluation. However, since the Device 1) does not modify the
vehicle's emission contrel system or powertrain, 2) did not
significantly change the test vehicles' fuel economy or emissions
(see Attachment B), it appears reasonable to assume that the
device would not significantly affect a vehicle's non-regulated
emissions.

Effects on Vehicle Safety:

When properly 1installed, it appears unlikely that the Device
would adversely affect vehicle safety. Also, the Applicant's
claim "that the driver's eyes never have to leave the road to use
same" 1s judged to be correct.

Test Results Supplied by Applicant:

Applicant did not submit any test data per the Federal Test
Procedure or Highway Fuel Economy Test. These are the only EPA
recognized test procedures ). ‘This requirement for test data
following these procedures 1is stated in the application test
policy documents that EPA sends to potential applicants. The
test data submitted by the Applicant are 1listed below and
evaluated.

(4)

From EPA 511 Application test policy documents:

Test Results (Regulated Emissions and Fuel Economy):

Provide all test information which 1s available on the effects of
the device on vehicle emissions and fuel economy. :

The Federal Test Procedure (40 CFR Part 86) is the only test
which is recognized by the U.S. Environmental Protection Agency
for the evaluation of vehicle emissions. The Federal Test
Procedure and the Highway Fuel Economy Test (40 CFR Part 600) are
the only tests which are normally recognized by the U.S. EPA for
evaluating vehicle fuel economy. Data which have been collected
in accordance with other standardized fuel economy measuring
procedures (e.g. Society of Automotive Engineers) are acceptable
as supplemental data to the Federal Test Procedure and Highway
Fuel Economy Data will be used, if provided, in the preliminary
evaluation of the device. Data are required from the test
vehicle(s) in both baseline (all parameters set to manufacturer's
specifications) and modified forms (with device installed).
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(a). The Applicant stated "The GASTELL is a proven concept.
The theory behind it has been tested by our own government'
and refers to report ''Driver Education and Test Project."”
DOE/CS-0043.

(i). as noted by the Applicant this report does not
test GASTELL but only vacuum gauges.

(ii). the data shows a significant shift 1in fuel
economy for all test vehicles (control, operator
trained, and vacuum gauge aided) as soon as the testing
with the driving alds was initiated. The cause in the
shift for the control group is not explained nor
discernable from the data.

(ii1). the data report notes that there is less confi-
dence in the urban (city segment) than there is in the
highway segment.

(iv). the analysis in the report shows that the conclu—
sions are very sensitive to the method of analysis, i.e.
for control group 1, highway segment, the piston vacuum
guage shows a 3.7% improvement over the control fleet
when average group fuel economy 1is compared. But tne
same data shows 0.0%Z improvement 1if fuel weighted
average group fuel economy is compared(b).

_(v). the lafgest fuel economy required a gauge plus
formal driver training (2 hours classroom plus 2 hours
vehicle training).

(vi). the report notes 'that while the test results
support the hypothesis that wuse of driver energy
conservation training and/or use of a vacuum gauge can
result in meaningful improvements in fuel economy, these
findings do not conclusively prove that such a relation-
ship exists. While such a relationship appears to have
existed 1n the test under consideration the results
obtained do not warrant generalization to all fleets and
all driving conditions."

(vii). therefore the above report does not prove nor
disprove the Gastell concept or the amount of any fuel
economy benefit,

(b). A letter from the National Bureau of Standards (NBS)
(Attachment C) summarizes the NBS evaluation of the Gastell
invention.

(5) "Average Group fuel economy assumes that each monthly vehicle fuel
economy reading (monthly miles/monthly gallons) 1is equally important.
Fuel Weighted Average Group Fuel economy assumes that each gallon of fuel
is equally important.”
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(1). The 1letter states that ''Manifold vacuum 1s a
recognized reliable measure for indicating engine opera—
tion efficiency. Devices to enable drivers to make

beneficial use of the measure have been, as you know, on
the market for a long time. Such devices can certainly
be of significant value in enabling motivated drivers to
reduce fuel usage by increasing operating efficiency."
".... this letter will attest to our opinion that your
device 1s technically sound and commercially competi-—
tive, and that 1its installation and use 1in automobiles
‘can lead to significant fuel savings by drivers of such
vehicles." '

(1ii). This NBS testimony provides no data nor analysis
to support the claims that drivers can expect to obtain
increased fuel economy with the aid of manifold vacuum
devices. Also there 1is no reference to the operating
conditions or test procedures for which these claims are
made .

(1ii). Therefore, this letter does not provide informa-
tion with which to evaluate the effectiveness of GASTELL.

(¢). Six testimonial letters (Attachments G-1 - thru G-6)
were submitted with the application. - The writers
undoubtedly felt they had achieved significant fuel economy
benefits with Gastell. However, these were uncontrolled
tests of the Device and therefore cannot be used to evaluate
the Gastell device.

(d). A set of data dated 11/12/79 (Attachment H) was also
submitted with the application. Some of these tests do show
an improvement in fuel economy and the Applicant apparently
was able to control some of the test variables. However,
these are still relatively uncontrolled tests and therefore
cannot be used to evaluate the Gastell Device.

(e). Two additional 1letters (Attachments I-1, I-2) were
also submitted with =~ the application which were not

applicable to this evaluation.

Test Results Obtained by EPA:

The tests conducted by EPA are discussed in detail in Attach-
ment B. The test program was conducted over an extended time
period and consisted of two dynamometer test phases followed by a
road test phase. The testing performed by EPA showed:

(1). The Phase I testing consisted of FTP and HFET dynamometer
tests of the Gastell device. Qverall, the wuse of the
Gastell device as g driving aid did not show a significant
effect on the vehicle's fuel economy or emissions for either

the FTP or HFET.
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(2). The Phase Il testing consisted of modified LA-4's (FTP) and
acceleration rate studies conducted on the venicle chassis
dynamometer without using the Gastell aevice.

The more aggressive (greater acceleration rates) modifica-
tions of the LA-4 cycle developed showed no change in fuel
economy when compared to the standard FTP (LA-4).
Therefore, since the preceding tests with the Gastell device
did not show an improvement in the vehicles' fuel economy -
for either the FTP or HFET, the Gastell device was not
tested with these more agressive driving cycles.

Evaluation of five vehicles on a test cycle consisting
predominately of accelerations did show that during
acceleration there was an average 14.67% improvement in fuel
economy between a very low acceleration rate (!l mph/sec.)
and the highest acceleration rates used (up to 5 mph/sec.).
There was an average 8.5% improvement 1in fuel economy
between the moderate (2 mph/sec) and highest acceleration
rates. This 1indicates that reduced vehicle acceleration
rates can improve fuel economy for some vehicle operating
conditions. However, when these acceleration fuel economy
improvements are adjusted for the average portion of driving
time actually devoted to acceleration, the maximum fuel
economy savings would be 1.9%; but, in consideration of the
constraints of actual driving conditions, a wmore realistic
potential saving would be 1less than 1/27. A  similar
analysis based on fuel consumed during acceleration modes
yielded an average estimated improvement potential of 1.3%.

(3). Having found no appreciable fuel economy effects in Phases I
and II using the vehicle dynamometer, a road test program,
Phase III, was undertaken with the Gastell device. For the
six combinations of vehicle and operator, in only one case
did the use of the Gastell device cause an improvement 1in
vehicle fuel economy greater than l%. The amount of fuel
economy improvement for this one case was 57%. It 1is
interesting to note that even for this one case, the other
less aggressive driver's fuel economy in this vehicle was
the same with or without the Device and 4% better than the
driver who showed an improvement.

19. Conclusions

EPA fully considered all of the information submitted by the Device
manufacturer in the Application. The evaluation of the Gastell
device was based on that information and the results of the EPA test
program. In general, the EPA testing of the Gastell device did not
show a positive benefit from 1ts use. None of the Phase 1 chassis
dynamometer tests with the Device installed showed a positive fuel
economy effect. Four vehicles of varying size and power-to-weight
ratio were road tested in San Antonio (with from one to two drivers
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each) and only one vehicle/driver combination showed a fuel economy
improvement (5%) with the Gastell device. It 1is concluded from the
test data available that only drivers with aggressive driving
behavior (or other driving habits that involve excessive throttle
manipulation) could benefit from use of tnis Device and then only if;
(1) their wvehicle happened to have the fuel economy response
characteristics that favorably matched the activation setting of the
Device and (2) the driver consistently responded to the device signal
and refrained from such aggressive driving.

Intuitively, many people might expect the principles behind the
Gastell device to produce an improvement in fuel economy. 1Iu fact,
at the beginning of the program, EPA evaluation engineers involved in
the evaluation expected the device to produce significant benefits
and were surprised when the early data showed no effect on fuel
economy. This evaluation has been more extensive than most such
projects at EPA, but as a result, we are comfortable in supporting
this evaluation. :
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application) ’

Gastell testing conducted on 11/12/79 (provided
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Page XIV of DOE/CS-0043, UC-96, July 1978
(provided with application)

Page XX of DOE/CS-0043, UC-96, July 1978
(provided with application)
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Invented by:
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ABSTRACT OF THE DISCLOSURE

"A fuel consu:étion signalling system for signalling both
efficient and inefficient fuel consumption conditions in the
engige of a motor vehicle is heréin disclosed. The system
éomérises an alarm circuit connected in series with an indicator
circuit including an indicator light connected in parallel ‘
with a vacuum operated switch pneumatically connected to the’
enéine manifold. An electric potential sufficient to actuate
the alarm circuic, but insufficient to actuate both the indicator
light and the alarm circuit is applied across the series connected
indicator and alarm circuits. When the engine 1s consu:iﬁg
fuel efficiently, the vacuum switch is open, and the electric
potential is divided between the indicator circuit ané the
alarm circuit. The dividéd potential is sufficient to illuminate
the indicator light, but insufficient to actuate the alarm
circuit. However, when tﬂe engine consumes fuel ineffi-
clently, the vacuum switch closes, shunting the entire electric
‘potential across the alarm circuit, thereby actuating ic.

The signalling system may also include an automatic throttle

plate control.
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BACKGROUMD OF THE INVENTION : .

In recent years, the rising cost of fuel has sharply
Increased the need for more efiicient consumption of fuel. One
well known, but little used method of efficient fuel éonsumpcion
in a motor vehicle lies in the conscientious use of fuel saving
driving techniques. In fact, a.1978 United States government
publication entitled "Driver Aid and Education Test Project”
(DOZ/CS-0043) and prepared for the U.S. Department of Energy
states, on page 1, that it is "...not unusual to find a variatio:
of 30 cé 50 percent in fuel economy among a group of non-
professional drivers operating under idencical‘and controlled
test conditions...”, the difference being attributable solely to
individual driving techniques. Thus, it is clear that sigrnifica:
amounts of fuel could be saved by the widespread adoption of
fuel efficient driving techmiques by the motor vehicle
operators of this country. i

To encourage the use of such efficieAt driving techniques,
a variety of fuel consumption gauges and indicators have been
provided by the prior art. Such prior art fuel c0nsump:idn
gauges have typically utilized a vacuum operated sensor to
monitor the manifold pressure of the engine, as the manifold
pressure is one of the best over all indicators of efficient
fuel use. A high vacuun pressure in the engine manifold indi-
cates that the fuel is beinz burmed in a fuel to air ratio
which fesults in coxplete, and hence efficient, combustion.
By contrast, a low vacuum pressure in the manifold indicates
that the fuel is being burmed in an overly rich frel to.air
ratio which results in incooplete, and hence inefficient,

combustion. In operation, the vacuum operated sensor of




typlcal prior art devices senses whether the pressure of the
engine manifold is in a high or low vacuum sctate, and transaits
this information to an indicator which in turn indicates to the
driver whether or not the wmotor vehicle is being driven in a
fuel efficienc fashion.

Unfortunately, each of the prior art fuel consumption
indicators has, thus far, been attended by a variety of technical
drawbacks which in turn has discouraged its general use among
the motor vehiclg opéra:ors of this country. For eﬁample,
Polymeros patent 2,666,197 discloses a vacuum operated signal
device having a vacuum operated switch adapted to be mounted on
the instrument panel of an automobile. However, the single
piléc light of Polyzmeros' invention only gives a visual
indication of an inefficient fuel consumption condition in
the engine which is easily overlooked by a driver obsexving
the road. Further, the suggested location of the single
pllot light of this invention between other lights and
indicators on the instrument panel of the automobile.makes
installation difficult, and renders the single pilot light -
less perceptible to the driver than if the signal light were
mounted away from the other lights and dials of the instrement
panel. TFinally, because the pilot light is actuated only
during a fuel wastage condition in the engine, it is difficulz
to tell at any given time whether or not the invention is
operative.

While Corsseu patent 2,683,782, Shuck patent 2,870,753,
and Platt patent 2,692,980 each disclose manifold pressure
indicators utilizing two separate signalling devices for
signalling both efficient and inefficient fuel consumption

conditions in an internal combustion engine, they suffer




from the drawback of utilizing relatively intricate and expensive
single pole, double throw or double pole vacuum operated
switches. .Additionz2lly, each of these devices utilizes only a
pilot light for indicating an inefficient fuel consumption
condition which again can be easily overlooked by an operator wic
his full attention on the road.
Finally, although the manifold pressure indicator
Aisélosed in Australian patent 114,535 suggests the use of
an audio signal to signal an inefficient fuel condition,
this device, like the Polymeros invention, is capable of
signalling_oﬁly an.inefficient fuel consumption condition.
Additionally, no suggestion is made as to how to convenierntly
mount this device in the cockpit of a conventionil motor vehicle.
Clearly the need exists for a conveniently installable,
simpie, effective and inexpensive fuel consumption signalling
systen which has at least two separate signalling devices for
positively signalling'both efficient and inefficient fuel

consuzmption conditions,

SUMMARY OF THE INVZNTIOY

The invention relates to a fuel consumption signalling

system which is conveniently installable within a conventional

~

motor vehicle and which has two separate sigralling devices for

=

signalling both efficient and inefficient fuel consumption

conditions in the engine of a motor vehicle without any. of

the drawbacks associzted wich prior art devices of this

type. Basicall the signalling sy¥stem comprises an alarm

yP Y, 5 £ S: :

circuic for indicating an inefficient fuel consumption :

condition which is conneczted in series with an indicator circuit
&£

for indicaring an efficient fuel consumption condition. The

alarm circuit includes an alarm light, a resistox, and a time

b



delay circuit having an audio alarm generator, each of which

is connected to the other in parallel. The indicator circuit
includes an’ indicator light and a normally open vacuum operated
switch connected together in parallel. The.vacuux operated
sultch is pneu:acically connected to the engine manifold of the

cotor vehicle. A source of electrical potential sufficient

ct
I

enough to actuate the alarm circuit, but insufficient to actuate
both the alara circuit and the indicator light of the indicator
circuit is applied across the series connected alarm and
indicator circuits,

In operation, the vacuum operated switch closes when the
manifold pressure attains a value indicative of inefficient fuel
consuzption, thereby shunting the entire electrical potential
around the indicater light and across the alarm circuit. Taus,
the indicator light is extinguished and the alamm circuit is
actuated, perceocxa1y illuminatcing the alarm light and
triggering the time delay circuit. If che inefficient fuel
consuﬁption condition lasts beyond a preset amount of tize,
the time delay circuit then actuates an audio alarm generator.

Both the series circuit and the vacuum operated switch
are wounted in a box-like housing which 1s conveniently inscall-
able either above or below the Instrument panel of a conventional

motoxr vehicle by means of simple brackerts.

e

Thus, the invention p:ovides an eas ly installable, sizple
effective and inexpensive fuel consumption signalling device
having two separate indicators for positively signalling
both efficient and inefficient fuel consumption conditions
in an engine. The use of a simple, single pole, wvacuum
operated switch in a dual signalling system instead of the
intricate and more expensive cultipole vacuuxm switches

frequently associated with the prior art devices significantly

Cicoer 7 c -
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reduces costs while increasing reliability. More particularly,

the use of a sizple, single pole wacuun switch in combination
with an indicator lignht which serves the dual function of
indicating a fuel efficient condition while providing a
voltage divider aiong the series circuit constitutes a
significant icprovement over the prior art, providing maximum
of performance with a winicun of parts., i
o Finally, the use of a time delay circuit between the alamm
circuit and the audio signal generator prevents the audio alarm
from being premacurely actuated during necessary periods of
iﬁefficienc fuel usage, such as those which occur during the
emergency handling of the wotor vehicle. .

The fuel consuzption signalling system may also include an
automatic throttle control for automatically eliaminating
inefficient fuel consunption condition. The automatic throttle
controi basically comprises a lever connected to the carburetor
‘throttle blade rod of the motor vehicle engine, and # solenoid
having an extensible piunger~for limiting the movement of this
lever. The solénoid is actuated by a relay connected to the tinm
delay circuit of the alarm circuit, so that the throttle control
like the audio alarm generator, becozmes actuated only if the
inefficient fuel coasumption condition last beyond a preset
amount of tinme.

The systez also includes-a means for overricding the throt:tl
control including a microswitch mounted under the gas pedal for
breaking the connection between the relay and the time delay'
circuit when the gas pedal is pressed to the floor of the
motor vehicle. .

Additionaily, an electronic counter may be comnected to
the time delay circuit of the alarm circuit for cceating and
displéying the nimber of tizes a gas vastage condition

occured which lasted beyond the preset delay period of the

time delay circuit.
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volunteered the availability of 20 of their vehicles, 10 of which could
be used as test cars and 10 for control. After an appropriate interval,
the control and test fleets could be reversed. It was recognized that
the vehicle operation would not be representative of private owner usage
and most importantly, that test variability involving fleet tests 1s
gzenerally very high. Estimates of the average effectiveness of the
device documented 1in Section 7 above indicated that a more controlled
road test might be necessary so the Park Police fleet test was deferred.

A pilot test program was run over a route in Ann Arbor which had previ-
ously been selected for durability testing. The route, which had been
approved for the EPA durability driving schedule, 1is approximately 30
miles long with an average speed of 34 miles per hour. An available EPA
test vehicle (a 1980 Citation - see vehicle description in Appendix D)
was instrumented with a Fluidyne fuel flow meter and driven repeatedly
over the route. Fuel flow was totaled over each circuit of the 29.5 mile
route and the data with and without the device 1is plotted in Figure 1.
Data wvariability was high and at least part of the variability was
attributed to the late autumn weather conditions with frequent rain,
variable winds, and wide temperature excursions. Because of this vari-
ability, it was decided that a road test program should be conducted 1in
the southwestera United States where more temperate weather conditions
are available. ‘

San Antonio, Texas was selected as the test site for two major reasons.
An urban road route had been defined there several years ago for use in
an ewmission factors program which has traffic conditions known to be
representative of most cities. Southwest Research Institute 1is also
there and offered the use of their laboratory facilities for any work
which needed to be done on test cars. Two EPA technicians drove the
instrumented Citation to San Antonio and rented a late model full-sized
car with a V-8 engine (1980 Cougar - see vehicle description in Appen—
dix D) as a second test car. Each driver took turns driving the two cars
with and without the Gastell Device installed over the San Antonio road
route. Sufficient driving was done prior to the test to familiarize the
drivers with the route and with the test vehicles. The Ann Arbor
experience had suggested that such familiarization would enhaunce repeat—
ability duriny a test. Further information on the driving route and the
test procedures used are given in Appendix D.

Results of the tests are shown in Figures 2 through 5. These figures
illustrate that only one of the four vehicle/driver combinaticons showed a
significant positive result with the devices. Oune driver had better fuel
cconomy on both cars without the driver's aid than the other driver had
on either car with the driver's aid. The data suggest two things. One,
tnat the effectiveness of the device is highly dependent on the driving
technique or "agressiveness'" of the driver and two, that effectiveness 1is

also a function of characteristics associated with the vehicle.

At the conclusion of this test series the drivers returned to Ann Arbor
and the data were analyzed. Table IIL provides the results of that
analysis. Since the device had shown a positive effect on the Cougar and
Mr. Smith had suggested that more effectiveness should be found on large
cars than small cars like the Citation, a second road test program was
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initiated. Carl Baler, the more agyressive driver, took ancther EPA test
car, a 1975 lova (see vehicle description in Appendix D) with a 350
engine, to San Antonio and ran the same test sequences run on the
previous cars. The baseline was 'run with no problem and good repeat—
ability, but with the Gastell Device installed it was found that the
device nevér actuated under normal traffic conditions. After making
several checks to make sure the device was properly calibrated and that
the manifold vacuum tap was correctly installed, it was decided that a
test would be rum with the calibration changed to actuate on at 9" Hg,
off at 10" Hg instead of oun at 7" Hg, off at 8" Hg as specified by the
manufacturer. This is a two inch change from the normal Gastell V-8
calibration. The tests were resumed and it was found that again the
device did not actuate on the test route. Further adjustment was made
until the device would actuate on a number of accelerations but the
acceleration rates were so limited at these settings (on at 12.5" Hg, off
at 13.5" Hg or on.at 11.5" Hg, off at 12.5" Hg) that the vehicle could
not be driven onto the freeway safely. No setting was found that seemed
satisfactory on this high power to weight car.

Furthermore, these tests on the DMNova demonstrated that the Gastell
Device's calibration needs to be very carefully matched to the specific
vehicle. At the manufacturer's calibration setting, the Gastell never
signaled. At the calibration settings at which the Gastell signaled, the
vehicles fuel economy was altered. The results of both tests were
significant, however, at one setting there was a 2.49%7 fuel economy
penalty while the other showed a .96% fuel economy improvement.

The Cougar driven 1n the earlier test program was rerun to confirm the
data previously collected. The results of this retesting showed good
agreement with the previous improvement 1in fuel economy. .The results are
given in Figure 6.

Another car was sought that would be wmore representative of high
production power-to-weight ratio vehicles. A 1979 Mercury with a 351 CID
engine (see vehicle description in Appendix D) was obtained. This has
approximately the same power—to-weight as the other high production Ford
and General Motors full sized cars. Fizure 7 presents the data oun the
Mercury. The average improvemeunt of .50% was statistically significant.

Tables II1 and IV present the statistical analysis of all of the road
test data. A total of two hundred and thirty road tests were conducted

using these vehicles. At the 90% countidence level (- = .l) two vehicle/
driver combinations showed statistically significant fuel economy
‘improvements. However, at the 50% confidenca level ( ~= .2) &4 vehicle/

driver combinations showed statistically significant fuel economy
_changes. Two showed a statistically significant fuel economy improvement
and two showed statistically significant fuel econowy penalties with the
use of the Gastell Device.

Conclusion
In general, tne EPA testing of the Gustell Device did not show a positive

benefit from its use. MNone of the Phase 1 chassis dynamometer tests with
the device 1installed showed a positive fuel economy etffect. Four

venicles of varying size and power-to-welght ratio were voad tested 1n
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San Antonio (with from one to two drivers eacn) and only one vehicle/
driver combination showed an appreciable fuel economy improvement (5%)
with the Gastell Device. It 1is concluded from the test data available
that only drivers with aggressive driving behavior (or other driving
habits that involve excessive throttle manipulation) could benefit from
use of this device and then only if (1) their vehicle happened to have
the fuel economy response characteristics that favorably matched the
activation setting of the device and (2) the driver consistently
responded to the device signal and refrained from such aggressive driving.

one of the Phase I chassis dynamometer tests with the device 1installed
showed a positive or negative effect on emissions.

Intuitively, many people wmight expect the principles behind the Gastell
device to produce an 1improvement in fuel economy. In fact, at the
beginning of the program, EPA evaluation engineers involved 1in the
evaluation expected the device to produce significant benefits and were
surprised when the early data showed no effect on fuel economy. This
evaluation has been more extensive than most such projects at EPA, but as
a result, we are comfortable in supporting this evaluation.
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Table III

Results of San Antonio Road Route Testing

1. Vehicle Cougar

2, Driver Laler Kampman

3. With or without

device w/o with w/o with w/o
4, Numbcf of tests 20 12 7 3 | 9

5. Average fuel

consumption (ce¢) 1742.5 1655.3 1499.7 1534,7 1243.7

6. Standard

Deviation 29,07 67.85 38,08 60,65 11.08 11,25
7. Variance 845.05 40603.6 1450.4 3678.7 122.81 126.06
8. Differcnce bHetween . :
with and w/Q
testing fuel :
consumption (+)87.23 cc (=)35.00 ce (=)9.0 cc
9. % difference ,
fuel consumption (+)5.13% (=)2.,31% (=).72%
10, Ave. number of
signals per cycle 29.5 19.6 4.55
11, Calculated T
Statistic 4,23 1,36 1,71
12, Calculated degrecs
of Freedom 14,0 14,0 12,0
13. Tablulated T
Statistics

for ™ =,1

1.761 1,761 1,734

for X =,2 1.345 1.345 1.320
14, Significant?

at £ =,1 Yes No No

at A =,2 Yes Yes (marginal) Yes

Baler Kampman
with w/o with
9 24 17
1252.2 1207.2 1221.4

37.75 43.16
1425.06 1862.60

(‘)14115 cc

(=)1,17%
6.7§
1.09

33

1.694

1.308

No

No

Cougar

Baler (2nd time)

w/o with
32 25
1745.,9 16063,8

29.85 33.63
890.84  1131.16

(+)82,15 cc

(+)4.827%

1.675

1,299

Yes

Yes

Mercurv Marquis

Baler

1759.8 1744.,7

25.28 §.74
039.21 73.33

(+)15.07 cc
(+).36%
5.40
Z,13

16

1.337

Yos

Yes
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Table IV
Results of San Antonio Road Route Testing on Chevrolet Nova

Vericle Nova Nova ova Neva Nova
Driver Baler Baler Baler Baler Baler
Calibration - '

" Hg, Off" Hg N/A 7'Hg, §"Hg(l) 9"Hg, 10"Hg 12,5"Hg, 13.5"Hg(2) 11,5"Hg, 12.5"Kg(3)
With or without

vice without © with with with with
Number of tests 106 11 3 4 2
Average fuel .

nsumption (cc) ~ 1793.5 1790.7 1782.9 1838.,7 1776.3
Standard Dev, 28.94 24,99 23.45 29,85 3.50
Variance 837.52 624,50 549,90 891.02 12,25
Dif{ference between

th and w/o testing

el consumption - (+)2.80 (+)10,60 (-)45.20 (+)17.20
. 4 differcence .

¢l consumption (+) .16% (+) .59% (-)2.49% (+) ,96%
. Ave., number of

znals per cycle 0.0 0.0 17.4 8.5

., Calculated T

atistic L2068 .332 2,725 2.203

. Calculated degrees

Freeden 20 10 6 18
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14, Tablulated T

Statistics .
for en =.1 1,706 1,812 1,943 1,734
for <« =.2 1.315 1,372 C 1,440 1,330

15. Significant?

at A =1 No No Yes _ Yes
at i=.2 Mo No Yes Yes

(1) Gastell Device manufacturer setting.
(2) wmen Gestell was recalibrated to this setting, vehicle could not safely be driven on to freeway. .

(3) when Gastell was recalibrated to this setting, vehicle accelcration was marginal for entering the freeway.
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LINILRTAL ] AT
TINSTALLAY O

A~ o,

NI 1777 100k
HNSTRUSTICNS

UfOVOTiV £ DEVICES, INC.- For Moleis 2004, 2095, 2008, 2008

Your car or truck should be tunad before installation.

Read ALL instructions bzalore starting installation. All necessary hardwa e
to install Gastell is included in hardware kit

Selzct location for Gasteil, preferably centered under dash (fig. 1), but make
sure that the chosen locanon will not interfere with the oparation of your
vehicle. Attach mounting brackzts to Gasteil. Note that the brackets are re-
versible for either under—or above—dash mounting (fig. 4). Use the two ha hzad sheet mztal screws furnishad with intar-
nal-tooth tock washers. DO NOT OVER TIGHTEN.

tMost Amarican-made cars have ashtrays held by two shaet metal screws. Often the spacing of these screws is equal to
that of the Gastell brackets. So before you drill, try to use the ashiray mounting screws. tf you find that you must drill, posi-
tion Gastell to dash and hold firmly. Use lzad pencil to mark hole locations. Then drill %" holas whera the mariks are. The

hex head sheat metal screws furnishad will work in plastic or metal. Usa
them to fasten the Gastell to the dash. Do not over tighten.

s (et
Choose desired routing for Gastell vacuum hose and electrical wiring. Do ~H
not mawe electrical or hose connection yet. The vacuum hosz must go T FITTING Q/l’)
through the firewall without pinching or chafiing. Try to locate an existing {_}Z/@
hoie that has a rubber grommet. On most vehicles, the emeargency brane '—;)I_,.___‘_m ;
spceedomater, and gas pedal cables pass through a rubber grommaat in tha ”"&’L‘ﬁhs' l‘
tirewall, If you can, enlarge this grommet to accept vacuum tin2, If this can- //E:l\ f.’z'l! '
not bz done, drill %" hole in a nearby location. Install furnished rubbzr V\rwn LN < it a1
grommedt; then msort rubber hose from Gastell through firewall to engina (cuT) "' =~
comnartiment. Do not stretch or pull-Gastell hose. The eiectrical wiring INTAKE $AANIFOLD \\ '\l’\
from Gastell may be connected to the fuse panel or ignition switch. Thiz

wires should be routed aiong the path of existing auto wiring. Usa wire tias furnished. Be sure that wires and hose are cfzar
of all sharp surfaces and clear of clutch, brake, accelerator, and other moving parts.

Attach Gastell vacuum linza to engine intake manifold system. To locate the proper vacuum Iine on th2 intake manifald,
start engine, Keep hands and loose clothing iree of fan blade or moving parts. Disconnect a ¥:s" or 4" (inside diamsizr )
hose from the intake manifold while engine is running (sze fig. 2). When the " o
; A 3 A2 M IGHITICH-ON
proper vacuum hose is removed, there will be a distinct change in idie ) LIVE LEAD
spaed. Once proper vacuum line is identified, turn off engine, and recon- FUSE
nect vacuum line to manifold. Then cut the vacuum line in an appropriate BLOCK
location, preferably 5” to 6 from a connection; insert “T" fitting furnished,
Altach Gastell vacuum line securely to ramaining branch of “T" {tig. 2). B¢
sure Gastell vacuum line is away from ali moving parts. Using wire tie fur-
nished, secure vacuum line to existing wiring on hoses,

Locate your vzhicle's fuse panel and wiring, and identily a source of elec-
tricity that has currant only whan the Key is in the “on" position: this riay
be a wire that runs to any accessory thatis activated by turning on tha key. GROUND ALTERNATE GROUND
To this wire, the red wire from Gastell (with Elactro TTap splicer) is con-.. [ SCREW (METAL SURFACE)

nected (fig. 3). Use standard pliers for instailing T-Tap splicer. Wrap around
awire from 14 to 20 gauge. Apply pliers, and squaese until TTap focks. Con-

nact the remaining black wire with the r~y*‘l 2t to a suitabl2 ground. If exist- 3] ' ‘/
ing ground screw is not available, drilt % hole in shaat metal near fuss
p:m 1. Us2 hex head sheet metal screw furnishad with internal tooth lom CcsT \[L,,

,Jg",.

washars, Do not over tighten. Wrap up any extra wire and secur2 to exis
ing wiring with wire tie {ummhed Do not shorten wiring or hoses: your n2 t
vehicl: may require the extra length.

Now your Gastell is reacly to operate. Start engine. Whan the key is turnad
on, rect light and audible tone will operate. As so0n as tha engina starts,
the light and tone will cease to operate, andi.the green fight will go on. Keap . i / \

your Gastell oparating in the green for maximum milzage. BRA

ll/'

. . ELOVW ~DASH 1, { —DASH MOUN
See opazrating manual for operalion. BELOW/ -DASH MOUNT | ABOVE-DASH MOUNT

Warning:  When drilling holes anywhare in your vehicls, make sur2 your drill 23 not corn2 in contact with wiring or
hoses. Common sense and caution should be exarcisad in drilling. Electrical damage could result it you ignore this
\':drnlﬂ(].

corvriGrt <1979

ZZ‘QUTON]O-”\/E DE’/‘CES, INC. 129 Susquehanna Street, P.O. Box 3513, Williamsport, PA 17"01
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Appendix A

Test Vehicle Description

Chassis model yzar/make—1979 Buick Regal
Vehicle ID 4J47A9HE23351

Engine

type « ¢+ ¢« o 4 e 0 e
bore x stroke. . . .
displacement . . . . . .
compression ratio. . . .
maximum power @ rpm.
fvel - metering. . . . . .

fuel requirement . . . .

Drive Train

transmission type. . . .
final drive ratio. . . .

Chassis

type « « o+ o o e . .
tire size. . . . o« . .
curb weight., . . . . . .

passenger capacity . . .

Emission Control System

basic type . . . . . . .

Vehicle Odomzater mileage
start of program . . . .

-

Otto Spark, V-6

3.8 » 3.4 1in.

3.8 liter/Z31 CID

8.0:1

115 hp/86 KW Q 4800 rpm

2 Venturi carburetor

unleaded, tested with indolene HO unleaded

3 speed autoamatic
2.40

2 Dr. Sedan

P 195/75 R 14
3312 1b/1502 kg.
5

EGR
Oxidation Catalyst

14950 wiles
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Appendix £ (cont.)
Test Vehicle Description
. Chassis wodel year/make=1979 Chevrolet Impala
Vehicle I.D. IL&7LYS115799

Engine

type . . « ¢« + .+ + . . . . . Otto Spark, V-8

bore x stroke. . . . . . . . &.00 x 3,48 in/101.6 x 88.4 nm
displacement . . , . . . . . 350 CID/5.7 liter

compression ratio. . . . . . 8.3:1

maximum pover @ rpm. . . . . 170 hp/126 kW

fuel metering. . . . . . . . & venturi carburetor

fuel requirement . . . . . . Unleaded, tested with indolene HO unleaded

Drive Train

transmission type. . . . .. . 3 speed automatic
final drive ratio . . . . . 2.41

Chassis

EYPE « « « + « « « + + + « « 2 door sedan
tire size. . . . . . . . . . FR 786 x 15
curb weight. . . . . . . . . 3840 1b/1742 k
inertia weight . . . . . . . 4000 lb.
passenger capacity . . . . . 6

o
(=3

Emission Control System

basic type ., . . . . . . . . EGR
Oxidation Catalyst

Vehicle mileage at start of
test program . . . « . . . . 12,700 niles
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Appendix A (cont.)
Test Vehicle Description

Chassis model year/make—-1975 Dodge Dart
Enission Cortrol System—air Pump, Catalyst, EGR
* Vehicle I.D. LH41C5B290359

Fnglne

tYpPe « « v v 4 + « v « « « o« » Inline 6, 4 cycle

bore x strok= . . . . . . . . 3.40 x 4,125 in.

displacement . . . . . . . . . 225 CID/3687 cc

compression ratio . . . . . . 8.4:1 fuel metering

carburetor . . . . . . . . . . 1 Venturi ' ‘ .

fuel requirement . . . . . . . unleaded, tested with Indolene HO unleaded

Drive Train

transmission type. . . . . . . 3

eed automatic
final drive ratio. . . . . . . '

sp
.75

N

Chassis

LYPE + « o« ¢« « « o « « o« « + o+ & door sedan
tire size . . . . . . . . . . DI8 x 14
inertia weight . . . . . . . . 3500 1bs.
passenger capacity . . . . . . 6

Emission Control System

basic type . . . . . . . . . . air pump
oxldation catalyst
EGR
calibrated to 1975 California standards

Vehicle Odomater mileage at .
start of test., . . . . . . . . 21,500 miles
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Appendix A (cont.)
Table A-1

FTP lass Emissions

Test Condition Test No. HC co Coy, KOx
Buick Regal i

baseline 80-0453 .76 8.03 465 1.24
baszline 80-0567 .08 7.75 453 1.24
Gastell 80-0455 1.45 8.82 567 .90
Gastell 80-0569 - .69 6.60 461 1.11
Chevrolet Impala

Baseline 80-0573 .72 4,85 . 569 1.29
Baseline 80-0575 .59 4,54 565 1.29
Baseline 80-0446 .58 5,01 560 1.23
Gastell 80-0578 .59 5.59 561 1.43
Gastell 80-0576 .53 3.84 565 1,24
Dodge Dart

Baseline 80-0246 .38 6.06 547 1.99
Baseline - 80-0735 .50 7.00 553 2.11
Gastell 79-4788 . .29 5.20 553 1.85
Gastell 80-0244 A7 6.51 557 1.81
Gastell (Frozen ) 80-0579 .59 7.61 574 1.73
Gastell (Accelerator) 80-0581 A7 5.90 563 1.91

grams par mlle
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Appendix A (cont.)
Table A-IIL
Highway Fuel Economy Test Mass Emissions
grams per mile

Test Condition Test No. HC co €Oy NOx HPG
Buick Rezal .
Baseline 80-0454 06 .32 351 1.29 25.2
Baseline 80-0568 07 A5 345 1.30 25.6
Gastell 80-0456 .07 78 354 1.59 24,9
Castell 80-0570 .06 .18 347 1.29 25.
Chevrolet Impala
Laseline 80-0438 10 .54 402 1.55 "2
Baseline 80-0445 .12 .72 410 1.51 21,
Baseline 80-0574 12 .69 415 1.52 21.
Baseline 80-0886 L1l .08 L4 1.55 21.
Gastell ‘ 80-0831 .09 .05 403 1.56 22.
Gastell 80-0577 .09 .08 404 1.55 21,
Dodge Dart
Baseline . 80-0316 L0370 L1 356 2,78 24
Baseline ~ §0-0734 .06 .22 362 3.48 24,
Gastell 79-4789 .05 .18 358 2.59 24,
Gastell 80-0245 .05 .13 361 1,81 24,
Castell (Frozen ) 79-0580 .05 .24 363 2.88 24 ¢
Gastell (Accelerator) 79-0582 .10 .00 362 2.79 24,
Table A-111
LA-4 Mass Emisslons
grams per mile
Test Condition Test MNo HC co Co, ROx MPG
Buick Regal
Pasaline 80-0663 RS 1.75 432 .72 20.3
Castell 80-066d 19 1.04 433 1,01 20.4
Gastell 80-0662 .21 1.11 434, 1.03 20.3
Castell (modified) 80-0571 .23 1.12 428 .96 20,
0.

Castell (modified) 8G-0572 .23 1.07 4,20 .93 yi

Dodge Dart : ‘
Castell . 79-4790 .64 13.72 572 1.82 14.9
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Appendix B
Development of A More Aggressive Driving Cycle

In order to evaluate the effects ot more aggressive driving behavior on
fuel economy, EPA modified the standard FIP (LA-4) cycle by increasing
the acceleration rates at speeds below 25 wph. The Mod. 1 cycle had
slightly greater acceleration rates than the LA-%. “The Mod. 2 cycle had
nearly WOT accelerations. The intention was to use these cycles 2s a new
reference with which to evaluate the cffects of driver habit modification
prescribed by Gastell,

A small test sequence was undertaken to evaluate the suitability of these
cycles for testing Gastell. For this study two available EPA test
vehicles were used for emission tests with the standard and modified
driving cycles. The results of these tests are tabularized imn this
Appendix and are summarized below: .

1.) For the LA-4 cycle, a slightly greater acceleration rate (Mod
#1) did not effect the Citation's HC emissions, NOx emissions or
fuel economy. CO emissions increased 587%Z.

2.) Yor the LA-4 cycle a greater acceleration rate (Mod #2) the
Citation's HC emissions were doubled, CO emissions were
_increased fivefold, NOx emissions were unchanged, and fuel
econony was rveduced 1%Z. The MNova's HC emissions doubled, CO
emissions were increased tenfold, NOx emissions increased 11%,

" and fuel economy was reduced 87%%,

Because it was anticipated that there might be increased tire slippage
(see note) at higher acceleration rates, a test sequence was conducted
with coupled rolls. The results of these tests were similar to the
preceding tests with uncoupled rolls (the standard test condition).

Note: Tire slippage means that the front roll (inertia and power
absorbing unit roll) lags the rear roll (vehicle spead
roll). This effect would tend to mask the loading effects
of increased vehicle acceleration rates.

OO
behavior was that the mod #1 cycle used appeared to have little or no
cffect on fuel ecconomy. Since the mod #2 cycle used UWOYT accelerations
for all accelevations and was, therefore, not 2 representative cycle and
the mod #1 cycle showed minimal differences, it did not appear fruitful
to try developing a test cycle to test the Gastell Device. Therefore, no
Gastell testing was attempted with these cycles.

The overall analysis of this effort to cvaluate more aggessive driving

The test vehicles used for this testing, a 1980 Chevrolet Citation and a
1975 Chevrolet Nova were also used in the road testing and are described
in more detail in Appendix D.

*Subsequent to these cmission and fuel economy tests with the MNova,
the vehicle was discovered to have a carburetor problem. This
problem very likely contrvibuted in a large part to the emissions and
fuel cconomy results of the wmod #Z tests and, therefore, the findings
of this vehicle are suspect.
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Table B-1
Composite FIP and Hot Start LA-4 Emissions
grams per mile

Test Test Test Accel. Koll - '
Date Number Type Type Configuration HC €0 €02 NOx MPG

1980 Citation with P 185/80 R 13 radial tire, 7.3 hp, 2750 lb. inertia weight

2-7-80 80-1475 Hot LA-4 Mod il Standard .03 .84 370 34 23,9
2~7-50 80-1476 Hot LA-4 Stand. Standard .04 .58 370 .34 2309
2-7-80 80-1477 Hot LA-4 Mod #1 Standard .05 1.14 369 .37 23.9
2-7-80 80-1478 Hot LA-4  Stand. Standard .04 .67 368 .43 24.0
2-7-80 80-1480 Hot LA-4 Mod #2 Standard .09 3.58 367 .33 23.8
2-22-80 80-1543 Hot LA-4 Stand. Coupled .07 1.63 385 .35 22.9
2-22-80 80-1544 Hot LA-4  Mod #2 Coupled "~ .18 10.51 376 .26 22,6
2-22-80  80-1545  Hot LA-4  Stand. Coupled .07 1.85 385 .35 22.8
2-22-80 80-1546  Hot LA-4 Mod #2 Coupled .16 8.64 378 .25 22,6

1575 Nova with ER 78 x 14 radial tires, 12.0 hp, 4000 1b. inertia weight

*2-22-80 80-1365 FTP Baseline Standard .66 2.34 697 1.31 12.6
*2-26-80 80-1367  FTP Baseline Standard .60 2.08 704 1.37 12.5
*3-01-80 80-1796 FTP Mod #2 Coupled 1.43 23.44 721 1.49 11.6
Note: Acceleration type standard is LA-4 cycle prescribed for the FTP.

Mod. #! modifies the LA-4 cycle by using slightly greater acceleration
rates at speeds below 25 mph.

Mod. #2 modifies the LA-4 cycle by using much greater acceleration rates
at speeds below 25 mph. ‘

*Results questionable see preceding text
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: Appendix C
Acceleration Rate vs. Fuel Economy Test

Since the Gastell and modified cycle test programs (Appendix A and B)
showed little effect on emissions or fuel economy, EPA undertook a small

test program to further investigate tne fuel economy effects of reduced
acceleration.

A test program was devised consisting predominately of accelerations.
The test cycles used a sequence of accelerations to a cruise speed,
cruise for a few seconds, and then deceleration at a fixed, moderate
rate. The cruise times were chosen so that all tests to a selected
cruise speed would be of equal distance. This sequence was repeated &
times (5 total cycles). The cycle was run for each combination of
acceleration rate and final cruise speed.

A similar sequence between two vehicle speeds was performed to evaluate
passing manuever fuel economy. As a control, vehicles were also tested
several times for steady state fuel economy.

The testing was performed in randomized order to minimize any systematic
test effects (see Acceleration Rate vs. Fuel Economy test sequence). A
fuel flowmeter was used to measure fuel consumed (no gaseous emission
data was taken). The dynamometer rolls were coupled together to minimize
‘tire slippage.

The maximum and minlmum acceleration rates were chosen to bracket the
acceleration rates most current vehicles are capable of achieving.

The complete test matrix was:

MPH Acceleration rate

1 2 3.3 4 5
0-35 X X X X X
0-45 b x x @ @
20-35 X x . x x X
30-45 P P ox @ e

@ Most vehicles wunable to follow the driving traces at this
acceleration rate/speed combination.

A 1980 Chevrolet Citation, 1980 Dodge Aspen, 1979 Ford Pinto, 1979
Mercury Zephyr, and a 1979 Oldsmobile Cutlass were used in this accelera—
tion test program. A description of these vehicles 1s given in Table
C-1. Each vehicle was checked for agreement with manufacturer's
specifications and 1inspected. All venhicles were 1in satisfactory condi-
tion.



Vehicle ID
Engine
Type
bisplacement
Carburetor

Transmission

Test Weight

Dynamowmeter HP

Tire Type
Tire Size

Emission Control

1980
Chevrolet
Citation

1X687AW119256

V-6

2.8 Liter
2 Venturi
3 Speed
Automatic
3000 1b
10.3 hp
Radial
P185/80R13
EGR

Air Pump

Oxidation
Catalyst
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Tabel C-1
Phase 3 Acceleration kate vs. Fuel Economy Testing
Test Vehicle Description

1980
Dodge
Aspen

NE29CAB1 18585

Inline 6
225 CIp
1 Venturi
3 Speed

Lockup
Automatic

4000 1b

12.0 hp

BIAS

D78x14

EGR
Pulsating Air

Oxidation
Catalyst

1979
Ford
Pinto

9TLLY186165

Inline &4
140 CID

1 Venturi
3 Speed
Automatic
3000 1b
10.3 hp
BIAS
B78x13
EGR"
Pulsating Air

Oxidation
Catalyst

1979
Mercury
Zephyr

9E35F621630

V-8

302 CID

1 Venturi
3 Speed
Automatic
3500 1b
11.2
Radial
CR78x14
EGR

Air Pump

Oxidation
Catalyst

1979
Oldsmobile
Cutlass

3R4T7A9X523280

V-6

3.8 Liter
2 Venturi
3 Speed
Automatic
4000 1b
12.0
Radial
P195R/75
EGR

Air Pump

Oxidation
Catalyst



Fuel Economy
Sample

X

>

X

X

X

X
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Appendix C
Acceleration Rate vs. Fuel Economy
Test Sequence

Speed Comments
50 mph initial vehicle warm up for 30 minutes
35 mph warm up for 2 minutes
35 mph steady state fuel economy for 103 seconds
0 mph idle (drive) for 30 seconds
0-35 mph accelerations at | mph/sec.
0 mph idle (drive) for 30 seconds
0-35 mph accelerations at 4 mph/sec.
35 mph warm up for Z minutes
35 mph steady state fuel economy for 103 seconds
0 mph idle (drive) for 30 seconds
0-35 mph acceleration @ 3.3 mph/sec. , -
0 mph idle (drive) for 30 seconds
0-35 mph acceleration @ Z mph/sec.
0 mph idle (drive) for 30 second
0-35 mph accelerations @ 5mph/sec.
0 mph idle (drive) for 30 seconds
35 mph . warm up for 2 minutes
35 mph steady state fuel economy for 103 seconds
0 mph idle (drive) for | minute
0 mph idle (drive) fuel consumption for 3 minutes
45 mph warm up for 2 minutes
45 mph steady state fuel economy for 80 seconds
0 mph idle (drive) for 30 seconds
0-45 mph accelerations @ 1 mph/sec.
0 mph idle (drive) for 30 seconds
0-45 mph accelerations @ 3.3 mph/sec.
0 mph idle (drive) for 30 seconds
0-45 mph - accelerations @ 2 mph/sec.
0 mph "idle (drive) for 30 seconds
45 mph warm up for 2 minutes
45 mph steady state fuel economy for 80 seconds
0 mph idle (drive) for 30 seconds
20 mph warm up for 2 minutes
20 wmph steady state fuel economy for 3 minutes
35 mph warm up for 2 minutes
" 35 mph steady state fuel economy for 103 seconds
20 mph warm up for 2 minutes
20-35 mph accelerations @ 1 mph/sec.
20 mph warm up for 30 seconds
20-35 mph : accelerations @ 4 mph/sec.
20 mph | wara up for 30 secounds
20-35 mph accelerations @ 3.3 mph/sec.
20 mph warm up for 30 seconds
20-35 mph accelerations @ 2 mph/sec.

20 mph warm up for 30 seconds



20-35
20
20
35
35

30
30
45
45
30
30-45
30
30-45
30
30-45
30
30
45
45

mph

mph

Y

mph
mph
mph
mph
wmph
mph
mph
mph
mph
mph
mph
mph
mph
mph
mph
mph
mph
mph
mph

_35_
acceleration @ 5 mph/sec.

warm
fuel
warm
fuel
idle
idle
warm
fuel
warm
fuel
warmnm

up for 2 minutes
economy for 3 minutes
up for 2 minutes
economy io 103 seconds
(drive) for |l minute
(drive) fuel consumption for 3
up for Z minutes
economy for 2 minutes
up for 2 minutes
economy for 80 seconds
up for 2 minutes

accelerations ¢ |l mph/sec.

warm

up for 2 minutes

accelerations @ 3.3 mph/sec.

wara

up for 30 seconds

accelerations @ 2 mph/sec.

warm
fuel
warm
fuel

up for 2 minutes
economy for 2 minutes
up for 2 minutes
economy for 80 seconds.

minutes



0-35 wph

mph/sec.
mph/sec.

W N

4 mph/sec.
5 mph/sec.

0-45 mph

1 mph/sec.
2 mph/sec.

3.3 mph/sec.

20-35 mph

1 mph/sec.
2 wph/sec.

3.3 mph/sec.

4 mph/sec.
5 mph/sec.

30-45 mph

1 mph/sec.
2 mph/sec.

3.3 nph/sec.

.3 mph/sec.

Chevrolet Dodge

Citation Aspen

2.8 liter 225 CID
19.3 16.8
19.7 16.0
19.¢4 15.6
18.6 14,1
18.2 14.3
20.7 17.9
20.4 16.1
19.5 15.8
25.0 22.3
23.2 19.7
22.4 18.0
22.0 17.4
20.8 17.3
25.6 22.6
23.1 20.0
20.9 19.4

miles per gallon
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Table C-T1I
Acceleratioa Rate Fuzl Economy

Tord
Pint

140 CID

21.
21,
20,
19,
19,

22,
21,
20,

27,
24,
23.
22,
22,

26.
25,
24,

(o]

4
4

N

W

oSO

—

Mercury
Zephyr
302 CID

16.0

15.8

15.3
15.0
14.7

17.3
16.9
16.1

20.1
18.9
18.3
18.2
17.9

21.5
19.6

18.7

Oldsmobile
Cutlass
3.8 liter

17.4
17.5
16.9
16.2
15.2

18.6
17.9
16.3
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Table C-ITI

Acceleration Rate Fuel Econony

Percentage Improvement from Highest Acceleration
Rate to 1 mph/sec. Accelaration Rate

Chevrolet

Citation

2.8 liter
0-35 mph 6.0%
0-45 mph 6.1%
20-35 mph 20.1%

30-45 mph 22.5%

Dodge
Aspan
225 CID
17.5%
13.3%
28.9%

16.5%

combined average for all vehicles is 14.6

Table

Ford
Pinto

140 CID

14.1%

7.3%

20.8%

11.2%

4

C~1v

Mercury
Zephyr
30Z CIb

12.3%

15.0%

Percentayge Rate Fuel Economy

Oldsmobile

Cutlass

3.8 liter
14 .47
14,172

18.5%

- 27.1%

Percentage Improvemant from lighest Acceleration
Rate to 2 mph/sec. Acceleration Rate

Chevrolet
Citation -
2.8 liter

™2

0-35 mph . 8.2

0-45 mph 4,67
20-35 mph li.SZ
30-45 wmph 10.5%

Dodgs

Aspen

225 CID
11.8%
1.9%
13.9%

3.1%

combinad average for all vehicles is 8.57%

Ford
Pinto

140 CID

12.0%

4,97

10.2%

4. 67

Marcury

Zephyr

302 CIb
7.5%
5.0%
5.6%

4., 8%

Oldsmobile

Cutlass

3.8 liter
15.1%

9.8%



e
Table C-V

Cruise Fuel Economy
miles per gallon’

Chevrolet . Dodge Ford
Cruise ~ Citation Aspen Pinto
Speed~mph 2.8 liter 225 CID 140 CID
Idle (drive)= .35 © .50 .31
20 30.8 33.5 35.5
30 32.2 36.0 35.0
35 32.6 35.3 35.3
45 30.7 31.0 33.3

*Idle fuel consumption is expressed 1n gallons per hour

Hercury
Zephyr
30z c¢ip

26,
28.
28,
26

OO NN
[eg

Olésmobile
Cutlass
3.8 liter
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BRIEF DESCRIPTION OF THT SEVTRAL DRAWINGS

Figure 1 is an electromechanical diagran of the circuit

of the fuel consuzption signalling system installed in a

conventional motor vehicle;

Figure 2 illustrates a cross sectional side view of the
vacuum operated switch of the fuel consumption sigralling
systen;

. Figure 3 illustrates a cross sectional side view of the
microswitch of the throttle control override means as it would
appear mouﬁ:ed in a conventional motor vehicle; and

Figure 4 is a schematic of the time delay circuit of the

invention.



VWith reference to Figure 1, the system 1 basically

comprises an alarm circuit 3 connected in series with an

1}

indicator circuic .
! . .
The alarm circuit includes an alamm light 5, a resistor
7 and a time delay circuit 9 including an audio alarm generator
10, each of which is connected to the other in parallel as
indicated. 1In the preferred eabodiment, alarm light 5 conm-
prises a red GE #18 ziniature lamp having an electrical resis-
tance of approximately 30 ohms, resistor 7 has a resistance of
approxircately 75 ohzs, and time delay circuit 9 has a resistance
of over 300 ohzms, such that the entire-alarm cir;éic has a
resistance of about 20 ohms. Time aelay circuit 9 serves as a

time delay switch delaying the actuation of the audio alamm

generator 10, the counter 1l and the throttle plate control 40

for a period of about three seconds to allow for short,

ﬁeces$ary periods of fuel wastage, such as might occcur in
cmergéncy handling situations. Additionally, cime~deléy circuit
9 is preferably adjustable so that drivers driving in hilly
terrain or other conditions which regularly demand unusvally
long periods of gas wastage wmay adjust the time delay for-'a

period over three seconds. Time delay circuit 9 is described

rt

more particularly hereafrer. A variety of prior art audio

signal generators may comprise the audio signal generator 10
of the invention, such as the.Mallory "Son Alert” (part number
SC 628) or Edwards "Luzatone” (part nuaber E 101). Finally,

a number of prier art electric counters.and displey devices
may likewise ccmprise the councer 11 of the invention, such as
AMP thuxbwheel switeh number 300 (7.62), which is cennected

to the tice delay cizcuit 9 and counts and displays the

number 0of fuel wastage occasions lasting longer than the

time delay of the time delay circuit 9.

U -

-8-



Tne indicator circuit 15 includes an indicator light 17
comnected in parallel to a normally open, vacuum operated switch
20. 1In the preferred embodiment, indicator light 17 ig a green,
GE #73 light bulb having a resistance of approximately 30 oh=zs.

A 12 volt source of potential difference is connected at
points 2 and 18 of the series circuit, as shown. 1In the pre-
ferred exbodiment this source of potential difference comprises
the ignition systeﬁ-of the vehicle, rather than the car battery,
so that the system will automatically turn on and off with the
engine of the vehicle.

With reference now to Figure 2, the normally open vacutm
operated switch 20 of the system 1 includes a houéing divided
into two noncocmunicating pneu:acit.chambers 28a, 28b by a
resilient diaphraz 27 as-shown. The upper surface of dia%hragm
27 1s placed in pneumatic communication with the azmbient
atmosphere by aperture 24. The botton s&rface of diaphrago
27 is placed in pnewmatic communication with the engine
manifold (not shown) by means of a vacuum line 21 teruminating
in a "T" joint which is preferably conveniéntly connected to -
the pneumatic circuit powering the intake manifold of the
vehicle, although any point will do. A plunger zenber 29
having a pair of bimetallic electrical contacts 30a, b is
biased agairst the lower surface of diaphraga 27 by means of
coil spring 31. A complementary pair of contacts 33a, b -
connected in parallel with indicator light 17 is placed
above the contacts 30a, b. Adjustment screw 35 balances
the spring biasing force exerted on the underside of diiphragn
27 against the pneumatic force exerted on the top surface of
diaphraga 27 by the atmosphere. More particularly, the adjust-
ment screw 35 balances the spring and the preutatic forces so

that the contacts 30a, b and 33a, b recain out of conductive



engagement when a fuel efficient, high vacuum is present in the
manifold, but coz=e together in conductive engagement when a
fuel uascing low vacutz is present in the manifold. For a.

v-8 engine, adjustment screw 35 is adjusted so that the
coniacts 30a, b ana 33a, b do not come into conducting
engagezent until the manifold pfessure falls to about seven
inches of mercury. For six and four cylinder cars, the

screw is adjusted to a setting corresponding to about six

and three and a half inches of mercury, respectively.

In operation, a 12 volt potential difference is connected
aeross the serie§ circuit comprising alarm circuit 3 and
indicator circuic 15 at points 2 and lé when the engine of
the vehicle is started.

If the vacuunm pressure in the engine manifold is high enough
to keep coatacts 30a, b and 33a, b from coming into conductive
engagement, the 12 volt potentizl is divided between the
indicator light 17 of the indicator circuit 15 and thé alarm
circuit 3. The divided potential acrosﬁ'the indicator lighs 17
is sufficicnt to perceptibly illuminate it. By concrasc; the
potential divicded across the alarm circuit 3 is insufficient to
either trigger time delay circuit 9, which does not bacome
actuated before a cercain threshold voltage is attained, ox
perceptibly illﬁminate alarm light 3, due to the effect of
resistor 7 in dropping some of the potential across the .
incandescent elezent of light 3.

However, If the manifold pressure falls below an apprapriat
pfeset value, the coatacts 30a, b and 33a, b corme into éfnduccin
engagezent, extinguishing indicator light 17 and shunting the
entire potential difference between points 2 and 18 across alarm

circuit 3, actuazing

5

it. It should be noted in closing that

indicator light serves to provide a voltage divider between

<10-
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the source of electric potential and the alarm circuit 13 go
that the latter is not actuated until the engine is operaﬁed
in a fuel wasteful fashion, as well as an indicator for
positively indicating when the vehicle is being operated in
a fuel efficient manner. The indicator light 17 also serves
as a positive indicator that the invention is functioning
properly.

Hich reference again to Figure 1, the system may also
include a throttle plate control 40 comprising a relay 12
which is connected to time delay circuit for actuating a
solenoid 42 having a plunger 44 for limiting the motion of a
lever connected to the throttle plate rod of the carburetor S50
of the engine of the motor vehicle. The throttle plate control
also includes an override contrél comprised of a microswitch 13
for breazking the electrical connection between relay 12 and
time delay circuizr 9, which in tumn disconnects solenoid 42
from the ignition system of the vehicle, retracting plunger 44
from lever 46 and allowing free movement of the throttle plate
52 of the carburetor 50.

With reference now to Figure 3, wmicroswitch comprises a
plunger 60 slidably mounted in a housing 61 having a pair of
‘contacts 62a, b normally biased against a pair of complementary
contacts 63a, b by a leaf spring 65. Leaf spring 65 serves to
bias contacts 62a, b against cozplementary contacts 63a, b
such that relay 12 is normally electrically connecéed to tizme
.delay circuit 9. Leaf spring 65 also serves to provide an
audible and tactile indicator of when the throttle ?lace control
is overriden by providing an audible and tactile "click' when
the operator floors gas pedal 70 against plunger 60 of miczo-
swlitch 13, as is discussed in detail hereafrer.

In operation, the throtcrle plate control 42 is actuated by
time delay circuit 3, which closes relay 12 2 preset time after

Jalarm circuit 3 is actvated. Relay 12 connects solenoid 42 to

-11-
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the ignicion systea of the vehicle, which in turn forcibly
extends plunger 44 to a position which limits the movement of
lever 46. This action in turn obstructs the carburetor throttle
plate from assuming an angular position which would lower the

manifold vacuua pressure and result in fuel wastage. If the

operator of the vehicle needs to temporarily override the
throttle plate control 40, as céuld occur in emergency driving
coﬁditions, the driver flooxrs the gas éedal 70 of the wvehicle,
thereby depressing plunger 60 into leaf spring 65. The leal
spfing 65 yields —uch the same way the metal blister structure
on the bottom of a conventional oil can does, thereby disengaging
contacts 62a, b and 63a, b with both an audible and a tactile
click. The contact arm of relay 12 returns to its normal
position, disconnecting solenoid 42 from the ignition syéten of
the vehicle. Solenoid 42 then retracts plunger 44, which in
turn frees lever arm 42.

Referring finally to Figure 4, the time delay circuit 9 of
the invention comprises a series connected thermal elezent 88
and potenti;;;ter 86 which in turn is connected in parallel with
tﬁe alarm circuit 3 at points 82 and 84. The fhernal elemcent
88 regulates swicahing contact points 8% and 89b. When the
alarm circuit is actuated, the thermal element 88 expands after

a time delay to lose switchimg contact points 82 and 84, thereby

3

actuating the audio signal generacor 10, the electric counter
11, and throtsle plate control relay 12. The duration of thHe
? - .

time delay is controlled by pocan:iomeger 86.

All of the a2foremencioned components of the system, with
the exception of the throttle plate control 40 and ova:éide
switch 13, may be mountad in a single, conveniently installable

box-like housing (not shown) which way be attached either on

-12-




the top or the bottoa of the instruzent panel by any suitable
means, such as brackets.

Having pa:ticularly pointed out my invention in such full,
ciear, and concise and exacﬁ terms as to enable any person skille

in the pertinent arc to make and use the same, I claim:

-13- R
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1. A fuel consumntion signalling system for signalling
? =) & I=3

0.

both efficienc and inefficiecnt fuel consumption conditions
in the enigine of a motor vehicie, comprising: ‘ E

(a) an alarm circuit incldding, connected in parallel;
an alarm light and a resistor, said alarm circuit being
actuatable by a predetermined potential difference;

~(b) an indicator circuit connected to said alarm circuit in
series to form a series circuit, said indicator circuit
including, connected in parallel,

(1) an indicator light for indicating an

efficient operating condition in the motor wvehicle

engine and for §erving aé a voltage divider for any

potential appliéd across said series circuit, and

(i1) a vacuum operated, norwmally open switch

pneumatically connected to the engine manifold for

shuncing any electric potential applied across said

indicator lamp around said indicator ‘lamp when the

manifold pressure closes said switcs, and

(c) means for applying a potential difference across-
the series circuit, said applied potential being greater
than the potential necessary to actuate the alamm circuit
when sald potential is shunted around the indicator light
when the vacuux o?erated switch is closed, but less than the
potential necessary to actuate the alarm circuit when the
switch is open and the applied potential is divided between

the indicator light and the alarm circuit.

4]

2. The fuel consumprion signalling system of claim 1,
wherein sald alarzo circuit further includes, connected in
parallel, a tize delay circuit for actuating an audio
alat generator a preset time after said alarm circult is

actuated.




3. The fuel consumption signalling system of claim 2 further
2

o]

(o

including a digiial counting means connected to said time
delay circuig for counting and displaying the number of
occasions the engine was run in inefficient fuel consumption
condition for a period of time greater than the time delay of
sald time delay circuit.

4. The fuel consuzption signalling system of claim 3
further including a relay connected to the time delay circuic
for actuating a throttle plate control a preset . time
afrter said alarm circuit is actuated.

5. The fuel consumption signalling system of clainm 4,
wherein said thzottle plate control comprises:

*  {a) a lever connected to the carburetor throttle
blade rod of the engine of the motor vehicle, and

(b) a solenoid actuatable by said relay and having an
extensible plunger for limiting the wmotion of said lever
when said solenoid is actuated, whereby tﬁe position of the
throttle plate is automatically confined to an angular position
consistent with efficient fuel consumption a preset tice
after said alarm circuit is actuaced.

6. The fuel comsumption signalling system of clai=n 5,
further including veans for overriding said throttle plate
control including a microswitch mounted under the accelerator
pedal of the cotor vehicle for electrically disconnecting
sald relay froa said time delay circuit when said accclerato}
is pressed to the {loor of the vehicle,

wvhereby said extensible solenoid plunger retracts to

allow free covezent of said lever connected to said throttle

plate rod.



13. The fuel coasumption signalling systemn of claim

12, further including mean§ for overriding said throttle

plate control iﬁcluding a microsﬁitch pounted under the
accelerator pedal of the motor vehicle for electrically
disconnecting said relay from said time delay circuit when
sald accelerator is pressed to the floor of the vehicle.

14, The fuel consumption signalling system of claim 13, °
whereln said microswitch includes a tagtile indicating

means for indicating when said switch 1s operated to

disconnect said relay from said time delay circuit.

— . —




7. The fuel consumption signalling systeam éf claim 6,
wherein said omicroswiteh includes a taccile indicating
means for {ndicacing when sald switch is operated to
disconnect said relay from said time delay circuit.

I 8. The fuel consumption signalling systém of clainm 7,
wherein said tice delay circuit.is adjustable to actuate
said audio alara generator, said counter, and said

throttle plate control at a variety of times after séid
alarm circuit is actuated.

9. A fuel consumption signalling system for signalling
both efficient and inefficient fuel consumption conditions in
the engine of a motor vehicle, comprising: )

(a) an alarc circuiz including, connected in parallel, an
alarm light, a resistor, and a tizme delay circuit haviné an
audio alarm generator, said alarm circuit being actuatable by
a predetefmined potential difference;

(b) an indicator circuit connected in series with said-
alarm c%rcuit to form a series circuit, said indicator circuit
including, connected in parallel,

(1) an indicator light for indicating an efficient
operating condition in the engine of the wmotor vehicle
and for sefving as a voltage divider for any potential
applied across said series circuit, and

(i1) a vacuw=m operated, normally open swictch
pneumatically connected to the engine manifold of the
motof vehicle for shunting any electric potential
applied across said indicator 1a:§ around said la=mp
when a predetercined manifold pressure indicative

of a fuel waste condition closes said switch, and
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SPECIFICATION

Be it known that, I, Raymond P. Smith, Jr., a citizen of
the United States of America, residing at 2521 Linn Street,

Wiiliamsport, Peansylvania 17701, have invented a mew, original

design for an

AUTCMOTIVE FUEZL CONSUMPTION ALARM .

of which the following in a specification, reference being had

to the accompanying drawings, forming a part hereof. T

Fig. 1 in a front  perspective view of an automotive fuel

consumption alarm showing my new design;
Fig. is a front elevation thereof;

Fig: is a top plan thereof;

Fig. is a rear elevation thercof; and

Fig.

2
3
Fig. & is a bottom plan thereof;
5
6 is a right side elevation thereof.

I claim: The ornamental design for an Autoczotive Fuel

. Consumption Alarm as shown.
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Evaluation of Gastell
A Device to Modify Driving Habits

February 1981
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Edward Authony Barth

Test and Evaluation Branch
Emission Control Technology Division
Office of Mobile Source Air Pollution Control
Environmental Protection Agency
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The Envirommental Protection Agency receives informatioa about many
systems which appear to offer potentiel for emission reduction and/or
fuel economy improvement compared to conventional engines and vehicles.
EPA's Emission Control Technology Division is interested in evaluating
all such systems because of the obvious benefits to the Nation from the
identification of systems that can reduce emissions, improve fuel econ-
omy, or both. EPA invites developers of such systems to provide complete
technical information on the system's principle of operation, together
witn available test data on the system. In those cases for which review
by EPA technical staff suggests that the data available shows promise,
confirmatory tests are run at the EPA Motor Vehicle Emission Laboratory
at Ann Arbor, Michigan. The results of all such test projects are set
forth in a series of Test and Evaluation Keports, of which this report is
one.

EPA recelved an application from Automotive Devices Inc. (ADI) to perform
an evaluation of the Gastell Device. Section 511 of the Motor Vehicle
Information and Cost Savings Act (15 USC 20l1) requires EPA to evaluate
fuel economy retrofit devices with regard to both emissions and fuel
economy, and to publish the results in the Federal Register. Such an
evaluation is based upon valid test data submitted by the manufacturer
and, if required, EPA testing.

Gastell is a device that senses vehicle manifold vacuum. The device is
preset to give audible and wvisual signals to the driver so that the
driver can efficiently modify his driving habits. Data submitted by ADI
showed fuel economy benefits for some drivers and some vehicles.
Because of these apparent benefits, EPA decided to conduct confirmatory
tests as part of the evaluation. This test program was conducted over an
extended time period and consisted of three distinct test phases.. This
report details the results of this three phase confirmatory test program.

The conclusions drawn from the EPA evaluation tests are necessarily of
limited applicability. A complete evaluation of the effectiveness of a
concept in achieving performance lmprovements orn the many different types
of vehicles that are in actual use requires a much larger sample of test
vehicles than 1s economically feasible 1n the evaluation test projects
conducted by EPA. The conclusions from the EPA evaluation test can be
considered to be quantitatively valid only for the specific test cars
used; however, 1t 1s reasonable to extrapolate the results from the EPA
test to other types of vehicles in a directional manner, i.e., to suggest
that similar results are likely to be achieved on other types of vehicles.

Summary of Findings (test vehicles grouped together)

The Phase I testing consisted of FTP and HFET dynamometer tests of the
Gastell Device. Overall, the use of the Gastell Device as a driving aid
did not show a significant effect on the vehicles' fuel economy or emis—
sions for either the FTP or HVFET.

The Phase II testing consisted of modifiec LA-4's (FTP) and acceleration
rate studies conducted on the vehicle chassis dynamomater without using
the Gastell Device.
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. The more aggressive (greater accelerationm rates) modificaztioas of the
LA-4 cycle developed showed no change in fuel economy when compared
to the standard FIP (LA-4). Therefore, since the preceding tests
with the Gastell Device did not show an improvemeat in the vehicles'
fuel economy for either the FTP or HFET, the Gastell Device was not
tested with these more aggressive driving cycles.

Evaluation of five vehicles on a test cycle consisting predominately
of accelerations did show that there was an average l4.b% improvement
in fuel economy between a very low acceleration rate (l mph/sec.) and
the highest acceleration rates used (up to 5 mph/sec.). There was an
average 8.57% improvement 1in fuel economy between the moderate (2
mph/sec) and highest acceleration rates. This indicates that reduced
vehicle acceleration rates can improve fuel economy for some wvehicle
operating conditions. However, when these acceleration fuel economy
improvements are adjusted for the average portion of driving time
actually devoted to acceleration, the maximum fuel economy savings

would be 1.9%; but, 1in consideration of the constraints of actual
driving conditions, a more realistic potential saving would be less
than 1/2%. A similar analysis based on fuel consumed during acceler-

ation modes yielded an average estimated Improvement potential of
1.3%.

Having found no appreciable fuel economy effects in Phases I and II using
the vehicle dynamometer, a road test program, Phase III, was undertaken
with the Gastell Device. For the six combinations of vehicle and opera-
tor, in only one case did the use of the Gastell Device cause an improve-
ment 1in vehicle fuel economy greater than 4. The amount of the fuel
economy improvement for this one case was 5%. It 1is interesting to note
that even for this one case, the other less aggressive driver's fuel
economy in this vehicle was the same with or without the device and 4%
better than the driver who showed an improvement.

In general, the EPA testing of the Gastell Device did not show a positive
benefit from its use. None of the Phase 1 chassis dynamometer tests with
the device 1installed showed a positive fuel economy effect. Four
vehicles of varying size and power—to-welght ratio were road tested 1in
San Antonio (with from one to two drivers each) and only one vehicle/
driver combination showaed a fuel cconomy improvement (5%). It 1s
concluded from the test data available that only drivers with aggressive
driving behavior (or other driving habits that involve excessive throttle
manipulation) could benefit from use of this device and then only 1f: (1)
their vehicle happened to have the fuel economy response characteriStics
that favorably matched the activation setting of the device and (2) the
driver consistently responded to the device signal and refrained from
such aggressive driving.

Description of Device

Castell 1s an add-on device developed and marketed by Autowmotive Devices,
Inc. of Williamsport, Pennsylvania. ‘The device senses vehicle manifold
vacuum and emits an audible and visual signal when the manifold vacuum
drops below a preset level. The driver responds by easing off the
accelerator, thereby achieving a higher menifoid vacuum which turns these
signals off. The vehicle is thus operated zt a higher manifold vacuum
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level which the manufacturer claims 1s more fuel efficient.

The manufacturer claims the followinz benefits for Gastell:
1. Fuel economy savings of up to 30%, depending on driving habits.

2. Indicates engine problems when the alarm and light are on more
frequently than usual (i.e., functions as a vacuum gauge).

The unit is packaged in a 4 inch by 3 inch by 2 inch case that mounts to
the vehicle dash panel. A picture of the unit and operating instructions
are contained in the '"Gastell Operator's Manual" in Appendix A.

The unit is easily installed. A vacuum line is attached to a source of
manifold vacuum and the electrical connections are attached to the
vehicle's 12 volt power. A copy of the manufacturer's installation
instructions 1s given in Appendix A. '

Test Vehicle Description

Phase I: FTP and HFET chassis dynamometer testing with the Gastell
Device used the following three test vehicles:

A 1979 Buick Regal equipped with a 3.8 liter V-6 engine and an auto—
matic transmission. This® vehicle used EGK and an oxidation catalyst
for emission control.

A 1979 Chevrolet Impala equipped with a 5.7 liter V-8 engiue and an
automatic transmission. This vehicle also used EGR and an oxidation
catalyst for emission control.

A 1975 Dodge Dart equipped with a 225 cubic inch inline 6-cylinder
engine and an automatic traansmission. This vehicle was calibrated to
meet the 1975 Caliiornia emission standards. This vehicle used an
air pump, EGR, and an oxidation catalyst for emisslion control.

A complete description of these vehicles 1is given in the test vehicle
descriptions in Appendix A,

Phase II: (Modified LA-4, modified FTP, and acceleration rate chassis
dynamometer testing without the device:

A 1980 Chevrolet Citation and a 1975 Chevrolet Nova were used in the
development of the more aggressive driving cycles. A more detailed
description of these vehicles 1s given in Appendix B, "Development of
a More Aggressive Driving Cycle.” '

A 1980 Chevrolet Citatiom, 1980 Dodge Aspen, 1979 Ford Pinto, 1979
Mercury Zephyr and a 1979 Oldsmobile Cutlass were used in the Accel-
eration Test Program. A more detailed description of these vehicles
is given in Appendix C, "Fuel Economy vs. Acceleration Kate."
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Pnase III: Road testing with the Gastell Davice:

A 1980 Chevrolet Citation, 1975 Chevrolet Novae, a 1980 Nercury Cougar
XR-7, and a 1979 Mercury Marquis were usea in the San Antonio road
test program. A more detailed description of these vehicles is given
in Appendix D, "Road Testing with the Gastell Device.”

Test Procedures

Phase I: FTP and HFET dynamometer testing witn the Gastell Device:

Exhaust emission tests were conducted according to the 1977 Federal
Test Procedure (FTP) described in the Federal Register of June 28,
1977, and the EPA Highway Fuel Economy Test (HFET), described in the
Federal Register of September 10, 1976. The vehicles were not tested
for evaporative emissions. Additional tests were conducted as an
evaluation tool. These tests consisted of hot start LA-4 cycles.
This driving cycle is the basic cycle used in the FTP and the results
of these tests are similar to bags 2 and 3 of the FTP.

Prior to 1initial testing, each vehicle was given a specification
check and inspection. The ignition timing, tdle speed, and fast idle
speed were checked for agreement with the manufacturer's specifica-
tions given on the Vehicle Emmission Control Information label afiixed
to the engine compartment. Each vehicle met 1its manufacturer's
specifications and, therefore, no adjustments were required.

‘The vehicles were inspected for engine vacuum leaks, proper connec—
tion of vacuum hoses, functioning PCV valve, oil and water levels,
and general condition of the engine compartment. Each test vehicle
was in satisfactory condition.

The test program consisted of baseline tests and Castell tests. The
Gastell tests consisted of a standard test procedure (FTP or HFET)
which was altered by having the operator back off the accelerator, as
necessary, to silence the audible and visual Gastell vacuum alarms.
At each test condition a minimuw of two FTP and two HFETl tests were
conducted.

A second Gastell procedure, ”modiﬁied” was also wused. For this
procedure the FTP (LA-4) driviung cycle was modified by reducing the
vehicle acceleration rate to a level just below that at which the

device would signal. This swmoothad the cycle and would be represen—
tative of a very experienced driver's use of tihe device.

A third Gastell procedure, "frozen accelerator" was also used. For
this procedure the operator agaiu backed off the accelerator to shut
off the GCastell alarms. The operator then held his foot fixed 1in
this position until the vehicle's speed matched the driving cycle.

Phasa II: ‘Modified LA-4, modified FTP, and acceleration rate chassis
dynamometer testing without the Gastell Device:
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After the conclusion of the VPnase I Gastell test program, two
additional dynamometer test programs were conducted to further
evaluate the effect of acceleration rate oa vehicle fuei economy.
These test programs and a detatled description of the test procedureo
are contained in Appendices B and C of this report.

"Development of a More Aggressive Driving Cycle," Appendix B, was a
short test program in which the basic FTP driving cycle, the LA-4 was
modified. The LA-4 cycle was modified by increasing the acceleration
rates at speeds below 25 mph. Two cycles were used - Mod. 1 which
used slightly 1increased acceleration rates and Mod. 2 which used
nearly wide-open-throttle (WOT) accelerations.

"Fuel Economy vs. Acceleration Rate," Appendix C, was a short test
program which used a test cycle consisting of a series of accelera-—
tions. The vehicle was accelerated at a fixed rate to a cruise
speed, cruised for a few seconds, and then decelerated at a fixed
rate of 2 mph/sec. The cruise time was chosen so that all tests to a
selected cruise speed would be of equal distance. Thils sequence was
repeated 4 times (5 total cycles). This test sequence was done for
each combination of acceleration rate and final cruise speed.

The complete test matrix used was:

Acceleration Rate mph/sec

Vehicle Speed 1.0 2.0 | 3.3 4.0 ‘5.0
change mph

0-35 X X X x x
0-45 X X b

20-35 X X X 3 x

30-45 X x b

The dynamometer rolls were coupled to minimize. tire slippage. Fuel
consumption was measured with a fuel flowmeter. No gaseous emlssion
data was taken.

Phase I11: Road Testing with the Castell Device procedures:
"Road Testing with the Gastell Device," Appendix D, was a carefully
controlled road test with the Gastell Device. The drivers drove the
vehicles over a specified road route in San Antonio. Testing was
done both with and without (baseline) the Gastell Device. Details of
the test program and the San Antonio test route are given 1in Appendix
D.

Uiscussion of Results

The FTP and HFET test results are suwmmarized 1in Tables 1 and I1 below.
The test results of individual tests are given in Tables A-I1, A-II, and
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A-1I1 1in Appeadix A. Results of the tests using the nore aggressive
driving cycle are given 1n Table B-1 Appendixz E. Results of the accel-
eration rate tests are given 1in Tables C-1I thru C-V of Appendix C.
Results of the road tests are given in Table ILI. '

l. Federal Test Procedure Results - Phase I dynamometer testing with
Gastell

The test results are summarized 1n Table I below:
Table I

Average Vehicle FTP Emissions
grams per. mile

Test Condition HC - C0 Oy

HC co 2 NOx MPG
Buick Regal-FTP

Baseline Avg. (2 tests) .72 7.89 459 1.24 18.8
Gastell Avg. (2 tests) 1.07 7.71 464 1.01 18.5
Chevrolet Impala-FTP :

Baseline Avg. (3 tests) .63 4.80 565 1.27 15.5
Gastell Avg. (2 tests) .56 - 4,72 563 1.34 15.5
Dodge Dart-FTP , '
Baseline Avg. (2 tests) 44 6.53 . 550 2.05 15.8
Gastell Avg. (2 tests) .38 5.86 555 1.83 15.7
Gastell Frozen Accelerator

Avg. (2 tests) .53 6.76 569 1.82 15.3

Overall the Gastell Device did not show a significant positive or nega-
tive effect on vehicle FTP emissions or fuel economy.

The use of the Gastell Device as a driver's aid did not significantly
affect the vehicle's HC emissions. :

The vehicle's CO emissions were also not significantly affected by the
use of the Gastell Device.

. Castell caused mixed effects on NOx emissions. The Buick's and Dart's
FTP NOx emissions were significantly lowered. The Impala's NOx emissions
ware judged to be unchanged.

The amount the Gastell Device required the driving cycle to be modified
varied appreciably between vehicles. lhe Gastell Device typically
sounded - 2es during the standard FTP cycle for the Buick.
However, the easing off of the accelerator only caused the driving cycle
to be appreciably altered during the long hard acceleration occurring at
195 seconds in bags 1 and 3 of the FTP for the buick. For the Ilampala,
the device rarely sounded, and Lhe device only caused the driving cycle
to be appreciably modified at 195 seconds in bag 1 of the FTP. For the
Dart, the device soundem during the FTP

and appreciably altered
the driving cycle most of the tima,
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2. MHighway Fuel Economy Test Kesults - Phase I dynawmometer testing with
Gastell ‘

The test results are summarized in Table Il below:

Table II
Average Vehicle HFET Emissions
grams per mile

Test Condition HC co €Oy NOx MPG
Buick Regal-HFET
Baseline Avg. (2 tests) .07 .39 348 1.30 25.4
Gastell Avg. (2 tests) .07 .43 351 1.44 25.2
Chevrolet Impala-HFET
Baseline Avg. (4 tests) .11 .59 410 1.51 21.6
Gastell Avg. (2 tests ) .09 .07 404 1.56 22.0
Dodge Dart—HFET .
Baseline Avg. (2 tests) .05 .zl 359 3.13 24.7
Gastell Avg. (2 tests) .05 .16 359 2.20 24.7
Gastell Frozen Accelerator :

Avg. (2 tests) .08 12 303 2.84 24.7

Overall the use of the Gastell Device as a driver's aid did not show a
significant positive or negative effect on vehicle HFET emissions or fuel
economy .

The Gastell device did not significantly affect the vehicle's HC emis-
sions. The HC emissions were at relatively low levels both with and
without the usage of the device.

Although one venicle's CO decreased, overall the average emissions were
not significantly affected by the use of the Gastell Device. However,
these changes were not significant. The change in the Impala's CO emis—
sions was judged to be not caused by the use of Gastell.

Overall, the vehicle's MNOx emissions were unaffected by using Gastell.

The amount the Gastell Device required the driving cycle to be modified
varied appreciably between vehicles. The device typically signalled
during the initial long acceleration and the acceleration midway through
the cycle. The Buick's, Impala's and Dart's highway driving cycle were
only slightly modified at these points.

3. Alternative Driving Cycles Results - Phase I dynamometer testing with
Gastell

Because in the initial EPA tests Castell had, 1in general, shown no
effects on emissions or fuel economy, alternative tests were conducted in
an effort to confirm the manufacturer's claimed benefits. Since the
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contlnual modulation of the tnrottle 1in response to the device could
potentially adversely- affect vehicle ~enissions and/or fuel economy, two
alternative cycles were tried. These were the ''modified" and “frozen
accelerator'" cycles. '

The '"modified" driving cycle was an FTP (LA-4) cycle in which the vehicle
acceleration rate was reduced to a level just below the level at which
the device would signal. This smoothed the cycle and would be represen—
tative of a very experienced driver's use of the device. A "modified"
LA-4 cycle was conducted using the Buick Regal (see Table A-1II). These
"modified" LA~4 tests showed no improvement in emissions or fuel economy
over the Gastell LA-4 tests.

The "frozen accelerator" cycle was an FTP or HFET in which the driver
backed off the accelerator sufficiently to silence the Gastell Davice.
The driver then held the accelerator frozen at that setting until the
vehicle speed matched the driving trace. Frozea accelerator tests were
done for the FTP and HFET for the Dart. These tests (see Tables I and

II) showed no significant improvement in emissions or fuel economy for
either the FTP or HFET.

4, Post Test Gastell Checkout - Phase I

The Gastell units tested were provided by the manufacturer and therefore
presumed to function properly. However, since no benefits were pérceived
in the test results, the wunits were checked at the conclusion of
testing. The vacuum specifications for the devices and the results of
these checks were: '

Gastell Vacuum Checks
Inches Hg

Gastell : Gastell
6 Cyl. Vehicle Unit 8 Cyl. Venhicle Unit
On - Off 0a  Off
Mfg. Spec. 5 6 7 5
Test Unit 1 5.3 5.7 6.7 7.3
Test Unit 2 5.1 5.9 - -

Therefore, all units were found to function properly.

5. Post Test Venicle Inspection - Phase I

All vehicles were inspected at the conclusion of testing. The Impala and
Dart were acceptable. However, the buicx Regal had a noticeable vacuum
leak at the throttle shaft. The shaft had considerable lateral play.
When the shaft was sprayed with a carburetor cleaner, the engine idle
speed noticeably increased.

Since the effect of the leak would bs lowered manifold vacuum, the leak
would tend to trigger the Gastell device sooner. Therefore, on a Buick
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without the leak, Gastell would trigger less often and have an expected
lesser effect. Thus, since there was a negzligible Gastell effect on the
test vehicle's emissions or fuel economy, it is reasonabla to assume that

the Gastell would show a lesser benefit on another similar vehicle.
Therefore, the Buick data 1is included in this report.

©. Development of a More Aggressive Driving Cycle - Phase I1 modified
LA-4 and modified FTP dynamometer testing without Gastell

The original test program for the Gastell Device was based on the use of
the FTP and HFET cycles and the results showed no significant negative or
positive effect on either emissions or fuel economy. Since an accelera-—
tion limiting device was expected to reduce fuel consumption, additional
testing to 1investigate the effects of acceleration was undertaken.

Two altered LA-4 cycles were devised with greater acceleration rates at
the lower vehicle speeds. A small test sequence was run to evaluate the
suitability of these cycles for testing the Gastell Device. Yor this
study several available EPA test vehicles underwent a variety of emission
tests with modified cycles and emission tests using dynamometer coupled
rolls. Results of these tests are given in Table B-1 of Appendix B. " The
results are also summarized in Appendix B.

An analysis of the data from these tests indicated that the fuel economy
with the more aggressive cycles was not measurably different from that on
the standard FTP. Since the Gastell device had made no wmeasurable fuel
economy difference on the FIP, it was concluded that the same result
would be found with the revised cycles and no tests were run with the
device installed.

7. Fuel Economy vs. Acceleration Rate Tests - Phase 11 dynamometer
acceleration testing without Gastell

Since the net result of the preceding studies was that, for the cycles
.used, there was no effect on fuel ecconomy, a test cycle consisting
predominantly of accelerations was developed to directly quantify the
effect of fuel economy versus acceleration rate. For tihis study five
available EPA test vehicles were used. Results of these tests are given
in Tables C-II thru C-V of Appendix C and these results are plotted in
Figures C-1 thru C-5 of Appendix C.

Vehicle manifold vacuum .was measured during these acceleration tests.
Based on the vacuum levels at which the Gastell device would function for
4, 6, and 8 cylinder engines - all five of these vehicles would have
given signals at very low acceleration rates. The Citation would have
signaled at acceleration rates slightly less than 2 mph/sec. The Aspen,
Cougar, Zephyr, Pinto and Cutlass at rates near 1l mph/sec.

For this acceleration study, the average improvement in vehicle fuel
economy between worst case (greatest acceleration rate) and the lowest
acceleration rate (1 mph/sec.) was 14.6%. The improvements ranged from
6.0 to 28.9% (see Table C-III). The average improvement in vehicle fuel
economy between worst case and 2 mph/sec. was 8.5%. This improvement
ranged from 1.9% to 15.5% (see Table C-1V).



_io_

The above effects - no discernable improvement in transient {(i.e. FTP)
fuel economy even though the prececing acceleration stuay sihows differ—
ences in fuel economy - 1s explained by considering available data on

vehicle " operating characteristics 1), In these chase car studies, 1t
was found that less than 13% of vehicle operating time is spent accel-
erating and only 34% of these accelerations occur at rates above 2.2
mph/sec. Even if the l4% improvement in fuel economy was applied to all
the 134 of vehicle operation involving acceleration, the maximum possible
fuel savings would be 1.9%. To achieve these savings would require that
the driver always reduced acceleration to a level on the order of cne
mph/sec. when signalled by the device. More realistically the fuel
economy 1improvement should only be applied to the accelerations above 2.2
mph/sec. since accelerations at rates as low as one mph/sec. would many
times be unsafe. Combining the potential fuel economy improvement
(8.5%2), the percentage of time accelerating (13%) and the percentage of
time at accelerations above 2.2 mph/sec. (34%), gives an overall antici-
pated improvement of .4%. Such a fuel economy increment is below the
threshold of sensitivity for all but the most highly controlled tests.

A similar analysis can be applied to the fuel consumption data from the
GM study. It was found in that study that 20.8%7 of total fuel used per
trip is consumed during acceleration modes. Again, 1f the Gastell Device
would reduce all acceleration rates down to the order of one mph/sec.,
the maximum potential savings would be 14.6%Z of 20.8% which 1is equal to
3%. 1If the Gastell device alerts the driver to only those accelerations
above two mph/sec., then only the fuel consumption during accelerations
at rates above two mph/sec. would be reduced. This yields a potential
savings of 14.6% of (37.5%Z of 20.8%) equals 1.3%4Z. Validation of this
potential improvement would also require a large number of controlled
tests.

8. Road Tests with the Gastell Device - Phase 1I1

“During the course of the various phases of the chassis dynamometer test
program, the developer of the device, Mr. Ray Smith, was kept abreast of
the results. As more and more of the testing continued to yleld negative
results, he became critical of the chassis dynamomater procedure and made
a number of suggestions, primarily directed toward road testing of the
device. In an effort to try every reasonable possibility in evaluating
the device, his suggestion was pursued.

EPA first looked into the feasibility of a road test program in some type
of fleet operation. The basic approach was for the selection of govern-—
went owned vehicles which are operated by the same driver over essen—
tially the same route every day. After 1investigating several options,
the particular fleet considered was that of the United States Park Police
which operates in the metropolitan Washington DC area. The Park Police

(H "Measuremernt of Motor Vehicle Operation Pertinent to Fuel Economy"
(GM Chase Car Study), SAE Paper 750003, February, 1975
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A Appendlix D
Road Testing with the Castell Device

SAN ANTONIO KROAD ROUTE TES!I PROCEDURE

A. The general procedure is as follows:

4

Hote:

Drive test vehicle from Southwzst Research Institute to Layover Point.
Start Vehicle

Start Fluidyne Recorder, wait 60 seconds. Then drive road course.
Use normal driving techniques.

Return to Layover Point, shift into park, 1dle for 60 seconds. At 60
secs, stop Fluidyne totalizer and hit print button. Record fuel and
temperatura readings on work sheet. )

Shut engine off, zero and start Fluidyne timer.

At 500 seconds, start vehicle using hot start procedure.

At 560 seconds shift into drive and drive road course using mnocmal
driving technique. (Go to Step 4 - repeat as many times as possible

_before 3:00 p.m.).

The Mercury Marquis was run with 60 second layovers instead of 500
seconds.

B. General Test Requirements

1.

The first test run of each day was considered warm up aad the .data
was not used in any subsequent calculations.

Only tests tun between 9:00 a.m. and 3:00 p.m. were used due to San
Antonio traffic considerations.

Q.
o
o
T
o}

Only tests run on weekdays, Monday through Friday, were used
San Antonio traffic comsiderations.

Temparature, humidity, baromster, wind speed and direction were taken
at 9:00 a.m. and 3:00 p.n. :

All test fuel was from a single batch of Gulfnride -unleaded fuel
provided by Southuwest designated EN-356.

All test vehicle fuel tanks were drained prior to start of testing to
avoid fuel mixing.

All vehicles were specification checked and examined for propar
vacuum line routing and evidence of tampering.

The Chevrolet Citation and Mova were extensively chacked out to
manufacturers spucifications at the EPA-MVEL prior to being driven to
San Antonio.
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10.

11.

12,

13.

14.

15.

16.

_45_
Fuel Tanks o each vehicle we

re filled with EM-356 fuel each
morning. Vehicles used about 1/4 ta

ak each testing day.

Tire pressure of all test vehicle tires was checked and set to

manufacturer's specifications each morning prior to leaving Southwest
Research.

Test runs with abnormal tiwme, fuel consumption, or circumstances were
deleted from consideration. Examples of such circumstances were

funeral processioﬁs (3 occurcnces) and could not exit highway due to
traffic (1 time).

In all test days where the Gastell Device was to be used, the device
calibration was checked prior to leaving Southwest wusing the
following procedure.

An 8" diameter pressure gauge that was previously checked versus
a mercury manometer in Ann Arbor was attached to a hand vacuunm
punp which was then connected to the device. PRay Smith of
Castell had transmitted the follecwing device specificatiouns:

on OFF
4 cylinder vehicles 3.5" Hg  4.5" Hg
6 cylinder vehicles 5.0" Hg 6" hg
8 cylinder vehicles 7.0" Hg  8'"lg

The devices did not nced calibration until the setpolnts were
modified on the Nova. The calibration checks of the 8 cylinder
devices were about on at 7.0" Hg. Since these devices were
submitted by’ Ray Smith with the 511 Application for evaluation
and the specifications given in the application only specified
the ON set point, the devices werc deemed acceptable.

Testing run when the pavem=znt was wet was not used in the analysis.
Vhen pavement was damp the results were used 1f they appeared in—line
with other wmeasurements.

A minimum of 5 tests were run-with fost vehicles to familiarize the
driver with the vehicle and route. Data was not collected during
driver familarication.

e B
The fuel totalizer display was located 1n the vehicle so that the
driver could not see the display while driving.

The Fluidyne flowmesters were calibrated in July, 1980 and checked for
calibration in becember 1950.



type
Displacement
Carburetor

Transmission

axle ratio

Tive Type

Falssion Control

_tlosed loop

_[}6_
Table -1
Phase &4 Gastell Road Testiug
Test Vehicle Description

1975

1980 19380
Citation Chevrolzt Mercury
Citation Mova Cougar XR-7
142685415057 1X2715L115735 01730626537
inlinz, 4 cylinder V-5 V-3

2.5 liters 350 CID 255 CID

2 venturi 4 venturl 2 venturi

3 speed 3 spezed 3 speed
automatic automatic autowmatic
2.53 3.08 ' 2.50
radial radial radial
P185xR13 ER78x1l4 P195/75R14
EGR air .injection EGR

pwap oxlidation catalyst

3 way catalyst oxidation catalyst

1979
Hercury
Marquils

92671619190
V-5
351

2 venturi

3 speed
automatic

2.30
radiral
GR78x14

air injection
oxidation cataly
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Attachment C
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SN e :
s ~_ < UNITED STATES DEPARTMIENT OF CONMIMERCE
M . | Nationa! Bureau of Standards
%, ‘ ~‘,:“ Washington, D.C. 20234
0,'47,,0") .
October 29, 1979 .

Mr. Ray P. Smith, Jr.
P.O. Box 294
Williamsport, PA 17701

Dear Mr. Smith:

We have completed evaluation of your invention entitled "Gastell"” which
you submitted for evaluation in accordance with Section 14 of the Federal
Nonnuclear Energy Research and Development Act of 1974.

Your invention is a manifold vacuum monitoring device that signals
inefficient vehicle operation by both manual and audible indicators.

Manifold vacuum is a recognized reliable measure for indicating engine
operating efficiency. Devices to enable drivers to make beneficial

use of the measure have been, as you know, on the market for a long

time. Such devices can certainly be of significant value in enabling
-motivated drivers to reduce fuel usage by increasing operating efficiency.

We wish toé encourage use of engine efficiency indicators as a means

to reduce automotive fuel consumption. While there have been recent
warnings by such Federal agencies as the Federal Trade Commission,
against use of automotive devices which purport to save energy, devices
such as yours should not be included in the warned-against class.

Your particular device is seen to have special value in view of the
audible signaling feature. Nevertheless, this engineering improvement
does not comstitute new technology of the type appropriate for support
under this program. We regret, therefore, we are unable to justify

a recommendation to the Department of Energy.

While "Gastell" does not qualify for support under this program, you
may wish to contact the Small Business Administration (SBA) for assis-
tance under their loan or other programs. A district office of the
SBA is located at:

Penn Place
20 N. Pennsyl¥ania Avenue
Wilkes-Barre, PA 18702
(717) 826~6497

If you do contact the SBA, this letter will attest to our opinion that
your device is technically sound and commercially competitive, and that
its installation and use in automobiles can lead to significant fuel
savings by the drivers of such vehicles.
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We wish you success in your marketing efforts. Thaunk you for your
interest in our program. ~

Sincerely,

)|
Jiages

f, Office of Energy-Related Inventions
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DON'T WASTE
ANOTHER
DROP OF GAS

GASTELL
SENSES
MANIFOLD CONDITIONS

DRIVE WITH THE GREEN
AND SAVE UP TO 30%
AT THE GAS PUMP!

DO-IT-YOURSELF
INSTALLATION

GASTELL PRE-SET MODELS

i MODEL © FOR:
T.M, 2004 4 cvlinder engine
E 2005 5 cylinder engine
2006 . 6 cylinder engine
2008 8 cylinder engine

Any mechanic will tell you that the best measure of an engine’s fuel efficiency
is its ratio of fuel-to-air intake. And the best way to measure this efficiency is
the GASTELL. Gastell is the revolutionary electronic sensor that converts its
signals to instant visual and audible indicators. This alerts you automatically
and your eyes never have to leave the road.

Simply stated . .. the lower the intake manifold pressure, the more fuel and
less air the engine takes in. Pressure must be maintained at sufficient levels.
When your car is running properly, getting optimum mileage and has suffic-
ient pressure, a green light will show on Gastell. A red light and audible tone
will tell you when you're wasting gas, by improper acceleration, or even
because of faulty ignition, carburetion or spark plug performance. There is
no simpler, better way to know at every moment whether vour car is getting

its top mileage.

Gastell will help vou train vour foot to maintain the most efficient level of
fuel intake, and can signal waste caused by other unseen engine problems.
It will not alter engine performance by itselt like some other so-called gas
saving devices and accessories which can be expensive, can actually reduce
efficiency, shorten spark plug life, even void manufacturers’ warranties. Gas-
tell is completely safe for your engine -- and makes you a smarter driver!

Gastell installs in three easy steps. 1) Two connections are simply inserted
into an electrical circuit. 2) The third connection, a “T"" connection, is spliced
into the auto’s common vacuum system. 3) The attractive, compact (4" x 34"
x 2%") unit is then mounted on or under the dash panel, where its wood-
grain finish coordinates beautifully with most auto interiors.

tDetailed installation instructions included with each GASTELL;

ZYAUTOMOITIVE DEVICES, INC.

129 Susquehanna Street, P.O. Box 3513, Williamsport, PA 17701

179-6MPL FORM G201
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Attachment F
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4 AN T - L
gS=728 AUTOMOTIVE DEVICES,INC,
CXU\CONA S

< 129 Susquehanna St.. P.O. Box 3513, Williamsport, PA 17701 Phone 717-326-5278

%N/’ 00 55
743 Amﬁi‘.g&\
Q'! EEQ& .

FROM THE DESK OF RAY P. SMITH, JR., PRESIDENT

GASTELL can give advance warning of other mechanical defects which

could cause breakdowns:

Faulty emissions system.
Intake manifold leaking.

Burned valves.

Spark plugs fouling.
Accelerator pump malfunctioning.

Carbuerator malfunctioning.

Carbuerator flange gasket leaking.

Engine‘timing off.

W 00 N OV O B W N

Brakes hanging up.
10. Tires air pressure too low.

11. Will tell you if engine is running.
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Telephone 717-326 33522

: 323-0843

Telex: 84-1424

INTERNATIONAL MARKETING CONSULTANTS, INC.

" 441 HEPBURN STREET
P. 0. BOX 1383
WILLIAMSPORT, PA 17701

June 18, 1979

Automotive Devices Inc.
1311 Washington Bivd.
P.0. Box 294
Williamsport, Pa. 17701

Attn: Raymond Smith

Dear Mr. Smith:

I thought I would let you know how my Gastell has been working out. I
have been using it for about 10,000 miles now and it has given me no
trouble at all, and I am very pleased with it.

Before I received the Gastell I had always considered myself to be a
very conservative driver, careful not to overaccelerate and waste gas.
However, after installing the Gastell, I received a real surprise. 1
found that my "easy" accelerations were actually sounding the buzzer,
and I learned quickly how to efficiently depart from a light or stop
sign. .

Khat came as a real shock was the results in hilly country. I was a-
mazed at the tremendous gas waste when trying to maintain speed on hills.
I have since changed my habits to go slower up hills and use the lower
gears of my automatic transmission, then speed up on the downside. I
get to my destination about the same time, but with a lot more gas left
than before. -

I really appreciate my Gastell; it has paid for itself several times over.

Syncerely, !
Ao 1 ‘{
A .&ANLJ g | e
David C. Reynolds
Vice-President of Operations

/gs



Attachment G-1
WILLIAM R. SIMONS, SR., President

Tt Hharuaan Aency. e e

Insurance for Every Purpose

420 WILLIAM STREET o  WILLIAMSPORT, PA. 17701
Phone 326-7241

June 15, 1979

Antomotive Devices, Inc.
Box. 3513

129 Susquehanna Street
Williamsport, Pa. 17701

Attention: Mr. Ray Smith
RE: Gastell

Dear Ray:

When I had a Gastell installed in my car, I had explained to
you that it probably wouldn't make much difference in my gas
consumption, since I was such a conservative driver.
How wrong I was! I have increased my mileage by 40%!! Maybe
- I am doing better than most because I have really started
watching my driving since I got the Gastell installed., I'm
keeping highway speed down to 55 miles per hour. At the
lower speeds, Gastell keeps me in line. You have turned a
cynic into a believer. Three tanks of gas have paid for
the Gastell. I have enclosed a check for another unit.
I am going to put a Gastell on my wife's car. I can>t
afford not to. : .

Thanks for developing such a great product, esoe01a11y since

we all ne=d to conserve on our gas usage.

Sincerely yours,

WILILIAM R. SIMONS
President

WRS/ms
encl,
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COMPANY INC.,GENERAL OFFICE
215 CENTRAL AVENUE, LOUISVILLE, KENTUCKY 40277

REPLY TO:
BUFFALO BRANCH OFFICE
P. O. BOX 189
4254-56 NORTH BUFFALO STRE:ET
ORCHARD PARK, NEW YORK 14127

June 19 , 1979 TELEPHONE: (716) 662-3831

Automotive Devices Inc.
Box 3513
Williamsport, PA 17701

Gentlemen:

In an effort to "“beat the Arabs" my wife sold her 8MPG Ford LTD
station wagon and bought a Ford Fiesta. The first few tankfuls
of gas got about 28 MPG. The difference between the Fiesta and
the LTD was so striking that it became a game to see just how
much mileage could be wrung out of the Fiesta. Careful driving
would yield about 32 MPG in town, and about 37 MPG on the highway.

In April of this year we installed a "'Gastell." Since the installa-
tion of this unit, we have never gotten less than 38 }MPG in town,
and on a recent trip on the open road, we got 43 MPG.

By this letter, I wish to order two (2) "Gastells" for the Company
cars in the Buffalo Sales Office. I have calculated that if we
get the same percentage increase in our mileage, we will save from
$450 to $500 per year.

L4

The cars are both Chevrolet Chevelles with V-8 engines. Please
bill to the above address.

Sincerely,

Wtet-C. Lo b

Robert C. Bradshaw,
Branch Manager/Buffalo Sales Office

RCB/k
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- COUNTY NATIDNAL BANK
Clearfield, Pa. 16830

CLEARFIELD, KARTHAUS, MADERA, OSCEOLA MILLS, PHILIPSBURG AND DRIVE-IN AT CLEARFIELD

. DAVID M. RODGERS
Yice President
June 19, 1979

Automotive Devices, Inc.
P.- O. Box 3513

Williamsport, Pa. 17701

Gentlemen:

I drive a 1978 Chfysler LeBaron with a 318 8-cylinder
epgine.

It is a pleasure to tell you that by adjusting my
driving to your "Gastell," I know my gas mil%agé has improved

by more than the 30% you suggested I might get.

D. M. ReQagrs

DMR/wcc
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FACTORY TRAINED EQUIPMENT DEALER FOR 25 YEARS
GERALD F. YODER

Box 203, R.D.42

LINDEN, PENNA. 17744
PHONE AREA CODE 717 . *--~ . 494.0293

June 30, 1979

DEAR SIR:
I am well pleased with my gas saver.

I have a 1974 International truck with 8 cylinder, 345 engine. I have checked
carefully and found that I have saved over 14% on my gas.

I would like to see every car and truck use a gas saver.

jj:z; truly, 72
AT Wéz/

Gerald F. Yod & Sons
R.D.#2

Box 203,

Linden, Pa. 17744

phone 494-0293
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ETL Testing Laboratories, Inc.

Formnrly Electrical Test/ng Laboratar/es Inc.

Industrial Park Cortland, New York 13045 Telephone 607-753-6711 TWX510 252 0792

- Testing Inspection Certification

Acoustical ‘@ Air Conditioning & Refrigeration ® Chemical e Electrical e Mechanical e Photometric

September 5, 1979

Mr. Ray P, Smith, Jr.
President

AUTOMOTIVE DEVICES, INC.
129 Susquehanna Street
P, 0. Box 3513
Williamsport, PA 17701

Dear Mr., Smith:

In reviewing your letter regarding testing of your product,
GASTELL, to substantiate claims made by your company, we have
come to the conclusion that we do not have the expertise nor
facilities to conduct such a program. On a subject that is
quite controversial these days, we feel that you require a lab-
oratory that has more versatility with gasoline engines than
we have here at ETL.

In view of the above, ETL is respectfully submitting a
"No Bid" to your letter request. We wish to thank you for the
opportunity to review your requirements and we are sorry we
could not be of assistance to you.

Very truly yours,

Qﬁ*‘@w//

C. F. Robdb
Manager
Mechanical Division

CFR/cks

An independent, employee-owned organization testing for safety and performance.



Attachment H

11/12/79
TEST VEHICLE: 1978 Mercury Cougar; V-8;
352; automatic transmission
OQUTSIDE - TEMPERATURE: 51 degrees
WIND VELOCITY: 0 M.P.H.
HUMIDITY: 80%

EACH TEST HAD THO (2) PASSENGERS, ONE DRIVER PLUS TEST INSTRUCTOR.

Gas mileage tests were conducted on seven individuals; three
of the seven had prior knowledge df GASTELL. The four participants
who did not, were told they wefe being'testéd to see how many miles
per gallon they could get on the vehicle they were to drive. The
course length was 2.5 miles aﬁd.consisted of start/stop driving and -
also hills with very moderate elevations. Al1l test applicants were
"given 2/10 of a gallon of gas to run the course.

It is my impression that the fac£ that individuals knew they
were being tested had some bearing on their driving behaviof, in
other words, the Hawthorne effect. |

On the first test run, the drivers were instrﬁcted to drive just
as they would with their own vehicles. The GASTELL was turned off
and it could not be seen. Each applicant's test sheet is marked
W/ GASTELL and W/0 GASTELL.

The Course was run one time with each individual without GASTELL
the mileage being recorded. Then GASTELL was turned on and each
pérson was instructed to ease up on the accelerator each time they
4 heard a beeping sound from GASTELL. Mileage again was recorded at the
end of the 2.5 mi]es; With the exception 6f one applicant, each re-

ceived significant improvement in mileage. The applicant who did not



had been driving with the use of a GASTELL for almost two years
and had therefore established good driving habits. 'Tést participant
number 2 was the same app]ic;nt as number 1, but was accelerating
"briskly" upon acceleration, driving the same course as that of
test (1). The difference in mf]eage from "moderate" acceleration
to “briskly” amounted to 10% loss in fuel economy.

~Test participant Number 7 had a different driving course which
was all up hill. Acceleration for the distance 2.35, was "briskly"

at times on the first run. The second test was with "moderation”.



Multiply distance traveled by 10.

Divide by 2. - = Miles per Gallon

First test without GASTELL
Second test with GASTELL

Take lowest figure(miles per gallon), subtract from maximum mileage

obtained with use of GASTELL to determine miles per gallon improvement.

Divide Towest m.p.g. into improved percentage

Ex.  10.9 miles per gallon
1.7 miles per gallon improvement

divide 10.9 into 1.7 = 15.5



DCR # 1 |
W/ GASTELL 2.52

W/0 GASTELL 2.19
.33

%=.33

2.19

DCR # 2

W/ GASTELL 2.25
W/0 GASTELL 1.85
| .40

%= .40

1.85

12.6
10.95
1.7 m.

15% improvement

11.25
9.25
2.0 M.

21% improvement



S.B.

A.B.

73
W/ GASTELL
W/0 GASTELL

% inc. = .35

#4
W/GASTELL
W/0 GASTELL

I
w
[Sa]

%inc.

2.60 13.0
2.25 11.25
.35 1.8 m.

15% improvement

2/10 of gallon used

2.60 13.0 mpg
2.05 10.25 mpg
.55 2.7 m

26% improvement



J.M.  #5

W/ GASTELL 2.3 11.7
W/0 GASTELL 1.93 9.65
41 2.05m.

21% improvement

%= .41
1:93
B.R. #6
W/ GASTELL 2.52 12.6
W/0 GASTELL 2.52 12.6
% = 0%

Subject had approximately 2 years drfving with GASTELL



R.S. #7

W/ GASTELL
. W/0 GASTELL

% Inc.= .63

1.72

2/10 gallon used

2.35 11.75 mpg
1.72. 8.6 mpg
.63 3.1

36% improvement
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OOM:‘ND Ta&iggRTAﬁ'xon ° ?")nge ni -f\gpres"ntatlh 3 Wuuusaog:.’;;.;;:;v:xu 17
"COMMITTEE ON SCIZNCE _ Wagb in aton, D.E, 20;)15 MunciraL Builoma
AND TECHNOLOGY ] ’ . SUNBURY, PENNSYLVANIA 17301
. ’ . ) ¢17) 285-840
. ‘ April 10, 1979 '

Mr. Ray P. Smith, Jr.
Automotive Devices, Inc. , e -
129 Susquehanna Street - LR R el s
P.O. Box 3513 ' ‘ . :
Wllllamsport, PA 17701

Dear Ray

'Thank you for your very powerful letter regardlng your ‘recom-
mendations for energy policy in general and automoblle fuel
eff1c1ency 1n partlcular. : . : :

I am well'vaualnted w1th your expertlse in the area of auto—
mobile technology, and with your opinion of the catalytic con-
verter as well. As a matter of fact, I credit the informa-
tion which you and a handful of other constituents have pro-
vided me on' the subject of improving the car with (if you'll

- pardon the expression) "sparking” the idea for a radio show.

. I recently interviewed a member of my subcommittee's staff
whose expertise is in this area (even though my subcommittee--
Energy Development and Applications of the Science and Tech-
nology¢Committee no longer has jurisdiction over automobile
technology R&D). - He provided some 1nterest1ng data on the
status.of the turblne and stlrllng englnes research and de-
velopment programs.

Of equal 1mportance, as you p01nted “out, " are the questions of
fuel economy and emissions control, which seem to be working
at cross purposes. Are clean air standards belng achieved at

‘ Athe expense of mileage performance, and if this is the case,
is it necessary and/or desirable? Fuel efficiency gains to
date have been achieved more through making cars smaller and
lighter rather than through any actual improvements in tech- . - "
nology. - These are all difficult issues, a review of which a - - -
number of congressional committees have already undertaken. .
I think Secretary Adams' call to "reinvent the car" has real- .

1y breathed new life into the quest for more fuel efficient

and cleaner cars. The question is now, how do we translate
this lnto acrual products’ Co. :

I certalnly appreciate your keeping‘iu touch with me on this
lssue. Your input has been extremely helpful.

L THIS TI‘ATICNERY PRINTED ON PAPER MADE WITH RECYCLED FIBERS

R T
v e




MR. RAY P. SMITH, JR.
April 10, 1979
page_z : -

Encloéed please’find a copy of an Environmen

tal Stu

dy Coﬁfe

ence Report on "fuel switching"” (mentioned in your letter)

which I thought might be of some interest to

.Y
E. Ertel:

you.

r—.

- &l



Attachment I-2

November 8, 1979

George P. Lewett, Chief
Office of OERI

. U.S. Department of Commerce
National Bureau of Standards
Washington, DC 20234

‘Dear Mr. Lewett

This is in regard to the eva1uat1on of the 1nventicn entitled
GASTELL. Thank you so much for theé _favorable comments in re-
gard to feasibility and technical soundness. 1 am somewhat
disappointed inasmuch as the evaluation only considered the
aspect of the vacuum monitoring devicel/ Obviously, when 1
presented the idea to OERI, this aspect and operation concept

had already been designed and was.being marketed. If you read
the patent application submitted with the evaluation application,
you will notice there was the automatic version of GASTELL that
‘needed further research and development. It is the automatic
version that would nost qualify under your program as an energy
saving invention.. Your evaluators researching this aspect of

" the device have failed to recognize the most important part of

- the application. It is. in this area that I needed research and
'deve]opnent tethnica]'expertise and funds to do the same. :
f.‘;
"In your letter, you recogn1zed that the manifold vacuum is a :
reliabte measure for indicating engine operating efficiency. I
disagree with your statement that infers devices like GASTELL .-
-have been on_the market for a long time. Detroit builds dnto :
some automobiles as an option, fuel useage lights. There are °
other devices on the market that are similar in the sense that they
use lamps, but they all differ dramatically from that of GASTELL.

- None of the competing devices work the same as GASTELL or are as:
simpl1fﬁed, in a compact one-piece unit. Your evaluators falled

to recognize these points) also. . -5__

Further, you state this device does not constitute new techno]ogy

of the type appropriate for support under this program. You regret,
. therefore, you are unable to justify a recommendation to the
- Department of Energy. You further state your letter will attest® °
to your opinion that our device is technically sound and commercially.

eeel



Mr. George lLeyett, Chief
November 8, 1979
Page 2

competitive in that its installation and use in automobiles
can lead to significant fuel savings, by the driver of such
vehicle. If such is the case, why shouldn't OERI recommend
the device to the Department of Energy without financialsup-
port? It would seem to me that this is a function of OERI, to
to pass on the latest State-of-the-Art in energy:producing or
sav1ng technology to the Department of Energy. \

R S
F1na11y, the 1etter to me reoard1ng the compTéted: evaluation
is of no use to me to show a potent1a1 buyer who, as a.resuit of
the Government publicity, hesitates’to. buy any gas-saving device.
"If at all possible, I would appreciate very much if you could
- write a letter to me extracting.from the evaluation the good
./ points which wou1d be of lnterest to potential bUJers.

i‘Svncere]y, if}[: \\\\\\5/
AUTOHOTIVE nzvzcas,,rwc ""“\\

l,.:;" ..

i Ray P. Smith"dr. N
* - President.” :

RPS,J r;/ ;/dwt ,



Attachment J-1

occurred during the same time span under the sane conditions. Thus, if the
results from any of the treatment groups in Phase 11 are significantly different
from the results from any other group, ;hese differences can be justifiably
assigned to the treatment effects.

Comparing each treatment group to the control group in this manner
will determine whether the test treatment has a significant effect. In
addition, using the analysis of variance, it is possible to determine whether
one treatment had a significantly different effect than another treatment.
Therefore, this method is the only valid way to compare treatment effects.
RESULTS

The test data were aggregated using two different methods. The first
method, termea "Average Group Fuel Economy"'assumes that each monthly vehicle
fuel economy reading (monthly miles/monthly gallons) is- equally important. In
essence, this method gi§es equal weight té_each vehicie. The second method,
termed "Fuel-Weighted Average Group Fuel Economy,” assumes . that each gallon of .
fuel 1s equally important. The results are presented, using both methods, in

Tables S.1 and S.2, respectively.
The Average Croup Fuel Economy data were subjected to statistical analysis

in order to determine whether real (i.e., non-random) fuel economy improvements

had occurred. This analysis indicated that five of the eight treatment groups

experlienced statistically significant improvements. Although both urban and
o)

highway segment test groups met the statistical requirements for significance,
the highway scgment improvements are considered more reliable due to the
existence of several factors which complicated the statistical analysis

performed on the urban fleet.

xiv



Attachment J-2

stopping, hill climbing and hili descending should be investigated to
aetermine the optimum techniques for use in driver energy awareness
training curricula. This type of research activity has two-fold
importance: the research can provide useful information for energy
conservation and policy decisions using existing technology, and the
interest in fuel economy exemblified by the projects will provide an
example of energy conservation activities which could be pursued

by other vehicle fleet operators.

Further analysis of the data collected during this test project 1is
recoﬁmended, specifically in the areas of statistical methods, driver
characte;istics, vehicle characteristics, the Hawthorne effect,
correlation of fuel ecénomy with driver characteristics and job
assignments, and other parameters that may assist in explaining data
inconsistencies or observed anomalies.

It is recommended that the Federal Government consider Lanstitution of
the requirement that all applicants for federal driver's licenses
(both government employees and government contractors) complete
training in driver energy conservation awareness prior to licensure.
It is recommended that a teaching textbook bé prepared for vehicle
fleet operators. This text should also be suitable for use by the
public school system and the general motoring public.

It is recommended that further research in human factors be initiated

in order to develop more effective mathods of providing audio/visual/

- .

tactile feedback to the vehicle driver, facilitating fuel-efficient

driving behaviors.



