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SECTION I

INTRODUCTION

This document presents the Structured Value Analysis (SVA) Model
developed for the Division of Advanced Automotive Power Systems
Development (DAAPSD), Environmental Protection Agency. The model will
provide a tool for DAAPSD to use in evaluating advancaed low-emission
power systems, and a basis for decisions relating to further develop-
ment of candidate power systems.

The Advanced Automotive Power System (AAPS) program is directed

toward the "goal of producing an unconventionally power, virtually

pollution free automobile within five years."* To achieve this
goal, the AAPS program provides for the development of available
candidate power systems from design into first generation hardware
and then through‘a secon& generation system for demonstration
before 1975. The AAPS program will result in the demonstration of
two systems which'will be able to compete technically, economically
and commercial}§ with the gasoline-fueled, spark—igniticﬁ,_internal
combustion engine,

In order to achieve this goal, a large ﬁumber of AAPS candidates
must be evaluated, with those holding the most promise proceeding
into the full scale development program which will lead to success-
ful demonstration by 1975. Throughout the program, the number of
candidate propulsion systems must be progressively reduced. This
requires that frequent formal reviews and evaluations be conducted

in order to insure that those systems selected for development meet

*
President Nixon's Message on Environment, February 10, 1970.
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the emissions standards of the Clean Air Act and can compete tech-
nically and economically with the conventional automobile power
system.

The technique for evaluating the AAPS candidates must be
quantitative and readily adaptable to the stage of a candidate's
development. In addition, the technique must rely primarily on
engineering measurements and provide consistent,repeatable results.
Finally, the technique must allow the use of expert value judgments
as a valid part of the evaluation process. The AAPS Structured
Value Analysis model described in this report provides these nec-
essary evaluation technique characteristics.

The first step in establishing an evaluation technique is to
identify those parameters which, when measured, will provide the
information needed to describe and adequately evaluate the AAPS
candidate. Section 2.0 provides the list of the parameters, the
measurement scales and the rationale for the parameter seleétion.

The measurement scales are based principally on the DAAPSD Advanced
Automotive Power System Program 'Vehicle Design Goals - Six Passenger
Automobile (Revision B-February 11, 1971," 11 pages) (Appendix I).

Section 3.0 presents a discussion of the cost and economic
factors critical to the evaluation of AAPS candidates, Consideéation
is given to the research and development costs, cost to the consumer,

economic reallocation, and cost to governments.



The analytical formulation of the AAPS Structured Value Analysis
model is addressed in Section 4.0. Included are the value functions
whichirelates ,the parameter measurements to a value to the user, the
user in this case being DAAPSD acting as agent for the motoring
public. Also included are value sets of parameters for eight evalua-
tion categories: emissions, operating performance, acceptability,
operating environment, safety, personnel and facilities, propulsion
system technology and reliability and maintenance. Finally, a total
AAPS value set is presented. This system value set will allow a com-
posite value score over the eight evaluation categories to be
assigned to an AAPS candidate.

Section 5.0 contains the results of the sensitivity analysis
conduceed on the SVA model. The'parameters with the most inflﬁence on
the value scores in each evaluation category are identified. Those
parameters which have the least impact on value scores are also
identified and are considered for deletion from the model.

A discussion of Structured Value Analysis and a description of

the SVA computer program are contained in Appendix I1I.



SECTION II

EVALUATION PARAMETERS

2.0 INTRODUCTION

This section presents the preliminary list of parameters used
to describe low emission advanced automotive power systems. The
rationale for their selection and scales of measurement including the
maximum and the minimum of the range are included.

The selection of the parameters was made independent of any parti-
cular advanced power system technology. As such, the parameters will
be applicable to the evaluation of any candidate low emission power
system in any stage of development. It should be recognized that it
may not be feasible to get actual measurements for all parameters
during the early phases of the Advanced Automotive Power System program,
since many candidate systems will be in the 'paper design' stage and
"hard" test data will not be available. Therefore, it will be necessary
to establish a measure of uncertainty for selec?ed parameters where
validated engineering data are not available.

The ranges of values for the parameters were based primérily on
the Advanced Automotive Power System ''Vehicle Design Goals - Six
Passenger Automobile (Revision B - February 11, 1971 - 11 pages)."
(Appendix I) The maximum and minimum data points are established
for evaluation purposes only and should not be construed as goals.

For example, the maximum values for several performance parameters
represent maximum safety values; thus, actual performance above
these maximums is not.recommended (i.e., a maximum speed capability

above 110 mph is considered dangerous).



The parameters have been divided into eight major categories as
follows:

1. Emissions

2. Operating Performance

3. Acceptability

4, Operating Environment

5. Safety

6. Personnel and Facilities

7. Propulsioﬁ System Technical Characteristics

8. Re;iability/Maintenance.

The remainder of this section presents descriptions of the indi-
vidual parameters. The value judgment curves for the parameters are

found in Section 1IV.

2.1 Emissions

2.1.1 Carbon Monoxide

CO is the most abundant and widely distributed gaseous pollutant,
with the automobile causing approximately 907 of the total. Destruc-
tion of CO is almost entirely natural; however, the processes involved
are poorly understood. The toxic effects of carbon monoxide on humans
have been known and gtudied for some time. The primary effect is based
on CO's strong affinity for hembglobin, with which it combines much
more readily than oxygen, to form carboxyhemoglobin. This reduces
the capacity of the blood to transport oxygen from the lungs to the

tissues of the body. The source of 90% of the carbon monoxide in the



atmosphere is the exhaust of the internal combustion engine (ICE).
Considerable progress has been made in recent years in reducing the
CO emissions from the ICE. As a result carbon monoxide outbut from
the average new vehicle has been reduced from 85+ grams/vehicle mile
for uncontrolled vehicles to 34 grams/vehicle mile with the introduc-
tion of exhaust controls on the 1968 models.

A number of State and Federal automobile exhaust standards for
CO emissions have been established by the Clean Air Act for 1975
model year vehicles. Considerable promise is shown in meeting most
standards and goals through the use of alternative propulsion systems
or advancing the state of the art in controlling CO emissions from
the IC engine. Emission characteristics for a number of alternative
propulsion systems and from a modified IC engine are compared to a
number of goals and standards in Figure 1. For the purpose of
evaluating advanced automotive propulsion system emissions, a range
of 3.4 grams/vehicle mile to 4.5 grams/vehicle mile is chosen.

(Curve 1.1)

2.1.2 Hydrocarbons

Hydrocarbons, parts of the fuel not burned in the normal IC
engine combustion cycle, are released into the atmosphere. Approxi-
mately 50% of all hydrocarbons released into the air come from the IC
engine. While no direct health effects have been shown for hydro-
carbons in the atmosphere, they do have an indirect effect through

their participation in photochemical reactions which result in the
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formation of smog which does produce plant damage, eye and respiratory
tract irritation, and reduced visibility. Hydrocarbons are released
into the atmosphere from three sources on the automobile: exhaust, 55%;
fuel evaporation from the fuel tank and the carburetor, 20%; and
crankcase blowby, 25%. The crankcase blowby was the first source of

IC engine emission to be controlled. All new cars sold iﬁ this

i
country after 1962 have crankcase blowby control devices, thus elimin-
ating hydrocarbon emissions from this source. Reductions in hydro-
carbon exhaust and evaporation emissions will further reduce hydro-
carbon emissions to approximately 3.4 grams/vehicle mile for 1972
automobiles. 'This represents a 70% reduction compared with 1962 and
earlier models without controls.

Further reductions in hydrocarbon emissions must be made since
more stringent standards and goals have been established by state and
Federal authorities. These standards and goals are shown in Figure
2, The goal of 0.41 grams/vehicle mile has been established by DAAPSD
and the Clean Air Act for advanced automotive propulsion systems.
Figure 2 also shows that many of these standards and goals are tech-
nically attainable through the use of alternative propulsion systems
or a modified IC engine.

For the purpose of evaluating advanced automotive propulsion system
emissions, a range of 0.3 grams/vehicle mile to 0.5 grams/vehicle mile

has been chosen. (Curve 1.2)
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2.1.3 Oxides of Nitrogen

NOx is also a product that forms from combustion, with the exhaust
being the source for all automobile emissions. The oxides of nitrogen
are major participants in the formation of photochemical smog with
the most significant one being nitrogen dioxide (NOZ)’ a yellbw brown
gas, which significantly reduces atmospheric visibility at low concen-
trations. It is known to be toxic to man; however, the low concentra-
tions which occur in the community atmosphere have not been identified
as damaging to health.

NOx has been the last of the major automotive pollutants to come
under control. Control of NOx was started on some 1970 model auto-
.mobiles in order to meet the 1971 California Standard of 4 grams/
vehicle mile. The Federal Standard of 3 grams/vehicle mile is to go
into effect in 1973. Longer range goals have been established by

Federal, State and Local Governments. Among these are:

a. 1973 California Standard - 1.3 grams/mile (reported
as N02)

b. New York City - .9 grams/mile (reported as NOj)

c. DAAPSD goal - .4 grams/mile (reported as NOjp)

d. Clean Air -Act Standard 1976 - .4 grams/mile (reported
as NO37)

These standards are illustrated in Figure 3.

Research has established that NO, emissions can be substantially
reduced. The modified IC engine and alternative propulsion systems, as
shown in Figure 3, offer considerable promise in meeting the established

standards and goals.
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For purposes of evaluating advanced automotive propulsion system
emissions, a range of .35 grams/vehicle mile to 0.5 grams/vehicle mile
has been established. This range encompasses all known goals and

standards to be met after 1975. (Curve 1.3)

2.1.4 Sulfur Oxides

The conventional internal combustion automotive power plant
emits small amounts of sulfur oxides from the exhaust; howeQer, no
standards have been set for control of this automotive emission.
Generally the amount of sulfur in gasoline is quite low and as a
result the automobile emits about 0.3 grams/vehicle mile of SOX. This
accounts for less than 4% of the total sulfur oxides input to the
atmosphere.

While SOx emissions frpm existing IC engines are low, the relative

toxicity of SO, compared to CO (100 to 200 times greater) strongly

2
indicates that the AAPS program must consider this pollutant in the

evaluation of futur; power systems tc insure that SOx emissions
resulting from the use of automobiles remain at acceptable levels.

The largest known potential problem with SOx emissions exists in the
case of extensive use of an electric car. The SOx emissions would

come not from the automobile itself, but from the fossil fueled
electric generating station which supplies the energy needs of the car.
According to reference (18) a full size vehicle with air conditioning

and power conveniences would use 0.5 Kw Hr/mile of electric power

Generation of this power would require 0.95 1b of 12,000 BTU/1b coal. If

12



the sulfur content for fossil fuel burned in electric generating plants
is restricted to 0.6 1b sulfur per million BTU, the above veﬁicle
would cause the emission of 6.2 grams of 802 per vehicle mile.

For the purpose of this study only primary SO2 emissions will be
evaluated to prevent serious complications which would arise if
secondary pollution from oil refineries, etc., were included for other
fuels. However, in the final selection process such potential secondary
pollution problems should be studied in light of new technology for
reducing electric generating plant emissions.

The upper limit for direct SOx emissions (measured as 802) for
this study is set at 0.5 grams per vehicle mile. The lower limit is

set at zero. (Curve 1.4)

2.1.5 Particulate Matter

Particulate matter emitted from automobiles is for the most part;
submicroscopic liquid and solid particles. It is thqught that these
particles serve a; condensation nuclei which may absorb pollutants.
These submicroscopic particles thus act as carriers for other pollu-
tants. Since they are extremely small and are airborne, these
particles can be ingested into the respiratory tract without being
intercepted by the nose or throat. It has been pointed out that a high
concentration of potentially active nuclei from auto exﬁaust may be
a significant factor in the formation of ice crystals. Such nuclei
consist, apparently, of very small lead residues which react with

atmospheric iodine to form lead iodide.
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Lead particulates result from the burning of gasoline with lead
additives. About 707 of the lead used in gasoline is emitted from
the tail pipe: 307 settles almost immediately to the ground; 40%
becomes airborne and can be ingested by humans,

Particulate emissions including lead for the uncontrolled auto-
mobile are approximately 0.3 grams/vehicle mile. As of now, no
standards have been set for these particulates.

For the purpose of this study a range of 0.0l to .075 gram/vehicle
mile was chosen for particulates. This includes the goal of 0.03 grams/

vehicle mile established as a goal by DAAPSD, (Curve 1.5)

2.1.6 Smoke

Emission of visible smoke from properly maintained internal
combustion engines is essentially non-existent. However, other engines
such as the diesel and gas turbine do emit visible smoke. This smoke
is in general a nﬁisance and is not particularly harmful.

Tests have been conducted on diesel engines to determine the
opacity of smoke emissions. Using a U. S. Public Health Service
full-flow light extinction smokemeter, the percent light obscured
ranged from approximately 207 to 357 at maximum power. Federal
standards have set the following opacity maximums for diesels:

1) 40 percent during the engine acceleration mode;

2) 20 percent during engine lugging mode.

The Advanced Automotive Power System program vehicle design goals

do not establish a level of opacity for the new power system. However,

14



it is felt that visible smoke should be held near zero opacity.
Therefore, a range between 1% and 4.5% opacity was chosen, assuming
the Public Health Service smokemeter as a standard measurement instru-

ment. (Curve 1.6)

2.1.7 0Qdor

The odor nuisapcé is minimum from a well maintained gasoline IC
engine. However, other engines do emit odors which may be objection-
able to the general public. For ekample, diesels and aircraft turbine
engines do emit odors which are a nuisance.

The measure of odor is based primarily on judgment. The Public
Health Service has developed an odor quality/intensity kit which can
be used as a "baseline" for the measure of odor.

The Advanced Automotive Power System program vehicle design
goals do not proviﬁe a goal for odor. Nevertheless, new automotive
propulsion systems must not emit an objectionable oder, and, therefore,
odor emission must be considered in the evaluation of propulsion
systems. Three poinfs on a judgment measurement scale for odor can
be established: undetectable; detectable; objectionable. Judgmental
ranges around these points can be established based on the percentage

of a test panel of people objecting to a given odor as follows: (Curve 1.7)

JUDGMENT SCALE DETECTING ODOR OBJECTING TO ODOR
Undetectable 0-207% 0
Detectable 20-807% 0
Objectionable 80-1007 Greater than 20%

15



2.1.8 Noise

Traffic noise has become of increasing concern in recent years
and ways are being sought to reduce it, Vehicles make more noise at
some times than at others depending upon their mode of operation and
condition of maintenance. Measurements taken at roadside, i5 feet
from a car going by at 60 mph, indicate that the nosie level ranged
from 66 to 72 dBA. At full throttle the nosie level was 75 to 91
dBA.(lz) Other studies(13) showed that passenger cars traveling at
between 30 and 40 mph produced levels on the order of 65 dBA with a
range between 59 and 71 dBA when measured at 50 feet.

Basically there are two types of noise generated by an automo-
bile: tire, and engine and exhaust noise. The amount contributed by
each to the total noise generated is not known.

SAE standard J986a "Sound Level of Passenger Cars and Light Trucks"
has established a.ﬁaximum sound level of 86 dBA measured at 50 feet
and fuli throttle. DAAPSD has established a maximum level-of 77 dBA
in the vehicle design goals. In addition, DAAPSD has established a
maximum low speed level (30 mph) of 63 dBA and an idle level of 62 dBA.

For the purﬁoses of this study three ranges have been established.
These are as foliows:

Maximum external noise level (Curve 1.8) - 71 dBA - 83 dBA

Maximum external low speed noise level (Curve 1.9) - 57 dBA - 69 dBA

Maximum exte;ﬂal idle noise 1éve1 (Curve 1.10) - 56 dBA - 68 dBA

The range represents *6 dBA around the values established by DAAPSD.

16



Although the noise levels to which the occupants of a vehicle
are subjected are generally not high enough and exposure times not long
enough to have a detrimental effect on hearing, noise does interfere
with speech, increases fatigue and contributes to annoyance. The latter
two effects can degrade the ability of the driver to safely operate
the vehicle.

The noise inside an automobile is produced by the complex v;bra—
tion of all body surfaces enclosing the car's interior and depends on
(a) the characteristics of the applied forces such as the power system,
wind, road vibration, tire noise, etc. and (b) the structural and
acoustical characteristics of the vehicle.

A noise level which might produce hearing damage would be well
above the level acceptable to the average motorist. Therefore, in
establishing a maximum value for internal noise, it was assumed that
minimum acceptability would be the ability for the driver to conduct
a conversation in a normal communicating voice with a passenger.
Therefore, the maximum ambient internal noise was set at 65 dBA up
to maximum cruise speed. An arbitrary minimum was established at

50 dBA (Curve 1.11).

2.2 Operating Performance

2.2.1 Starting

To the average motorist, engine starting is probably the single
most important operating characteristic of an automobile. The driver
wants the engine to start everytime and wants it to start quickly

under all environmental conditions.

17



In order to evaluate the starting characteristics of the engines
the following are considered:

a) normal starting time,

b) cold soak starting time,

c¢) starting reliability.

The starting and restarting procedures will be in accordance with
those outlined in the November 10, 1970 Federal Register paragraph
85.60 "Engine Starting and Restarting.”

The Advanced Automotive Power System program 'Vehicle Design
Goals - Six Passenger Automobiles' states the maximum time from key on
to 65 percent full power to be 45 seconds. The ambient conditions
are 14.7 psia pressure, 60°F temperature. Allowing approximately
33% deviation to this maximum, the maximum on the measurement scales
is established at 60 seconds. The minimum is O seconds which repre-
sents instantaneous starting. It is felt, however, that an engine
capable of starting in an average time of less than 10 seconds
would be satisfactory to the motoring public. (Curve 2.1)

Starting engines in low ambient temperature is of particular
importance to motorists living in the colder climates. The vehicle
design goals state that low ambient starting characteristics should
be equivalent or better than the typical automobile spark-ignition
engines. Therefore, the advanced power system must attain self-

sustaining idle operation without further driver input within 25

18



seconds after a 24 hour soak at -20°F. The automobile must be avail-
able for normal road operation within 60 seconds after key-on. The
maximum and minimum times for cold soak starting is 40 seconds and

5 seconds respectively (Curve 2.2).

Reliability of starting under all environmental conditions is of
extreme importance. While no design goals have been specified for
reliability, it is felt that any properly maintained engine which does
not start 997 of the time would not meet the motoring public's criteria
of acceptability. A failure to start condition occurs when fhere is
any malfunction requiring an action other than that associated with
normal manufacturers recommended starting operations. A range of
1%Z to 8% faillure rate has been established for this parameter (Curve

2.3).

2.2.2 1dle Operation

The advanced automotive power system must be capable of operating
under idle conditions both with and without a load on the engine.
The power system must be capable of idle operations within all environ-
mental condition ranges (see Section 2.4).

Idle operation is defined in the '"Vehicle Design Goals" as follows:

The fuel consumption rate at idle operating condition will
not exceed 14 percent of the fuel consumption rate at the
maximum design power condition. Recharging of energy storage
systems is exempted from this requirement. Air conditioning
is off, the power steering pump and power brake actuating
device, if directly engine driven, are being driven but are
unloaded. The torque at transmission output during idle
" operation (idle creep torque) shall not exceed 40 foot pounds
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at the output shaft, assuming conventional rear axle ratios

and tire sizes. This idle creep torque should result in

level road operation in high gear which does not exceed 18

mph.,

In addition to the above requirements, it is felt that the
power system should be capable of idle for a minimum of 30 minutes
without exceeding other operating limits such as temperature. The
idle should also be adjustable to allow air conditioning operation
while the vehicle is stopped.

The measure of idle operating capability will be a combination

of factors which wﬁen totaled will provide a measure of the idling

operations. The factors and ranges are as follows:

Fuel consumption (Curve 2.4) 5% ~ 18%
Torque at Transmission 6utput (Curve 2.5) 0 - 50 ft. 1bs.
Sustained Idle (Curve 2.6) 30 min. - 60 min.

2.2.3 Acceleration

~ Vehicle acceleration capability must be closely matched with
conditions encountered in urban and open road driving. An under-
powered automobile which cannot accelerate in the manner characteris-
tic of most traffic can be a considerable safety hazard. Similarly,
an overpowered automobile in the hands of an irresponsible driver may
present a hazard. Therefore, vehicle acceleration capabilities must
be scaled to meeting safety and traffic conditions.

Three acceleration characteristics are included in the 'design

goals.'" These are:
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a) Acceleration from a standing start
minimum distancé 0-440 feet in 10 seconds,

b) Acceleration in wmerging traffic,

25 mph to 70 mph maximum time 15.0 seconds,
c¢) DOT high speed pass maneuver
Maximum acceptable 15 seconds and 1400 feet.

The maximum acceleration values for evaluation purposes are
within 20% of the '"vehicle design goals.”" The minimum acceleration
values are based on conversations with insurance companies and the
criteria they use to define "Muscle Cars." The following represent
the established ranges.

a) Acceleration from a standing start (Curve 2.7)

Distance in 10 seconds-min. 250 ft.
max. 800 ft,

b) Acceleration in merging traffic (Curve 2.8)

25 mph to 70 mph  min. 6.5 sec,
| max. 22 sec.
¢) DOT high speed pass maneuver (Curve 2.9)
Max. 18 sec. 1800 ft.

Min. 12 sec. 1000 ft.

2.2.4 Velocity

The velocity the vehicle can attain is dependent on the aero-
dynamic drag, rolling resistance of the tires and engine power. The

vehicle must be designed to attain and maintain speeds consistent
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| ~with that of normal high speed traffic. However, safety dictates
that maximum speeds be held at some reasonable level.

Three velocigy levels have been chosen as an overall measure of
this parameter. These levels are: cruise speed; maximum speed;
grade speed.

a) Cruise speed — The "design goals'" establishes the minimum
cruise velocity on a level road to be not less than 85 mph. This
assumes an accessory load of 4 horsepower. A deviation of #57 is
allowed when the power system is operated in the temperature range
-20°F to 105°F. For the purpose of this study a minimum cruise speed
of 65 mph and a maximum of 95 mph have been established. Maximum
value will be assigned to vehicles which achieve a cruise speed
between 80 and 90 mph (Curve 2.10).

»b) Maximum speed — Maximum speed is defined as the top speed
the vehicle can reach and maintain for short duration such as that
required in passing. The "design goals' do not establish a maximum
speed; however, for the purpose of this study a maximum speed range of
80 to 110 mph is designated. Maximum value will be assigned a vehicle
with a maximum speed from 85 to 95 mph (Curve 2.11).

c¢) Grade speed - The ability of a vehicle to maintain speed
going up a grade is important to the motorist driving modern highways.
The "design goals" define three minimums for grade velocities:

(1) Minimum continuous cruise on a 5% grade shall be not

less than 60 mph.
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(2) The vehicle must be capable of achieving a velocity
of 65 mph on a 5% grade, maintaining this velocity for
180 seconds when preceeded and followed by continuous
operation at 60 mph on the same 5% grade.

(3) The vehicle must be capable of achieving a velocity of

70 mph on a 57 grade, maintaining this velocity for 100
seconds when preceeded and followed by continuous
operation at 60 mph on the same 5% grade.

For the purpose of this stud& the third design goal was chosen
as the measure of the vehicles grade velocity capability. The scale
of measurement is a percent deviation scale from the specified minimum.
The percent deviation includes both time and velocity. The range

chosen is between 0Z and 10% of stated minimums (Curve 2.12).

2.2.5 Range

.Vehicle range is important to the motorist not only on long trips
but in day-to-day commuting. With the growth of suburbs, commuters are
generally faced with longer trips to jobs, shopping and entertainment.
The requirement for frequent refueling is inconvenient to the motorist
and would most likely be unacceptable.

The "vehicle design goals'" has established a minimum rahge of 200
miles when measured in two modes of operation, city-suburban mode and
cruise mode. The city-suburban mode is measured on the driving cycle
which appears in the November 10; 1970 Federal Register, while the

cruise mode range is measured at a constant 70 miles per hour.
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For the purpose of this study, a no reserve range of 160 miles to
240 miles has been established. 7Two curves are presented for this
parameter based on urban driving and cruise driving. (Curve 2.13 and

2.14)

2.3 Acceptabiiity

2.3.1 Ease of Operation

The American motoring public has almost 70 years of experience
behind them in driving vehicles powered by the conventional IC engine.
They have become accustomed to its operations, performance, and
instrumentation. Any radical change in the actions which the motorist
must take to operate the engine will likely delay the acceptance of
an advanced ;utomotive power system.

The evalugtion of ease of use would necessarily be judgmental,
at least in the early development stages of an advanced engine. Later,
after the engine has been integrated into a total automotive system,
quantitative human factors measurements might be taken.

The scale for the evaluation will be from O to 1, with .5
representing the ease of operation of the conventional infernal com-

bustion engine as installed in 1971 six-passenger automobiles (Curve

3.1).

2.3.2 Starting

Starting operations should be no more complex than the starting

operation for the conventional spark-ignition engine. No starting
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aids external to the normal vehicle system should be required for
-20°F starts or higher temperatures. Complexity of the starting
operatian is a judgmental factor which can be qualitatively measured
on a scale ranging from one to zero where one represents the conven-
tional spark-ignition starting operation and zero represents the need

for starting aids external to the vehicle systems (Curve 3.2).

2.3.3 Driver Comfort

Over the decades the American motoring public and the auto
manufacturers have jointly 'decreed" that driver and passenger comfort
will play an important role in the design and construction of auto-
mobiles. Occupant comfort does have some real physical basis, for
studies have shown relationships between comfort and driver and
occupant fatigue.

Discomfort due to the many vibrations and motions found in an
auto can result from many causes. In this evaluation we are concerned
only with those caused by the propulsion system. The goal for this
evaluation is that the propulsion system should not cause objectionable
vibrations or motions which are transmitted to the drivef or occupants
of the vehicle. The parameter will be judgmental based on the
percentage of a group of people who object to a given amount of

discomfort (Curve 3.3).

2.3.4 Versatility

The conventional internal combustion engine is extremely versatile.

It can range in horsepower from less than 1 hp to several thousand hp.
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It has been used effectively with all types of automobile chassis and
body styleé, thus enabling the automobile industry to meet the
transportation requirements and esthetic needs of the motoring public.
An advanced automobile power system should be versatile enough to be
usable in various sizes and styles of automobiles.

In evaluating an advanced power system, its versatility must be
considered. Two major factors will be considered: adaptability to a
range of vehicle sizes and adaptability to body styles. The adapt-
ability of the advanced power system to body style will be on a scale
from 0 to 1 with 1 representing no constraint on body style due to
the power system. The value O represents severely constrained body
styling. The conventional automobile engine would rate 0.5 on
the scale. The adaptability of the power system will be evaluated
for vehicle sizes ranging from urban car size (1600 pounds minimum
curb weight) to luxury car size (approximately 5000 pounds curb

weight). (Curves 3.4, 3.5, and 3.6)

2.4 Operating Environment

2.4.1 Ambient Operating Temperature

The vehicle propulsion system must be capable of starting and

operating under the range of ambient air temperatures found in con-

tinental U. S. It is understood that some modifications may be required

for starting or operating in extreme cold conditions. (For example,
IC engines which are water cooled require anti-freeze and oil heaters
are used in some areas during the coldest parts of winter). It is
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assumed that an acceptable vehicle propulsion system will not need
adjustments or can be modified to operate at extremely cold temper-
atures with no greater difficulty than the present IC engine. Landsberg(l4)
gives some extreme ambient temperatures in the continental U. S. as
follows:
Riverside, Yeilowstone, Wyo. Feo 9, 1933 -66°F
Greenland Ranch, Death Valley, Calif. July 10, 1913 134°F
However, systems should not be penalized if they cannot achieve the
rare extremes given above. The value judgments should be based on
normally expected maxima and minima. Two value judgment curves will
be generated for ;mbient temperature (viz. maximum, minimum).
DAAPSD has established design goals for ambient temperature as
follows:
Maximum 125°F
Minimum -40°F
The performance scale will be in degrees fahrenheit. The following
data points are given initially.
Maximum Temperature (Curve 4.1) 115°F - 130°F
Minimum Temperature Data (Curve 4.2) -20°F - -40°F

All candidate systems are expected to operate between -20°F and 115°F.

2.4,2 Altitude
The vehicle propulsion system must be capable of starting and
operating at all altitudes normally encountered on U. S. roads.

(Exceptions shall be allowed for trails or roads up the highest
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mountains.) The system must not degrade below acceptable levels
during high or low altitude performance.
The following altitude ranges have been established based on
altitudes normally encountered on U. S. highways.
Maximum altitude goal 11,000 ft MSL
Minimum aititude goal -250 ft MSL
For high altitude operation the scale shall be in terms of reduced
operating power at 11,000 feet expressed as a percentage of normal
system operation at sea level. For below sea level operation no signi-
ficant degradation will be allowed from normal system operation at
sea level. The following data points are given (Curve 4.3).

11,000 Feet

System Operation degrades more than 35%
of sea level design goals - 0.0

System operates at 1007 sea level design
goal - 1.0

2.4.3 Weather

The vehicle propulsion system must be capable of starting and
operating during all.types of raln, snow, sleet, hail, etc. This
requirement does not apply to submersion of fhe propulsion system due
to surface flooding. Any system which cannot be started or operated
under these conditions must be capable of being shielded or otherwise
adjusted to meet the requirement.

The scale shall be iﬁ terms of reduced operating power when any
of these weather conditions occur. The following data points are
given (Curve 4.4):
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Weather bata Value

The system can operate at 100% of design
goals during rain, snow, ice, etc. - 1.0

The system degrades greater than 157
during rain, snow, ice, etc. - 0.0

2.4.4 Wind Speed

The vehicle ﬁropulsion system must be capable of starting and
operating over the range of wind speeds (regardless of wind direction)
normally encountered in the continental U. S. This parameter concerns
propulsion system operation only, not total vehicle handling character-
istics. All acceptable systems must be capable of operating during
gale force winds (range 32 mph to 63 mph) without serious degradation.
It is not required that an acceptable system be capable of operating
during hurricane force winds (i.e., 75 mph or greater). Emergency
vehicles required to operate during such conditions may be granted
variance from the laws if acceptable candidate low-emission engines are
not developed to operate at these wind speeds.

Propulsion system power in terms of % reduction due to wind
speed should be evaluated at two wind speeds, 40 mph and 75 mph.

Data Points Value at 40 mph Value at 75 mph
(Curve 4.5) (Curve 4.6)

Propulsion system not
degraded due to wind 1.0 : 1.0

Propulsion system performance
degrades 207 due to wind 0.0 0.8

Propulsion system performance
degrades 507 due to wind 0.0 0.0



2.4.5 Dust

The vehicle propulsion system must be capable of starting and
operating under roadway dustloads (except as explained below for
sandstorms) normally encountered by current automobiles. No part of
the propulsion system shall be so sensitive to dust as to require
maintenance which is more frequent or complicated than that of the
IC engine.

The vehicle prbpulsion system shall not be required to start
or operate in a severe sandstorm or severe duststorm. A sgndstorm
is defined as a strong wind carrying sand through the air, the dia-

meter of most particles ranging from 0.08 to 1 mm.(15>

In contrast a
duststorm is composed of smaller particles whose mean diameter is
considerably less than 0.08 mm. According to the National Weather
Service, if visibility is reduced to between 5/8 and 5/16 statue

mile, a sand or duststorm is reported; if visibility is reduced to less
than 5/16 statue mile, the storm is classified as ''severe".

Sandstorms and dQststorms are common in certain parts of the U. S.
for example, reference 15 cites the '"Santa Ana'" duststorm which often
occurs in the winter in the desert areas of southern California. It
would be desirable to havevthe vehicle propulsion system operate
during non-severe sand or duststorms, but candidates which fail this
test should not be severely penalized.

The scale for dust measurement should be in terms of visibility.

The reduction of propulsion system efficiency below some critical
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level should constitute failure at the selected visibility level. The
following data points are given (Curve 4.7):

Data Proposed Value

If the system operates for at least

30 minutes when the visibility due to dust

or sand is 5/16 mile or less 1.0
If the system operates for at least

30 minutes when the visibility due to dust

or sand is 5/8 mile 0.8
If the system does not operate when the

visibility due to dust or sand is 1 mile
or greater 0.0

2.5 Safety

Safety is of paramount importance in the starting and operating
of the vehicle propulsion system. The same importance is also placed
on the energy supply subsystem of the vehicle propulsion system. 1In
addition, safety considerations should also be considered in the
original productién and subsequent majintenance of the propulsion
system and the energy supply subsystem. The internal coﬁbustion engine
itself has a phenomenal record of safety in terms of persomal injury
and property dahage. The present éype of fuel storage system has
also proven to be quite reliable in normal operations, but has
presented some safety problems in vehicle accidents. It is iﬁperative
that safety always be a prime consideration. A secondary safety
consideration which is also of considerable importance is the safety
associated with the production, servicing and maintenance of-the

vehicle propulsion system.
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Although DAAPSD has not established any specific safetyvgoals
they have emphatically stated that safety is always of paramount
importance in motor vehicle R&D. Reference 16 discusses this point,
briefly.

Value functiéns for eight parameters will be developed in the
safety category. These will be broken down into six functions
pertaining to vehicle operation and two functions pertaining to pro-
duction and maintenance. The operating functions will be further
divided into groups involving normal vehicle operation and vehicles
involved in highway accidents. The functions proposed are as follows:

1. Propulsion system safety during normal operation and accidents.
(Curve 5.1).

2. Energy supply safety during normal operation .(Curve 5.2).

3. Energy supply safety during high speed accidents (Curve 5.3).
4. Energy supply safety during low speed accidents (Curve 5.4).
5. Safety during propulsion system production (Curve 5.5).

6. Safety during propulsion system servicing and maintenance (Curve 5.6).

Since the current IC engine customarily can be operated up to as much
as 100,000 miles without complete failure it is proposed that the
first four parameters listed above be structured on a nominal scale
relating to hazardous failure of the propulsion or energy supply
system. A hazardous failure is defined as one which causes either
significant injury to personnel or significant property damage to the

vehicle itself and/or to surrounding property. The scale for the
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functions relating to production and maintenance should also be nominal
based on a relative comparison with the current IC engine.

Another safety factor which will be considered is the use of
hazardous materials in the power system. Materials used must be no
more hazardous than those used in the IC engine. If hazardous
materials are required, protective measures must be taken to prevent
exposure to personnel operating or maintaining the vehicle under
normal and emergency (accident) conditionms.

Finally, the power system will be given nominal credit if it
possesses devices which allow it to fail-safe. Fail-safe applies to

the prevention of power system damage and/or personnel injury.

2.6 Personnel and Facilities

The availability of a vehicle using an advanced low emission
propulsion system to the motoring public depends on a number of factors.
Basically it depends on the automobile industry's ability to modify
existing facilities or build new production facilities, and re-train

production, maintenance and service personnel.

2.6.1 Time to Consumer Availability

It is estimated that it takes 3 to 5 years to placé a technologi-
cally feasible emission control technique involving significant IC
engine modification into universal mass production. Further, it has
been estimated that it will take about 7 to 10 years to develop, test,

and tool up for mass production of vehicles using electric power systems.
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In evaluating advanced powér systema, the time to consumer avail-
ability is very important. The following goal expressed by the President
places the availability into context "...with the goal of producing an
unconventionally powered, virtually pollution free automobile within
five years." (1975)*

By meeting this goal and allowing 3 additional years to establish
a production capability of approximately 2.5 million automobiles, 1978
appears to be a reasonable goal for consumer availability. Therefore,

a range from 1975 to 1980 has been established for the time to consumer
availability. However, any extremely promising advanced technique will

be given some credit no matter how far in the future it may become

available. (Curve 6.1)

2.6.2 Facilities

The establishment of production, service and maintenance facilities
for advanced power systems and associated energy supplies will have an
impact on the time to consumer availability and cost to the consumer.
1f the facility requirements for advanced engines closely match those
of the present automobile industry, a distinct advantage occurs in
terms of cost and time to consumer availability. The evaluation of
candidate advanced power systems will consider the following factors
as related to facilities.

a. Lead time required for changeover of production facilities,

The scale used will be months to accomplish. (Curve 6.2)

*
President Nixon's Message on Environment, February 10, 1970.
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Range of values: 24 - 72 months

b. Complexity of production facilities changeover including
residual value of present facilities. Scale to be used
will be nominal. (Curve 6.3)

c. Lead time required for changeover of field service and
maintenance facilities. Scale to be in months to accomplish.
(Curve 6.4)

Range of values: 6 - 48 months

d. Complexity of field facilities changeover including residual
value of present facilities and availability of new energy

stations. Scale to be used will be nominal. (Curves 6.5 and 6.10)

2,6.3 Personnel

Personnel training requirements for producing, servicing and
maintaining advapced low-emission power systems may prove to be a
major problem in the transition from the conventionally powered
automobile. Retraining a work force of over 1 million mechanics a7
will be a time consuming costly undertaking. However, time and cost
will depend on the engine complexity, changes necessary in other
automobile components such as transmissions and electrical system,

and the ability to use electronic diagnostic techniques to identify

engine malfunctions.
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Another critical personnel factor is the impact of an advanced

power system on the size, skill levels, and location of the automotive

labor force. Significant changes in the size, distribution of skills,

and/or location of the labor force must be carefully assessed as to

economic impact and acceptability.

Evaluation of the effect of candidate power system on personnel

will include the following:

a.

Lead time required for production personnel training - Scale will
be in weeks to accomplish; (Curve 6.6)
Range of values: O weeks (i.e., no additional training required)

- 60 weeks

Educational levels required for production personnel - Scale
will be in terms of years of school or equivalent technical
training required; (Curve 6.7)

Range of values: 8 years (grade school) - 12 years (high school)

Lead time for service and maintenance personnel training -
Scale will be in months to accomplish; (Curve 6.8)
Range of values: O months (i.e., no additional training required)

- 24 months

Educational levels required for service and maintenance personnel -
Scale will be 'in terms of years of school or equivalent technical

training required; (Curve 6.9)
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Range of values: 8 years (grade school) - 12 years (high school)

Absolute maximum - l4 years

2.7 Propulsion System Technical Parameters

A vehicle propulsion system is made up of the following components:

o energy storage devices;

o energy converters;

o power conditioners.

Energy storage devices serve the function of storing energy in
various forms for controlled release to other elements in the propulsion
system. Stored energy may take a variety of forms, including:

o chemical energy, as through the oxidation (combustion) of

fossil fuels or electro-chemical conversion in primary (fuel)
cells;

o electrical‘energy, as in secondary cells (storage batteries);

o mechaniéal energy, as in rotating flywheels.

Energy converters are those components which alter the form of
energy as, for example, in converting storeq chemical or electrical
energy into the mechanical energy needed to propel a vehicle. Thus,
common examples of energy convertersiwould include:

o heat engines (chemical-to-mechanical energy conversion)

such as gas turbines, Rankine cycle (steam) engines,

spark-ignition engines, and diesel engines;
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o electric motors (electrical-to-mechanical energy conversion).
Power conditioners are those elements which transform energy
flow (powér) thhoutfchanging'its basic form. In this component

category the most common examples would include:

o} transmisgions (e.g., pgghan;cgl,‘hydrokinetic, hydfostatic and
1_31§9FriF31) which accept shaft power at one torque and speed
and deliver the same power, minus internal losses, at a
conditioned torque and shaft speed);

o solid state controls, which regulate and condition electric
power supplied by an electrical energy source (e.g., battery)

. to. an electric motor.

In evaluating advanced automotive propulsion systems, 1t'is
essential that, in addition to the entire propulsion system, the
inidvidual gomponeqts (energy storage devices, energy converters, and
power conditioners) should be evaluated as well. There are several
reasons for evaluating individual components:

o credit should be given .to a.system having some exceptibnal

components, even though the .complete system may.have unsat-
~ isfactory characteristics; .

o ‘incorporating component:evaluation into the Structured Value
Analysis (SVA) will permit this evaluation tool to be used . .
for rating alternate propulsion system components;

o individual component evaluation:will greatly aid -analysis

why one propulsion system performs differently from another.
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Thus, under the broad category of propulsion system character-
istics, the chosen technical parameters are listed under the four sub-
categories of:

0 energy storage characteristics;

0 energy converter characteristics;

o power conditioner characteristics;

o overall propulsion system characteristics.

2.7.1 Energy Storage Characteristics*

2.7.1.1 Specific Volume. This parameter is the actual total

volume of the energy storage system, divided by its total energy
content. This parameter includes both consumable (e.g., combustible
fuel) and non-consumable (e.g., fuel tanks, batteries, flywheel
assembiles) elements. The appropriate range and units for this
parameter are:

.003 £t3/hp hr. - .8 £t3/hp hr.
The minimum (.003) is equivalent to gasoline fuel and the maximum
(.8) is appropriate to typical flywheel assemblies. (Curve 7.1)

2,7.1.2 Specific Weight. The. same comments apply here as for

2.7.1.1. The range and units are:

.15 1lbm/hp hr. =~ 100 lbm/hp hr.
Gasoline fuel and flywheel assemblies are the appropriate examples for
the respective valﬁes. (Curve 7.2)

2.7.1.3 Specific Costs (Consumable Elements). Unlike volume

and weight, energy system cost must be broken into consumable and

*
For 200 mile range, mode 2 driving cycle (see AAPS Design Goals).
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non-consumable elements, the former representing refueling, the latter
representing capital costs for the energy storage system. The range
and units for refueling costs are:

.008 $/hp hr. =~ .04 $/hp hr.
The cost range, including estimated taxes, is based on current costs
for gasoline, for the minimum, and five times that cost for the maximum.
It should be noted that gasoline is the least expensive, per unit of
energy content,of fuels in common use today; electricity, if it were
assigned the same level of road taxes as gasoline, would be about twice

as costly as gasoline. (Curve 7.3)

2.7.1.4 Specific Costs (Non-Consumable Elements). The capital

cost for energy storage has the same units as refueling costs and should

cover the following range:

.025 $/hp hr. - 200 $/hp hr.
where the range limits correspond approximately to a conventional
automobile gasoline tank on one hand and a flywheel assembly on the
other. The very wide range of values necessary for this parameter is
indicative of the very low cost of fossil fuel storage tanks compared
to the cost of other systems, such as electrical and mechanical energy
storage devices. The commonly used lead-acid battery, for example,

has a specific capital cost of 40 $/hp hr. (Curve 7.4)

2.7.1.5 Known Fuel Reserves. It is necessary to consider this
parameter because the real cost of a particular fuel, in terms of such

factors as effect of fuel usage on the environment, is not adequately
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reflected by the actual retail cost of fuel. The selected range and
units are:

100 yrs @ current consumption rate

10 years @ current consumption rate

It is felt that any system requiring a fuel for which known reserves
are less than ten (10) years on a world wide basis should be given
li;tle credit in this category. The fuel recovery industr§ standard
requires approximately 20 years lifetime of reserves for economic
operations. Known reservés is selected as the appropriate parameter

in preference to estimated, but untapped reserves. (Curve 7.5)

2.7.1.6 Ease of Refueling. A nominal scale (EGFP) of values is chosen

for this parameter. This parameter takes account of the actual refueling

process once the vehicle has arrived at an energy station. Such factors
as refueling time, number of personnel required, safety hazards, and
special facilities are included. The value assigned to refueling ease

within this nominal scale will be guided by the following examples: (Curve 7.6)

E Liquid Fuel, having volatility equal to or less than

that of gasoline;

G - Gaseous Fuels including fhose which are stored as
compressed gases or liquids under pressure, such as
propane and butane;

F -~ Rapid Battery Charge or Replacement; also cryogenically -

stored fuels such as liquid natural gas;

P - Lead-Acid Batteries requiring slow (over-night) charge.
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2.7.2 Energy Converter Characteristics

2.7.2.1 Specific Volume® The general comments related to

specific volume, weight, and cost already stated for the energy storage

system also apply here. For specific volume the range and units

selected are:
03 £63/mp - .2 £e3/mp
The range limits correspond roughly to an electric motor on the low

volume end of the scale and a Stirling engine at the high end. (Curve 7.7)

2.7.2.2 Specific Weight *. Selected range and units are:

.5 1bm/hp - 10 lbm/hp
where, as for sfecific volume, the range limits correspond approxi-
mately to electric motors (in particular, high speed induction motors)
at low specific weight and Sitrling engines at the other end of the

scale. (Curve 7.8)

2.7.2.3 Specific Costf The only cost here is the initial

capital cost, and the appropriate range of this parameter is defined
by:

2 $/hp - 15 $/hp
where, again, electric motors (in particular, squirrel cage induction
motors) and Stirling engines are the corresponding equivalents; the

Stirling engines being the more expensive.(Curve 7.9)

2.7.2.4 Power Range (Scalabilitz)f This parameter is deemed

essential as a ﬁeans of rating the applicability of a particular energy

converter to other advanced propulsion system applications in different

At maximum continuous hp output.
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power ranges. For example, a heat engine suitable for lafge
passenger automobiles and over-the-road trucks and buses, but not
practical in the power range required of compact urban vehicles, is
considered to be of less value than a heat engine which is practical
for all three applications. It seems most appropriate to evaluate
power range (scalability) by assigning'separate value functions for
the minimum practical design power and the maximum practical design
power for a particular energy converter concept. For minimum design

power, the appropriate range is judged to be: (Curve 7.10)

10 hp -~ 200 hp.

For maximum design power, the appropriate range was selected as: (Curve 7.11)
40 hp - 400 hp.

Although none of the above values correspond to particular examples,

it is worth noting, by way of further illustration, that automotive

gas turbines are impractical and expensive at very low power levels

because of high internal losses, resulting in low efficiency, and

small dimensions requiring high machining tolerances. On the other

hand, Rankine cycle (i.e., "steamf) engines become impractical at high

power levels because of the relatively large size of the heat rejec-

tion components (condensor, fan, etc.).

2.7.2.5 Stall/Design Point Torque Ratio. This parameter and

the one that follows influence the type of transmission or power
conditioner that an energy convertor may require in order to adequately

propel a vehicle. A high stall/design point torque ratio for a heat
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engine or electric motor makes practical a direct drive connection
to the wheels. On the other hand, a low ratio will require a trans-
mission or other power conditioning device to increase the low speed
torque available at the wheels. The range of values chosen for this
dimensionless ratio is:

0.5 - 5.0
An internal combqstion engine which cannot be stalled would, in effect,
have a zero stall/design point torque ratio. As additional examples,

two-shaft gas turbines will frequently have torque ratios of two or

more, while reciprocating Rankine engines and electric traction motors

may have even higher stall/design point torque ratios. (Curve 7.12)

2.7.2.6 Minimum/Design Point RPM Ratio. This parameter is

important for assessing the power conditioning requirements of an
energy converter. For example, any energy converter, such as internal
combustion engines, single-shaft turbines, and AC electric motors,
which cannot be stalled without either damaging the system or requir-
ing a restart proéedure, will demand a clutch or some other slipping
device, such as a hydraulic coupling, when the vehicle is stalled.

The range assigned to this ratio is: (Curve 7.13)

0.0 - 1.0

2.7.2.7 Regenerative Power Efficiency. This parameter is the

efficiency of the energy converter when operated in a regenerative

mode. In a regenerative mode, the kinetic energy of a vehicle in
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‘motion is returned, less losses, through the propulsion system to

the energy storage components. The efficiency will have the following
range: |

0.0 - .9
As an example, ar IC =2ngine 1s incapable of returning any of'the

vehicle kinetic energy to the energy storage system (in this case,

stored fossil fuel) and would hence have a regenerative powér effici-

ency of zero. Electric motors, on the other hand, are highly efficient

in regenerative power modes. (Curve 7.14)

2.7.2.8 Absorption Power Effectiveness. In contrast to the pre-

vious parameter (regeherative power efficiency) this parameter measures
the ability of a barticular energy convertor to absorb power in a
vehicle braking mode, regardless of whether the power is stored
(regenerative braking) or dissipated (dynamic braking). The most
appropriate definition for this parameter is the ratio of.the maximum
continuous brakipg power that can be absorbed at the output shaft to
the maximum continuous output power of the energy converter. the
appropriate range for this ratio parameter is defined by:

1 - .9
Electric generators have high absorption power effectivenes; (frequently
greater than 1.0) while the IC engine has a value considerably lower.
The minimum value of .1 for this parameter is chosen with reference to

the value for an IC eﬁgine. (Curve 7.15)

2.7.2.9 Mechanical Efficiency at Maximum Continuous Horsepower.

Although efficiency 1s generally a very strong function of operating
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mode (load, speed) and can be adequately defined only by a complete
performance map of the device, it is nevertheless useful to evaluate
an energy converter on the basis of a characteristic efficiency such
as the efficiency when operated under maximum continuous load. This
efficiency would adequately describe the engine when used in hybrid
energy-storing propulsion systems which permit the energy converter
(usually a heat engine) to operate continuously at maximum load. The

parameter range is defined by:

15 - .9

Electric motors correspond to the upper end of the range, while

fossil fueled heat engines are typical of the low end of the efficiency
range. It should be noted that the higher efficiency of the electric
motors is partly compensated for by the higher electric energy costs
which in essence reflect the inefficiency of the fossil fuel energy

conversion process at the generating station. (Curve 7.16)

2.7.2.10 Response to Load Change. This parameter is defined by
the time required for the energy convertor to change ffom Zero or
idle to maximum rpm under no leoad conditions. So defined, this
parameter is thought to be an adequate measure of the energy conver-
ter's ability to respond to either load or speed changes. The selected
range is:

1 second - 5 seconds
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Typical of a system with rapid response is the IC engine which requires
between one and two seconds to go from idle to maximum rpm. Systems

having high thermal.inertia or rotational inertia would require several
seconds for this speed change. Five seconds is considered the maximum

tolerable lag. (Curve 7.17)

2.7.2.11 Overload Capability. This parameter is essential for

Sizing an energy converter to a particular application or duty
cycle. It is defined as the ratio of the difference between peak
horsepower for five (5) minute operation and maximum continuous horse-
power to the maximum.continuous power of the device. The five minute
overload is assumed to take place following a stabilized maximum
power output operating mode. The range for overload capability ratio
is given by: |

0.0 - 3.0
where the larger value is typical of large induction motors and the

lower value represents no overload capability whatsoever. (Curve 7.18)

2,7.2.12 Sensitivity to Fuel Quality. A nominal scale of high,

medium, low (HML) is chosen for measuring fuel sensitivity. An energy
converter having high sensitivity to fuel quality will tend to require
more costly fuel, making refueling more inconvenient by decreasing the
number of acceptable refueling stations, and decrease the system's

reliability in the event an inappropriate fuel is accidently used. The

scale is defined by the following examples: (Curve 7.19)
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H - High compression Spark Ignition (SI) engine
M - Diesel

L - External combustion engines and gas turbines

2.7.3 Power Conditioner Characteristics

Unless noted otherwise, the description of the parameters and the
appropriate units for power conditioners is the same as that given for

the corresponding energy converter parameters.

2.7.3.1 Specific Volumef The range for this parameter is set

at:
.003 cu.ft/hp - .04 cu.ft/hp

The low end of the scale (.003) is typical of a standard automotive

3-speed box while the high end corresponds to a heavy duty hydrostatic

transmission., (Curve 7.20)

2.7.3.2 Specific Weightf The range for this parameter is given

by:
0.4 ibm/hp - 3.0 lbm/hp

where the range limits correspond to the same examples cited under

2.7.3.1. (Curve 7.21)

2.7.3.3 Specific Cost¥ The range here is defined by:

0.3 $/hp - 3.0 $/hp

where the low cost end of the scale represents the standard automotive

At maximum continuous power input.
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3-speed transmission and the upper end is arbitrarily set at a factor

of ten greater. (Curve 7.22)

2.7.3.4 Power Range (Scalability)? The range for minimum design

power is defined by: (Curve 7.23)
10 hp - 200 hp
For maximum design power, the range is defined to be: (Curve 7.24)

40 hp - 400 hp

2.7.3.5 Reversing Power Effectiveness. This parameter is inti-

mately related to the regenerative and absorption power parameters
defined above for the energy converter. It measures thé ability of
the power conditioner to pass power in the reverse direction and is
defined as the ratio of maximum continuous power in reverse power

direction to maximum continuous power in forward power direction,

measured at the.}ocation of power input in both cases. The range is
defined by:

0.05 - 1.0
Note that this is not an efficiency; efficiency in reversing power
modes is discuséed below. Examples of power conditioners having high
reversing power effectiveness are mechanical transmissions uéing conven-
tional spur gears and electrical transmissions. Power conditioners

which cannot easily handle reverse power flow include mechanical

* .
At maximum continuous power input.



transmissions with high single step ratios, such as in worn gearing,

and some hydraulic torque converters. (Curve 7.25)

2.7.3.6 Mechanical Efficiency at Maximum Continuous Power. The

range is defined by:
0.8 - 0.95
Mechanical transmissions are typical of the high efficiency end of
the scale, while hydrostatic transmissions represent the low efficiency

end. (Curve 7.26)

2.7.3.7 Mechanical Efficiency in Reverse Power Direction. This

parameter complements item 2.7.3.5, reversing power effectiveness, in
the sense that the former applies only if the latter has a finite

value (that is, if reversing power effectiveness is greater than .05).
In other words, if a power conditioner cannot accept reverse power flow,
it makes no sense to talk about efficiency in reverse power flow; thus,
an appropriate way to handle these two parameters might be to treat them

as a product. The reverse power efficiency is measured at maximum

continuous reverse power with range defined by:

+ 0.50 - 0.95
Standard mechanical transmissions are typical of the high efficiency
end of the range while hydrostatic transmissions and some electric
power conditioners might be closer to the lower end of the scale.

(Curve 7.27)
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2.7.4 Overall Propulsion System Characteristics

The following parameters evaluate the entire propulsion system
as a unit. These parameters will be given greater weight than the

individual component parameters in the final system evaluation.

2.7.4.1 Average Propulsion Efficiency at the Wheel, Mode 1. Two

modes of vehicle operation, an urban/suburban mode and a cruise mode
are defined in the AAPS Design Goals. Mode 1 is the urban/suburban
duty cycle. To properly account for the effgct of load and speed on
system efficiency, it is necessary to integrate the system performance
over the prescribed duty cycle to determine an overall propulsion
efficiency. This integration can be performed in a straight forward
manner, numerically, once the performance characteristics of each
component of the system are known. This parameter is therefore defined
as the ratio of mechanical energy delivered to the wheel divided by
the fuel energy cénsumed for the entire cycle. The range is defined
by:

0.1 - 0.7
All-electric vehicles may have propﬁlsion efficiencieé as high as .7,

whereas the conventional IC engine system may have an efficiency

approaching .l1. As noted earlier, high efficiency of the electrical

system is partly offset by the higher energy cost. (Curve 7.28)
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2.7.4.2 Average Propulsion Efficiency at the Wheel, Mode 2. 1In

the cruise mode, the average propulsion efficiency will tend to be
higher so that the appropriate range should be: (Curve 7.29)

0.15 - 0.8

2.7.4.3 Total Volumef The total volume is assumed to be the

package volume of all elements in the propulsion system. The range
is defined by:

15 cu. ft - 40 cu. ft
The range is based on the AAPS Design Goal of 35 cubic feet. The low
volume end of the range is equivalent to 1/3 of the design goal plus

the volume occupied by 25 gallons of a fossil fuel. (Curve 7.30)

2.7.4.4 Total Weight¥® The range is defined by:

800 1bm -~ 1600 1bm
The range is selected on the basis of the AAPS Design Goal of 1600 lbm.
for the maximum allowable propulsion system weight. The lower

weight limit &as arbitrarily set at one half the design goal. (Curve 7.31)

2.7.4.5 Use of Scarce Materials® This parameter is included

for the same reasons as the fuel reserves parameter (2.7.1.5): the
raw material cost may not accurately reflect the true cost to society
of using a scarce material. Only the most critical material in the

propulsion system is to be used for defining this parameter. The

*
For 200 mi. in Mode 1 or Mode 2, which ever gives the highest value.
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definition is:

Total known reserves (tons)
Amount required per million vehicles (tons)

This dimensionless parameter has the following range:

20 - 1000
The range values can be put into perspective by noting that, for the
case of the lower value, recycling of the critical material must pro-
vide nearly 100Z of the material required for new vehicles well before
20 million new vehicles using the scarce material have been built. The
high end of the range was arbitrarily set at fifty times the lower
limit, corresponding to a 100 year supply at a rate of 10 million

vehicles per year. (Curve 7.32)

2.8 Reliability and Maintenance

2.8.1 Complexity of System

This parametér is defined simply as the number of loaded, moving

parts in the prépulsion system. In this category, ball bearings,
for example, are counted as being one part for the entire bearing
assembly. Peripheral components such as carburetor elements or
electrical relays are not counted as loaded, moving parts. The range
is defined to bé:

6 loaded, moving parts -~

150 loaded, moving parts
An electric drive system consisting of 2 direct connected electric

motors (1 rotor and 2 bearings each) would have 6 loaded, moving
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parts. An IC engine (V-8) with a hydrokinetic (automatic) trans-

mission would have close to 150 loaded, moving parts. (Curve 8.1)

2.8.2 Ease of Routine Service

By this parameter is meant the simplicity of routine maintenance,
including such factors as frequency of service, man-hours per routine
servicing, special equipment required, and the availability of servicing
locations. A nominal scale of high, medium, and low (HML) is chosen
here, with ratings assigned consistent with the following examples: (Curve 8.2)

H - Simple battery-powered electrical systems (e.g., periodic

contactor and brush replacement)

M -~ Gas turbinés (e.g., periodic oil change and infrequent

scheduled overhauls)

L - IC enginés (e.g., periodic oil change and engine tune-up

and infrequent, unscheduled overhauls)

2.8.3 Expense of Unscheduled Repair

This item applies to a typical major failure of the propuléion
system, where failure is defined in 2.8.6. As examples, we would
include connecting rod bearing or valve failure of an IC engine, disc
or rotor failure of a gas turbine, and a motor burnout in an electrical
system. The chosen parameter is expense of repair of such typical
failures as a fraction of the initial cost of the vehicle, with the
range given by: (Curve 8.3)

2% of initial vehicle cost -

30% of initial wvehicle cost
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2.8.4 Design Life

Design life is the estimated mean operating life. Determination
of this parameter for a particular system should be based on standard
techniques currently in use in the manufacturing industry most closely
' related to the nature of the propulsion system. A range for design
life is based on the AAPS Design Goal of 3500 hours. (Curve 8.4)

2900 hours - 4100 hours

2.8.5 Period Between Routine Servicing

This parameter is self-explained, and is related to the ease of
routine servicing (2.8.2), and has the following assigned range:
1 month (or 1,000 miles) - 12 months (or 12,000 miles)
The smaller value (months or 1,000's of miles) will be used in all

cases where both are given. (Curve 8.5)

2.8.6 Estimated Mean Miles Between Failures

This parametér is admittedly difficult to determine for novel
systems with no history of endurance testing. Nevertheless, it should
be estimated for all systems. The following defintion of failure
should be used:

'failure means breakage or malfunction of a propulsion

system component such that operation of the system is
prevented or cannot continue without further damage to
the system’

The following range is chosen: (Curve 8.6)

6,000 miles between failure - 50,000 miles between failure
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SECTION III

COST AND ECONOMIC FACTORS

3.1 Introduction

The cost evaluation of the Advanced Automotive Power System
(AAPS) program will be based on a comparative system cost approach.
Under this approach system value/cost relationships will be established
for each candidate. The results will then be used to rank the AAPS
candidates on a éystem value versus system cost basis.

The cost evaluation will consider four major cost and economic
categories: Research, Development, Test and Engineering; Cost to the
Consumer; Economic Reallocation; Cost to Governments. Each candidate
system will be evaluated in terms of the costs required to make it
suitable for mass broduction and procurement by the motoring public.
This cost will include the research, development, test and engineer-
ing efforts to be accomplished under the AAPS program. The remaining
three cost and economic categories will be used to evaluate the
candidate AAPS's ability to compete economically with the conventional
internal combustion engine.

The following paragraphs discuss the four cost categories in more

detail.

3.2 Research, Development, Test and Evaluation

The RDT&E cost represent those costs which must be expended in
order to bring the AAPS to an operational level. The RDT&E costs will

be incurred by DAAPSD and/or the firms developing the candidate system
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and can be summarized as follows:

a. R&D manpower for engine design and fabrication.

b. Materials for engine fabrication.

c. Test and evaluation equipment.

d. Fuel for test and evaluation.

e. Manpower for test and evaluation.

f. Administrative, overhead and profit costs.

The RDT&E costs incurred throughout the AAPS program include
proof-of-principle demonstrations, design efforts, first and second
generation hardware fabrication. These costs will be used in the
evaluation of relative performance and effectiveness of a candidate
low-emission propulsion system against the total cost of developing
and testing the system.

The RDT&E costs associated with developing an automotive pro-
pulsion system which will meet emission standards, while providing
the performance and reliability of existing propulsiqn systems at a
reasonable cost to the consumer is expected to be very large. A
recent EPA report stated that U. S. automakers are noﬁ spending more
than $330 million a year in research and development on emission
reduction. These funds are being spent to develop inﬁernal combus-
tion engines suitable for mass production within the time limits set

™ will be

by the Clean Air Act. In the next four years, $73 million
spent for Government sponsored research to develop alternatives to

the internal combustion eugine. Another $20 million will be used
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for incentive programs under which the Government will purchase
and test vehicle prototypes turned out by manufacturers.

The evaluation of AAPS candidates must consider the RDT&E
costs involved. Since the candidates are in different stages of
development the RDT&E costs versus the system value must also
account for the technological risk and uncertainty associated with
the development. A ranking of the candidates will then be made
based on the value/RDT&E cost relationship as adjusted to comsider

the risk and uncertainties involved.

3.3 Cost to the Consumer

Consumer spending on automobiles represents a major factor in
the nations economy as well as a major budget item for the 82% of the
families in the U. S. who own automobiles. In 1970, consumers
spent approximately $72.4 billion on the purchase and operation of
automobiles. This represents approximately 12.0% of the total goods
and services purcﬁased by individuals in 1970.

The cost to the consumer is probably the most important measure
of the economics of conversion. This cost reflects the vast majority
of all the costs which will be associated with converting from the
IC engine to an advanced power system since under the free-enterprise
system a manufacturer attempts to recoup all costs plus a profit.
Thus, the automobile industry would pass on to the consumer those

costs associated with converting to the advanced engine.
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The following factors are used to evaluate the cost to the
consuﬁer:
1. Consumer Purchase Cost
a. Total cost of automobile.
b. Total cost as a percentage of median family inéome.
c. Cost of power system.
2. Consumer Operating Cost
a. .Fuel cost - $/mile
b. 0il cost -~ $/mile
c.‘ Maintenance, repairs énd replacement parts ~ $/mile
d. Accessories - $/mile |
e. Insurance - $/mile

f. Taxes, and fees - $/mile.

3.3.1 Automobile Purchase Price

The purchase price of an automobile is based on the cost of manu-
facturing, distributing and selling the vehicle. In estimating the
cost of an automobile powered by an unconventional, low-emission
power system, three major cost items should be considered: capital
cost, material cost and labor cost.

In 1969, fixed capital expenditures by motor vehicle and parts
manufacturers for new plants and equipment was estimated to be $1.65
billion(l). Much of this expenditure was for normal replacement of
equipment and retooling for new automobile models. The capital

expenditures which may be required to convert existing.manufacturing
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facilities to the production of an uncoﬁvgntion engine will be.
dependent on two factors. Fitsf is the timing of conversion. If
the timetéble fbr conversion of production facilities from the IC
engine to the AABS can be matched with the normal replacement of
plants and equipment, the capiﬁal cost impact would'be minimized.
The second major.factor is the type of AAPS to be manufactured. If
the equipment required to produce the IC engine can be modifigd to
prodd;e the AAPS,‘caﬁitai investment costs could be held to a
relativgly lqwilevei. However, if the AAPS involves an entirely new
production tecﬁnique and new production equipment such as ;hat
required for the Braytoh Cycle engine, capital costsimight be very
sﬁbstantial. Therefore, in order to estimate this cost,iit will be
necessary to study the majof components of the candi&ate AAPS to
determine the maﬁufacturing procedures which must be followed and
to identify major tooling changes necessary to produce the engine.

Capital investment needed for the distribution and sales of the
automobile‘shoﬁld be very iow. Assuming the manufacturers eiect a
gradual conversion strategy, wholesale and retail dealers will most
likely be ablé_to make dse of existing automobile showrooms and sales
facilities, thus keeping capital expenditure to a minimum.

The cost of materials and the cost of éemi—finished or finished
parts could change significantly wifh.the introduction of the AAPS.
The'material cost will depend on the availlability of the basic
material and the complexity of the forging, méchiﬁing or other pro-

Cessing teéhniques required:in finishing the material for use in the
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engine. For example, in August 1971, the price for carbon steel was

(20).

$.1125 per pound while aluminum was $.29 per pound It has been

estimated that the cost of a finished high-ductility forged part

d(ZD. In order to estimate the material cost

would be $§7-$8 per'poun
of an AAPS candidate, the design must be carefully analyzed to
determine the materials required and the finishing operations which
must be performed.

There should be no significant change in the material cost

associated with the distribution and sales of an automobile powered

by an AAPS.

Labor cost represents a relatively small portion of the auto-
mobile cost. In 1967, the average labor cost/automobile was
approximately $260.00 which represented approximately 127% of the
automobile shipment value(zz). The conversion to a mass produced
AAPS may present two production labor problems. First the conversion
may bring with it a change in the number of direct manhours which
must be spent in manufacturing the AAPS. The automobile industry
currently employs machines and automated equipment suited fqr
high volume assembly line operations, thus, direct labor costs
are small when cdmpared to the material and material processing costs.
If, however, the production of the AAPS cannot be automated to the
degree currently employed, higher labor costs can be expected. The
second potential labor problem involves the skills and training

required to produce the AAPS. The conversion to any unconventional

AAPS will involve a degree of production personnel retraining.
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represents an increase of 15% over the average 1960 cost of $3,140

However, if the engine is very complex, then-the automobile industry
nay be faced with a general upgrading of skill levels and the
introduction of new lahor skills into the-manufacturing process.
This could raise the direct labor cost significantly. fherefore, it
will be necessary to ciosely evaluate the AAPS candidates in terns
of labor hours to produce and manpower skill levels requiredi

| Distribution-and sales.personnel may be faced with a training
cost, however, it is expected that these costs will be insignificant.

The above costs incurred by the industry will be passed on to the

consumer in the purchase cost of the automobile. The purchase cost

is the cost the consumer incurs when he purchases an automobile

for cash, from a dealer. The purchase price of course depends on
the make and model of automobile and, the optional equipment installed.
In 1969, the average price of a new automobile was $3, 510(“”.- This
09.
The primary cause of this increase was inflation; however, the addi-
tion of safety and emission control devices alsoicontributed'to the

increase. During the 70's the purchase‘cost of automobiles is

4 expected to increase as much as they have in the past. 1f we assume

an average increase in cost due to 2% per year inflatlon, the average
1980 automobile will cost $4 350. The cost of emission control and
Asaiety devices'must be added to this.' It has been estimated that
these costs will range-between $300 and $7OO per unit. :If this is
the case, the 1980 average automobile may costhover $5,600?‘
representing a cost increase of'approximately 40% above the 1969

average automobile purchase price.
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Actual purchase price of the automobile is not necessarily a
good measure for determining the cost impact to the consumer. A
better measure would be the percént of median family income that an
automobile purchase would represent. The average purchase price of
an automobile has taken a decreasing percentage of the median family
income since 1955 as shown in Figure 4. 1In 1968, the average new
car purchase price represented 35% of the median family income., If
we assume that income will continue to increase during the 70's as
it did in the 60's, appro#imately 47 per year, a $5,000 automobile
would represent almost 407 of the median 1980 family income. Looking
at it another way, assuming the consumer is willing to spend the same
percent of income in 1980 as he did in 1968, the average car could
cost approximately $4,500.00 without creating a major consumer pro-

blem. This figure provides a first measure of comparisons.

The cost of an AAPS candidate should also be compared against
the cost of the conventional internal combustion engine. A cost
range for the IC engine and transmission was estimated for an average

(23)'

1970 standard, 8 cylinder U. S. manufactured sedan The baseline

cost ranges are as follows:

Minimum Maximum
Cost Cost
Power Converter (1) $690 $1,010
Power Conditioner (2) $160 $ 230
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(1) Average HP = 230 Weight = 690 1bs.

Minimum = %2{%§7hr= $1.00/1b. 2
M = $1.47/lb. (2)

230 Weight = 138 1bs.

(2) Average HP

Mini =_‘M-
inimum .601bs/HP

_ 1.00§[HP
Maximum = TEof/HP

$§1.17/1b.()

$1.67/1b.2)

3.3.2 Consumer Operating Cost

Automobile operating cost can be broken down into fixed and
variable costs. The fixed cost, such as insurance, taxes, license
and registration fees are nqt expected to change as a result of the
operation of an advanced low-emission vehicle and therefore, will
be treated as a constant in this study.

The variable costs are directly related to the power system,
the number of miles driven, how hard the car is used and other
factors and include the cost of the energy supply, lubrication, repair,
maintenance, and replacement parts. 'The cost of tires are not expected
to be affected by the opération of an advanced power system,

3.3.2.1 Fuel and Lubrication Cost. The cost of fuel and

lubricant varies considerably amohg vehicles. Fuei consumption
for the same make and model may vary as much as 50 percent since
consumption depends on how the vehicle is driven, the type of
driving (urban, highspeed cruise), the load carried and the
general condition of the vehicle. 01l consumption also varies
considerably among vehicles, and depends on essentially the same

factors as does fuel consumption.
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In 1969, passenger cars conSumed 62,325 million gallons of
gasoline. This représented an average of 13.63.m11es traveled per
gallon of gasoline consumed. Based on the August 1971 average
pricé of gasoline of 24.6 cents/gallon excluding taxes, the cost
per mile driven is_$.018&?o)fhe average cost of oil uééd in automobiles
is approximately $.0016 per mile.

The consumer cost of fuel for a candidate AAPS will depend

on the unit cost of,thé fuel and the miles which can be ariven on

a unit of fuel. 1If the AAPS candidaté uses gasoline as a fuel, no
major change in cost is expected. However, if the candidate uses
another petroleum product such as kerosine or diesel fuel, some change
in cost will most likely occur. The petroleum industry is currently
producing annually 87.5 bi;lion gallons of gasbline; 4.2 billion
gallons of kerosine; 7 billion gallons of diesel fggl,<and 13 billion
gallons of jet fuel. Thus,.any change from gasoline to.oné of the
other common peﬁroleum fuels will require a significant increése.in

the capacity of the industry to produce and distribute the fuel.. The
cost of ;his increased capacity'will mostllikely ﬁe'passed on to

the consumef. Thus, while the other-peﬁroleum-fuels are currently lower in
cost than gasoline, (appréximately.$.Ol/gallon wholesaie) it would be
" reasonable to expect.a‘significant increase in the cost of thesé.fuel
if a major conversion from'gasoline did.take place. . (An example of the
costAof changing fuels can bé seen in the $.01 - $.02/gallon increase

in. unleaded gasoiine over leaded gasoline.) An adequate estimate of
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the cost of other petroleum fuels produced in 100 or more billion

gallon quantities can only be developed after extensive analysis of

the petroleum industry and refinery processes. To estimate consumer

cost based on current prices of other petroleum fuels could lead to

significant errors.
Estimating consumer fuel cost for AAPS candidates which require
a non-petroleum energy supply will require extensive analySis. For
example, the cost of the electricity needed to power a vehicle must
be determined by analyzing the cost of additional generating capacity,
fuel cost for the additional capacity, cost of recharging s£ations
and others. Further, the cost eétimate must consider the conversion
costs for the exiéting 216,000 retail petroleum service stations.
The other faﬁtor which will influence the consumer fuel bill
is the rate at which fuel is consumed by the engine. It has been
estimated that a 10% loss in fuel performance will be one of the
cost associated with IC engine emission control. If this is the
case, the average motorist will buy on the average an additional 74
gallons of gasoline a year at a cost of approximately $27.00.
As a measure of comparison the following fuel cost baseline
has been established. All costs are in 1971 dollars.
1971 Fuel Cost/Mile $.018
Additional Cost due to unleaded gasoline .0015

Additional cost due to lower performance .0019

Baseline fuel cost $/mile $.0214
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No major change‘in 0il cost is expected, therefore, the baseline

remains at $.0016/mile.

.3.3.2.2 Maintenance, Repairs and Replécement Parts. Maintenance
and repair cost vary primarily as a result of tofal miles'driven,
- the age of the vehicle and the original purchase price of the vehicle.
The first Qear.maintenance and repair cost'are generélly low due to '
. the newngsé of the vehicle and the fact that manufacturers parts and
labor wa;ranties are in‘effect. As the automobile gets.older, these

costs increase significantly as shown below(lg).

ggég ',  MILES DRIVEN | $/MILE - TOTAL COST
1 14,500 | .005 72.50
3 11,500, .0159 ©183.00
5 9,900 - o .0176 272.00
7 9,500 om0 1322.00

The 10-year total cost for maintenance and repairs is approximately
$1,900.00 or 54% of the averagé price paid for fhe car.

The conversion to an AAPS power automobile may have a most
pronouﬁced effect on the automobiie parts and'serQicg_industry. This
is primarily due to.iﬁs magnitude and céﬁplexity. The complexity of

the industry is iliustrated_in Figure 5. Automobile manufacturers
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STRUCTURE OF AUTOMOTIVE PARTS DISTRIBUTION (25)
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make about 36%‘of parts sold to the after-market, diétributing most

of thesé to dealers and the remainder to wholesalers, and mass
merchandisefs. Independent manufacturers account for the remaiﬁing 707
of the'parts after-ﬁarket. They sell mostly to wholesélers and jobbers
with the remaining goiné to mass merchandisers.

The magnitude of the service industry is shown in the following

Table. -
" RETAIL SALES ~ SERVICE
: ‘Number of Number of SALES (Billioys)
Type of Business Establishments Employees Farts Labor Total
; (000)
New Car Dealers ‘ 32,898 696 4.8 2.4 7.2
Tire Battery & Accessory
Dealers : 29,189 130 2.4 1.8 - 4.2
Gasoline Service Stations (1) 216,058 800 2.4 1.1 3.5
Automobile Repair Shops ‘ 109,946 : 298 2.5 1.8 4.3
TOTAL Retail-Serivce 385,091 1,914 12,1 7.1 19.2

(1) Does not include sales of gasoline and oil.

The total 1967 outlay by consumers for automobile services represented
approximately 4 percenﬁ of all consumer expenditures.

Conversion tolﬁn hAAPS places two burdens on this industry:
(1) cosf of maintaining inventories for the IC engines and tﬁej

AAPS,

(2) training or retraining maihtenance personnel.
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There are over 100,000(25)separate parts listed for automobiles. This
inventory of parts wili have to be maintained in the service industry
for approximately 10 years after the IC engine production is terminated.
An inventory of parts for the AAPS will have to be manufactured and
distributed during this time. This could result in increased inventofy

costs to the service industry which would be passed on to the consumer in

higher maintenance and repair bills.

Training cost for mechanics may represent a very significant

cost of conversion. It is estimated that the entire service industry

an

mechanics in 1971 and that the number of mechanics

will grow to 940,000(17)in 1975. Government training costs in 1970

employed 875,000

for mechanics range between $620 to $2,900(25)depending on the needs
of the trainee, training program design and the skill level required.
Assuming the lowest cost, 90 day retraining program, the total cost
of retraining the 1975 mechanic population would approach $600 million.
This cost will have to be absorbed by the consumer in terms of higher
labor charges or by the Government and eventually by the taxpayer.

For a comparative evaluation of repair and maintenance costs
of AAPS a baselipe has been established. This baseline includes
cost of labor and replacement parts, and an estimate of the increased
maintenance cost due to new emission control and safety devices to

be installed on automobiles during the 1971-1975 period.
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1970 cost/mile - $.0191

Cost increases due to

increased complexity of

‘IC engine, emission controls, . :
safety features (15%) - .0029

TOTAL Maintenance, Repair and
Replacement Parts Baseline .0220

3.3.2.3 Insurance, Taxes an& Fees. The cost of inéurance, taxes
and fees are not expected to change as a result of the conversion to
an AAPS. These costs are therefore held constant at the 1970 level
as follows. | | |
Insurance $.0172/mile
Taxes and fees $.0135/mile
$.0307
3.3.2.4 Summary. The 1970 nationwide average total operating .
costs, excluding depreciation, for a 4-door sedan driven 100,000
miles over ten_ye#rs is $.069/mile. The baseline operating cost

for evaluation purposes is compared to the 1970 costs in the follow-'

ing Table.
. Evaluation
1970 Baseline
Fuel : _ ' ' ,0173 ‘ .0214
0il ' 0016 ' .0016
Maintenancé & Repair
& Replacement Parts ' .0191 A .0220
Accessories ‘ .0003 .0003
Insurance | .0172 L0172
Taxes & Fees - | .0135 | +.0135
.069 . : .076
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3.4 Economic Reallocation

The economic reallocation factor is defined as a shifting in the
allocation of resources from one industry to another and, in the
extreme,abandonmept of part or an entire industry. Economic realloca-
tion principal effects are displacement of the labor force, premature
obsolence of plant and equipment in some industries and severe shortages
in trained personnel, plant and equipment in other industries.

Economic reallocation caused by the conversion to an AAPS will A
be the most difficult factor to evaluate and the one most subject to
error.

Economic reallocation should be evaluated for each of the major
segments of the éutomotive industry, including manufacturing, whole-

sale trade, and retail service and trade.

3.4.1 Manufacturing

The value of automobiles shipped from the manufacturing industry
in 1971 is expected to be approximately $24 billion(za. This accounts
for approximately 2% of the projected gross national product.

A single in@ustry of this magnitude has an effect on wany indus-
tries in the economy. For example, in 1967, the cost of-materials used
in the motor vehicles industry amounted to $19.9 billionm. A pa?tial
list of these materials are shown in Table I. Table II illustrates the
automotive industries consumption of metals. As can be seen from

these tables, the motor vehicle industry consumes a large percentage

of the total production of several other manufacturing industries.
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TABLE I

AUTOMOTIVE PARTS AND COMPONENTS MANUFACTURING
~ ENGINE RELATED INDUSTRY(22)

* VALUE % OF TOTAL

SIC™ ' INDUSTRY . QUANTITY sM INDUSTRY
28993 Chemical Preparations - NA 1160.2 14
_ Anti Freeze and Others :
30691 Rubber and Plastic Belts  59.9 - 41.6 16
(million units) '
35991-11 Carburetors (million units) 15.2 177.1 NA
' 35991-31 . Pistons-Aluminum (million) 33.0 70.6 NA
35991-35 Pistons-Other (million) £2.0 1.5 . NA
35991-51 Piston Rings Oil (million) 257.4 31.4 NA
Piston Rings Compression 437.8 55.1 - NA
. (million) ,
35991-61 Valves (million) 131.4 80.9 NA
3621 Motor and Generators 28,  145.6 6.3
(Accessory) (million)
13691 Storage Batteries (million) 40.7 364.4 63
3694 | “Ignition harnesses 24.2 -~ 33.3 NA
(millions) . .
Generators 6V (millions) NA 2.1 | NA
12V (millioms) 11.6 - 156.3 NA
Rebuilt Generators ‘ NA - 27.0 NA -
Rebuilt Regulators Y .9 NA
New Regulators ' . 15.1 41.4 NA
Cranking Motbrs.New - 11.7 197.7 | NA
Cranking Motors Rebuilt 2.6 23.5 NA
Spark Plugs 656.2 184.8 NA
NA = Not Available.

*
- SIC

Standard.Industrial Code
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TABLE I (CONT'D)

* VALUE 4 OF TOTAL
UANTIT

SIC INDUSTRY QUANTITY " INDUSTRY

3694 Ignition Coils 16.0 30.0 NA
Distributors 11.6 69.6 NA
Auto Switches 124.3 120.7 NA
Components & Parts ’
(points, condensers,
rotors, etc.) NA 150.7 NA
TOTAL VALUE OF ENGINE RELATED

INDUSTRY SHIPMENTS 2,156.4

75



SIC

22960

30695

30795
32113
32292
32315.
32316

33579
28516

28517
30111
34231
3429
3451
3452
3461
34819
3493
3585179

3641 -

TABLE I (CONT'D)

BODY, CHASSIS, SUSPENSION TIRES AND OTHERS

) 4 4 VALUE
INDUSTRY o QUANTITY $M
Tire Cord & Fabric (million lbs)  478.6  404.6
-Mechanicél Rubber Coo&é , L
(million 1bs) ' 5 N/A 204.3
Industrial Plastié Products N/A | 305.6
Lgminated Glass milli_.on.ft2 190 342.0

’ Lighing & Electrical Glassware N/A 17.1

"Mirrors _ ‘ ’ - N/A | 41.7
Tempered Glass million ft’ . 86.3 59.1
Non Ferrous Wiring : . ' |
(million 1bs copper) 22,5 - 25.8
Industrigl Product Finishers:

. (million gal) 40.7 119.4
industriél'Lacquers (million gal) 12.0 40.3
Tires & Iﬁner Tubes (million) 172.4 1,753
Hand Service To&ls (million) 7.6 - 24.5
Misc. Hardware ‘ 1 N/A 807.7
Screw Machine froducts N/A 233.2°
Bolts, Nuts, Rivets . N/A - 91.2
Metal Stampings 4 N/A 3,178.2
Wire Chain (1000 tons) ' 44.6 38.6
- Steel Springs (1000.tons)> , 417.8 164.2
Air Conditioning (000 units) 3190 327.6
Electric Lamps (000 bulbs) 592.8 88.2
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‘% OF TOTAL
INDUSTRY

NA

19
24
94

5
26

58

17
22

56

36

23

58
43
62
N/A
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TABLE I (CONT'D)

3642 Lighting Fixtures N/A 167.6 11
3651 Radio & TV Receiving

Sets (million) 8.2 . 211.1 6
38214 Motor Vehicle Instruments N/A 71.4 N/A

TOTAL VALUE OF BODY CHASSIS, SUSPENSION,
TIRE and OTHER AUTOMOTIVE SHIPMENTS 8,716.4
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TABLE I (CONCLUDED)

AUTOMOTIVE INTERIOR FINISHING:

4 OF TOTAL

SIC  ° INDUSTRY S QUANTITY VALUE INDUSTRY.
22720-05 Tufted Carpits & Rugs _ :
: Million yds o - 40.2 84.6 6.4

© 22930-13 Padding and Upholstry Filling - . ‘

: : : (million lbs) ' 2.6 60.1 37
23962-16  Automotive and Apparel Trimming , 513. 64
23990 - Fabricated Tensile Products - )

(1000 sets) _ .. 32,777  98.0 18
30693 Sponge & Foam Rubber Goods ‘ ‘
- (million 1b) o 43.5 455 16
30694 Rubber Floor & Wall Covering © N/A 28.8 40 -
34813 Misc. Wire Spring Products '
(1000 tons) : ' : ' 188 = 114.4 45

TOTAL VALUE OF AUTOMOTIVE INTERIOR FINISHING
SHIPMENTS 944 .4
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AUTOMOTIVE INDUSTRY MATERIAL CONSUMPTION (1968)

INDUSTRY

- 1. Steel (tons)
Alloy bar
Stainless bar

! Carbon bar

i ’ Total bar

Strip

Sheet

Galvanized

Total Steel

2. Aluminum (tons)

3. Copper & Copper
Alloys (ton)

4. Gray and Ductile
Iron (ton)

5. Lead (tons)

6. Malleable Iron (tons)
7. Nickel (tons)

8. Rubber (tons)

9. Zinc (tons)

TABLE II

NATIONAL

7,815,606
819,042
1,677,641
10,312,289
3,010,911
27,117,391
5,201,099
91,855,894

5,043,500

3,188,500

15,672,000
1,328,770
1,093,788

170,000
3,040,586

1,550,000
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1968 AUTOMOTIVE
CONSUMPTION INDUSTRY CON-
SUMPTION

1,740,301
132,174
1,023,347
2,895,822
829,772

12,470,266

943,295

19,269,373

522,500

260,500

2,927.000
723,443
437,540

42,230

1,967,508

566,000

4 OF U.S.

CONSUMPTION

22.3
16.1
60.9
28.1
27.6
46.0
18.0
21.0

10.4
8.2

19.4
54.7
40.0
14.3
64.7

36.5



The AAPS cost analysis must consider the prospects of a major
" shift away .from one of these manufacturing industries, and the impact
that this shift would cause on the overall economy. For exaﬁple, an
AAPS which requires the shift to electricity rather than gasoline
as an energy source must. be evaluated in the light of the 437 gasoline
manufacturing<establishmeﬂts employing 106,700 people ﬁnd having sales
in excess of $20 billion.

Iﬁ order to adequately assess the impact of conversion to an
AAPS on other industries a detailed study must be made of the mater-
ials and the component manufacturing needed to produce the AAPS.
Thé results of this study should then be compared against an IC enginé‘
manufacturing baseline such as that contained under Engine Related
Industries - Table I and the Material Consumption - Tabie II,
An index of manufacturing reallocation can then be established for
‘each candidate AAPS, and a rank ordering of all candidates can be

made in terms of value and economic reallocation impact.

3.4.2 Wholesale Trade

The automq;ive wholesale trade would probably be minimally
affected byla conversion to an AAPS candidate. Even théugh this
segﬁent is large (65,700 establishments, 550,000 employees, $80
billion éalés) no major change in the wholesalers basic function can
be seen. The one exception is the pétréleum wholesalers which
would be significantly affectéd if the AAPS uses an energy source

other than gasoline.
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3.4.3 Retail and Service

This segment of the automotive industry would potentially have
the largest problem in converting to the AAPS. This segment is
characterized by the large number of relatively small independent

business establishments as shown below:

NUMBER OF ' SALES
ESTABLISHMENTS - EMPLOYEES ($ MILLION)

Motor Vehicle Dealers 62,023 785,900 48,635.6

Tire; Battery & Accessory .
Dealers 29,189 158,800 4,235.8
Gasoline Service Stations 216,059 800,300 22,709.4
Auto. Repalr Shops 109,946 297,069 4,085.5
TOTAL 417,217 2,042,069 79,666.3

Many of these businesses are one, two or three man operations.
For example of the 109,946 automobile repair shops, approximately
48,000 have no employees. Only 44,000 of the 62,000 motor thicle
dealers have paid employees.

The problem facing this segment of the industry is one of sur-
vival., Many of these businesses have low dollar volume of sales and
low working capital to invest in tools and equipment which may be
necessary to ﬁake the conversion. A survey of the yearly salary
volume averages for repair shops illustrates this problem. The
results of the éurvey showed the percentage répair shops having an
average annual dollar volume as follows: $300,000 and over, 1.3%;

$200,000 - $299,999, 1.9%; $150,000 to $199;000, 3.3%; $100,000 to
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$l49,999, 8.2%; $80,000 to $99,999, 5.2%; $60,00b to $79,99, 10.0%;
$40,000 to $59,999, 16.0%; $20,000 to $39,999, 28.5%; $0 to $20,000,
25.6%. 5) | |
" Another problem is the possible loss of mechanics which consti-

tute a 1éfge portion of the 1abor‘employed in this segment. On the
average, mechanics earn about $6;500/year. If they are faced with
‘paying for rétrainiﬁév(estimated minimum cost $620).and purchasing
additional tools'nécessary to repair an AAPS, many meﬁhanics may
1éave the industry for better paying jobs. If this_occurs, tHe
.mechanicAto.vehiclg ratio may increase significantly above tﬁe 1
mechanic to 154.vehicles projected for 1975 and, consequently increase
repair costs and deéreése ayailébility of repéirs.

| AAPS cand?da;es must be gvaluated in the terms of the abpve
considerations. A,maésive.disrﬁption of the refail and se:viceA
industry would have.a significant impact on the economy and the .

social well beihg of the natiom.

3.5 Cost to Governments
Federal, Sfate and Local Governments receive considérable
revenues from faxes on automobiles andvgasoliné.~ In 1969 these tax

(18)

revenues were-as follows:
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Government Revenues (Millions)

Federal State Total
Fuel Receipts 3,350 5,977 9,327
011 ‘ 59 59
Tires ‘ 572 572
Tread Rubber 29 29
Automobiles 1,874 1,874
Trucks, Busses, Trallers 629 629
Parts & Accessories 82 - 82
Motor Vehicle Tax 134 166 300
Registration Fees 2,564 2,564
Other Fees . 534 534
TOTAL ~ 6,728 9,234 15,969

Candidate AAPS should be evaluated to determine if a substantial
change in these receipts would occur under existing téx structures.

All units of government are responsible for capital outlays
and maintenance of the nation's highway system. In 1969, government
disbursements for highways amounted to approximately $18,382 million.
These disbursements have been increasing at a rate of approximately
7% per year. Candidate AAPS could influence new highway designs and
requife modifica;ioﬁ to existing highways. Therefore, the candidate
AAPS should be anglyzed to determine any effect which it might have
on the nation's highways and the associated cost to the governments,

and eventually, the taxpayer and consumer.
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There may be other'éosté to the governments which must be con-
sidered. For exampie, periodic inspection of privatély éwned vehicles
to insure they do not exceed emlssion standards may become the respon-
sibility of one of the leQels of goﬁernment. Large expenditures for
research and developmen;, demonstrétion and fleet testing by federal
and state governments ﬁay‘have an‘impact on the taxpayers. These and
other botep;ial cost to gpvetnments must be_analyéed in évaluating the

candidate AAPS.



SECTION IV

AAPS STRUCTURED VALUE ANALYSIS MODEL

4.0 INTRODUCTION

This section presents the analyti;al formulation of the AAPS
Structured Value Analysis Model. Included are the value judgment
curves and value function for the parameters discussed in Section.

2.0, the value sets for each of the eight evaluation categories and
the total AAPS system value set.

The value function and its graphic representation, the value
judgment curve, is'the basic input to the AAPS Structured Value Analysis
model, The value function relates points on the parameter measurement
scale to a value scale which ranges between zero for no value to thé
user and unity for maximum value to the user. In this case the user
is DAAPSD acting as agent for the motoring public.

Category value sets for the eight evaluation catego}iés are also
presented. These value sets establish the relationship among the para-
meters in a particular category. Finally an AAPS syvstem value set
presented which establishes the relationship among the eight evaluation

categories is defined.

4.1 Value Funqtions

The value function relates points on the parameter measurement
scale to a normalized value scale which ranges between zero for no
value to unity fof maximum value and is graphically represented by a

value judgment curve. Figure 6 shows a typical value judgment curve.
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With each level of performance there is associated some value on a
scale from 0 to 1, where 1 corresponds to a level of performance
beyond which no further value accrues. Similarly, the 0 value
corresponds to the level of performance which is beyond the range of
acceptability and thus has no value to the DAAPSD and/or to the auto-

mobile consumer.

4.1.1 Value Judgment Curve Development

A common approach was used to develop the value judgment curves
contained in this section. This approach resulted in value judgment
curves with the following desirable characteristics:

1. smooth variation over the entire range,

2, zerxo slppe at the origin,

3. asymptotic approach to zero or one for large valués of

the parameters, and

4, flexibil;ty so that special cases are easily incorporated.

The first step in developing the value judgment curve was to
establish the maximum and minimum values for each evaluation para-
meter. These maximums and minimums were presented in Section 2.0 of
this report. Thé usxt step was to define any additional. points
between the parameter maximum and minimum points and to assign a value
to these points.- For example, four points along the measurement
scale for the carbon monoxide emissions evaluation parameter were

identified, and assigned a value as follows:
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PARAMETER VALUE TO

~ VALUE USER
1975 California Goal - 12 grams/mile ~ .10
N. Y.'City Goal | '-‘ 9 grams/mile - .25
Clean Air Act Standard | - 3.4 grams/mile -~ .95
DAAPSD Goal - 3.4 grams/mile | - .95

Theseé points were then plotted on an initial vaiue judgﬁent scale
an& were joined through linear segments as showﬁ in Figure 7;

Based on the lineéf ﬁlbts, smooth curves with the desirable
characteristics discussed above were developed. These'qurVes apprd—
‘ximéte the lineér.éﬁrve throughout ;he entire range gnd aré represented

mathematically by one of the following functidns;

n
v = tanh oax
or _ -
" v = l-tanh ax
where v = value to usér

x = parameter value
n > 1
As a result of applying the function 1-tanh ax" to the above CO

emission example, the value judgment curve shown in Figure 8 was
developéd. This curve wés feviewed by DAAPS and other automotive
experts. As a reéult a new curve with increased slope and reduced
range was agreed upon as being more'fepreéentatiVe of the CO emiésion/
value to the user relatiohship. This curve is shown in Figure 9.
This procedure was followed iﬁ the majority of cases.

The parameiers whicﬁ are measured by‘nominal scales could not be
handled with this technique. The value judgment curves for the nominal

scale parameters have a similar shape to those using the above

88



68
VALUE TO USER

1.0

0.54

VALUE JUDGMENT CURVE

CLEAN AIR ACT STD.
DAAPSD GOAL (3.4, .95)

N.Y. City Goal (9, .25)

1975 CALIF. STD.
(12, .10)

s

0.0

I | 1 LD T i
4 5 6 7 8 9
FIGURE 1
CO EMISSIONS

GRAMS/VEHICLE MILE



06
VALUE TO USER

1.0

0.5

0.0

VALUE JUDGMENT CURVE

FIGURE 8
CO EMISSIONS
GRAMS/VEHICLE MILE

15



16

.00

FACTOR

1

0.75

0.50
L

VALUE TO0 USER
0.25

.

00

|

V=1-Tanh.7465(10 >)x

12.84

.00

-+
.00

2.00 © 3.00 4.00
GRQMS/VEHICLE MILE

CO En]33j0M

¥
S.

00

.00

7.

00

FIGURE 9

CO EMISSIONS
GRAMS/VEHICLE MILE




_ functions;_ However, a range of values are indicated on the curves

which represent:exAmples discussed in the Section 2.0 Evaluation
Parameters. This rangé wili AIiaw the evaluator to judge the position
of the candidate éystem with respect to;the examples, and assign a
vaiue which would.not be resfriéted to three or four discrete values.
An example of;thié type of vqlue jﬁdgment curve is shown in Figdre 10.

Value judgmént-curves for 91 evaluation par#meters are presented
in the following sections. The shapes of the curyés are based on

availablé énalytical data, and the judgment of DAAPSD and MITRE

‘personnel. The equations for each curve are also presented. These

~ equations are the value functioms used in the Structured Value Analysis

model to calculate the "Value to the User" corresponding to a measured
parameter value. The two points shown on each curve are control

points used in modifying the:éufve'slbpe.’
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4.1.2 Emissions Category

.Carbon Monoxide Emission:
Hydrocarbon Emission
Oxides of Nitrogen'Emissibn

Sulfur Oxideé Emissions
‘Particulates |

Smoke o

Odor

Maximum External Néiéé
Maxiﬁum Idle Noise o
Maximum Low Speed Noise

Internal Ndise
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Curve

Curve
Curve
Curve
Cﬁrvé
Curve
Curve
Curve
Curve

Curve

Curve

1.1
1.2

1.3

1.4
1.5
1.6
1.7
1.8
1.9
1.10
1.11
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1
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100.00
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120.00
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4.1.3 Operating Performance Category

Starting Time - 65Z Full Power
Starting - Cold Soak

Starting F_Reliability

Idle Operations - Fuel Consumption
Idle Operations - Creep Torque
Idle Operations - Sustained
Acceleration - 10 Seconds
Acceleration - 25 - 70 MPH
DOT High Speed Pass

Cruise Speed

Maximum Speed

Grade Speed

Range - Cruise

Range - Urban
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Curve
Curve
Curve
Curve
Curve
Curve
Curve
Curve
Curve
Curve
Curve
Curve
Curve

Curve

2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
2.10
2.11
2.12
2.13
2.14



L0T

1.00

7S

0.
A

. S0

VALUE JO USER

0.25
1.

.00
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- 2
V=1-Tanh.4898(10 2)x=> 909
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1 T 1 b 1 1 BB
20.00 40.00 60.00 80.00 100.00  120.00  140.00
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0
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Qf. . ———
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VALUE TO USER

0.25

0.50

A

0]4]
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X

V=1-Tanh.8271(10 °)
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2.00

T
.00

6.00 8.00
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VALUE TO USER
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TERM ' - | . V=1-Tanh.4905(10 3)x2 874

1.00
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; 0.

' 0.50

1

P.00
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VARLUE TO USER
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1
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-7, .4.566

V=1-Tanh.2071(10 ")x
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.00

20.00

40.00 60.00 80.00
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T
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~
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-VALUE TO USER
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A
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0.0
) T T T T
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200 300 400 500 600 700
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VALUE TO USER
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[
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L | — ¥ T
12 13 14 15
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T T
16 17
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VALUE TO USER
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X
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i
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-20
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50.00  100.00  150.00 _ 200.00
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L
250. 00

300. 00

350. 00
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4.1.4 Acceptability Category

Ease of Operation

Ease of Starting

Driver Comfort

Versatility - Styling
Versatility - Minimum Size
Versatility - Maximum Size
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Curve
Curve
Curve
Curve
Curve

Curve

3.1
3.2
3.3
3.4
3.5
3.6




(44!
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V=Tanhl.950x
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4.1.5 Qggratinngnvironment Categorz.'

Engine Operating Temperature - Max

Engine Operating Temperature - Min

Reduced Power at 11000 feet

Reduced Power Due.tb A&versé Weather.

Reduced Power - 40 MPH Wind

Reduced Power - 75 MPH Wind

Operability in Dust or Sand
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Curve
Curve
Curve
Curve
Curve
Curve

Curve

4.1
§.2
4.3
4.4
4.5
4.6
4.7
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0.75
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1
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V=Tanh.6354 (10
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4.1.6 Safety Category -

Propulsion System Safety

Safety-Energy Suppiy Normal Operation
Safety-Energy Supply High Speed Accident
Safety-Energy Supply Low Speed Accident-
Safety - Production '

Safety - Sefﬁiéé
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1
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A ¥
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T —
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4.1.7 Personnel and Facilities Category

Time to Consumer Availability

Lead Time - Production Changeover
Complexity of Production Changeover
Lead Time - Field Service Changeover
Complexity of Field Service Changeover
Lead Time for Production Training
Education Level - Production

Lead Time for Service Training
Education Level - Service

Availability of Energy Stations
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Curve
Curve
Curve
Curve
Curve
Curve
Curve
Curve
Curve
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6.4
6.5
6.6
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1.00

VALVE T0 USER
0.50

0.25

A

TERM

1.501

V=1-Tanh.01768x

$.00

.00

—_
.00

-
10.00

15.00 20.00 25.00
MONTHS ‘

LERD TInE FON JERVICE TARJNING

-
30.00

35.00

CURVE
6.8




(494

VALUE TO USER

0.25

" TERM

1.00
T

0.75

0.50

'

V=1-Tanh.7753 (10”7 )x® 433
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4.1.8 Propulsion System Technical

Parameters
Energy Storage —~ Specific Volume -
Energy Storage - Specific Weight -
Energy Storage - Specific Cost
(Consumable Elements) -
Energy Storage - Specific Cost
(Non-Consumable Elements) -

Energy Storage - Known Fuel Reserves -
Ease of Refueling

Enetgy Storage -

Energy Converter

Energy Converter
Energy Converter

Energy Converter
Minimum HP

Energy Converter
Maximnm_HP

Energy Converter

Point Torque Ratio

Energy Converter
Point RPM Ratio

Energy Converter
Power Efficiency

Energy Converter

Power Effectiveness

Specific Volume
Specific Weight
Specific Cost
Power Range -

Power Range -
Sfall/Design
Minimum/Design’
Regenefation

Absorption

Energy Converter - Mechanical

Efficiency at Maximum Continuous HP

Energy Converter - Response to Load

Change

Energy Converter - Overload

Capability

Energy Converter - Sensitivity

to Fuel Quality

Power Conditioner - Specific Volume

‘Power Conditioner - Specific Weight

Power Conditioner - Specific Cost

154

Curve

Curve

Curve

Curve
Curve
Curve
Curve
Curve

Curve

Curve

Curve

Curve

Curve

Curve

Curve

Curve

Curve

Curve

Curve

Curve

Curve

Curve

7.1
7.2

7.3

7.4
7.5
7.6
7.7
7.8
7.9

7.10
7.11
7.12
7.13
7.14
7.15
7.16
7.17
7.18

7.19
7.20
7.21
7.22



Power Conditioner -~ Power
Range Minimum

Power Conditioner - Power
Range Maximum

Power Conditioner - Reversing

Power Effectiveness

Power Conditioner - Mechanical
Efficiency at Maximum Continuous

Power

Power Conditioner - Mechanical
Efficiency in Reverse Power Direction

Overall Propulsion System
Efficiency at the Wheel,

Mode 1

Overall Propulsion System
Efficiency at the Wheel,
Mode 2 '

Overall Propulsion System
Volume

Overall Propulsion System
Weight

Overall Propulsion System
of Scarce Materials

- Avefage

- Average

Total

- Total

- Use

155

Curve
Curve

Curve

Curve

Curve
Curve

Curve
Curve
Curve

Curve

7.23
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7.28
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7.30
7.31

7.32
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4.1.9 Reliability and Maintenance

Complexity of System

Ease of Routine Service

Expense of Unscheduled Repairs
Design Life

Period Between Routine Servicing

EStiﬁgted Mean Miles Between
Failures :
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4.2 Category Value Sets X

-

The catego;y -value set establishes the relationship among the

parameter value ﬁunctions within a particular category( Afparameter
value function mﬁ&leither be expressed as a term or a factcr in the
value set: a :éfm being related to other category parameters by an
additive relationship and a factor being related to other category

parameters by a multiplicative relationship. Each parameter

designated a terg*ls also given a weight which establishes the

~ relative importahce of the term. The sum of these weights is equal

.

to one.

The general equation for the category value set is:

Xc' JH F.‘l (Xj) 12 AF (Xi)
where ]
n
iﬁf 17
Vc ‘- category value r
A = weights assigned to terms
F = value function
X - ggrameter measurement value

1 and j are ip&ices.

The following value sets have been established forvtﬁe eight
evaluation categorles. These value sets represent the consensus of

DAAPSD and MIfREapersonnel.

ég.iﬁ
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4.2.1 Emission Value Set

The emission category value set is as follows:

Vg = [V D0 D0 O ) 9] [207 200 ) + 1207 gy

+ 14V )+ .2(V) 1g) ¥ .14(V) )]

The value functions and value judgment curves for the category

paramefers \' are found in Section 4.1.2.

through V

1.1 1.11

4.2.2 Operating Performance Value Set

The opératinglperformance category value set is as follows:

+ .05V, , + .06V, . + .06V. , + .04V. _ + .05V,

Vop = +06Y; 4 2 2.3 2.4 2.5 6
$L07, 5+ DV, g+ 09V, o L1V, Lok 05V, |+ .07V, |,
F.00V, o+ ALV,

The value functions and value judgment curves for the category

parameters V2 1 through V2 14 are found in Section 4.1.3.

4.2.3 Acceptability Value Set

The acceptability category value set is as follows:

VA = .25 V3.1 + .15V3.2 + .20V3.3 + .16V3.4 + .12 V3.5 + .12 V3.6

The value functions and value judgment curves for the category

parameters V3 thorugh V are found in Section 4.1.4.

1 3.6
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4.2.4 Operating Environment Value Set

The operating environment category value set is as follows:

Vop = (U D, DV, ) [3V, 5+ 4V, g+ 15V, o+ .15V, ]

The value functions and value judgment curves for the category

parameters V4 1 through V4 ; are found in Section 4.1.5.

4.2.5 Safety Value Set

The safety category value set is as follows:

Vg = Wy Ds Vg D DV HTg )

The value functions and value judgment curves for the parameters

VS.1 through V5.6 are found in Section 4.1.6.
4.2.6 Personnel and Facilities Value Set
i The personnel and facilities category value set 1s as follows:
!
VPF f '2V6.1 + .1V6.2 + .1V6.3 + .1V6.4 + .1V6.5 + '1V6.6

+ .06V, o+ L1V, o+ L09V, o+ 05V o

The value functions and value judgment curves for parameters

\Y through V are found in Section 4.1.7.

6.1 6.10

4.2.7 Propulsion System Technical Parameters Value Set

! Due to the large number of parameters involved in the evaluation
of propulsion system technology, the value set was sub-divided into

five parts as follows:
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= .3V + .2V

VPropulsion " *“"Resource Volume and + 'ZVFueling and

System Consumption Weight Operating
Convenience
ot 'ZVSimplicity oV ieial
of Design Cost
where:
*3VResource = V7.3 [070V; 190 (V7 26) + -05 (V; 55 +V; 1)
' Consumption 0 2
03077 1)) (Vg,99) (Vg 9p)] + 2050V, 5+ V; 39)
“2%51 ume = [-005(V; ) (Vg 16 (Vg 5g) + -005(V; ) (V5 ()
and Weight :
+.005(V, ,0) + 065V, 40+ L007(V, )(V, )
(V7,260 * +007(V; @) (V5 ) + .007(V, 5))
+ .099V7.3l]
‘WVpieling and = [ 07,6 ¥ V7,17 + V7,158 * V7.19))
Operating '
Convenience
Wimplictty = 92 P10+ V7.1 * V713t Vo15 + Vy.23
of Design ' :
| * Vg 04) + 105 (Vy p))]
Vinitial = [[04 (V; V7 1) (Vg 56) + .03 (Vg ) (Vy o)
Cost .
+ .03 (v7_22)]

The value functions and value judgment curves for parameters

\4 through V ~are found in Section 4.1.8.

7.1 7.32
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4.2.8 Reliability and Maintenance Value Set

The reliability and malntenance category value set is as follows:

VRM = '15V8.l + '1V8.2 + '1V8.3 + .3V8°4 + .1V8.5 + '25V8.6

The value functions and value judgment curves for parameters

v through V

8.1 8.6 are found in Section 4.1.9.

4.3 System Value Set
A total AAPS value set which combines the category value sets
into one equation was developed. This value set will be used to

produce the structured value of the AAPS candidates.

= (V) (Vg) [L20V, + .2V, + .2V, + 15V + 12V + 12V, ]

VSystem ST OE

The two critical categories, emissions and safety; are considered
as factors in the system value set. An AAPS candidate which has high
emissions or poor safety characteristics will therefore receive a low
system structured value. The categories of operating performance
(VOP), system technical parameters (VST) and acceptability (VA) have
61% of the weight of all terms. These categories are used to evaluate
the AAPS candidate's drivability, consumer acceptability and the
technical and cost characteristics of the propulsion system. 27% of
the weight is assigned to categories which provide an indication of
the AAPS candidates productability and maintainability. The category
used to evaluate the ability of the AAPS candidate to operate in the

climate of the United States is given the remaining 12% of the weight.
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‘+30% (

SECTION V

ANALYSIS OF MODEL

5.1 Method of Analysis

The AAPS Structured Value Analysis model was tested and analyzed

to determine if it performed in the manmner desired, to identify critical

and non-critical parameters and to identify changes to the model which
would improve résults. It was decided to subject the SVA model to a
sensigivity analfsis whefeby ﬁhe contribution of each parameter to
;he category valué cduld be studied. In order to perform this sen-
sitivity analysis,‘a computer program was deﬁeloped and is described
in Appendix II.

The categofy value sets and the value functions for the para-
meters, as defined in Section 4.0, were programmed into the computer.
A data set of parameter values corresponding to the .5 value to. the

user point (PV.5) (Figure 11), was then used to calculate a base value

(CVB)for the cétegory. The range (R) of the parameter was calculated

by taking the absolute value of the difference between the parameter
value where value to the user is zero (PVO) and the parameter value
where the value to the user is unity (PV1). New parameter value
poiﬁts corresponding to *10% (P-.lR’ P.lR)? 3202,(P—.2R’ P.ZR)’ and

’P—.BR’ P.SR) of.the range (R) were calculatgd.
New category values CV and CV were then calculated by
O Poar Prar

using P_ for one parameter in the category value set while

J1R® P4.1R

holding the other parameters in the value set at P The percentage

VDS.

cﬁange in the category base value was then calculated.
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P . B P B
IR and +.1R

Ccv ' CVB

B

The computer program performs this calculation for each parameter
for *107%, *20%, and *30% range. It is then possible to determine
the % chapge in category Qalue resulting from a change in a single
parameter value.

Those parameters which, when varied, result in the largest
change in the category value are the most sensitive and have the

largest influence on the.category value,

~

5.2 Results of Analysis

Each of the:eight evaluation categories were subjected to the
sensitivity analysis. The results, conclusions and recommendations

for each category are discussed below,

5.2.1 Emissions
The results of the sensitivity analysis showed that the CO, -
NOx, HC, SOx and_particulates had the greétest effect on the category
value. The effect of these parameters on the category Qalue rangéd
between 24,9% to 35.2% for a change in parameter value equivalent to
10% of the range; 47.0 to 67.4% for a 20% change and 64.8% to 88.7%
for a 30% change as is shown in Table III. The order of paramete%s
in terms of effect of the categqry‘value remained constant untillthe

30% variation when internal noise dropped from 7th to 9th place.
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It can be concluded that the emission category would produce
results as desired. The more important emissions do have the greatest
impact on the results of the model. It can also be concluded that
deletion of the idle noise and maximum noise parameters from future
AAPS SVA models will not have a significant impact on the model
results.

It is therefore recommended that the idle noise and maximum
noise parameter be deleted from further consideration as an evalua-
tion parameter. It is also recommended that additional weight be
given to internél noise so that it remains in its relative position of

importance throughout the entire range of variationm.

5.2.2 OQperating Performance

The sensitivity analysis of the operating performance category
was conducted using the design performance values contained in the
"Design Goals - Six Passenger Automobile" (Appendix I) rather than
the parameter value corresponding to a value to the user of ,5. This
change was necessary due to the fact that several of the value judg-
ment curves have two parameter values corresponding to a .5 value to
the user.

Table IV presents the results of the sensitivity‘analyéis for
the operating performance category. As was expected, the category value
is not extremely sensitive to any particular parameter. This is because
the parameters have weights which are very nearly equal. The major

impact on the category value occurs when a break point in a value
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judgment curve is feached. For example, the category value is sensi-

tive to the cruise speed parameter when the parameter value drops

below 80 miles per hour or exceeds 85 miles per hour. This fact

" 1g evident in the 20% variation listing in Table IV,

While the results of the sensitivity analysis were as expected,

MITRE recommends the parameter list be reviewed closely to determine

if some of the pérametersicould be déleted, and thus the sensitivity

of other parameters increased. Those parameters which MITRE recommends

deleting are the following:

1.

‘been used in perfofmance tests by Union 0il Company

DOT Highspeed Pass - The parameter acceleration - 25-70

provides é»sim;lar measure of passing ability, and has
| (23)

and Consumer's Report.

‘Maximum Speed - MITRE considers this parameter to be impor-

tant from a éafety standpoint. Therefore, in evaluating
the safety of the propulsion system if the AAPS candidate
canﬁot be governed to an acceptable maximum speed, it

should be eliminated from consideration. The parameter

cruiseaspeedhshquid be the principle Spéed evaluation para-
:meter; |

_Créep'Torque - This parameter could be deleted in favor of
 the torqué parameters contaihéd in>the propuléion system

‘technical parameters.
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4, Sustained Idle Operations - This parameter could be deleted
without causing a major omission in the evaluation of AAPS

candidates.

5.2.3 Acceptability

The analysis of the acceptability category showed it performed
as expected throughout the entire range of variation with the model
being most sensitive to changes in ease of operation and driver
comfort. The one exception is the models relatively high sensitivity
to ease of starting as can be seen in Table V.
It is recommended that a lesser weight be placed on ease of starting
and a somewhat greater weight be placed on versatility of styling.
All parameters in this category contribute significantly to the model,

therefore, it is recommended that all parameters be retained.

5.2.4 Operating Environment

The category of operating environment performed as desired
tﬁroughout the range of variation. The model proved to be most
sensitivevto minimum and maximum temperatures and the effects of
adverse weather (Table VI). The impact of varying the values of the
dust and reduced operating performance in 75 mile per hour wind
parameters had little effect on the model's result. It is, therefore,
recommended that these two parameters be deleted from further con-

sideration.

5.2.5 Safety

The computer results for the sensitivity analysis of this category
does not reflect the category's sensitivity to the propulsion system

safety parameter. This parameter has a value function which is binary.
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PARAMETER

CODE NAME

EMCO
EMNOX

* EMHC

EMSOX
EMPART
LSPNOISE
INTNOISE
SMOKE
ODOR
“IDLNOISE
MAXNOISE

PARAMETER

Carbon Monoxide Emission
Oxides of Nitrogen Emission
Hydrocarbon Emission
Sulfur Oxides Emissions
Particulates
Maximum Low Speed Noise
.internal'Noise
Smoke
Odor _

" Maximum Idle Noise

Maximum External Noise
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1

Pt Jut Pt pub pud pud N PN N N N e

Pot fud Pt Pt pub =0 A N NN N e

VARI ATION

WHNMEGU PN WS

WP NDW

WL ONEHUVMENWM

IS:

ORDER

- g

IS:

ORO

> s

IS:

ORDER

oy

S OVONOUWMPULN W

_TOOVoO-NoOoUVMPUWNOEM

O VODNCNSWN

P

TABLE III

10.00

PCTs POS.
-354162109
=33,49765¢
=31.275192
—=264459564
-24,983307
=7.037911
~T7.18€6053
-5.228005
°40918939
=44,929669
‘4.259328

20.00

PCTe POSe.
=67.490234
-64,711792
~604556778
-50.335358
~47.016190
-13,587985
=12.342190
=94958401
-9,190122
= 9495435
=84204502

30.00

PCTe POS.
-884702652
=-866331955
-82415766€9
=-694410294
-644 765625
-170888641
-13,760189
=-12,619572
=13.848045
=12.474370
-10,749595
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EMISSION CATEGORY SENSITIVITY ANALYSIS

PCTe NEGe
30.561569
294366959
28099030
26200150
254 845032

6038696
54849435
5178307
50213264
4243008
34649273

PCTe NEGe.
534806717
52095535
50.588120
49.664627
504249985
10.591991

9547833
9828992
10277217
Te448288
6352829

PCTe NEG.
70.211533
684442917
67287277
68.850845
T1.223129
13.794860
13,651256
14.743584
11.656675

9705009
80318022

PCTe DIFF,
-1.02470C
-0.980126
=06925706
-00821020

. =0e 792467
~0.203878
-0.203237
~06162245
‘00157972
-0.143012
=0.123303

PCTe DIFF.
~1.891146
-10821148
-1732865
=1.559104
~1.516481
-0.376991
-0.341288
=00 308506
-0.30351¢
~06264170
-00227588

PCTe. DIFF,
-2¢477638
-24413102
=-2.3300C3
-24155637
-2.120208
=06 493979
=06427373
=0e426620
=0e397645
=04345800
-0. 297284



PARAMETER

CODE NAME

- AAC2570

CRSSPD
HISPPASS
RNGCRSE
 SPDGRADE
ACCTENSC
- MAXSPD
RNGURBN
FUELCSP
SUSIDLE
START
COLDSOAK
CRPTRQ
STRTREL1

Acceleration - 25 - 70 MPH
Cruise Speed

PARAMETER

DOT High Speed Pass

Range -~ Cruise

Grade Speed

Maximum Speed

 Acce1eration ~ 10 Seconds

Range - Urban

Idle Operations - Fuel Consumptioﬁ

Idle Operations = Sustained
Starting Time - 657 Full Power

Starting - Cold Soak

Idle Operations - Creep Torqué

Starting = Reliability
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PERCENT VARIATION 1IS:

NAME
AAC2570
CRSSPOD
HISPPASS
RNGCRSE
SPDGRADE
ACCTENSC
MAXSPD
RNGURBN
FUELCSP
SUSIDLE
START
COLDSOAK
CRPTRQ
STRTREL1

b Dt b s Pt b et (e b (b Pb b b P ey

J
8

10

9
14
12

7
11

[
WUV N =P W

ORDER

PERCENT VARIATION 1IS:

NAME
AAC2570
CRSSPD
RNGCRSE
HISPPASS
ACCTENSC
SPOGRADE
RNGURBN
MAXSPD
FUELCSP
SUSIDLE
START
COLDSOAK
CRPTRQ
STRTREL1

PERCENT VARIATION

NAME
AAC2570
RNGCRSE
CRSSPD
ACCTENSC
HISPPASS
RNGURBN
SPDGRADE
MAXSPD
FUELCSP
SUSIDLE
START
COLDSOAK
CRPTRQ
STRTREL1

1
1
1
1
1
1
1
1
1
1
1
1
1
1

)|

Pt gt pad gt b Dt gt Pb b b b Pt P Pt gy

J
8
10
14
9
7
12
13

-
WWUBN =N

J
8
14
10
7
9
13
12

-t
W UVN = O e

ORDER

VONOCWV PN M

10
11
12
13
14

IS:

ORDER

Vo~NOWmHULNM

10

12
12
14

TABLE IV

10,00

PCTe POS.
-2.906960
-5.063779
=20 700673

2179513
~14629822
6.0
—10687922
1,783228
-1.051214
1172879
~06 847100
-0.875331
=0,939469
-0,301523

20,00

PCTe POS.
-54813944
=10.127548
44509123
-5.401349
0.0
«26932093
44016547
=34375846
~1e 776608
24415832
=1 445447
‘1.551035
'10914663
-00914699

30.00

PCTe POSe.
~84720925
Te91 7861
-15,19i318
-0.295396
-84102034
60478249
=-34869268
=-5.,063769
=2193096
30537804
-1.831068
=-2030895
=20 779732
=14900758
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OPERATING PERFORMANCE CATEGORY SENSITIVITY ANALYSIS

PCTe NEGe
24906972
0.0
1.687932

'1.608060
1.818521

-30420275
1.687922

~14315693
1.305833

-0.585075
1086729
1.036082
0.804362
0.0

PCTe NEGe
34750942
-1.125292
=20736542

1.687932 .

“60840538
34614669

-2.238993
2813205
2712022

=1.747482
20345567
2152451
1.436493
0.0

PCTe NEGe
3,750942

=3.500901 .

-44501138

-10.260813

1.687932
~20 864383
£e163310
2. 813205
4.049457
=24303363
3663886
3246504

1.902278

C.C

PCTe DIFF.
=34 444427
-3.000003
~-2460G002

202432924
=2.04294¢
26026220
-1,99969¢
1.835936
-10396438
1.278465
-le145684
-1.132404
-10033121
-0.,178635

PCTe DIFF,
-50666655
-54333328

4,522625
-44199999
4.052€32
-3, 878587
3.706056
=34666663
’2.659261
26466529
-2+ 245980
~24194106
‘1.985371
=0. 541908

PCTe DIFF,

~T7.388873

6e 7646972
—64333327

56903947
—-5800:002

5. 524983
~5¢351293
'4.666662
=34 698360

34460562
=3.255450
~3.126561
-2773827
=-1.126092



PARAMETER

CODE NAME

EASEOPER

DRIVCOMF
" EASESTRT
VERSSTYL
VMINSIZE
VMAXSIZE

PARAMETER

Ease of Operation

Driver Comfort

Ease of Starting
Versatility - Styiing
Versatility - Minimum Size
Versatility - Maximum Size
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ACCEPTABILITY CATEGORY SENSITIVITY

PERCEMNT VARIATION IS:

NAMF
EASEOPER
DRIVCOMF
EASESTRT
VERSSTYL
VMINSIZE
VMAXSIZE

P b et Db Pt pad et

ORDER

(o G, I SR VR LV

PERCENT VARIATION [S:

NAME
EASENPER
DRIVCOMF
CASESTRT
VERSSTYL
VMINSI ZE
VMAXSIZE

[o N B S S IRV AL S

ORDER

N D UN e

PERCENT VARIATION IS:

NAME
EASEOPER
DRIVCUOMF
VERSSTYL
FASESTRT
VMINSIZE
VMAXSIZE

Pt e Nk g Pud pad pg

[« U R\ VR SRR R

CRNDER

[o LN JF S VUR, ¥ I

TABLE V

IXVRR(1Y)

PCTe POSe
66567370
567200240
50191419
46273085

-3,906994
3.647887

206001

PCTe POS,
11.91€721
106734398

9937490
Te 778472
=T7¢4786605
760394137

30,00

PCTe PQOSe.
166001273
14.543285
134295743

=10UN12710

G 7132804
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ANALYSIS

PCTe NEGe
=Te4b69754
=5¢713965
’40656161
"‘to 819981

34543061
-3+.298865

PCTe NEG.
-15.234361
=10.7872C0
-8,278275
=-Q9,779669
64372267
-5971404

PCTe NEGe.
=224379547
=-14.837646
=14.266652

- -1C.8194G7

Be449469

PCTe OTIFF,
66975143
5¢ 681735
4eBG2327
4eSYFG(T
-3, 7(i1G984
3.451889

PCTe DIFF,
13.491559
1(.,694229

9,051538
Be724°1C
~6. 882584
66492358

PCT. DIFF,
13.07V732
144597586
12292337
11.582983
-9,173683



PARAMETER

CODE NAME

MINTEMP
MAXTEMP

- RDPWRWEA

RP4OWIND
RDPWRALT
DUST

RP75WIND

PARAMETER

Engine Operating Temperature - Minimum
Engine Operating Temperature - Maximum
Reduced Power Due to Adverse Wéafher
Reduced Power - 40 MPH Wind

Reduced Power at 11000 feet
Operability in Dust or Sand

Reduced Power - 75 MPH Wind
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OPERATING ENVIRONMENT CATEGORY SENSITIVITY ANALYSIS

PLRCENRT VIARI

NAME
MINTEMP
MAXTEMP
RDOPWR W= A
RP&4NWIND
ROPWRZLT
DUST
RP75wWIND

e e vt b P PN A e

PERCENT VARI]

NAME
IATINT EMP
AAXTLEMP
ROPWRWEA
PP&4CWIND
ROPWRALT
DUST
RPTSWIND

bt vt et et () N NS et

PERCENT VARI

NAME
MINTEMP
ROPWRWEA
MAXTEMP
RPGOWIND
RDPWRALT
DUST
RPT7SWIND

-t =0 N N DD et

ATIUN I5:

J CRDLR
P 1
1 2
3 3
2 4
1 5
o 0
3 7
ATION IS:
J CROFR
2 1
1 z
3 3
2 4
1 5
4 &
3 7
ATION IS:
J ORDER
Z 1
3 2
1 3
? 4
1 5
4 6
3 7

TABLE VI

lueisss

PCTs POSe
35, N0GOT6
324495850

=3 0UBGTOS
=1ie340745
~ 86269497
-4.843313
=1.638904

20U o M

PCT. POS.
66e L T78925
624915495

=554431641

—-214862137

=15.111446
~2+415890

A e M

PCT. POSe
bbedaTT29
=T4.0090393
85429367
—-28e074938
-203e 346359
-124128532
~2e¢41589)
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PCTs NEG.
-31.314758
~2G4151474

3le1¥17126
124495641
9138345
44437011
1742699

PCT. NEG.
=55 504654
~-52+.358154

59.248978
234586273
18253387
8018209
34573874

PCTe NEG.
=T72.547394
814308762
-696404892
33.154282
264191589
10.0694563
5473836

PCTe DIFF,
Ge{M2RM62
3, 744549
~3.7172¢8
=leUHT373
-e5637(1
~0e2N54 1014

PCTe DIFF.
7e 391238
Te 132132
-2s 699862
~1l.04450N
-04363327

PCTe DIFF,
9. 657598
-90"39170
9 4004856
~3471R911
~24826784
-0,479234



‘PARAMETER

CODE_NAME ' PARAMETER

SFSERV Safety - Service

SFPROD _ Safety - Production

SFLSACC Saféty-Energy Supply Low Speed Accident
SFNORMOP Safety-Energy Supply Normal Operation
SFHSACC o Safety-Energy Supply High Speed Accident
SFPROPSY - : _ Propuléion System Safety ‘
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PERCENT VARIATION 1IS:

NAME
SFSERV
SFPROD
SFLSACC
SENORMOP
SFHSACC
SFPROPSY
DUMY TERM

N NN NN -

Lol " IR G R Sl e i A N

ORDER

PERCENT VARIATIGN IS:

NAME
SFSERYV
SFPROD
SFLSACC
SFHSACC
SFNORMOP
SFPROPSY
DUMY TERM

= NN NDNNNN -

-0 500

ORD

PERCENT VARIATION IS:

NAME
SFSERYV
SFPRQD
SFLSACC
SFHSACC
SFNOURMUP
SFPROPSY
OUMYTERM

=N NN -

GRD

~wO VS W

~NO N W -

ER

ER

~NOVNHWN -~

10.30

PCT.

TABLE VII

POS.

38.296860
384296860

30
30

«392899
«392853

30.392853
-99.999969

0

20,00

PCT.

0

POS.

71.C082672
71.082672
58037933
58.037933
58.037811
=99.999969
0.0

30.00

PCT.

90.

POS.
288345

90.288345

78,

505075

78.,905014

78.
-990
0.

905014
996669
0
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SAFETY CATEGORY SENSITIVITY ANALYSIS

PCTe NEG
~34,060852
-34,060852
~-28.630737
-28.630768
-28.630737
=99,999969

0.0

PCT. NEG.
-59.533081
-59.,533081
~52.541245
=52.541245
-52.541214
-39,999969

C.0

PCT. NEG.
=76.655029
-76.655029
=70.719666
~7C«719666
=70.719666
-99,.,999969

og.C

PCT. DIFF.

24229057
24229057
1.8182387
1.818286
1. 818285
000

0.0

PCT. DIFF.,

4. 023760
4.023760
3.406510
3.496510
3.406507
0.0

0.0

PCT. DIFF.

5142871
5.142871
4.609351
4e 609349
4.609349
Ue 0

0.0



That is, if the system is safe, the value to the user is 1; if,it is
not safe the yélue to the user is 0 and consequently the entire
categofy value is 0. Therefore, the category value is most sensitive
to any change in value of this pafameter.

Table VII shoﬁs the safety in service and safety in production to
be the most critical parameters. It is MITRE'Q conclusion that the
model should be more senéitive to the safety of ;he energy storage
parameters than safety in service and safety in production. It is
therefore recommended fhaf the slopes for safety in production
(Curve 5.5) and safety in service (Curve 5.6) curves originally agreed
to by DAAPSD and MITRE is reduced to a value below the slope of the
other curves. It is also recommended that all six safety parameters

be retained in the model.

5.2.6 Personnel and Facilities

In this category the sensitivity analysis shows a very logical
‘'ranking of the parameters. The most critical parameter is time to
consumer availability which shows a variation in the base value of
0.194 over the span of *10% from the 0.5 value (Table VIII). This, of
course, is due to the intentionally high weighting, 0.20, given to
this parameter., All the other parameters have weightings of 0.10 or
less and are thus closely grouped in variation from 0,033 to 0.128 over
the 10% span. The parameter complexity of production changeover is
ranked last, more on the basis of the function itself rather than the
weighting assigned. This is acceptable since this parameter was not

intended to be a key one in this category.

216



5.2.7 Propulsion System Technical Performance

The sensitivity and ranking of the propulsion system technical
performance parameters, based on a *+10% variation about the mid-value
point, is presented in Table IX. The relative ranking of the parameter
is generally what one would intuitively expect.

The category value set is most sensitive to overall propulsion
system weight and volume, with weight having the more important role.
Fuel cost is next in the ranking. Although costs in general are con-
sidered elsewhere, specific fuel cost is considered to be an important
measure of a propulsion system's value from the standpoint of the con-
sumption of natural resources. The power conditioner efficiency at
maximum continuous horsepower is next in importance, ranking ahead of
energy converter and overall system efficiencies because it plays an
important role in determining not only operating cost, but also the
weight, volume, and the initial cost of the energy converter and the
energy storage system.

The o;erall propulsion system efficiencies (19th and 23rd in the
ranking) appear to be lower in importance than one would expect. How-
ever, since there are two overall efficiency parameters (one for
each mode), the effective sensitivity for overall system efficiency
will Be the sum of the two individual sensitivites. Therefore, the
effective ranking for overall system efficiency becomes 9th'in order
of importance.

Finally, the sensitivity of individual component specific weight

and volume are clustered together at the bottom six positions in the
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PARAMETER

CODE NAME PARAMETER

TIMEAVL ' ’ Time to Consumer Availability
SERVFAC . Lead Time - Field Service Changeover
EDLVLSRP Education Level - Service

CPLXSERV Complexity of Field Service Changeovér
SERVPERS - Lead Time for Service Training
PRODFAC ' Lead Time - Production Changeover
PRODPERS Lead Time for Production Training
EDLVLPRb | Education Level - Production
AVLENGST Availability of Energy Stations
CPLXPROD : Coﬁplexity of Production Changeover
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TABLE VIII

PERSONNEL AND FACILITIES CATEGORY SENSITIVITY ANALYSIS

PERCENT VARIATIUN IS: 10.00

NAME I J URDER PCT. POS. PCT. NEGe PCT. DIFF.,
TIMEAVL 1 1 1 ~17.208344 15.128437 -15.472227
SERVFAC 1 4 2 -3,676622 3,279859 -3.328478
EDLVLSRP 1 10 3 -3,513943 3,029752 -3.130972
CPLXSERV 1 5 4 2945989 -2.847939 2.772229
SERVPERS 1 9 -5 -2.717609 2934466 -2.704358
PRODFAC 1 2 6 -2.860669 2.691848 -2.656722
PRGDPERS 1 7 7 -2.733206 2731624 -2.614756
EDLVLPRD 1 8 8 -2.,715742 24349497 -2.423573
AVLENGST 1 6 9 1.669640 -1.712156 1.618093
CPLXPROD 1 3 10 1337590 -1.3375%¢C 1.279998
PERCENT VARIATION 1IS: 20.00

NAME 1 J ORDER PCT. POS. PCT. NEG. PCT. DIFF.
TIMEAVL 1 1 1 -20.914841 19.569962 -19.370819
SERVFAC 1 4 2 -6.907935% 5.812591 | =6.086409
EDLVLSRP 1 10 3 -64712207 5273013 -54 734547
CPLXSERV 1 5 4 5.616586 -54313612 5229789
SERVPERS 1 9 5 -5.013230 5.805465 -5.176436
PRODFAC 1 2 6 -5.546988 4,986445 -5.039948
PRODPERS 1 7 7 ~-54179C49 502002183 ~4,967123
EDLVLPRD 1 8 8 -4,898374 4.,003203 - ~4,259151
AVLENGST 1 6 9 3,059975 -3,220685 3,005116
CPLXPROD 1 3 10 2.675181 -2.675193 2.560001
PERCENT VARIATION 1IS: 30.00

NAME 1 J ORDER PCT. POS. PCTe NEG. PCT. DIFF.
TIMEAVL 1 1 1 -21.0600549 19.569962 -19,411835
SERVFAC 1 4 2 -8.882531 7.618824 -7.895428
EDLVLSRP 1 lu 3 -8.771500 6.784958 ~-T7.443320
SERVPERS 1 9 4 -6.795135 8.312596 -7.228619
CPLXSERV 1 5 5 7698914 ~7.259194 7.157027
PRODFAC 1 2 6 ~7.723005 60793503 -6.945735
PRODPERS 1 7 7 -7.119823 Te244108 -6.8721731
EDLVLPRD 1 8 8 -5.917930 5S.046141 -5.245996
AVLENGST 1 6 9 4,048337 ~4.355285 4.020893
CPLXPROD 1 3 10 4.,012771 -2.925983 3.319996
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PROPULSION SYSTEM TECHNICAL PARAMETER SENSITIVITY ANALYSIS

PARAMETER
RANKING . NUMBER
1 31
2 30
3 3
4 26
5 18
6 5

7

8 19
9 12
10 27
11 32
12 14
13 25
14 22
15 16
16 10
17 23
18 13
19 28
20 11
21 24
22 15
23 29
24 9
25 17
26 4
27 21

TABLE IX

NAME
0.P.S.-Total Weight
0.P.S.~-Total Volume
E.S.-Specific Cost (Consumable)
P.C.-Efficiency at max. Cont. HP
E.C.-Overload Capability
E.S.~Known Fuel Reserves
E.S.-Ease of Refueling
E.C.-Sensitivity to Fuel Quality
E.C.-Stall/Design pt. Torque

P.C.~Effectiveness in Reverse Power
Direction

0.P.S.-Use of Scarce Materials
E.C.-Regenerative Power Efficiency
P.C.-Reverse Power Effectiveness
P.C.-Specific Cost

E.C.~-Efficiency at Max. Cont. HP
E.C.-Power Range-Minimum HP
P.C.-Power Range-Minimum HP
E.C.-Minimum/Design Point/RPM

0.P.S5.~Provision Efficiency of Wheel,

Mode 1

E.C.-Power Range—Maximum'HP
P.C.-Power Range-Maximum HP
E.C.-Absorption Power Effectiveness

0.P.S.-Propulsion Efficiency at
Wheel, Mode 2

E.C.-Specific Cost
E.C.-Response to Load Change
E.S.-Specific Cost (non-consumable)

P.C.-Specific Weight
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PERCENT
CHANGE

-.0870

+ + + + +

+ + + +

0545

.0504
L0460
.0358
.0331
.0325
.0325
.0315

.0310
.0290
.0260
.0258
.0212
.0204
.0198
.0189
.0178

.0177
.0171
.0170
.0165

.0144
.0114
.00975
.00825
.00509



TABLE 1X (CONT'D)

PARAMETER PERCENT

RANKING NUMBER NAME CHANGE

28 8 E.C.~-Specific Weight -.00275

29 7 E.C.-Specific Volume -.00184

30 1 E.S.-Specific Volume -.000994

31 2 E.S.-Specific Weight -.000144

32 20 P.C.- Specific Volume -.0000048

E.S. = Energy Storage

E.C. = Energy Converter

P.C. = Power Conditioner

O.P.S. = Overall Propulsion System
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ranking, and might legitimately be dropped from consideration.
However, this is not recommended since these parameters offer an

insight  into overall system weight and volume which are, as stated

"earlier, the most important of all parameters in this category.

5.2.8 Reliability and Maintenance

The sensitivity and ranking of the reliabilitf and maintenance
parameters are presented in Table X. The relative ranking conforms to
the weighting factors applied to each term in the value set., The
category value set is relatively insensitive to changes in the last
three parameters: expense of unscheduled repairs, ease of routine
sefvice and beriod between routine services. However, it is recommended
that these three parameters be retained in the value set as they pro-
vide a measure of reliability and maintenance which is important to

the ultimate consumer.
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TABLE X

RELIABILITY AND MAINTENANCE CATEGORY SENSITIVITY ANALYSIS

PERCENT VARIATION IS:

NAME 1
DESIGN LIFE 1
MILES BETWEEN FAILURES 1
SYSTEM COMPLEXITY |
EXPENSE OF UNSCHEDULE REPAIR 1
EASE OF ROUTINE SERVICE 1
PERIOD BETWEEN ROUTINE SERVICES 1

PERCENT VARIATION

NAME  §
DESIGN LIFE 1
MILES BETWEEN FAILURES 1
SYSTEM COMPLEXITY 1
EXPENSE OF UNSCHEDULE REPAIR 1
EASE OF ROUTINE SERVICE 1
PERIOD BETWEEN ROUTINE SERVICES 1

NN W on b

VN WP

ORDER

ondWNn -

1S:

ORDER

NP UWN =

PERCENT VARIATION IS:

NAME
DESIGN LIFE

MILES BETWEEN FAILURE
SYSTEM COMPLEXITY

EXPENSE OF UNSCHEDULED REPAIR 1
PERIOD BETWEEN ROUTINE SERVICE 1
EASE OF ROUTINE SERVICE 1

™

NUVWeEOP.

ORDER

CVnMSWN -

10,00

PCTe POSe
11.919704
84317348
=44696195
=3¢499930
3029963
24549343

20,00

PCTe POS.
21.,536423
15.509501
-84203454
-6,380380

5473700
40557423

30.00

PCTe POSe
264705795
200421082

-10.623C20
=84469700

60060457
7158338

PCTe NEG.
-10.839664
~7.874977
5¢673153
34664229
' =3,205325
-3.036468

PCT. NEG.
-18.848450
=14,245680

11.664642
6.811767
-64115570

PCTe NEG.
=24.002747
-18.787521

14,525805

7781907
=9,662512
~84380149

PCTe DIFF,
11.718886
84337491
~5¢339217
'3. 68 88 60
3,210574
24876156

PCT. DIFF,
20,794227
15.321057

=10. 230160
—-60792688
5967360
50631781

PCTe DIFFe.
264110031
20.188660

-12.949228
-84368015
8.09581¢
8+ 000827
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. - . APPENDIX I

AIR POLLUTTON CONTROL OFI'ICE

ADVANCED AUTOMOTIVE POWER SYSTEMS PROGRAM

| "Wehicle Design Goals - Six Passenger Automobile"

(Revision B - February 11, 1971 - 11 Pages)

|
( The design goals presentad below are intended to provide:
A comron objective for prospective contractors.

Criteria for evaluating proposals and selecting
a contractor.

Criteria for evaluating competitive power systeis

| for entering first generation system hardware.

( The derived criteria are based on tynical characteris:ics of the class of
passenger automobiles with the largest market volume »roduced in the U.S.
duriang the model years 1969 and 1970. It is noted that emissions,
volume and most weight characteristics presented are wmaximum values

! while the perrforuance characteristics are intended as minimum values.

Contiactors and vrospective contractors who take exceptions must justify

| these exceptions and relate these exceptions to the tachnical goals

’ presented herein. ' )

| 1. Vehicle Qeight without propulsion system = W,

W, is the weight of the vchicle without the propulsion system
and includes, but is not limited to: body, frame, glass and
trim, suspension, service brakes, seats, upholstery, sound
absorbing materials, insulation, wheels (rims and tires),
accessory ducting, dashboard instruments and accessory wiring
passenger compartment heating and cooling devices and all othef
components not included in the propulsion system. It also
incluces the air conditioner compressor, the power steering pump,
and the power brakes actuating device.

W, is fixed at 2700 1bs.
2. Propulsion system wéight - Wp

wp includes the energy storage unit (including fual and containmenc),
powver converter (including botih functional components and ccrntrols)
and power transhmitiing components to the driven wheels It also
includes the exhaust system, pumps, motors, fans and fluids nacessary
for operation of the propulsion system, and gny propulsion cystem
heating or cooling devices,
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The rmaximum allowable propulsion system weight, Wyn, is 1600 1bs.
However, light weight propulsion systenms arc highly desired.
(Equivalent 1970 propulsion system weight with a spark ignition
engine is 1300 1bs.)

Vehicle curb weignt - W,

We = Wo + W
The maxirum allcowabla vehicle curb weight, W.p, is 4300 lbs.
(2700 + 1600 max. =.4300)

Vehicle test weight - W,

W, =W, + 300 1bs. W. is the vehicle weight at which all
accelerative maneuvers, fuel economy and emissions are to be
calculated. (Items 8ec, 8d, 8e)

The paximum allowable test weight, W.,, is 4600 1bs. (2700 +
1600 max. + 300 = 4600) :

Gross vehiclie weight - wg
wg =W, + 1000 1bs. W, is the gross vehicle weig:t at which

o
sustained cruise grade velocity capability is to be calculated.
(Iten 8Y) The 1000 1bs load simulates a full load of passengers
and baggage.

The maximum allowable gross vehicle weight, wgm, is 5300 1bs.
(2700 + 1600 max. + 1000 = 5300)

Propulsion system volume - Vp

V, includes all items identified under item 2. V_ shall be
packagable in such a way that the volume encroachhient on either

the passenger or luggzage compartment 1s not significantly different
than today's {(1970) standard full size family car. Necessary
external appearance (stvling) changes will be minor in nature.

VO shall also be packagaeble in such a way that the handling
characteristics of the vehicle do not depart significantly from a
1970 full size family car.

lowable volume assignable to the propulsion systen,

The raximum a2l
-3

Vom» 1s 35 £
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7. Emiesion Goals

The vehicle when tested for emissions in accordance with the
procedure outlined in the November 10, 1970 Federal Register
shall have a weight of W, . The emission goals for the vehicle

are:
Hydrocarbons* - 0.14 grams/mile maximum
Carbon monoxide - 4.7 grams/mile maximum
Oxides of nitrigen** - 0.4 grams/mile maximum
Particulates - 0.03 grams/mile maximum

*Total hydrocarbons (using 1972 measurement procedures)
plus total oxygenates. Total oxygenates including
aledhydes will not be more than 10 percent by weight
of the hydrocarbons or 0.014 grams/mile, whichever is
greater,

**measured or computed as NO,. S

8. Start up, Acceleration, and Grade Velocity Performance.

a. Start up:

The vehicle must be capable of being tested in accordance with
the procedure outlined in the November 10, 1970 Federal Register
without special startup/warmup procedures.

- The maximum time from key on to reach 65 percent full power
48 45 sec. Ambient conditions are 14.7 psia pressure, 60° F
temperature. -

Powerplant starting techniques in low ambient temperatures shall

be equivalent to or better than the typical automobile spark-

ignition engine. Conventional spark-ignition engines are deemed
satisfactory if after a 24 hour soak at -=20° F the engine achieves

a self-sustzining idle condition without further driver input within 25
seconds. No starting aids external to the normal vehicle system

shall be needed for -20° F starts or higher temperatures.
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Idle operation conditions:

The fuel consumption rate at idle operating condition will not
exceed 14 percent of the fuel consumption rate at the maximum design
power condition. Recharging of encrgy storage systems is

exempted from this requirement. Air conditionirg is off,the

power steering pump and power brake actuating device, 1if

directly engine driven, are being driven but are unloaded.

The torque at transmission output during idle oferation (idle

creep torque) shall not exceed 40 foot-pounds, cssuming conventional
rear axle ratios and tire sizes. This idle creep torque should
result in level road operation in high gear which does not exceed
18 mph.

Acceleration from a standing start:

The minimum distance to be covered in 10.0 sec. is 440 ft.

The maximum time to reach a velocity of 60 mph is 13.5 sec.
Ambicnt conditious are 14.7 psia, 85° F. Vehicle weight is Wg.
Acceleration is on a level grade and initiated with the engine
at the normal idle condition.

Acceleration in merging traffic:

The maximum time to accelerate from a constant velocity

of 25 mph to a velocity of 70 mph is 15.0 sec. Time starts
when the throttle is depressed. Ambient conditions are 14.7
psia, 85° F. Vehicle weight is W¢, and acceleration is on
level grade.

Acceleration, DOT High Speed Pass Maneuver:

The maximum time and maximum distance to go from an initial
velocity of 50 mph with the front of the automobile (18 foot
length assumed) 100 feet behind the back of a 55 foot truck
traveling at a constant 50 mph to a position where the back

of the automobile is 100 feet in front of the front of the 55
foot truck is, 15 sec. and 1400 ft. The entire mancuver takes
place in a traffic lane adjacent to the lane in which the truck
is operated. Vehicle will be accelerated until the manecuver is
completed or until a maximum speed of 80 mph iIs attained, which-
ever occurs first. Vechicle acceleration cecases when a speed of
80 mph is attained, the maneuver then being complcted at a
constant 80 mph. (This docs not imply a design requirement
limiting the maximum vehicle speed to 80 mph.) Time starts when
the throttle i5 depressed. Ambient conditions are 14.7 psia,
85° F. Vechicle weight is Wy, and acceleration is on level grade.
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]
f. Grade velocity:

The vehicle must be capable of starting from rest on a 30
percent grade and accelerating to 15 mph and sustaining it.
This 1s the stecpest grade on which the vehicle 1is required
to operate in either the forward or reverse direction.

The minimum cruise velocity that can be continucusly maintained
on a 5 percent grade with an accessory load of & hp shall be
not less than 60 mph.

The vehicle must be capable of achieving a velocity of 65 mph
up a 5 percent grade and maintaining this velocity for a
period of 180 seconds when preceded and followed by continuous
operation at 60 inph on the same grade (as above)}.

The vehicle must be capable of achieving a velocity of 70 mph
up a 5 rercent grade and maintaining this velocity for a
period of 100 seconds when preceded and followed by continuous
operation at 60 =ph on the same grade (as above).

The minimum cruise velocity that can be continuously maintained
on a level road (zero grade) with an accessory load of 4 hp
shall be not less than 85 mph with a vehicle weight of Wg.

Ambient conditions for all grade specifications are 14.7 psia
85° F. Vehicle weight is W, for all grade specifications
except the zero grade specification.

The vehicle must be capable of providing performance (Paragraphs
8c, 8d, 8e 8f)within5 percent of the stated 85° F values, when
operated at ambient temperatures from -20° F to 105° F.

233



9.

-6= Rev. B - Feb., 11, 1971

Minimum vchicle range:

Minimum vchicle range without supplementing the enecrgy atorage
will be 200 miles. The minimum range shall be calcnlated for,
and applied to each of the two following modes: 1) A city-
suburban mode, and 1) a cruise mode.

Mode 1: 1Is tte driving cycle which appears in the
Noverber 10, 1970 Federal Register. For
vehicles whose performance does not ‘lepend
on the state of energy storage, the range
may be calculated for one cycle and =atioed
to 200 miles. For vehicles whose pevformance
does depend on the state of cnergy storage
the Yederal driving cycle must be repeated
until 200 miles have been completed.

Mode 2: 1s a constant 70 mph cruise on a level road for
200 miles. )

The vchicle weight for both modes shall be, initially, W.. The
ambient conditions shall be a pressure of 14.7 psia, and temperatures
of 60° F, 85° F and 105° F. The vehicle minimum range shall not
decrease by more than 5 percent at an ambient temperature of =-20° F.

For hybrid vehicles, the energy level in the power augmenting device
at the completion of operation will be equivalent to the energy level
at the beginning of operation.

234



10.

11.

12.

-7~ Rev. B - Feb. 11, 1971

System thermal efficiency:

System thcrmal efficiency will be calculated by two methods:

A. A "fuel ecoaomy'" figure based on 1) miles per gallon
(fuel type veing specified) and 2) the numter of Btu
per mile required to drive the vchicle over the 1972
Federal driving cycle which appears in the November
10, 1970 Federal Register. Fuel economy it based on
the fuel or other forms of energy deliverec at the
vehicle. Vehicle weight is W. :

B. A "fuel economy" figure based on 1) miles per gallon
(fuel type being specified) and 2) the number of Btu
per mile required to drive the vehicle at constant
speed, in still air, on level road, at speads of 20,

. 30, 40, 50, 60, 70, and 80 mph. Fuel economy is based
on the fuel or other forms of energy delivired at the
vehicle. Vehicle weight is W..

In both cases, the system thermal efficiency shall be calculated

with sufficient electrical, power steering and power brake loads

in service to perrit safe operation of the automobhile. Calculations

shall be made witl and without air conditioning operating. The

ambient conditions are 14.7 psia and temperatures of 60° F, 85° F

and 105° F. Calculations shall be made with heater operating at

ambient condifions of 14.7 psia and 30° F (18,000 Btu/hr).

Air Drag Calculation:

The product of the drag coefficient, C4, and the frontal area, Ag,
is to be used in air drag calculations. The product C4A¢ has a
value of 12 ft2., The air density used in computations shall
correspond to the applicable ambient air temperature.

Rolling Resistance:
Rolling resistance, R, 1s expressed in the equation

R = W65 [1+ (1.4 x 1073V) + (1.2 10-5v2)] 1bs. V is the vehicle
velocity in ft/sec. W is the vehicle weight in 1bs.
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Accessory power requircments:

The accessories are defined as subsystems for driver assistance
and passenger convenience, not essential to sustaining the
engine opcration ard include: the air conditioning compressor,
the power steecring pump, the alternator {(except where required
to sustain operation), and the power brakes actuating device.
The accessories also include a device for heating :the passenger
compartment if the heating demand is not supplied by waste heat.

Auxiliaries are defined as those subsystems necessary for the
sustained operation of the engine, and include condensor fan(s),
combustor fan(s), fuel pumps, lube pumps, cooling i luid pumps,
working fluid pumps and the alternator when necessary for driving
electric motor driven fans or pumps.

The maximum intermittent accessory load, P, ;., 1s 10 hp (plus the
heating load, if applicable). The maximum continuous accessory
load, Pycms is 7.5 hp (plus the heating load if applicable). The
average accessory load, Pg,, is 4 hp.

If accessories are driven at variable speeds, the above values
apply. If the accessories are driven at constant speed, Py, and
Paem Will be reduced by 3 hp.
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Passenger comfort requirements:@

Heating and air conditioning of the passenger compartment shall be
at a rate equivalent to that provided in the present (1970) standard
full size family. cor.

Present practice for maximum passenger compartment heating rate 1is
approximately 30,000 Btu/hr. For an air conditloning system at 110° F
ambient, 80° F and 40% relative humidity air to the evaporator, the
'rate is approximately 13,000 Btu/hr.

Propulsion system operating temperature range:

The propulsion system shall be operable within an :xpected ambient
temperature range of -40° to 125° F.,

Operational life:

The mean operational 1life of the propulsion system should be
approximately equal to that of the present spark-ignition engine.
The mean operational life should be based on a mean vehicle life of
105,000 miles or ten years, whichever comes first.

The design lifetime of the propulsion system in normal operation will
be 3500 hours. Normal maintenance may include replacement of
accessable minor parts of the propulsion system via a usual maintenance

procedure, but the major parts of the system shall be designed for a

3500 hour minimum operation life.

The operational life of an engine shall be determined by structural or
functional failure causing repair and replacement costs exceeding the
cost of a new or rebuilt engine. (Functional failure is defined as
power degradation exceeding 25 percent or top vehicle speed degradation
exceeding 9 percent).
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Noise standards: (Air conditioner not operating)

a. Maximum noise test:

The maximum no’se generated by the vehicle shezll not
exceed 77 dbA when measured in accordance with SAE J986a.
Note that the noise level is 77 dbA whereas in the SAE
J986a the leve. is 86 dbA.

b, Low speed-noiée test:

The maximum noise generated by the vehicle shall not exceed
63 dbA when measured in accordance with SAE J986a except
that a constant vehicle velocity of 30 mph is used on the
pass-by, the vchicle being in high gear or the highest gear
in which it can be operated at that speed.

¢. Idle noise test:

The maximum noise generated by the vehicle shall not exceed
62 dbA when measured in accordance with SAE J986a except that
the engine is idling (clutch disengaged or in neutral gear)
and the vehicle passes by at a speed of less than 10 mph.

the microphone will be placed at 10 feet from the centerline
of the vehicle pass line.

Safety standards:

The vehicle shall comply with all current Department of Transportation
Federal Motor Vehicle Safety Standards. Reference DOT/HS 820 083.
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Reliability and maintainability:

The reliability and maintainability of the vehicle shall equal or
exceed that of the spark-ignition automobile. The mean-time-between
failure should be naximized to reduce the number of unscheduled
service trips. Al. failure modes should not represent a serious
safety hazard during vehicle operation and serviciag. Failure
propagation should be minimized. The power plant should be designed
for ease of maintenance and repairs to minimize costs, maintenance

' personnel education, and downtime. Parts requiring frequent servicing

shall be easily accessable.
Cost of ownership:

The net cost of ownership of the vehicle shall be minimized for

ten years and 105,000 miles of operation. The net cost of ownership
ifncludes initial purchase price (less scrap value), other fixed costs,
operating and maintenance costs. A target goal should be to not
exceed 110 percent of the average net cost of ownership of the present
standard size automobile with spark-ignition engine as determied by
the U.S. Department of Commerce 1969-70 statistice on such ownership.
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APPENDIX II

STRUCTURED VALUE ANALYSIS
1.0 BASIC CONCEPT

Structured Value Analysis 1s a method of rank-ordering systems

in terms of an abstract set of value criteria. The technique was used

. previously on several programs, references 1 and 2. The basic compari-

son is straightforward and merely matches system performance against
some value to the user of the system in order to obtain a numerical

value versus performance. In later stages this value versus perfor-
mance can be compared with cost information to obtain such ratios as
cost/performance, cost/effectiveneés or cost/benefit.

The analysis makes use of value judgments of experts, either
individually or by consensué, to provide information and data where
hard data is unavailable. As such, much of the information going into
the model is subjective, but the results can be of high utility.
Structured Value Analysis is an operational technique designed to give
answers on gross models without necessitating large amounts of data
gathering.

It provides a means for comparing alternate solutions of approaches
to model systems with each other. Thus, the results are relative and
not absolute.

The objective is to make maximum use of as much informaﬁion as is
available about the system. Much of this information is contained in
the experience of experts associated with the system. In some cases
this information, often consisting of unstructured or perhaps
biased ideas is the only information available. Structured Value
Analysis seeks to extract this information, check it for validity,

240



and/or utility in a manner which allows quantification and.manipulation.
In the absence of objective criteria, the maximum information imbedded
in subjective criteria must be utilized effectively. Critical areas are
identified by Structured Value Analysis and indicate where further
gathering of objective information would be most effective. The method
is of high utility for decision making. It is a tool for decision
making, not a decision maker in itself.

Reference 3 discusses this in detail and provides a listing of
Structured Value Analysis Definitions which are shown here in Table XI.
Essentially a set of values, or multiple sets of values for a system
model are developed through the use of measurement scales, value func-
tions, and weights. Particular sets of data for candidate systems are
evaluated against these sets of values in order to compare candidate
sets with all others on a particular scale of values termed structured
value.

The value sets thus determined can be examined by techniques
of sensitivity analysis to maximize the information known about the
value sets and their implications. Critical areas can be identified
and through iterative techniques, the value sets can be continuously

up-graded.

The Basic Equations and Steps of Structured Value Analysis

There are many ways in which the equations for Structured Value
Analysis may be expressed. Two different basic modes are given in

reference 3 as follows:
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TABLE XI

STRUCTURED VALUE ANALYSIS DEFINITIONS

Model Parameters - The basic kinds of information that make up the
model. ’
Parameter Measurement Scales - The basic scales by which parameters

are measured. These consist of a minimum of the range, a
maximum of the range, and a scale for expressing increments
of the range.

Value - An intrinsic value to the model user expressed as a linear
scale between zero and one where zero is minimum value and
unity is maximum value to the user.

Value Function -~ A function relating points on the parameter measure-

ment scale to the value scale for a particular parameter.
These functions may result from explicit information or through

value judgment.

Term - A parameter related to other parameters by an additive
relationship.

Factor - A parameter related to other parameters by a multiplicative
relationship.

Weight - The relative importance of terms in a model expressed as a

decimal fraction ~ weights for a set of terms add to unity.
Value Set - A specific set of model parameters made up of terms
and factors, expressed in particular measurement scales,

value functions and weights.
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TABLE XI (CONT'D)

Candidate Set - A particular system to be evaluated against particular

value sets.

Data Set - The set of values obtained for a particular candidate

set. The data sets are sets of single values for each

parameter of the value set.

Structured Value - The resultant value of a particular value set

evaluated for a particular data set. This value is between
zero and'unity and allows many data sets to be ranked
numerically in relation to one another.

Sensitivity Analysis - A technique made practical by computer

technology that determines the degree that a variation in

each parameter affects the output index (structured value

here)., Those parameters affecting the output the greatest
are the most critical parameters.

Group - A set of parameters related by summation or multiplication.
In the present program only two groups are allowed. The
first group is always additive. The second group can be
additive or multiplicative and the two groups are always

multiplied together to compute the final value.
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Mode 1 - 1 Set of Addends, 1 Set of Factors

n m m
V1 = I1 Fj(xj) > A:I.Fi(xi) where 3" Ai 21
=1 i=1 i=1
Mode 2 - 2 Sets of Addends
n m m n
v, = AF,(x.) X A,F (x,) where Y A,=1 and 2 A,=l
2 4o 3373 4 i =1 1 =1 3
V = Value
A = VWeight
F = Value Function
x = Input Value

1&j are indices

In Mode 1, Structured Value is a set of n factors multiplied by
a set of m terms. In Mode 2, Structured Value is a set of n terms
multiplied by another set of m terms. In this case one of the sets
of terms may be considered as a single factor and Mode 1 is then used.
In both modes the factors are developed from value functions, F and
have a particular value as input X. The terms are derived in the same
manner except each is weighted in relative importance by various

weights, A, where the total sum of weights equals unity.
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The Steps in Setting up a Structured Value Analysis

The steps to be followed in setting up a Structured Value Analysis
are as follows:

1. The Model Parameters are Identified

These are the basic system attributes or variables., They
represent the kind of information needed to describe and adequately
evaluate the systems under study. Any parameter which is so critical
that an unacceptable performance of it would justify complete rejec-
tion of the candidate system is designated as a factor7 All other
parameters are terms.,

2. Establish Measurement Scales

A minimum and maximum of range and the internal scale between

the range limits must be established for each model parameter.

3. Establish Vayue Functions

Value functions, relating points on the measurement scale to an
arbitrary value scale may be determined. With each level of per-
formance there is associated some value on a scale from 0 to 1,
where 1 represents the level of performance beyond which no further
value accrues. Similarly, the O represents the level of performance
at which the data no longer has any possible value. The development
of these curves is based on information which falls into three
categories,

o No information - use best guess and/or linear relationship.

o] Biased‘Information - (1.e., subjective) alter the limits and

shape of the curves by using expert opinions.
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o Analytical Information - (exact relationship is known) use
an analytic fashion.

4, Establish Weights

In order to determine the relative importance of the terms a
weighting is established for each. The relative importance of these
terms is usually a judgment expressing value to the user.

5. Test the Value Set

The value sets are subjected to sensitivity analysis to deter-
mine the behavior of the value sets and to identify those terms
and factors which are most critical. 1If a value set does not behave
in the manner expected, it is then adjusted and the sensitivity
analysis repeated until a value set with suitable behavior is
obtained.

6. Enter Data Sets

Data sets for candidate systems are then evaluated against
value sets to determine their relative value and ranked in terms
of the results.

7. Test the Data Sets

A sensitivity analysis may be performed for each data set
evaluated to determine which parameters are most critical for that

data set.

Assumptions and Critical Factors

A number of important assumptions and critical factors are
involved in the use of the model. The principal ones are:
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1. Each of the value functions are independent. Thus, changes in
performance for one attribute should not cause changes anywhere else
in the model. This is not strictly true in all cases. However, in
the present study it is assumed that such occurrences are not serious
enough to cause any significant changes in the relative system values.
2. A critical assumption is that the parameters chosen to characterize
thé performancé of the various systems, the consensus of experts as

to the relative value of these parameters and their characteristics

as shown in the value curves, adequately represent the value of the
systems to the users. Results cannot be better than the input
information. This model is merely a tool for eliciting maximum
information from available inputs.

3. 1t 1is possible that the performance data for one particular term
may reach such a poor level that the zero value corresponding to

it does not penalize the overall system sufficiently and that in

fact this poor level of performance should cause the entire system

to fail. For example, the curve for starting reliability reaches

zero value at approximately the 107 failure level., But a zero value
for this parameter alone would have little effect on the overall system
value since it is only a term. However, consider the case of a system
which has a starting failure level of 50%. It is logical to state
that such a system should never be accepted even through it may

score high in the overall evaluation. The point to be emphasized

here is that structured value analysis works best when extreme low

values are not encountered for terms. It is assumed that in the
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actual use of this model a procedure to identify such extreme cases
is incorporated. Thus only those systems whose performance is above
some specified extreme levels will be subjected to evaluation by

the model.
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2.0 OPERATION AND LOGIC OF THE SOFIWARE

The software consists of a main program and four subroutines.

' The main program controls and links all the subroutines together. Four

subroutines, namely BUILDV, BUILDD? EVAUL and SENSI, perform four

options (1) build a value set (Valset; (2) bulld a data set (Datset);

(3) evaluate Datset against Valset and (4) perform sensitivity anlaysis

of the parameters in a Valset. Any combination of options can be

executed during a computer run.
The logic of the main program is shown in Figure 12. A brief
description of the computational procedure is as follows:

a. The main program reads in control variables such as the number
of groups; number of parameters in each group, data set reference
number, number of steps and the option code of each step.
According to the.option code of each step, the program calls
different subroutines to build a Valset, build a Datset, evaluate
the Datset against Valset, and perform sensitivity analysis on
the parameters in the Valset.

b. If the opfion code is equal to 1, the main program calls the
subroutine BUILDV. According to the number of groups and the
parameters iﬂ each group, the subroutine reads in the attributes
of the parameter and coordinates of the break points (if any) and,
computes the slope between the break points. Then,'the weights of
the paraﬁetgrs for each group are read in. The Valset is printed

and can be written on file if requested.
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INITILIZATION
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FIGURE 12

LOGIC FLOW OF MAIN PROGRAM
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If the option code is equal to 2, the subroutine BUILDD is called
to accept the data points collected as Datset corresponding to
the parameters structured in the Valset. If requested, the Datset
can be written on file.

If the option code is equal to 3, the subroutine EVAUL is called.
Parameter by parameter data in the Datset is mapped according to
the value function of the parameter in Valset, and the SVA is
computed for each set of data points.

1f the option code is equal to 4, the subroutine SENSI is called.
For a given set of information (such as number of variatiomns
required, percént of variation and data points for tﬁe base
value), the subroutine determines the data point on both sides

of base data point for each parameter according to the given
percent of variation. For example, if the variation is specified
as *10%, the subroutine would compute two new data points for
each parameter. These data points would be the original data
point *10% of the range of the parameter. (The range of the
parameter is the difference between the minimum and maximum data
points which represent the practical limits of the parameter.)

By calling subroutine EVAUL, a set of SVA's is calculated by

substituting the new data points into the original Datset one

at a time. Thus the variation due to each 107 change in a data point

can be calculated. The program presents the results as follows:

SVA computed with positive variation - Base SVA value
. X 100
Base SVA value

1.
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2. SVA computed with negative variation - Base SVA value
Base SVA value

X 100

3. (SVA computed with positive variation - SVA computed with
negative variation) X 100

In the printouf of results parameters are ranked in accprdance
with the absolute value of no. 3 above. The highest absolute value is
ranked first, Those parameters showing the highest variatioﬁs are the
most sensitive ones for the data set being tested. If other basic
data sets are tested the sensitivity will vary in accordance with the
location of each data point on its respective value function. Those
lying on steep portions of value function curves will show the greatest

sensitivity.
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3.0 DESCRIPTION AND FORMAT OF INPUT

Input of this program varies from run to run depending on the
number of subroutines to be called. The control information (such
as number of groups, parameters in each group, and so on) required by
main programs is essential input. The other input such as name of
the' parameters, characteristics of the parameter, weights and name of
the data set depends on the subroutine called in the current run.

All input and the format is described in detail below.

3.1 Input for Main Program

Card Column Name Description
1 1-2 NT Number of groups
3-4 NP (1) Number of parameters in first group
5-6 NP (2) Number of parameters in second group
7-8 N2ID Indicator of second group
0 = addended 1l = factor
9 - 10 NIV Data set reference number where Valset

is stored or to be stored. NIV = 5
for Valset input by cards and not to
be stored.

11 - 12 NTD Data set reference number where Datset
is stored or to be stored, NID = 5 for
Datset input by cards and not to be
stored.

13 - 14 NIW Data set reference number where SVA
value is stored, NIW = 6 for printer.

15 - 16 NTI Data set reference number points are
stored, NTI = 5 for card input

17 - 18 MULT Indicator for multiple runs

1 = more data to be run
0 = for the last run.
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If there is only one group (NT = 1), then the variables all
move two columns (i.e., the column 5 - 6 contains N2ID, column

7 - 8 contains NTV and so on).

Card Colum  Name Description
2 1 -2 ITSTP Total number of steps. A step is

defined as the process to be accomplished,
such as build a Valset, build Datset, or
evaluate the Datset against the Valset.
Maximum = ten steps per run.

3-4 IOPT(1) The option code for step 1. The options
are:

1l = build a Valset,

2 = build a Datset,

3 = evaluate Datset against Valset,
and

4 = sensitivity analysis.

I0PT
(ITSTP) The option code for step ITSTP.

Format for these two cards is (20I2).

3.2 Input for Subroutine BUILDV

Card Column Name Description
1 1-12 MOD The name of the Valset,

Format for this card is (3A44).
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Card Column Name
2 1 -8 PNAME
- 15 PMAX
16 - 22 PMIN
23 - 29 PMAXY
30 - 36 PMINY
37 - 43 PCURVE
44 - 50 PSCALE
51 - 57 PSLOPE
58 - 64 c(1,J)
65 - 66 NBK
| 67 - 68 NF(I,J)

Format for

this

Description

Name of the parameter

Maximum value of the parameter on x-axis-
common measurement scale

Minimum value of the parameter on x—-axis-
common measurement scale '

The relative value corresponding to PMAX
The relative value corresponding to PMIN

The code for the value function. Table
XITllists the code and the function.

The scale for the measurement:

0 for linear scale, and
1 for log scale

The slope of the curve. Leave it blank
if the parameter has break points.

Constant for equations 19 and 20

Integer, right hand adjusted number of
break points for linear approximation.
Maximum = 3,

Normalization factor

1
0

x—-axis need normalization
no normalization needed

wn

card is (2A4, 8F7.0, 212).

Description

BKX(I,J.1l) The coordinate on X axis for break

Card Column Name
3 1-7
8 - 14 BKY
(1,J3,1)
15 - 21 BKX
(1,J1.2)
22 - 28 BKY
(1,3,2)
29 - 35 BKX
(1,J,3)

point number one of parameter J in
group I.

The value on Y axis corresponding to
BKX (I,J,1)

The coordinate on X axls for break
point number two of parameter J in
group I.

The value on Y axis corresponding to
BKX (I,J,3)

The coordinate on X axis for break
point number three of parameter J in
group I.
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CODE

O 00 N O B W

N N et et et b et e et e
—_ O WO O N O U & W N = O

NF

TABLE XII
VALUE FUNCTIONS

K o d K K KR

1 for code 1 through 18

0 for code 19 through 21

FUNCTION

X

-X

A*X + B

-A*X + B

Xk A

1.-Xk% A

(1. = X)** A

1.- (1. =X)** A

A *(1. -X)*% A

(1. - a** (1. -X)) / (1.
(A**X-A) / (1.-A)

(1. -A**X) / (1. -A)
1.0 - SIN(1.5708 * X)
COS (1.5708 * X)

1.0 - COS(1.5708 * X )
SIN(1.5708 * X)

1.

0

TANH (C*X**A)

1.-TANH (C*X*%A)

1IFX=1
0 otherwise
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Card Column Name Description

36-42 BKY The value on Y axis corresponding to
(1,J,3) BKX (1,J,3)

Card numbers 2 and 3 are repeated for each parameter of each
group., If NBK = O the third card should be skipped.

Format of this card is (7F7.0)

4 1-7 WIS(1,1) The fractional weight of the first
parameter in group 1.

8-14 WIS(1,2) The fractional weight of the second
parameter in group 1.

64 - 70 . WrS(1,10) The fractional weight of the 10th
parameter in group 1.

Repeat this card for more than ten parameters in one group
and weights of the parameter in second group. '

Format of this card is (10F7.0).
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3.3 Input for Subroutine BUILDD

Card Column Name Description
1 1- 80 DID Name of the data set

Format for this card is (20A4).

2 1-7 D(1,1) Data point for the first parameter of
: first group.

64

70 D(1,10) Data point for the tenth parameter of
first group

Repeat this card for more than ten parameters in first group.

3 1-7 D(2,1) Data point for the first parameter
of second group.

64 - 70 D(2,10) Data point for the tenth parameter of
| second group.

Repeat this card for more than ten parameters in second group and
[ omit this card if there is no second group.

Format for these two cards is (10F7.0).

3.4 Input for Subroutine SENSI

Card Column  Name Description
1 1 -2 NV Number of the percent wvariations to be

performed, Maximum 10

3~-9 PCT(1) Percent to be varied for the first
variation.
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Card Colum Name Description

66 - 72 PCT (10) Percent to be varied for the tenth variation.

Format of this card is (I12,10F7.0)

2 1 -2 LGL Scale linearization indicator LGL = 1
scale is linear and no need to linearize
the scale.

| LGL = 2 scale is log and needs to be
linearized.
3-4 MID The inidcator for choose data point to
be used as base value for sensitivity
analysis

MID = 1 choose middle point of x-axis
as data points.
MID = O read in data points,

Format for this card is (212).
3 1 - 80 DI Data set name, can be a dummy.blank card,

Format for this card is (20A4)

4 1 -7 D(1,1) Data point for the first parameter of
first group to be used as a base for
sensitivity analysis.

64 - 70 (D(1,10) Data point for the tenth paraﬁeter of
the first group to be used as a base for
sensitivity analysis.

Repeat thils card for more than ten parameters in first group.
5 1 -7 D(2,1) Data point for the first parameter of

second group to be used as a base for
sensitivity analysis.
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Caxd Column Name Description

64 D(2,10) Data point for the tenth parameter of
second group to be used as a base for
sensitivity analysis.

Repeat this card for more than ten parameters in second group and omit
this card if there is no second group.

Format for these two cards is (10F7.0).
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4.0 PROGRAM LISTING AND SAMPLE INPUT
The section shows the program listing written in Fortran IV
for the IBM 360/50 series computers. At the end of the listing

are sample inputs.
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//7SVAAQMN  J0B *8860 410404022 yPOHCLASS=E,TIME=02,REGION=100K
// cXEC FORTGCG
//FORTLSYSIN 0D *

COMMON PNAME(245942) 4 PMAX(2+99) 4PMIN{2+99) +PCURVE(2,99),
1PSCALE(2+99)1NBK (2,990, BKX{2499:3)9BKY(2¢9993),8KSLOP(Z2+¢9943),
2WTS(2,99)4,0(2,99),01D(20), NZ2IDNTD,NTV, NT+NP(2)
3 JPMAXY(2,99) 4PMINY(2599)4PSLOP(2,99)PRANGE(2,99),ITSTP,
4 IT JNTINTW ,C(2,99) ,I0PT{10),NF(2,99) oMOD(3)

15 READ(542) NT, (NP(1)y I=14NT) 4N2IDy NTV, NTD, NTW,NTI, MULT
2 FURMAT (2012} .

READ(S, 2) ITSTP,(JOPT(I)sI=1,ITSTP)

00 10 I=1, ITSTP

1T=10PT (1)

GO TO (20+30+40,100),IT7

20 CALL BUILDV({IRR)
GO T0 SO
30 CALL BUILDD{IRR)
GO 1O 50
40 CALL EVAUL (EFF)
WRITE(NTW, 5) (DID( K} 4K=1420)y EFF
5 FORMAT{1X,20A4,F11.61)
GO TO 50 )
100 CALL SENSI
5¢ IF(IRR) 10,10, 60
60 DO 65 J=1, 1TSTP
IFL I0PT(J) - 3) 10, T7Ce 70
65 CONTINUE
70 WRITE(6,3)
3 FORMAT{1HO 'ERROR IN VALSETS OR DATASETS, TRY AGAIN'® )
10 CONTINUE

IF(MULT .EQ. 1) GO TO 15

sTop

END

SUBROUTINE BUILOV (IRR)

COMMON PNAME(2999¢2) yPMAX(2+99)yPMIN(2,99)PCURVE(2+99)
1PSCALE(2+99)¢NBK (2499)y BKX(2y9953)+BKY(2499,3)8KSLOP(2+199,3),
2WTS(2,990,0(2,991,0ID(202, N2ID«NTOoNTV, NT,NP{2)
3 JPMAXY(2999)4PMINY(2+99),PSLOP(2,:99)yPRANGE(2599),1TSTP,
4 IT JNTIGNTW 2C(2,99) »I0PT(10)NF{2,99) ,MOD(3)

1RR=0

READ{(S5,1) (MOD(I),yI=1,3)

1 FORMAT(3A4)

WRITE(6,102) (MOD(1),I=1,3)
102 FORMAT(LH1 35X,*'PARAMETERS CONSIDERED IN THE MODE=--',3A4
1 +/1HO 33X, *NAME X=MAX X=MIN WEIGHT CURVE NO°*,
2 6Xy*SCALE ' SLOPE NO. BK. PT, CONSTANT NOR~FACTOR?®)
DO 20 I=1, NT
INP=NP (1)

DO 20 J=1, INP
WTS(LI,J4)=0
READ(5,2) (PNAME(T9JoK) oK=192)y PMAX(I9J)y PMIN(I,J),
1PMAXY(T4J) 9 PMINY(I,J)sPCURVE(I,J)y PSCALE(TI9J)sPSLOPITJ)eC{T,J),
2NBK(1+J} oNF(1,4) '
2 FORMAT (2A4,8FT7.0,212)
IF(NBK(I J) ) 30, 30, 25
25 NB=NBK(I,J)
READ(5,3) (BKX (T 9JoK)sBKY{IvJsK)sK=1y NB )
3 FORMAT(7F7.0) :
CALL SLOPE(I,J)
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30 PRANGE(I+J) = PMAX{IJ) ~PMIN(I,4J)
IF(PSCALE(T,J)) 20,20, 10
10 TF(PMIN(I,.J)) 15+ 15, 2C
15 WRITE(6,7) ( PNAME(I ¢J oK) oK=1,2 )4PMIN(T¢J}y PSCALE(I,J)
7 FURMAT(1HO 'ERRCR FOR PARAMETER ', 2A4, 2FlU.2)
IRR=1
20 CONTINUE
DO 60 [=14NT
IF(1.EQe2+sANDN2IDL.EQ.1) GO TO 60
INP=NP(T)
READ(5,4) (WTS(I,J)y J=1,1INP)
4 FORMAT(10F7.0}
60 CONTINUE
40 D0 SO I=1,NT
INP=NP (1)
DO 50 J=1,INP
NB=NBK(1,J4)
IF ( PSCALE(IsJ)) 15041504155
155 WRITE(6,101 ) (PNAME(I9JsK) yK=1,y2)PMAX(I4J)ePMIN(I J)yWTS(Isd),

1 ) PCURVE(I4d), PSLOP(1,4d),
2NB+CUTI4J) o NF(I,J)
101 FORMAT(1HO 2A4,3(2XyFl042),F10.0,"* LCG' ¢5XyF10e2+8Xy12,42X,
1 E15.3,8X,12)
60 TO 21n
150 WRITE(6+4103 ) (PNAME(T¢JeK) gK=l92)oPMAX(I ¢J) yPMIN(IJ),WTS(IyJ),
1 PCURVE(TI+d) PSLOP(I,J),

2NByC(I4J) e NF(1,4J)
103 FORMAT(1HD 2A4,3(2X,F10.2),F10.0,' LINEAR®,5X,F10.2,8X,12,2X,

1 E156398X,12)
210 IF(NB.EQ.0) GO TQ S1

WRITE(64105) (BKX(I9JeK)eBKY(I,JyK)¢BKSLOP(I,JoK)K=1,NB)

105 FORMAT( * THE BK X, Yy AND SLOPE = ' ,3(F1l0e2,F5.2,F10¢%) )
51 IFINTV.EQeS) GO TO S0

WRITE(NTV, 6) (PNAME(T4J9K) ¢K=142)4PMAX(I¢J)PMINIT,J) NTS(I,d),
1PMAXY (1 ,J) yPMINY(I4J)oPCURVE(1,J)y PSCALE(I5J)+PSLOP(LeJ)y
2NB o (BKX{T9J9K)oBKY(I yJoK)y BKSLOP(I,J,K) K=l ,NB)

6 FORMAT(2A4,2F1062:3F5¢2y 2F340y F1Ue4y 12, 3(F10.2+F5.2,F10e4))
SO CONTINUE
100 RETURN

END

SUBROUTINE SLOPE(I,J)

COMMON PNAME(2,99,2) yPMAX{2,99),PMIN{(2,99) yPCURVE(2,99),
1PSCALE(24+99)¢yNBK (2¢99)y BKX(2¢99,3)9BKY(2+9993)9BKSLOP(24994+3),
2WTS(2,99),D(2,99),0ID{20), N2IDoNTD,NTV, NT,NP(2)

3 JPMAXY(2999)sPMINY(2,99),PSLOP(2,99),PRANGE(2:99),ITSTP,
4 IT (NTI(NTW ,Cl2,99) ,IOPT(10)+NF(2,99) ,MOD(3)

DIMENSION V(3)

M=NBK(I, J)

DO 20 K=1,M

CALL NORM (I, Js BKX{I,JeK)e V(K) )

20 CONTINUE
PSLOP(144) = (BKY(IsJdel) = PMINY(I,J)) /{V(1)= 0.)
G0 TO ( 30, 40, 50 )y M

30 BKSLOP(I,Jsl) = (PMAXY(I,4J)
GO TO 100

40 BKSLOP(I,J,1) = (BKY(I,J,2)
BKSLOP(I ,J42) = (PMAXY(T,J)
G0 TO 100

50 BKSLOP(I,J,1)

BKY(IsJdel) ) /7 ( 1e = V(1))

BKY{(I,Jy1)) / ( V(2) = V(1))
BKY(I+Js2)) /7 ( 1l =VI(2))

i

(BKY(1,Js2)

BKY(IsJds1)) /70 VI2) - VI1))
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100

100
500

10
20

1
30

101
100

102

110

120

BKSLOP(I4J92) = (BKY(J4Js3) = BKY(I4J9y2)) /70 V(3) = VI2))
BKSLOP(I yJe3) = (PMAXY(19Jd) = BKY(IeJde3)) /¢ 1 = VI3))
RETURN

END

SUBROUTINE BUILDD(IRR)

COMMON PNAME(2+99+2) 4PMAX(2599)¢PMIN(2,99) yPCURVE{2,99),
1PSCALE(2+9914NBK (2+99)y BKX(2999+¢3)4BKY(2:95¢3),BKSLOP(2,99,31},
2wTS(2:¢99),0(2,99),0ID(20), N2ID NTD4NTV, NT,NP(2)

3 JPMAXY(2199)PMINY{2,99)9PSLOP(2999i)sPRANGE(2,99),ITSTP,
4 IT JNTIJNTW 4C(2499) SI0PTILIO),NF(2499) 4MOD(3)

IRR=0

READI(NTI, 5,END=500) (DID{(I),I=1,20)

FORMAT (20A4)

DO 100 I=1,NT

INP=NP (1)

READINTI6) (D(I+J}sJd=1,INP)

FORMAT (10F7.0)

IF(NTD.EQeS5) GO TU 100

WRITE(NTO, 6) (D(I,J ),yJd=1,INP}

CONTINUE

RETURN

END

SUBROUTINE EVAUL (EFF) :

COMMON PNAME(2,9942) yPMAX(24+99)¢PMIN(2¢99)yPCURVE(2:99),
IPSCALE(2999)sNBK (2499)y BKX(249993),BKY(2,99+3),BKSLOP(2:99,3),
2WTS5(2¢99)+D(2:99),010(203, N2IONTDyNTV, NT,NPL2)

3 JPMAXY(2499) +PMINY(2,99),PSLOP(2,99),PRANGE(2,99),ITSTP,
4 IT oNTI+NTW ,C(2,99) ,I0OPT{10)4NF(2,99) ,MOD(3)

DIMENSION YA{(2)

IRR=0

DO 10 I=1,ITSTP

IFUIOPT(I)eEQel) GO TO 100

CONTINUE

REWIND NTV

DO 30 I=1s NT

INP=NP(I)

DO 30 J=ls INP
READ (NTV, 1) (PNAME(I,J¢K)sK=192)sPMAX(IoJ)PMIN(I+J)eWTS(I,J),
1PMAXY (T od) o PMINY( (I +J)ePCURVE(LyJ)y PSCALE(I oI} oPSLOP(I )y
2NB o (BKX{T9sJsK)eBKY(I yJsyK)y BKSLOP(IoJeK)sK=1,NB)
FORMAT(2A442F106243F 562y 2F3,0y FlOe4y 12y 9(FlO424F5.2,F10e41))
NBK(I,J)=NB
CONTINUE
FORMAT( 19A4,A3,11F10.2)

DO 110 I=1, NT

INP=NP (1)

DO 110 J=1, INP

IF(D(I4J)eGECPMIN(IosJ)oANDe D(IsJ)eLE.PMAX({I,J)}) GO TO 110

WRITE( 64 102 ') Iy Jy D(Ied)e PMIN(I,J)y PMAX(I,J)

FORMAT (1HO 'OFF LIMITS,Iy Jy X yMINy MAX ARE='y 212,3F15.4)

IF(D(IsJ)elToPMIN(IZJ)) O(IoJ)=PMIN(I,J)

IF(D(I4J)eGToPMAX(IoJ)}) DUI o J)=PMAX(]I,J)

IRR=1

CONTINUE

EFF=]

DO 500 I=1, NT

IF(1.EQe2 oAND. N2ID.EQ.1l) GO TO 125

YA(1)=0,

60 TO 130
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125
130

150

160

200
230

250

270

300

350

400
410
420

490
500

600
1000

YA(I)=1

INP=NP (1)

00 490 J=1,INP

u=0(1,4

CALL NORM(I 4JsUsX)

TFINF(1,J)eEQeG) XsD(I,4J)

A=PSLOP(]IyJ4)

B=PMINY(I,J)

N=PCURVEI(I,J)

IF( NBK{I»J) ) 400, 400, 150

BREAKPOINTY COMPUTATION

U=2BKX(IsJel)

CALL NORM( 1, Jy U, X1)

BX=X1 :

IF(X.GEs X1) GO TQO 200

CTALL CURVEL 34 Ay By Xe ¥ HC(IvJ}))

GO TO 405

IFINBK(I,J)aGTel ) GO TQ 25C
B=BKY{I.,Js1)

A=BKSLUP(I Jsl}

X2X=BX

G0 TO 160

U=8KX{I4Je2 )

CALL NORM(I4 Jy U, X1 )

IF({Xe GEo« X1 ) GO TO 27C

GO TO 230

BX=x1

IF(NBK(I4J) «GTe 2 ) GO Ta 350
BaBKY({IyJds2)

A=BKSLOP(I, Jy 2 )

X=X=-8X

GO0 TQ 160

UsBKX{14J93)

CALL NORM{ I, Jg¢ Ue X1)

IF(XeLTeXl ) GO TO 200

8=BKY([,J.3)

A=BKSLOP{I,J,3)

X=X=X1

GO TO 160

CALL CURVE( Ny Ay By X9 Y 3ClI4J)}

IF(I - 1) 420, 420, 410

IF(N2ID.NE.]1 ) GO TO 420

YA(I)= YA(I)®Y

GO TO 490

YA(I)= YA(]) ¢ WTS(I,J) * Y

CONTINUE

CONTINUE

DG 600 I=1,NT

EFF=EFFE®YA(])

CONTINUE

RETURN

END

SUBROUTINE NORM({Is+Jde Ue X ) '
COMMON PNAME(2,99+2) yPMAX(2,99),PMIN(2,99),PCURNE(2,99),
IPSCALE(2+99) yNBK (29990 ¢ BKXU(2,9993)+4BKY(299993)4BKSLOPL12:,99,3),
2WTS(2+499)4D€2,99),01D(20), N2IDyNTD,NTV, NToNP(2)
3 +PMAXY(2999) o PMINY(2:99)PSLOP(2599)+PRANGE(2,99),ITSTP,
4 IT JNTINTW C(2499) +I0PT{10)NF(2,99) ,M0D(3)
IF(PSCALE(I,4) ) 10, 10, 20
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10
20

30

10
11
12
13
14
15
16
17

18
19

20
21
1000

X =( U = PMIN(I,J)) / ( PMAX(I,J) = PMIN(I,J))

GO YO 3

X =( ALOGL1O( U) = ALOGLOI(PMINI(I,J) )}/( ALOGLO(PMAX{I,d) )
1- ALOG1O(PMIN(I,J)))

RETURN

END

SUBROUTINE CURVE(NsA¢BeXyY ,C)

GO TO (1424 3y 4y Sy 69 Ty 8y 9410411, 12, 13, 14,15, 16,17,18,
1 19,20+21)4N

Y=X

GO0 10 1000

Y==X

GO TO 1000

Y=A%X ¢ B

GO TO 1000

Y=—ASX +8

GO TO 1900

YzX$k A

GO TO 10%

Y=le= XE% A

G0 TO 1000

Y={1le = X ) *%x A

GO To 1090

Y=le= (lo =X ) %% A

GO TO 1000

Y2A *¥(le/A%¥X ~ 14) /(1le =A)

Gu TO 1000

Y=(le = A%%(l, = X) ) /(le=A)

GO TO 19200

Y={A*# X~A) /(le-A}

GO T0 1000

Y=(l, =A%%X) /(le-A)

GO T0O 1000

Y=1,0 —~ SIN(1.5708 * X)

GO0 TO 1000

Y=C0S(1.5708 * X)

GO TO 1000

Y=le0 = COS(1.5708 * X)

GU TO 1000

Y=SIN(1.5708 * X )

GO TO 1000

Y=]la

GO TO 1000

Y=0

Y=zTANH(C*®X%%A)

GO TO 1000

Y=1le=TANH(C®EXE®%A)

GO TO 1000 :

Y=0

IF(X.EQ.I) Y’l

RETURN

END

SUBROUTINE SENSI

COMMON PNAME(2499¢2) yPMAX(2999) +PMIN(2,99) yPCURVE(2+99)
LPSCALE(2+,99)+NBK (2499), BKX(2,99,3),BKY(2,9943),BKSLOP(2,99,3),
2WTS(2,99),D(2,+,99),01D(20), N2IDNTDNTV, NTsNP(2)
3 +PMAXY(2299),PMINY(2,99),PSLOP(2,99) yPRANGE(2:,99)ITSTP,
4 IT JNTI NTW 'yC(2+99) »I0PT(10}4NF{2,99) ,MOD(3)
OIMENSION SL(2) +MM(2,99),M1(200),MJ(200)

266



20
30

25
50

600
55

60

OIMENSION PCT(10),0M{2¢99)+T5(2499),4DIF(3,2,99)
DATA SL/'LINR®,*LOG */

READI(Ss 1) NV, (PCT(I)sI=1,4NV)

IF(NV.EQ. 2) GO TO 200

FORMAT(12,10F7.0)

READ (S5, 2) LGLs MID

FORMAT( 212 )

IF( MID.NE, 1) GO TO 300

DO 40 I=al,NT

INP=NP (1)

00 25 J=1,INP

1F{ PSCALE( I, J) «EQe O ) GO TO 20

IF(LGL.EQ. 1 } GO TO 20
OM(I,J)1=(ALCGLO(PMAX (I1,J) )}-ALOGLO(PMIN(I,4)))/2,
OM(T,J)=0OM{1,J)+ALOGLO(PMINI(TI,J))
DM(I,J)=10.%*DM(I,J)

G0 TO 30

DM{T,4d) = ( PMAX(I4J) = PMIN(I¢J) ) / 24+PMIN(I,J)
TS(I,J)=PSCALE(1+J)

PSCALE(I,J) =0

D(I, J ) = DM(I, J)

CONTINUE

CONTINUE .

CALL EVAUL (EFF)

WRITE(6,3) (MODIIX),1X=1,3),SLILGL)

FORMAT (1H1 SSENSITIVITY ANALYSIS OF VALSET—',3A4,5X,'SCALE=?,A4)
WRITE(6, & ) EFF

FORMAT( 1HO YBASE VALUE = *, Fll.6 )

DO 55 I=1,NT

INP=NP (1)

WRITE(6,600) (D(I.d) 9J=1,INP)

FORMAT (1X,* DATA FOR BASE VALUE ARE *,(10F10.2))
CONTINUE

N0 100 K=1, NV

WRITE( 64 5) PCT(K)

FORMAT( //1HO YPERCENT VARIATION IS:', FBe2 // )
D0 60 I=1l, NT

INP= NP(I)

DO 60 J=1, INP

MM(1,3)=0

DV=PCT(K) * PRANGE(I,J)/100.

D(I¢J) = DM(I,y JI ¢ Dv

IF( DU14J) oGTe PMAX(IoJ)) DI J)=PMAX(I,J)
CALL EVAUL(EFV1)

D(I,J) =DM(I,4) - DV

IFIDII,J)elTa PMIN(I, J) ) D(1, J) =PMIN(I,J)
CALL EVAUL(EFVZ2)

DIF(3,1,J) ={EFV1 - EFV2 ) *100,

DIF(1414J) =(EFV1l - EFF) * 100. /EFF

DIF(241,J) =(EFV2 -EFF) % 100. /EFF
D(14J)=DM(I,J)

CONTINUE ’

IR=0 .

DO 80 I=1,NT

INP=NP (I)

DO 80 J=1,INP

IR=IR¢1

G6=0

D0 70 II=1,NT
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INPL=NP(IT)
DO 70 JJ=1,INP1

IF(MM(IY,JJ)eEQ.1) GO TO 70

IF(ABSIDIF(3,11,JJ))eLTeGG) GO TO 70

GG=ABS(DIF(3:11,4J))
ILt=11
JL=JJ
70 CONTINUE
MM(IL,JL)=]
MJCIR) =JL
MI(IR)=]IL
80 CONTINUE
WRITE(647)
T FORMAT(3X, *NAME
1 SX+'PCTe DIFFe*)
DO 90 1=1,IR
IL=MI(]I )
JL=MJ(T }

WRITE(6,+8) (PNAME(IL oJLoL)oL=192) oIl oJL,yTo(DIF(LILsIL)yL=1,3)
8 FORMAT (1X92A%42(2X¢12)93Xs1343(3X,F1246)) .

90 CONTINUE
1CO CONTINUE
GO TO 500
200 NV=10
00 210 I=1,10
PCT(I)=I%10
210 CONTINUE
GO T0 10
300 CALL BUILDD{IRR)
DO 310 I=1. NT
INP=NP(I)
DO 310 J=1,INP
OM(I,3)=D(1,4J)
310 CONTINUE
GO TO 590
500 RETURN
END
//G0. SYSABEND DD SYSOUT=A
//G0.SYSIN DD =*

SAMPLE . INPUT

2651556651
21 4
EMISSION
SMOKE 4e6 «95
O0OR 5.1 49
MAXNOISES4, 70.
IDLNGISE69. 55
LSPNOISE 70 566
INTNOISE66. 49.
EMCO he b 3.3
EMHC «51 29
EMNOX «50 «34
EMSOX 46 « 09
EMPARY L076 «009
«20 «20 ol2 olé

310. 20, 30.

I

J

OCODCOOOO0OO00O

«20

ORDER

Ot Bt s gas et e Pt Pub s Ped ot

268

PCT.

POS.

02.394
01.564
023.05
018+.54
018.84
020.83
012.84
T7.048
10.7

20394 .

1.787

PCTe NEGS®

« 05004
«1479
105E-46
192€~36
409€-37
608E-40
747E-11
2424
3782.
12.39
187.5



10

THIS IS A MIDDLE VALUE POINT TEST ;
2,720 2.316 78,84 63477 64.77 59446
4.100 4215 4378 42720 .03823

16055650

21 4
RELIAB-MAINT

SYsScrPxsl 200 0 0 1 20 0l.118 6.75€E-3
ESRTSv82 i ¢ 1 0 19 01.938 2.269
UNSCRPB3 40 ¢ 0 1 20 01.329 1.99E-2
DSGLFEB4 4800 1200 1 0 19 04,504 7T.9E-17
BTWSER8S 16 G ) 0 19 01,081 1.00NE-1]
MILEBF86 57000 8000 1 0 19 03.102 3.9E-15
e1l5 ol el 3 ol 25

310. 20, 30.

10 :

THIS IS MIDOLE VALUE POINT
51. 5 10. 3300. 5. 36250,
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5.0 SAMPLE OUTPUT
The three Tables shown here are typical examples of the results
printed out after a structured value/sensitivity analysis run.

Tables XIII and XIV show the complete printout for a sensitivity

analysis while Table XV is included to show how the input data

for straight line functions are printed.

The columns shown in Tables XIII and XV are defined as follows:

NAME - An 8 character alphanumeric representation of each value
function.

X-MAX,X~MIN - Many of the value functions theoretically range from
0 to infinity. However, the computer program requires
practical limits for each value function. The maximum and
minimum values shown are those points where the function
approaches a value of 0 or 1 in a practical sense. 'fhese
are subjectively selected by inspection of the plotted
value functions.

WEIGHT ~ The A weightings assigned to each term. If a 0 is shown
that function is a factor.

CURVE NO. - The number assigned to that type of function as listed
in Section 3 of this appendix.

SCALE - The range of the value functions may be input on a linear
or log scale as indicated.

SLOPE - The exponent, n, of the function

V = Tanh axn or 1-Tanh ozxn
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T2

TABLE XIII

PARAMETERS CONSIDERED IN THE MODE-EMISSION

PARAMETERS CONSIDERED IN THE MODE~--EMISSION

NAME ~  X=MAX X=MIN WEIGHT CURVE NO SCALE SLOPE NO. BKe PT,  CONSTANT NOR=FACTOR
SMOKE 4460 0.95 0. 20 20. LINEAR 2439 0 0. 500E-01 0
0DOR 5.10 0449 0.20 20. LINEAR 1.56 0 0.148E 00 0
MAXNO1SE 84.00 70.00 0.12 20, LINEAR . 23.05 0 0. 105E-43 0
IDLNOISE 6900 55,00 0e14 20, LINEAR 18.54 ) 0.192E-33 ‘o
LSPNOISE "70.00 56,00 020 20. LINEAR 18.84 0 0. 409E~34 0
INTNOISE 66,00 49,00 0.14 20. LINEAR 20.83 0 C.608E-37 0
EMCO 4.60 3.30 0.0 " 20, LUINEAR 12.84 0 0.T4TE-08 . o
EMHC 0.51 - 0429 0.0 20. LINEAR 7.05 0 0.242E 03 0
EMNOX 0.50 0.34 0.0 20< LINEAR 10.70 0 0.378E 04 0
EMSOX . 0.46 0.09 040 20. LINEAR 2439 0 0.124E 02 0
EMPART 0.08 0.01 0.0 20. LINEAR 1.79 0 0.188E 03 0



TABLE XIV

SENSITIVITY ANALYSIS OF VALSET-EMISSION

SENSITIVITY ANALYSIS OF VALSET-EMISSION SCALE=LINR
BASE VALUE = 0.015591

PERCENT VARIATION 1S3 10.00

272

NAME 1- J ORDER PCT. POS. PCTe NEGe PCTa DIFF.
EMCO 2 1 1 =35,162109 30561569 =1.024700
EMNOX 2 .3 2 =33,497696 294366959 =0,980126
EMHC 2 2 3 =31,275192 28099030 =0,925706
EMSOX 2 4 4 =264459564 260200150 -0.821020
EMPART 2 5 S =244983307 254 845032 =0e 792467
LSPNOISE 1 5 6 - =74G37911 60038696 ~0,2032878
INTNOISE 1 ] 7 ~7.18¢€053 54849435 =00203237
SMOKE 1 1 8 «54228005" S5«4178307 =0s162245
ODOR 1 2 9 ~4,918939 5.213264 =0.157972
IOLNOISE 1 4 10 =4e925669 44243008 -0.143012
MAXNOISE 1 3 11 ~4,259328 34649273 =0.123303
PERCENT VARIATION 1S3 20,00

NAME 1 J ER ' PCT. POS. PCTe NEG. PCTe DIFF,
EMCO 2 1 1 -~67490234 534806717 -1.891146
EMNOX 2 3 2 -640711792 524095535 =1.821148
EMHC 2 2 3 -604556778 50.588120 =-1,732865
EMSOX 2 4 4 =506235358 49664627 ~1.559104
EMPART 2. 5 5 -47.016190 500249985 ~1516481 -
LSPNOISE 1 5 é -13,587985 10.591991 =0e376991
INTNOISE 6 7 =12.342190 9547833 -0.341288
SMOKE 1 1 8 =94958401 9.828992 -0.308506
ODCR 1 2 9 -9,190122 10,277217 =0.303516
IDLNQISE 1 4 10 =9495435 74448288 «~04264170
MAXNOISE 1 3 11 =8+204502 60392829 -0,227588

“PERCENT VARIATION 1S: 30,00

NAME J ORDE PCTe POS. PCTe NEGs PCTe DIFF.
EMCO 1 1 ~884702652 70.211533 ~2.477638
EMNOX 3 2 -866331655 684442917 =-2.413102
EMHC 2 3 -82.157669 67.287277 =24330003
EMSOX 4 4 -694410294 68,850845 =2,155637
EMPART -] 5 =64e T65625 /114223129 =24120208
LSPNOISE 5 6 -17.888641 13.794860 =0e493979
SMCOKE 1 7 -13,760189 13.651256 ~0.427373
QDOR 2 8 ~12,619572 14,743584 =0s426620
INTNOISE .6 9 «13,848045 11.656675 =0e397645
IOLNOISE 4 10 -12.474370 94705009 =0+345800
MAXNOISE 3 11 =106 749595 80318022

 =0.297284



TABLE XV

PARAMETERS CONSIDERED IN THE MODE~OPERATION PERF

MODE--OPERATN PERF

PARAMETERS CONSIDERED IN THE
NAME X=MAX X-HIN WEIGHT CURVE NO SCALE SLOPE NO. BK. PT.  CONSTANT NOR-FACTOR
START 61.00 $.00 0.06 20. LINEAR 2.01 0 0.490E-03 0
CoLDS0aK 41.00 4.00 0.95 '20.. LINEAR 1.73 0 0. 308E-02 0
STRTRELL 9.00 1.00 0.C6 20.  LINEAR 2.60 0 0.827E-02 0
FUELCSP 18.C0 4.50 0.96 20.  LINEAR 2.87 - 0 0. 490E-03 0
CRPTRO 56.02 24.00 0404 20. LINEAR 4.57 o 0. 207E-07 0
SUSIOLE 61.00 29.00 0.05 19. LINEAR 5.19 ) 0.107E-08 0
ACCTENSC 800,00 250.00 0.07 3. LINEAR 2.89 2 0.0 1
N THE BR X, Y, AND SLOPE = 460,00 1,00 0.0 660,00 1.00 =2.7500 :
“  aaczs70 22.00 6450 0.10 3. LINEAR 10.33 2 Ce0 - 1
THE EX Xy Y4 AND SLOPE = 8.00 1.00 0.0 13.00 1.0 -1.7222
HISPPASS 1800.00 . 1600.00 0409 3. LINEAR 8409 2 0.0 1
THE BK X, Yy AND SLOPE =  1100.00 1.00 0.0 135040C 1.00 =-1.7778
CRSSPD 95.00 65.00 0.10 3. LINEAR 2.90 2 0.0 1
THE 6K X, Y, AND SLOPE = 80.00 1.00 0.0 85.09 1.00 =-3.0090
MAXSPD 110.00 80.00 6.05 3. LINEAR 6400 2 0.0 1
THE 8K X, Y, AND SLOPE = 85.00 1.0 0.0 95.C0 1.00 =20600
SPOGRADE 11.9C 0.0 0.07 20. LINEAR 1.56 ) 0. 500€-01 0
RNGURBN 255,00 160.00 0.09 19. LINEAR 8466 0 0.306E-20 )
RNGCRSE 255.00 160.00 0.11 19. LINEAR 8.66 0 0.306E-20



For straight line functions this number is the slope of the

first segment.

NO.BK.PT. - The nuﬁber of break points in a function composed of
straight line segments. The first and last points are not
counted.

CONSTANT - The o value contained in the hyperbolic tangent functions
shown above. ‘A zero entry is used for straight line functionms.

NOR-FACTOR - The 1 indicates that the input data has been normalized.

THE BK X, Y, and SLOPE - For straight line functions the second

' line contains break point data:
Xl, Yl - data point and value of 1st break point
SLOPE1 - slope of the line segment between first and
second break points
sz - data point and value of second break point.
SLOPEz‘— etc.

Table XIV shows the results of the structured valug computa-
tion and the sensitivity analysis. The bgse‘value of the fun is
shown in the upper left (viz. 0.015591). The percent variation
which was defined earlier in this Appendix is shown at the head of

each sensitivity run, Each sensitivity run applies to only one

particular set of inpﬁt data. In this example data points for each

value function corresponding to a value to the user of 0.5 were input.
The columns are defined as follows:

NAME - Same definition as above.
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I -~ The indicator 1 or 2 shows from which group the value function
came.

J - The code number assigned to each value function by the computer,

ORDER - The rank of the value function ordered according to the
highest ébsolute value in the last sensitivity column.

PCT.POS/PCT.NEG. —AThe change in the base value resulting from
the indicated positive or negative variation in the input
data for the particular value function listed divided by
the base value. The printed values are multiplied by 100
yielding a percent reading. For example, a 10% downward
variation in the input data for the value function EMCO
(Carbon Monoxide Emissions) would cause a -35% change in
the base value 0.015591. Similarly the positive change
would be 30.6%. |

PCT.DIFF. - This mumber is the difference between the base value
computed for the positive variation minus the base value
computed for the negative variation multiplied by 100.
It is not really a percentage. It shows the absolute change
in the base value over the * variation selected. For example,
the difference of -1.0247 for EMCO in the 10% range shows
that the variation in the base value of the emissions category
is 0.010247 when the input data for EMCO is varied from -10%
to +10%. The positive and negative signs merely indicated

the direction of the slope of the variation.
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