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ABSTRACT

One important tool used by the California Air Resources Board (CARB) in planning and assessing
new motor vehicle regulations is the California motor vehicie emissions inventory model. The
emissions factors used to estimate the emissions inventory are obtained from laboratory testing of a
subset of the on-road fleet. The vehicle activity data, however, are derived from widely dissimilar
databases. An improvement in the motor vehicle emissions inventory can be realized by directly
linking the Iaboratory measured emissions of vehicles to how those same vehicles are driven in the
real world.

Seven late model vehicles were each equipped with a datalogging device to monitor their actual on-
road usage. These vehicles were selected based on their high sales volume in California and were
representative of current and projected future emissions control technologies. The vehicles were
loaned to participants of CARB’s In-Use Light Duty Vehicle Surveillance Project Series-12 for at
least 7 days each. Data from approximately 5000 valid trip files were obtained. A trip database was
created from statistical analysis of the collected data with the objective of improving CARB’s
capability for on-road motor vehicle emission inventory modeling.

Data analysis showed that the average trip was 7.6 miles in length. The average trip lasted 13.6
minutes and 31% of all trips were one mile or less. About 40% of all starts were cold starts and 9%
of all soak times were more than 1 day. The vehicles were driven an average of 49 miles per day and
7.2 trips per day were taken on average. The time spent in cruise, acceleration, and deceleration
modes varied from participant to participant. Seven significant mode transitions were identified: Idle
to Acceleration, Cruise to Acceleration, Cruise to Deceleration, Acceleration to Cruise, Acceleration
to Deceleration, Deceleration to Idle, and Deceleration to Cruise were identified. Heavy acceleration
represented 1.3% of all vehicle operation and 4.6% of all acceleration modes. Findings in this study
deviate from current estimates used in the motor vehicle emissions inventory model.
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INTRODUCTION

The South Coast Air Basin, encompassing the Los Angeles metropolitan area, continues to have poor
air quality despite the intensive efforts of the California Air Resources Board (CARB) and other
regulatory agencies. The ozone level in the South Coast Air Basin still frequently exceeds the Federal
standard. Meeting this standard will require increasingly stringent regulation of motor vehicles—the
major contributor of air pollutants.

One important tool used by CARB in planning and assessing new motor vehicle emission control
strategies is EMFAC, California’s motor vehicle emissions inventory model. An accurate model
prediction is dependent upon the quality of the emissions inventory estimate. Collection of data from
mobile sources poses several problems. Emissions from mobile sources are unsteady and often
dependent upon parameters such as vehicle temperature, ambient temperature, vehicle maintenance,
driving cycle, trip length, gradient, and load factor.

The vehicle emissions data currently used in California emission models were obtained through the
laboratory testing of a subset of the in-use motor vehicle fleet. The vehicle activity data, however,
were derived from widely dissimilar databases and transportation models using public survey
information which are suspected to lack accuracy and not account for trips less than a mile in length.
In addition, real-world acceleration and deceleration rates, as well as peak and average speeds, are
often higher than those represented within the Federal Test Procedure (FTP). To improve
California’s vehicle activity database, other methods for gathering vehicle usage data are required.
The installation of datalogging devices into representative vehicles to monitor their actual on-road
usage over a specified period is one of these methods. By linking the emissions of vehicles with
specific information on how they are driven, an improvement in the emissions inventory could be
realized.



SUMMARY

The objective of this project was to coilect data on personal driving habits and vehicle activity in
order to improve CARB’s capability for on-road motor vehicle emission inventory modeling. A trip
database was created from statistical analysis of the collected data. The goal was to link this database
of on-road vehicle activity with the database of laboratory measured vehicle emissions in order to

improve the emissions inventory estimate.

Findings from data analysis of all vehicles were:

(. The average of trips taken per day was 7.2 trips.

a Mondays had the lowest average number of trips with 6.5 trips per day.

a Saturdays had the highest average number of trips with 7.8 trips per day.

d The average trip length for all days was 7.6 miles.

Q The average miles driven per day was 49 miles.

a Saturday had the highest average miles per day driven with 56 miles.

a Sunday had the lowest average miles per day driven with 40 miles.

a 31% of all trips were less than one mile in length.

0 The average trip took 13.6 minutes.

Q Of all start events, 40% were cold starts.

a 31% of all soak times were less than 10 minutes.

a 8.9% of all soak times were more than 1 day.

a The average vehicle speed for all participants was 33 mph.

a Heavy acceleration (> 5.5 mph/sec) represented 1.3% of all vehicle operation and 4.6% of
all acceleration mode.

U Peak usage time was at 1 pm and minimum usage time was at 11 pm.

CONCLUSIONS

The findings in this study deviate enough from current estimates used in the mobile source inventory
model to justify reviewing these estimates. The current on-road mobile source inventory modeling
estimate of 60.4% cold starts is significantly higher than this program’s finding of 40%. Adjusting
the value used in the model would lower the emissions estimate. However, the large percentage of
trips (31%) which were less than one mile in length may contribute additional emissions which may
partially offset this reduction. The increased number of trips and average miles per day (7.2 trips and
49 miles in this study compared to the current estimate of 3.75 trips and 30.65 miles) was also
substantial. Accounting for these factors will also change the emissions estimates.



RECOMMENDATIONS

Because of the significant number of short trips identified in this study, an attempt should be made
to assign specific situations (i.e., moving cars in the driveway, driving down the street, etc.) to these
trips. Additional studies should be made. perhaps using vehicles equipped with portable gas
analyzers, to determine the effects on emissions of these short trips.

Although it appears valid for an “average” trip, the cold start definition of a greater than one hour
soak is too simplistic to cover all vehicle driving situations. A start after less than one hour’s soak
following a short trip maybe more appropriately categorized as “cold” rather than “hot.” Using the
data collected in this study, it is possible to develop a more accurate definition incorporating other
parameters such as engine coolant, catalyst, and ambient temperatures. It is possibie with the ATDS
datalogger to use time aligned catalyst inlet and midbed temperatures to analyze the time from vehicle
start to exothermic condition. This can arguably be used to predict a subjective time to light-off of
the catalyst system.

Findings in this study deviated from current vehicles activity estimates used in the motor vehicle
emissions inventory model. More specifically, the estimates of the percentage of cold starts, number
of trips per day, number of miles per dav, and soak time distribution, should be reviewed for
incorporation into the model.



PROCEDURES & DISCUSSION

Test Vehicles

Seven vehicles were selected through a screening process involving CARB staff. Features required
for selection included:

High California sales volume (all vehicles ranked within the top 12 in national sales based
upon Automotive News vehicle production data for the 1991-1992 model years).
California emissions certified.

Representative of current and projected future control technologies.

Accessibility for datalogger and instrument installation.

Availability of manufacturer support and documentation.

o000 O

The vehicles selected are listed in Table 1.

Each vehicle was inspected to ensure conformity to the intended specifications. The locations of
vehicle transducers and wire looms were identified. Additional onboard computer wiring harnesses
for the datalogger were installed as necessary to acquire signals from the onboard ECM and
transducers. Air/Fuel Ratio sensors and thermocouples were installed in the appropriate locations.

The following is a list of signals monitored:

Vehicle Speed

Engine Speed

Throttle Position

Engine Coolant Temperature
Manifold Absolute Pressure or Mass Air Flow
Air/Fuel Ratio

Oxygen Sensor

Catalyst Inlet Temperature
Catalyst Midbed #1 Temperature
Catalyst Midbed #2 Temperature
Catalyst Qutlet Temperature
Ambient Temperature

ooco0oo00odo0o
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The ATDS Datalogger System

ATDS has developed a very powerful and flexible PC based datalogger designed specifically for
automotive use. The system used for this project was the original production release version. The
ATDS Datalogger has at its core an IBM type AT computer in which the internal computer Basic
Input and Output System (BIOS), the Disk Operating System (DOS), the computer power supply,
and the basic disk operations have been extensively modified to provide the optimal automotive
interface capability without sacrificing system capacity or operating speed.

The ATDS Datalogger is powered directly from the vehicle’s 12 voit DC power system. This
eliminates the requirement for any external power inverters. Its sixteen (16) data input channels were
set up for six (6) K-type thermocouple channels and the remaining ten (10) input channels were
vehicle specific as either an analog voltage signal or a frequency signal. For this project, data was
recorded at a 2 Hz sampling rate. (The available sampling range was from 100 Hz down to once an
hour.) Additional specifications are listed in Table 2.

Table 2: ATDS Datalogger Specifications

Data Capacity: ' 80 Megabytes

Sample Rate: 0.1 Hz to 100 Hz, 2 Hz for this program

Input Channeis: Standard - 16, Optional - 32, 16 channels for
this program

Retrieval Mechanism: Standard - Diskette, Optional - RS232

Weight: : , 30 Ibs. (13.6 kg)

Power Requirement: o Standard - 12 VDC, Optional - 120 VAC

Operating Temperature Range:- || -10° F to 150° F

All seven test vehicles employed the ATDS standard for Datalogger turn-on and record operations.
When the driver’s side door was opened, the datalogger recognized this as the turn-on signal. An
ignition key-on event told the Datalogger to start recording data. An ignition key-off event told the
datalogger to store all data on its internal hard drive. The stored file was labeled by its starting date
and time. This stored file contains all raw data collected.

The ATDS system had sufficient capacity to record any single trip of approximately seven (7) hours
duration in which the vehicle was operated continuously without an ignition key off event. This was
based on the 2 Hz sampling rate of this project. For this project, a special timer circuit was added
to allow the unit to turn itself on once per hour during periods of vehicle non-operation to record
temperature data. This circuit functioned by simulating a key-on/key-off sequence. A second battery
was used to prevent premature drainage of the vehicle battery.



The ATDS Datalogger used during for this project was a compact self-contained system. Physically
this unit weighed 30 pounds and was 13 inches deep, 7 inches high, and 17 inches wide. The
datalogger was located in each vehicle’s trunk. To resist tampering by the participants, the
datalogger was fitted with a keyed front panel cover to restrict access switches and the floppy drive.
The unit was strapped in place during operation.

By using standard plug-in signal conditioning and linearizing modules, virtually any type of electrical
signals can be recorded. These standard conversion modules are available for thermocouples,
voltage, and frequency inputs. All conversion modules were calibrated with laboratory bench
equipment after installation into the datalogger.

The dataloggers monitored vehicle transducer signals at a sampling rate of 2 Hz for the following
parameters:

Vehicle Speed

Engine Speed

Throttle Position

Engine Coolant Temperature

Manifold Absolute Pressure (MAP) or Mass Air Flow (MAF) depending on the available
onboard vehicle transducer

a O, Sensor Voltage

Loo0o

By using specially prepared onboard computer wiring harnesses, datalogger connections to vehicle
transducers were tapped from the tranducer signal line to the vehicle Engine Control Module (ECM).
The onboard computer wiring harnesses were connected to the dataloggers using twist lock-on quick
connectors.

Analog signals from the specially installed Air/Fuef Ratio sensor and K-type thermocouples were also
recorded at 2 Hz. Thermocouples were installed in the inlet, midbed, and outlet of the catalyst. A
thermocouple located on the rear bumper of each vehicle provided ambient temperature readings.
The Air/Fuel Ratio sensor was an NGK universal oxygen sensor installed immediately upstream of
the catalyst inlet. Table 3 lists the various parameters recorded, the source of the input signals, and
the engineering unit they were converted to. Conversion factors for certain Toyota Camry
parameters were unavailable and these parameters were left in the input signal units.



Table 3: Source and Conversion of Vehicle Parameters

Parameter Source inputSignal =~ | Converted To:
Vehicle Speed ECM Frequency (Hz) | Miles per Hour
Engine Speed ECM Frequency (Hz) | Revolutions per Minute
Throttle Pasition ECM Voitage (VDC) | Percent Open
Engine Coolant .
Temperature ECM Voltage (VDC) | Degrees Farenheit
Manifold Absolute
Pressure ECM Voltage (VDC) | Inches of Mercury
Mass Air Flow ECM Voltage (VDC) | Kilograms per Hour
Air/Fuel Ratio gEGO’ NGK Voltage (VDC) | Air/Fuel Ratio

ensor

O, Sensor ECM Voltage (VDC) | None

Catalyst Inlet K-Type .

Temperature Thermocouple Voltage (VDC) | Degrees Farenheit
Catalyst Midbed K-Type .

Temperatures Thermocouples Voltage (VDC) | Degrees Farenheit
Catalyst Outlet K-Type .

Temperature Thermocouple Voltage (VDC) | Degrees Farenheit
Ambient K-Type .

Temperature Thermocouple Voltage (VDC) | Degrees Farenheit

Initially this contract required that one of these dataloggers be delivered to CARB at the end of the
project. This unit was equipped as described above. Data retrieval procedures for this unit are
described in the following section and in Appendix C. During the course of this contract, the next
generation of the ATDS Datalogger was being developed. CARB decided to purchase the seven
instrumented test vehicles and five of these next generation dataloggers.

The additional dataloggers were new generation units. These units provided enhanced set-up
features, an interactive monitor view of the data being recorded, enhanced data acquisition
capabilities, and a more efficient data storage technique. The physical dimensions of these units were
the same as the original datalogger units. The enhanced set-up features allow for easier and quicker
calibration and verification of the input signals. The interactive monitor allows settings to be viewed
and changed in real-time. Data acquisition was enhanced through the time tagging of every data
sample. The data storage concept was the most radical change. The hard disk and the floppy disk
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drives were replaced with a twenty-one megabyte floptical drive. This change was possible because
of the new data storage philosophy employed in this generation of datalogger. The floptical approach
also allowed for immediate data removal simply by extracting the floptical disk and replacing it with
a formatted, blank floptical disk.

Concurrent with the conduct of this research project for the Air Resources Board, ATDS embarked
upon a downsizing and capabilities enhancement project for the datalogger system. The newly
developed ATDS Datalogger has the following improvements over the version used for this project:

[ Physical size reduced by 70 percent.

Q Mass reduced by 14 percent.

Q Number of active channels tripled to 43.

a Individual channels now sample rate selectable.

g Data storage techniques provide 8 percent capacity improvement.

A technical brochure describing the newest version of the ATDS Datalogger is included in Appendix
B for reference.

Vehicle Deployment and Data Collection

Each test vehicle was loaned to a subset of participants of CARB’s In-Use Light Duty Vehicle
Surveillance Project Series-12. Each participant drove the instrumented vehicle for at least 7 days
each. This Surveillance Project used randomly generated lists of Vehicle Identification Numbers
(VINSs) to select vehicles from the South Coast Air Basin in-use fleet to be tested at CARB’s Haagen-
Smit Laboratory. Vehicle owners were contacted through a first class mailing. If this was
unsuccessful, a telephone contact was initiated. The entire vehicle procurement procedure is
summarized in the “Test Report of the Light Duty Vehicle Surveilance Program Series-12”, Report
Number MS-94-04, July 1994.

The selection process produced participants from four counties. 56.3% of the participants resided
in Los Angeles County, 28.1% resided in Orange County, 8.3% resided in San Bemardino County,
and 7.3% resided in Riverside County. Appendix D lists the vehicle type and the home city of each
participant. An attempt was made to exchange each instrumented car with a similar type participant’s
car.

Information given to the participants regarding the purpose of the dataloggers was kept general in
order to minimize influencing their driving behavior. Some may argue that driving behavior changes
when motorists use cars that do not belong to them. However, a point can also be made for the
opposite—that driving behavior does not change and loaned cars are better taken care of so as to

avoid liability for damages. i}



At the end of each loan period, the vehicle was returned to the ATDS headquarter in Ontario,
California. Recorded data in the form of the series of trip files were extracted. The vehicles were
then prepared for the next participant. Data extraction procedures are shown in Appendix C.

DATA ANALYSIS

The following are discussions of the data analysis. These discussions are organized by recorded and
calculated vehicle parameters.

96 sets of data were collected. Over 5000 trip files were available for computer analysis. Each trip
file contained data of all recorded channels from a key on to key off sequence. Quality checking of
the data involved excluding any channel containing excessive amounts of zero, missing, or out of
bound data. The number of trip files used for analysis of each parameter varied because different trip
files may have had different channels rejected. Files were grouped by vehicles and subgrouped by
participants. Data processing was done using the SAS statistical analysis software and frequency
distribution graphs were generated for the following:

Trip Length (miles—weekdays, weekends, and all days)

Trip Duration (minutes)

Vehicle Speed (mph—weekdays, weekends, and all days)

Acceleration (mph/sec)

Air Fuel Ratio

Throttle Position (% open)

Mass Air Flow or Manifold Absolute Pressure (kg/hr, in. Hg, or Volts)

Catalyst Temperature (° F)

Ambient Temperature (° F)

Fuel Tank Skin Temperature (° F)

Soak Time (hours)

Time in Mode (idle, cruise, acceleration, and deceleration)

Transition from Mode (idle to acceleration, cruise to acceleration, cruise to deceleration,
acceleration to cruise, acceleration to deceleration, deceleration to acceleration, deceleration
to cruise, and deceleration to idle}

Qa Distribution of Trips by Starting Time

a Distribution of Trips by Day of Week

go0oo0o00oc0o0o

Further reduction of data was accomplished by combining participants for each vehicle and generating
vehicle level histograms for the above parameters. This method produced weighted histograms in
which data from participants who drove more frequently will have a greater impact on the final result.
Final analysis was done by processing the vehicle level data with the Quattro Pro spreadsheet
software. The average of all seven vehicles obtained in this final analysis was unweighted. Other
analytical subroutines can be performed at leisure since the ATDS datalogger saves all data in a raw
format. No onboard processing was done.
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Trip Length/Trip Duration

Important indicators of driver influence are trip length and trip duration. A trip is defined as the
period of engine on operation between engine on and engine off. Table 4 shows the average trip
length for weekdays, weekends, and all days, and trip duration for all days.

Table 4: Average Trip Lengths and Trip Duration
, . Weekday Weekend . . AltDays . | Average
Vehicle . Trip Length Trip Length - | TripLength '} - Trip Duration-

(miles) {miles) -~ |- (miles). | - (minutes).

Ford Taurus 8.2 6.9 7.9 13.7
Ford Tempo 5.4 4.0 5.1 11.8
Chevrolet Lumina 8.3 8.8 8.4 15.2
Chevrolet Astro Van 6.6 7.2 6.7 12.4
Pontiac Grand Am 84 10.4 8.9 13.9
Honda Accord 6.8 53 6.5 13.7
Toyota Camry 9.7 9.9 9.7 14.3
Unweighted Average 7.6 7.5 7.6 13.6

Graphs 1A, 1B, and 1C are plots of trip length vs. percentage of operation for all vehicles during
weekdays, weekends, and all days respectively. Graph 2 is a plot of trip duration vs. percentage of
operation for all vehicles. Note that most trips were less than 20 miles in length.
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Data for all vehicles showed many trips which were less than a mile in length. These short trips are
significant in that they do not permit sufficient time for a cold emissions system to become
operational. Emissions per mile from these short trips may be greater than other trips. Specifics of
these short trips were not known—it is unclear whether they were the result of moving cars in the
driveway, driving down the street, or a combination of many situations. The percentage of trip
lengths which were less than a mile are shown in Table 5.

Table 5: Trip Lengths Less Than One Mile—Percentage of All Vehicle Operation

vede | Mookt | e | pecenime
Ford Taurus 29 22 27
Ford Tempo 42 35 40
Chevrolet Lumina 30 35 31
Chevrolet Astro Van 34 32 33
Pontiac Grand Am 31 26 29
Honda Accord 31 33 32
Toyota Camry 27 28 27
Unweighted Average 32 30 31
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Time of Day/Day of Week

The date and time stampings of datalogger files were used to analyze the distribution of vehicle
operation by time of day and day of week. Findings from the analysis are:

Operating time was greatest between 11 am and 3 pm with the peak usage time at 1 pm (see
Graph 3).

Operating time was lowest at 11 pm.

The vehicles averaged 7.2 trips per day (see Graph 5).

Mondays had the lowest average number of trips with 6.5 trips per day.

Saturdays had the highest average number of trips with 7.8 trips per day.

The average miles per day driven was 49 miles.

Saturday had the highest average miles per day driven with 56 miles.

Sunday had the lowest average miles per day driven with 40 miles.

oooococo O

Graph 3 is a plot of trip starting time for all vehicles. Graph 4 is a plot of non-normalized day of
week usage for all vehicles. The graph shows that the number of trips taken on Monday was less than
other weekdays. Because of the non-normalized data used in this graph (i.e., the graph does not
account for the possibility the vehicles may have not been with a participant at all times), skewing of
data may have resulted and the graph’s value in reaching a conclusion is limited. Graph 5 isa plot
of average miles and trip per day for all the days of the week. Additional computing time was used
to produce this graph. Graph S takes into account only the time during which the vehicles were with
a participant and better reflects real-world driving habits.

Graphs 6A to 6G are three-dimensional plots of time of day vs. day of week usage grouped by

vehicles. Most tall peaks representing a high number of trips are situated in the middle section of
these plots. The graphs shows that most trips were taken during the midday of weekdays.
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Soak Time

Soak time was determined by calculating the duration between a key-off and next key-on. Besides
influencing catalyst performance, soak time also provided a measure of how long the evaporative

canister has been exposed to diurnal fuel losses.

Federal Test Procedure data showed that vehicle emissions in the initial few minutes after a cold start
are substantially higher than after a hot start because of the time required for the emissions system
components to reach operating temperature. The standard definition of a “cold start” is a start after
a vehicle has soaked for at least one hour. Using this definition, the percentage of cold starts for each
vehicle was calculated from the data shown in Graph 7. Table 6 shows the percentage of cold starts,
soak times less than 10 minutes, and soak times more than 1, 2 & 3 days for each vehicle. The
unweighted averages for all seven vehicles are also shown.

vhicw | Joicosane |

Ford Taurus 37 31

Ford Tempo 38 30 63| 1.0] 04
Chevrolet Lumina 41 30 1051 16} 04
Chevrolet Astro Van 3¢ 30 96| 14| 02
Pontiac Grand Am 38 33 73( 03| 03
Honda Accerd 43 31 93| 10| 04
Toyota Camry 40 35 981 11| 02
Unweighted Average 40 31 89| 11| 04

An assumption was made that the frequency distribution bin value represented the 50% percentile for
that bin. For example, the 60 minute bin contained all data points with values between 50 minutes
and 70 minutes, and it was assumed that 50% of all data points were between 50 minutes and 60

minutes and the remaining 50% were between 60 minutes and 70 minutes.
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In comparison to the current inventory model’s estimate of 60.4% cold starts, the data from this study
showed that only 40% of all starts were cold.

The ATDS datalogger can turn itself on approximately once per hour to record parameters during
periods of vehicle non-operation. This feature was used to monitor the decline in catalyst midbed
temperature after engine off. Graphs 8A to 8G plot catalyst midbed temperature as recorded by the
midbed #1 thermocouple after engine off vs. time for all seven vehicles. The data for these graphs
include both the ATDS datalogger’s once per hour internal timing record of the catalyst midbed
temperature and the first midbed temperature reading at a key-on event. Using a midbed temperature
of 500°F (an assumed light-off temperature for the catalyst) as the limiter between hot and cold
starts, it was observed that the one hour soak “cold start” assumption is valid for an average trip with
a hot catalyst. After one hour, most catalyst data points indicated midbed temperatures below 500°F.

15



Vehicle Speed/Acceleration

Vehicle speed was recorded directly from the vehicle’s onboard speed transducer. Frequency
distributions for all vehicles showed a trimodal operating characteristic. By “trimodal” it is meant that
three peaks in the frequency distributions were noted. These peaks represented the three modal
values. The lowest value mode represented the idle time of each vehicle. The middle value mode
represented the city cruising speed, and the highest value mode represented the highway cruising
speed. Table 7 shows the average vehicle speed for weekdays, weekends, and all days.

Table 7: Average Vehicle Speed

. |. - Weekday Weekend . |  AliDays

Vehicle | Avg.Speed | Avg.Speed | Avg.Speed.
S ' {mph) _(mph) '} . (mph)
Ford Taurus 34 34 34
Ford Tempo 28 27 28
Chevrolet Lumina 32 35 33
Chevrolet Astro Van 32 37 33
Pontiac Grand Am 33 38 34
Honda Accord 30 28 29
Toyota Camry 40 46 41
Unweighted Average 33 35 33

Graphs 9A, 9B, and 9C are plots of vehicle speed vs. percentage of operation for all vehicles during
the weekdays, weekends, and all days respectively. Data in these graphs were slightly distorted due
to a signal conditioner module in the Pontiac Grand Am datalogger which limited the top recorded
speed to 70 mph. This made the peak at 70 mph on the graphs appear more significant than actual.
The zero value data above 70 mph for the Pontiac was not used in calculating the average. The signal
conditioner modules in the remaining vehicles limited the top recorded speed to 110 mph.

Acceleration or delta speed was obtained by calculating the change in vehicle speed from one data
sample to the next. The acceleration value may be of interest as vehicle emissions are typically higher
during acceleration. Driver aggressiveness was analyzed by calculating the percentage of heavy
acceleration—defined here to be greater than 5.5 mph/s—of all vehicle operations, and of all
acceleration mode. The results are shown in Table 8.

16



Table 8: Frequency of Heavy Acceleration

et | e
Ford Taurus : 0.7 27
Ford Tempo 0.9 40
Chevrolet Lumina 0.8 2.3
Chevrolet Astro Van 0.6 22
Pontiac Grand Am 0.6 27
Honda Accord 1.7 6.3
Toyota- Camry 4.1 11.8
Unweighted Average 1.3 4.6

Graph 10 shows acceleration vs. percentage of operation for all vehicles. Acceleration / deceleration
data was broken down into 0.5 mile per hour per second bins. Data was calculated for accelerations
and decelerstions as high as 12 miles per hour per second, but the bins for delta speed greater than
6.0 miles per hour per second and less than -6.0 miles per hour per second represent less than 0.1 per
cent per bin of actual operation.

Catalyst Inlet/Outlet & Midbed Temperatures

Catalyst inlet and outlet temperatures indicate engine operating conditions and loads. Their value lies
mainly in identifying any abnormal engine conditions such as excessive rich or lean operation. Data
from this study showed no such abnormality.

Catalyst midbed temperature is an important factor influencing emissions system durability. To
measure catalyst midbed temperature, thermocouples were installed in the catalytic converter brick(s)
of each vehicle and identified as midbed #1 and midbed #2 thermocouples. The midbed #1
thermocouples were closer to the catalyst inlet than the midbed #2 thermocouples. The Toyota
Camry and Chevrolet Astro Van do not have a second midbed and therefore did not have a midbed

#2 thermocouple installed.

Graphs 11A to 11G are plots of average catalyst temperatures vs. percentage of operation. The
midbed #2 thermdcouples on the General Motor and imported vehicles read higher temperatures than
the midbed #1 thermocouples. A possible explanation is that a different control strategy employed
by these manufacturers placed greater burden on the second catalysts. However, lack of data from
the manufacturers regarding their emissions system prevents support of a detailed explanation of this
phenomenon.

17



Ambient Temperature & Fuel Tank Skin Temperature

Ambient temperature influences a vehicle’s evaporative emissions. Identifying the temperature when
a vehicle is most likely to be used may assist in the planning of evaporative emissions standards and
testing procedures. Note that ambient temperature does not necessarily mean the air temperature.
A vehicle which was driven under the sun in heavy traffic in the sun can generate ambient temperature
data above the air temperature. On all vehicles, the ambient temperture probe was installed out of
the air stream in the rear bumper. The unweighted average ambient temperature for all seven vehicles
was 68° F.

The fuel tank skin temperature profile can also assist in the planning of evaporative emissions
standards and testing procedures. It was observed that the average fuel tank skin temperature can
be significantly higher than ambient. The tank skin averaged 5.6° F above ambient and reached as
high as 18° F above on the Toyota Camry. Table 9 shows the difference between fuel tank and
ambient temperatures. Although ambient temperature influences fuel tank skin temperature, other
factors must be considered as well. These factors include radiated and reflected heat from the road
surface and the proximity of the fuel tank to the exhaust or other systems which generate heat.

Table 9: Difference Between Fuel Tank Skin and Ambient Temperatures

'Fuel Tank Skin minus
Vehicle Ambient Temperature
{Average,® F)
Ford Taurus 0
Ford Tempo 5
Chevrolet Lumina . -3
Chevrolet Astro Van 1
Pontiac Grand Am 10
Honda Accord 7
Toyota Camry 18

Graph 12 shows ambient and fuel tank skin temperatures vs. percentage of operation.

18



Engine Coolant Temperature

Data for engine coolant temperature was obtained from the vehicle’s onboard sensor. Graph 13 plots
engine coolant temperature for all vehicles vs. percentage of operation. All vehicles showed a modal
engine coolant temperature between 150° F and 220° F which was in the range of normal coolant
operating temperature indicating that the thermostats were functioning normally. No vehicles
exhibited any excessive time spent in the above normal temperature range. Table 10 lists the average
engine coolant temperature for each vehicle.

Table 10: Average Engine Coolant Temperature

: _ Average Engine
Vehicle Coolant Temperature
; (" F)

Ford Taurus 193
Ford Tempo 190
Chevrolet Lumina 180
Chevrolet Astro Van 187
Pontiac Grand Am 149
Honda Accord 162
Toyota Camry 215

Engine Speed/Air Fuel Ratio/Oxygen Sensor

Engine speed is an indicator of driver input and conditions within the engine which influence
downstream systems. No abnormal conditions such as excessive rich or lean times were noted in any
vehicles. Graph 14 is a plot of engine speed vs. percentage of operation. Two modes are shown on
the graph. The lower value mode corresponds to the idle engine speed while the higher value mode
represents the “cruising” engine speed. Cruising can be either at city speed in a middle gear or at
highway speed in top gear.

Air/Fuel Ratio (AFR) readings in all vehicles were measured by an NGK universal oxygen sensor
installed immediately upstream of the catalyst inlet. The AFR data also indicated no abnormal rich
or lean operation in any vehicles. Findings from analysis of the data were:

a All vehicles showed stoichiometric or near stoichiometric operation with a prominent modal
ratio of 14.7.
Q Extremes of the data may indicate two other modes. This was due to the distortion caused

by truncation at the lowest and highest bins.
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The Ford Taurus and Toyota Camry AFR data showed another mode at a ratio of 13.3 to 13.4. This
is probably a result of a run rich open loop algorithm which may have been used.

Graphs 15 plots AFR vs. percentage of operation for all vehicles.

The oxygen sensor acts as a voltage source and series resistance. A functional oxygen sensor will
produce a reading of 0.0 V to 0.4 V under a lean of stoichiometric air/fuel ratio. A rich mixture resuit
will in a reading between 0.6 V and 1.0 V. The sensor will read zero until it warms.

All vehicles showed a bimodal operation with modes at the rich and lean voltage ranges. The bimodal
nature of the frequency distribution was due to the systematic sampling rate of the datalogger and the
apparent resident time associated with the continuously moving control algorithm. The data for all
vehicles showed an active control system targeting a stoichiometric operation.

Graph 16 plots oxygen sensor voltage vs. percentage of operation for all vehicles. Note that outliers
were from General Motor vehicles. This may be a result of a different control algorithm used in these
vehicles.

Throttle Position

Throttle position, engine speed, and acceleration are closely related. Because the response to throttle
input vary from vehicle to vehicle, throttle position’s value lies mainly in being used to verify engine
speed, acceleration, and mode of operation data, all of which indicate actual vehicle response. Similar
to engine speed, frequency distributions of throttle position showed two modes corresponding to the
idle and cruising modes of the vehicle. The time at zero percent throttle was also very close to the
time spent in idle and deceleration modes. Graph 17A is a plot of throttle opening vs. percentage of
operation. Graph 17B expands the scale of Graph 17A for throttle openings above 30%. No
significant throttle operation between 30% and 80% was found. The mode at the 80% end of the

graph resulted from data truncation.

Mass Air Flow/Manifold Absolute Pressure
Mass Air Flow (MAF) and Manifold Absolute Pressure (MAP) indicate engine load but are specific
to vehicle and engine size. Either MAF or MAP was recorded depending upon each vehicle’s

available onboard transducer. Their value in determining overall usage profile and driving habits is
limited.

Graphs 18A and 18B plot MAF and MAP as recorded from the instrumented vehicles.
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Mode Analysis

The time that the vehicles spent in certain modes was identified through analysis of vehicle speed.
These modes were defined in meetings between ATDS and CARB to be as follow:

Idle - the period during which vehicle speed is O mph.

Cruise - the period during which the vehicle speed differed by less than + 0.5 mph/sec and
vehicle speed at the end of the period differed from the speed at beginning of the period by
less than £+ 2.5 mph.

Acceleration - the period during which the vehicle speed increased by at least 0.5 mph/sec.
Deceleration - the period during which the vehicle speed decreased by at least 0.5 mph/sec.
Cruise Acceleration - a cruise period in which the average vehicle speed increased from the
starting speed by more than 2.5 mph.

Cruise Deceleration - a cruise period in which the average vehicle speed decreased from the
starting speed by more than 2.5 mph.

a
Q

O 000

The time spent in cruise acceleration and cruise deceleration was less than 1% of total operation for
all vehicles. Time spent in idle, cruise, acceleration, and deceleration varied greatly from participant
to participant and vehicle to vehicle. The analysis of time spent in each mode may indicate specific
road conditions experienced by the drivers. For example, a frequency distribution showing a large
percentage of time spent idling, accelerating, and decelerating could indicate stop and go traffic while
a distribution showing a large percentage of time spent cruising could indicate open road driving.
Both patterns were observed in this program.

Analysis of throttle position data supported the mode of operation findings. Occcurances of zero
percent throttle opening (46%) correlated with the percentage of time spent in idle and deceleration.

Graph 19 shows the “all vehicle” average percentage of operation for each defined mode. Note that
the time spent in idle (22%) correlated with the time at idle speed shown on the vehicle speed plots
(Graphs 1A, 1B, and 1C).
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Mode Transition Analysis

Analysis of vehicle operation modes was extended to identify the frequency of transition between
each mode. Findings from the mode transition analysis are:

u Seven significant transitions were identified. These transitions were:

O Idle to Acceleration

@] Cruise to Acceleration

0 Cruise to Deceleration

) Acceleration to Cruise

®) Acceleration to Deceleration

O Deceleration to Idle

] Deceleration to Cruise

These seven transitions accounted for more than 99% of all transitions.

The cruise to acceleration, cruise to deceleration, acceleration to cruise, and deceleration to
cruise transitions accounted for at least 20% each of all transition occurances.

a The idle to acceleration, acceleration to deceleration, and deceleration to idle transitions
accounted for no more than 5% of all transition occurances.

0o

Graph 20 shows the percentage of all transition modes for the seven most significant transitions
noted. Graph 21 is a time-speed plot showing examples of mode transition.
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APPENDIX A: GRAPHS
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 Graph3
Trip Starting Time: All Vehicles
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Day of Week Usage: All Vehicles
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Graph 5
Average Miles & Trips per Day

) - o o
4p] N -
S3a|IN

Trips per Day

| Miles per Day

31

i
i




Graph 6A
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Graph 6B

FORD TEMPO CAR# 334-—-2
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Graph 6C
CHEVROLET LUMINA CAR# 334-3
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Graph 6D

[ ASTRO VAN CAR# 334—4
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Graph 6E

PONTIAC GRAND AM CAR# 334-5
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Graph 6F

HONDA ACCORD CAR# 334-6

START TIME V.S. DAY OF WEEK ANALYSIS
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Graph 8G

TOYOTA CAMRY CAR# 334—7
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Modes of Operation: All Vehicles
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POWER PORTABILITY RELIABILITY

The ATDS
2000-Series
Dataloggers

- -

~ Automotive Testing and Development Services, Inc.




When it comes to d&
ATDS delivers with ti

System Power

The ATDS Datalogaers are designed to operate direet-
v from a 12 volt DC source. The systent has been MLEHS
mtegrated to reduce power consumption. Throueh the

he ATDS 2000-Sceries Dataloguers are Jabo-
SaTory u‘lm‘lit'\' chata acquisition istrimments
Cesioned for cither p()rt;d)iw. rentote, unat-
ended operation or as part of a taboraton
sot-up, The ATDS Dataloveers Bave teatures which
En'm'id@ piver<method of high-gualdite mabile and ~t-

mcinsion of an optional intermnal power supph the svstenm
can be directly powered froma 110 volts AC power
contree of either 30 or 60 Hz, EMIZEMC protection is
orovided by the intermal power suppiv.

The ATDS Dataloggers” (uiescent power constnntion
is less than SO milliwatts,

The 2300 peak input power require-

Sonany dat acqginsition and storage.
The ATDs Datuloveer comes in two models, The
23000 is a ~roadl self-contained nnit desianed primar:-

N otor rerores mattended operation,

The 2300 c.n become o full-tnnetion A
ment is 20 watts.

The 2400 peak input power reuire-
ment s 30 watts.

horatory cata acqudsition istrument

e ATDS
Dataloggers have
been designed to
provide extensive
 data storage capabil-
ity without the need
" for o board data

Vhien a kevooard and monitor wre
attuched 7 the appropriate 2300
:ml't.\'.

The 2200 nodel incorporates all of
re featnres o the 2300, pins it tulh
ntewrares oo LOD eolor VOGA (iiS]_)i;L_\'

Sampiing Rates

The ATDS Datalougers have a buse
\'zunp]ing rate from onee every 10 nni-
liseconds to once everv' S howrs. Each

-nd ]{r_\"!‘.cm:\'t.

Basic System Hardware

The ATDS Dataloveers are based on
1 custom-cesigned data acquisition
bowrd wid « 3S6SL processor. The cis-
tom desiened data acquisition hoard
features 45 channels of analog and 4

consolidation. This

. feature assures that

all raw data is cap-
tured and saved for
future manipulation
and post-processing.

inpnt channel can have its own sampting
rate. which is an integer multiple of the
<elected base sampling period. This
alows for a 1000:1 range in sampling
rates across the 48 input channels.

Size

channels o digital inputs. plos six addi-
sional control-level chunnels. The 45
analog inpie channels consists of 16
tipe-K thermnoconple channels. 16 analog voltage
Chanmelds. wid 16 channels that can be software select-
el as cither a frequency inpnt channel or an analog
voltage it channel.

The sz is designed to store data on w high den-
sty Flopoedd disk system, The Floptical system will
Adso store G on standard 3237 oppy disk, An
aptiona v:;:c'r'-hifﬂ: density magneto-optical disk sror-
e suster s also avuilable tor imereased data storage

capabilite

The ATDS 2300 Datalogger is 107
wide. 3.257 high, and 8" deep. This com-
pact size allows for a great deal of versa-
tilitv in mounting and location tor mobile. remote appli-
cations. The total weight is 6 pounds.

The ATDS 2400 Datalogger is 11.37 wide. 47 high and
9" deep. The totul weight is 7.5 ponnds. The 2400% light
weight and compact size allows Hexibility for both Tab i

field nse.

Data Storage Capacity
The ATDS Dataloceers are designed to provide exten-
sive data storage capability withont the need for on hoard

mw the Iabk or at a remote site, the




a acquisition,
e Dataloggers

S v cantion, This feaunre sssires that wl v el
ennttsretandd e for fufre manipration G osi-

srocessii s Al dac s cie faeeed and checr st 1o
e e e and (o eRTEe why postrie s
('{'(i\;,

Dhate ~oorage capacity is notsnadiv T8 Lowrs o 2

Tramicis o kata acauisition ata b Hz sampting e
o acdition. the ATDS Dutodgers cun store

B

SIS Ot cotlected ab BoLD scnting rage. for
o i b o beneth,

ciluser

PTG CH oS Teelee The deea iy e
AL e i o Lkl TeTTe O Thie sasTere 2T s
TR~ e et to rediee the vy date o 2oer -

o,

Instailation and Hookup

The =T oS Paluaor@ers e sy Do bl suig el

I chitbe IR L e cor crtentiv bneateo e e e

crononsc e doest e baes s anel, The B diernenn.
S ConmienTors e stk o nnesRbikhesa e
CTorss T e Heaienes o digital-signa mones
NECT e sten Gironaly Bvo sniane s keved 30-ni enn-
aectors, The remote "o suidd the remote Tdaka recora”
denals ceee oronait i throned the Noo b anadog reanens-
SV CONTIECTON.

The 2300 rout panel provides for nunl svsten
aperation thirongh  keved fonr position switeh: Anto-
OFF-On-Gecord. Also Tocated on the front panel are svs-
com statns fahts, self-test swiceh, kevbourd and monitor
ports. and the Flopaical disk deive. To protect. shieid
and secnre the front panel during remote or mobile
operations. o locking wnd scaiing tront pancl cover is
meinde.

Tistadlazion and aperation is fetlitated thronah adibice
vedbact s andible Teedbaer adiows the user o vers

-
P
H

boc the 125 Datidoraer s ininetionad.
FU et rrinsciieers e ssecn in the oneration. fhe
VEIDS Focioesrrer s saital ontonts can be tsed Lo conenre

ol Share s tho Denves thee wraatiorad frnsaee s,

The ATDS
Dataloggers are
easy to install and
hookup, with all
data inputs conve-
niently located on
the ergonomically
designed back

Data panel.
Processing

PO hised soitware is

orovided to convert the
stored data into an
ASCTT fide tor nse com-
son sttisticnd wnd
soreadsheet PC-hased

NFOUTLTNRS,

Seif-Test and
Internai Calibration
The ATDS

Dutalovcers are

cauippedath il iimetional self=test and intemal culi-
Sration capability at the individual input channel leved,
The scif=tose and inremad cadibration function can be
catled front the kevboard onin the case of the 2506,
“ronen the setb=test switeh an the front panel.

Software Functions

The 23000 with an attached kevbourd and monitor
and the 2400 have the tollowing kevhowrd-controlled
fnctions: svstem contienration and set-up. real time
data display in either actual values. mean data valnes.
liistograms. real time strip chart actnal data. real time
strip chart mean dataamean data bar graphs. or actnal
data har araphs. The svstem confignration and set-up
file is saved until changed. Configuration files can be
cwed and recalled. The ATDS Dataloggers will alwayvs
itialize in the most recently stored system confignra-
tHon maode.

Environmental Limits

The ATDDS Datalosreers e desiened to ()l)(‘;;lf(‘ OVCT 5L
~vide range ol webient conditions. The mnit can be oper-
ated over the temperatinre range ot 07F to 1507 F
Hllmi(lit_\‘ rnges frony 0 to 100 percent non-condensine

[Bedt [J(‘ :l('('()llllllf)(lilt(‘(l_

atalegders can get the jobh dane!




Specification Summary

Input Channeis
BIYPE-K THHERMOCOUPLE CHANNELS

S DEDRICATED ANALOGYOLTAGE CHANNLELS

(6 FREOQUENCY OR ANALOGOITANNETS
B DTGITAL CITANNELS
KEYBOARD PORT — NT TYPE 2300 ONLY
KEYBOARD 2400 ONLY

Outpui Channeis

2ANALOGVOLTAGE CHANNELS

4 DIGITAL CITANNELS

MONITOR PORT — VOGATYPE 2300 ONLY
VGACOLOR LOD 2400 ONLY

- External Data Acquisition Sync Output
External Data Acquisition Trigger Iinput

Data Storage Media
REMOVABLE 337 FLOPTICAL DISK

Data Retrieval

REMOVABLE 3.3 FLOPTIC AL DISK
RS 232 SERIAL PORT DOMWNLOAD
PARALLEL PORT DOVWNLOAD

Data Storage Capacity — 1 Hz Sampling Rate:

16 CHANNELS — 124 TTOURS
32 CHANNELS — 76 HOURS
45 CHANNELS — 34 HOURS
Single Event Trap — 1 Hz Sampling Rate:
16 CHANNELS — 22 11IOURS
52 CHANNELS — HHTOURS
45 CHANNELS — 1O TLOURS

Sampling Rate
INDIVIDUAL CHANNEL RATE SELECTABLE.
MANINUNM RATE IS 100 FHz

Weight:
SN = o POUN]S
210 — T3 POUNDS

Dimensions
D500 — 0T B2 N
2HI — TS ATy

Power Consumption

ACTINVE — 20WATTS MAN 2300

ACTIVE — SOWNATTS MAN 2400
QOUIESCENT — LESS TIIAN S0 MILLDBVATTS

Voltage Requirements
I0TO 165 VD

Initialization Time
1O SECONDS

Operating Temperature Range
I FTO 1505 F

High Data Storage Capacity

{Data Capacity — 1 Hz Sampling Rate:)
16 CHHANNELS — 744 HOURS

32 CHANNELS — 436 HOURS

45 CHANNELS — 324 TTOURS

Expanded Single Event Trap — 1 Hz Sampling Rate
16 CHANNELS — 35 HOURS
32 CHANXNELS — 34 HOURS
45 CHHANNELS — 24 HOURS

AC Power Operation
VOLTAGE REQUIREMENTS — 110 VAC 50/60 Hz

CORPORATE OFFICES

GO0 S Bt

RPN

400 S. Etiwanda Ave. = Ontarie, CA 91761

Tel: 909.467.3629

Fax: 909.988.0319




APPENDIX C: DATALOGGER DOWNLOADING PROCEDURE
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Downioading Data from the ATDS Datalogger (hard drive equipped version)

Open unit case.

Insert video and tape drive controller cards.

Connect power to tape drive and datalogger unit.

Connect keyboard and monitor.

Insert XT Gold diskette into disk drive.

Power up datalogger.

Copy all files from XT Gold diskette to c:\counts directory. If directory does not exist, create
one.

Replace XT Gold diskette with Conversion diskette.

Run the execute.bat file to convert data from binary to raw ascii format.
Reboot datalogger with XT Gold diskette.

Verify that converted files exit.

Run the tape.exe file to back up all files to the tape drive.

Delete all files except the datalog.tmp file.

Insert blank formatted diskette into disk drive.

Remove video and tape controller cards.

Close unit case.

o000 opooodoo
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