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EXECUTIVE SUMMARY

A Medium Heavy-Duty Truck (MHDT) schedule, developed by the California Air Resources Board (ARB), was examined experimentally to determine its suitability as a future research tool. The MHDT was developed to aid in emissions characterization of trucks with 14,001 to 33,000 lb. gross vehicle weight, exercised on a chassis dynamometer.  This weight range encompasses a wide variety of vehicles, with varying power to weight ratios and with synchronized manual, unsynchronized manual, and automatic transmissions.  A major objective of this program was to examine repeatability of emissions data from MHDT driven through this schedule. The MHDT schedule consisted of three modes; namely, a Lower Speed Transient, a Higher Speed Transient, and a Cruise mode. The maximum speeds of these modes were 28.9, 58.2 and 66.0 mph, respectively.

Two trucks were procured to acquire emissions data using the MHDT schedule. The first, a 2000 model year (MY) GMC truck with a 8.2 liter Isuzu engine and a synchronized standard transmission, was tested at a laden weight (90% GVW, 17,550 lb.) and at unladen weight (50% GVW, 9,750 lb.). The second, a 1999 MY Freightliner with a 7.2 liter Caterpillar engine and an automatic transmission, was tested only at 13,000 lb. (50% GVW). The test runs were performed using the West Virginia University (WVU) medium-duty chassis dynamometer, located in Riverside, CA. Vehicle inertia was mimicked using a flywheel set, and tire and wind drag were mimicked using an eddy current power absorber. The truck exhaust was ducted to a full-scale dilution tunnel, with HEPA filtered dilution air, and a flow rate of approximately 1,500 scfm. Particulate matter (PM) mass was found gravimetrically, using filtration, while carbon dioxide (CO2), carbon monoxide (CO), oxides of nitrogen (NOX) and hydrocarbons (HC) were measured using research grade analyzers. Test protocols were the same as those developed previously for the ARB Heavy Heavy-Duty Diesel Truck (HHDDT) schedule. Data were computed in units of g/cycle, g/mile, g/ahp-hr, g/gallon and g/minute, and were examined most carefully in units of g/mile.

Maximum acceleration rates (of 4.6 to 5.5 mph/s) in the modes of the MHDT were high for the GMC vehicle when the vehicle was laden.  This can be attributed to both the power to weight ratio and the time needed to shift gears with a manual transmission.  Preliminary runs showed that the GMC truck did deviate from the target trace when tested at laden weight, and the completed distance for the MHDT Lower Speed Transient mode (which has a high maximum acceleration of 5 mph/s) varied from 0.906 to 0.954 miles, compared to a target distance of 0.963 miles.

Averaged GMC truck emissions results for a final set of three repeat laden runs are shown in the following table:-

	Test Mode
	Test Seq. No.
	CO
	NOX
	HC
	CO2
	PM

	Lower speed Transient
	Ave.
	2.78
	9.23
	0.56
	1370
	0.25

	
	Std. Dev.
	0.23
	0.12
	0.02
	70
	0.01

	
	CV%
	8.2
	1.3
	3.6
	5.2
	4.8

	Higher Speed Transient
	Ave.
	1.73
	6.83
	0.33
	1087
	0.21

	
	Std. Dev.
	0.10
	0.12
	0.03
	41
	0.04

	
	CV%
	6.0
	1.7
	9.6
	3.8
	17.3

	Cruise
	Ave.
	0.82
	5.07
	0.18
	655
	0.09

	
	Std. Dev.
	0.01
	0.15
	0.01
	4
	0.00

	
	CV%
	0.7
	3.0
	3.2
	0.6
	2.5


Unladen data from the GMC truck on a set of four repeat runs are presented in the following table:-

	Test Mode
	Test Seq. No.
	CO
	NOX
	HC
	CO2
	PM

	Lower speed Transient
	Average
	2.79
	7.88
	0.53
	1116
	0.21

	
	Std Dev
	0.24
	0.27
	0.01
	46
	0.04

	
	CV%
	8.6
	3.5
	2.5
	4.2
	19.6

	Higher Speed Transient
	Average
	1.56
	5.49
	0.29
	811
	0.15

	
	Std Dev
	0.08
	0.26
	0.03
	35
	0.03

	
	CV%
	5.0
	4.7
	10.1
	4.4
	16.5

	Cruise
	Average
	0.90
	4.44
	0.19
	598
	0.09

	
	Std Dev
	0.07
	0.12
	0.00
	12
	0.01

	
	CV%
	8.1
	2.7
	1.7
	2.2
	7.3


When the GMC truck test weight was reduced from laden to unladen, reductions of carbon dioxide (as an indicator of fuel consumed) and of NOX and PM emissions were modest in comparison to prior data for HHDDT. This can be explained because vehicle inertia has proportionally less influence on engine load in MHDT than HHDDT.   For the GMC laden and unladen runs, the percent variability (CV%) for NOX was less than 5% for all runs, and averaged at 2.8%.  This NOX CV% is deemed to represent good repeatability by the investigators.  For PM the average was 11.3%, which is acceptable, noting the sensitivity of PM production to driving variations and noting the variability associated with PM capture, filter weighing, and background correction.  

The Freightliner, with an automatic transmission, produced the following emissions:-

	Test Mode
	Test Seq. No.
	CO
	NOX
	HC
	CO2
	PM

	Lower Speed Transient
	Average
	3.55
	16.39
	0.49
	1662
	0.33

	
	Std Dev
	0.09
	0.19
	0.01
	17
	0.01

	
	CV%
	2.5
	1.2
	2.8
	1.1
	3.6

	Higher Speed Transient
	Average
	1.93
	12.59
	0.35
	1222
	0.25

	
	Std Dev
	0.05
	0.22
	0.01
	15
	0.01

	
	CV%
	2.6
	1.8
	3.6
	1.3
	4.6

	Cruise
	Average
	1.19
	7.9
	0.34
	1101
	0.14

	
	Std Dev
	0.04
	0.30
	0.02
	28
	0.02

	
	CV%
	3.1
	3.7
	4.7
	2.6
	11.4


Repeatability of NOX and PM data on the Freightliner were better than for the GMC truck.  Based on overall data repeatability, the investigators have concluded that the MHDT is suitable for characterizing the emissions from trucks in future inventory research.  Emissions Data from the MHDT were also compared with data gained using the Heavy-Duty Urban Dynamometer Driving schedule (UDDS) from CFR 40.  For the GMC truck, laden UDDS NOx data were at a similar level to data for the Higher Speed Transient Mode.  For the Freightliner truck, the UDDS NOx level was slightly lower than for the Cruise Mode.

INTRODUCTION AND PRESENTATION OF MHDT SCHEDULE

There is a strong desire to characterize realistically the in-use emissions of heavy-duty trucks because they are known to contribute significant emissions to the inventory. Prior research [1, 2] has established that the nature of a chassis dynamometer test schedule will affect the emissions levels (usually expressed in units of g/mile) and so it is important that the schedule contains vehicle behavior that reasonably represents the behavior of trucks in real use. West Virginia University has recently conducted research, funded through the Coordinating Research Council (CRC), on Heavy Heavy-Duty Diesel Truck (HHDDT) emissions [3, 4]. This prior research commenced with an evaluation of a new test schedule (of 4 modes) for HHDDT developed by the Air Resources Board (ARB) of the State of California [5].  To meet the need to characterize emissions from Medium Heavy-Duty Trucks (MHDT), both gasoline and diesel fueled, ARB produced a new MHDT schedule, reflecting the MHDT activity data collected throughout the state of California in two prior ARB funded studies during 1997-2000. In these prior studies "randomly" selected study vehicles were fitted with data loggers equipped with Global Positioning System (GPS) receivers.  Second-by-second data were collected from a total of 140 heavy-duty trucks (HDTs) from a study performed by Battelle, and from 31 HDTs for the truck activity study conducted by Jack Faucett Associates.  These 171 vehicles spanned the domain of weight classes from light heavy-duty gasoline trucks, to heavy heavy-duty diesel trucks (HHDDTs). This 171-vehicle data set included 35 medium heavy-duty diesel trucks (MHDDTs) and five medium heavy-duty gasoline (MHDGTs) trucks. Medium heavy-duty trucks are defined as trucks with gross vehicle weights between 14,001 - 33,000 lbs. (6,342 – 14,949 kg). This category includes vehicles such as 'step vans', 'box trucks', flatbeds with one drive axle, and relatively small single-axle tractors.

The MHDDTs and MHDGTs data sets were processed and analyzed separately to see if there were significant differences between the two in terms of cycle development parameters. The two data sets were determined to be similar enough to warrant combining them into a single data set for MHDTs as a general weight class. In addition, the MHDDTs were over-sampled for the usage/business category of parcel delivery vans. As a consequence, the 23 parcels trucks comprising this usage/business category were distilled into a single vehicle that represented the aggregate statistics of this category.  Another MHDDT was eliminated from the data set due to questions regarding the veracity of the GPS data. The data indicated that this vehicle took a single trip of some 40,000 seconds (11.1 hours).  Thus, the data set used for cycle development consisted of 17 vehicles; namely, 12 MHDDTs and five MHDGTs. The final data set consisted of 720,514 records, representing about 200 hours of medium heavy-duty vehicle activity throughout the state of California.  Summary statistics are presented in Table 1.

It should be noted that the Battelle data contained a data compression routine where idle periods in excess of two minutes recorded time stamps only once every thirty seconds.  In this way some idle activity may have been lost. However, when these data were expanded, the percent idle grew by only a few percent. The data sources and the methodology for producing these modes were the same as for the previous HHDDT schedule [5]. Candidate modes were created by joining trips, and the statistical parameters describing candidate modes were compared to the database parameters to select the mode which most closely represented the database. Modes were also created to have a reasonable duration for use on a chassis dynamometer. For MHDT no idle mode was created because idle was not found to be a dominant form of operation, as was the case for HHDDT.  The new schedule contained three separate modes:

1.
Lower Speed Transient mode,

2.
Higher Speed Transient mode, and

3.
Cruise mode.

Table 1: Summary Statistics for the MHDT Data Set.

	PARAMETER
	

	Total number of trips
	564

	Total time - seconds
	720,514

	Total vehicle miles traveled (VMT)
	5,606.4

	Average Speed - mph
	28.01

	Average trip length - miles
	9.94

	Average trip duration - seconds
	1277.5

	Stops per mile
	31.1

	Average maximum speed - mph
	39.2

	Average maximum acceleration - mph/s
	4.4

	Average maximum deceleration - mph/s
	-4.6

	Total Kinetic Energy - mph2
	340.8

	Percent idle
	12.8


Speed-time graphs of these modes were made available to WVU by ARB and are presented in Figure 1 to Figure 3. In this report, the term “MHDT Schedule” will refer to a sequence of the three “modes.” The term “cycle” has been avoided to prevent confusing the parts (modes) and the whole of the new schedule. 
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Figure 1 The Lower Speed Transient Mode of the MHDT Schedule: the target distance is 0.963 miles.
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Figure 2 The Higher Speed Transient Mode of the MHDT Schedule: the target distance is 7.13 miles.
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Figure 3 The Cruise Mode of the MHDT Schedule: the target distance is 21.26 miles.

OBJECTIVE

The objective of this research was to evaluate the recently developed ARB MHDT truck schedule. The evaluation was to ascertain the suitability of the schedule for use with a chassis dynamometer, to acquire a set of preliminary data, and to examine repeatability of data. It was not necessary to develop new test protocols, because it was believed by ARB and by the WVU investigators that the test protocols developed previously for the HHDDT cycle [5] should be utilized for the MHDT cycle.  These protocols address the need to precondition the vehicle sufficiently to enable a hot start test, and address the soak time allowed between modes and schedules. A ten-minute soak was preferred, but the soak should not exceed 20 minutes without precipitating the need for a new conditioning cycle or mode. The protocols also call for 30 to 60 seconds of idling immediately before and immediately after the execution of a mode or schedule.

ANALYSIS OF MHDT SCHEDULE

Each mode of the MHDT Schedule, as received from ARB, was analyzed to yield important parameters, such as maximum, minimum and average speed, standard deviation of speed, maximum acceleration and deceleration, percent idle, mass-specific energy (simply as the square of velocity) and standard deviation of mass-specific energy. Table 2 presents these values for the three modes. Values may be contrasted with values in Table 3, which presents analysis of the four HHDDT modes and the Heavy-Duty Urban Dynamometer Driving Schedule (UDDS), which appears in the Code of Federal Regulations and has been widely used to characterize diesel truck emissions [1, 6, 7, 8]. Table 3 also contains the data for the City-Suburban Heavy Vehicle Cycle (CSHVC) and the Highway Cycle, originally derived from activity of local delivery tractor-trailers [9, 10].

Table 2 Analysis parameters for the as-received Lower Speed Transient, Higher Speed Transient and Cruise modes of the MHDT schedule.

	
	Lower Speed Transient
	Higher Speed Transient
	Cruise

	Maximum Speed (mph)
	28.9
	58.2
	66.0

	Minimum Speed (mph)
	0.0
	0.0
	0.0

	Average Speed (mph)
	11.1
	22.1
	41.2

	Standard Deviation of Speed (mph)
	10.7
	18.0
	26.0

	Maximum Acceleration (mph/s)
	5.00
	5.52
	4.60

	Maximum Deceleration (mph/s)
	5.52
	5.40
	4.81

	Percent Idle (%)
	23.3
	15.3
	5.5

	Average of Mass-specific Energy (mph2)
	237
	810
	2367

	Standard Deviation of Mass-specific Energy (mph2)
	296
	919
	1744


The UDDS was created using Monte-Carlo simulation. The three active (i.e., excluding the idle mode) HHDDT modes were derived from actual truck microtrips representing on-road activity, but were smoothed with a three second average before seeing general application.  The smoothed versions [5] were used to prepare the data shown in Table 3.  The CSHVC and Highway Cycle were both altered during their creation to remove excessive deceleration behavior before they saw general application, and the data in Table 3 reflect the altered cycle characteristics. Table 2 shows that the maximum deceleration rates in the new MHDT Lower Speed Transient, Higher Speed Transient and Cruise modes are larger than the cycles to which they are compared. Maximum acceleration rates are also high, and trucks with low power to test weight ratios may not be able to follow the trace during acceleration. However, the MHDT schedule will most often be applied to trucks that are lighter than those on which the comparative schedules in Table 3 are employed.

Table 3 Analysis parameters for four HHDDT, CSHVC and Highway mode.

	
	Transient
	Cruise
	Creep
	UDDS
	CSHVC
	Highway

	Maximum Speed (mph)
	47.5
	59.3
	8.2
	58.0
	43.8
	60.7

	Minimum Speed (mph)
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	Average Speed (mph)
	14.9
	39.9
	1.6
	18.9
	14.2
	34.0

	Standard Deviation of Speed (mph)
	13.4
	22.0
	2.0
	19.8
	13.1
	21.8

	Maximum Acceleration (mph/s)
	3.00
	2.40
	2.30
	4.38
	2.56
	1.80

	Maximum Deceleration (mph/s)
	2.90
	2.50
	2.50
	4.63
	3.96
	2.00

	Percent Idle (%)
	18.1
	7.8
	12.7
	33.2
	23.3
	10.7

	Average of Mass-specific Energy (mph2)
	403
	207
	6.8
	748
	370
	1629

	Standard Deviation of Mass-specific Energy (mph2)
	550
	1320
	45.7
	1047
	449
	1338


The MHDT range encompasses trucks with a GVW rating varying by a factor of nearly 2.5, and the range of possible test weights will be even larger. Engine power will vary far less. At this time of writing, many light heavy-duty diesel pickup trucks are sporting over 300hp, while most Class 6 (19,001 to 26,000lb.,) trucks are likely to have engines of 180 to 250hp, and few Class 7 trucks will exceed 300hp.  In this way, power to weight ratios will vary widely for MHDT. Any single test schedule employing a speed-time target for MHDT must therefore reach a compromise for all the vehicles in the spectrum.

In executing a test for the Lower Speed Transient and the Cruise modes, idle time was added at the beginning of the modes. Also, idle time was added at the end of the Higher Speed Transient mode. It is traditional to start and stop emissions tests with a period of idle to synchronize vehicle operation and analyzer data acquisition. The original ARB MHDT Lower Speed Transient mode contained 1 second of idle at the beginning and 4 seconds of idle at the end. Thirty seconds of idle was added at the beginning of the target trace and 24 seconds of idle at the end of the target trace. The original ARB MHDT Higher Speed Transient mode contained 47 seconds of idle at the beginning and 5 seconds of idle at the end. Twenty-seven seconds of idle operations were added to the end of the target trace but the researchers did not alter the beginning of the trace. The original ARB MHDT Cruise mode contained 5 seconds of idle at the beginning and 5 seconds of idle at the end. Thirty seconds of idle was added at the beginning and 25 seconds at the end of the target trace. Details of idle addition are given in Appendix A.

PROCUREMENT OF TEST VEHICLES

The new schedule was evaluated using MHDT. It was assumed that future MHDT testing would be conducted on trucks from 14,001 to 33,000lb. GVW, and that they may be tested at “laden” and “unladen” weights. A fully loaded 33,000lb. truck by definition must weigh 33,000lb., while an unladed (curb weight) 14,000lb. GVW truck may weigh as little as 8,000lb. It was not possible in this study to select a single vehicle to cover a range of 8,000 to 33,000lb., and so the investigators sought a truck in the 19,000 to 26,000lb. GVW range, with the intent of conducting testing at both laden and unladen weights on this vehicle.

Table 4 Vehicle information of the MHDT with manual transmission

	Vehicle Type
	Delivery Flatbed Truck

	Vehicle Manufacturer
	GMC

	Vehicle Model Year
	2000

	Gross Vehicle Weight (GVW)
	19500lb., 8833kg

	Vehicle Tested Weight
	17550lb.,7950kg (laden), 9750lb., 4417kg (unladen)

	Odometer Reading
	25999mile, 41832km

	Transmission Type
	 Synchronized Manual

	Transmission Configuration
	6 speed

	Number of Axles
	2

	Engine Type
	Isuzu 8.2L

	Engine Displacement
	8.2liter

	Number of Cylinders
	6

	Engine Rated Power
	200hp, 149kw


Table 5 Vehicle information of the MHDT with automatic transmission

	Vehicle Type
	Delivery Truck

	Vehicle Manufacturer
	Freightliner

	Vehicle Model Year
	1999

	Gross Vehicle Weight (GVW)
	26000lb., 11778kg

	Vehicle Tested Weight
	13000lb., 5889kg (one weight only)

	Odometer Reading
	143619mile, 231083km

	Transmission Type
	Automatic

	Number of Axles
	2

	Engine Type
	Caterpillar 3126

	Engine Displacement
	7.2liter

	Number of Cylinders
	6

	Engine Rated Power
	246hp, 183kw
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Figure 4 GMC truck with 6 speed manual transmission.
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Figure 5 Freightliner truck with automatic transmission.

Contractually the investigators were bound to perform the MHDT schedule evaluation using only one MHDT.  However, the investigators considered the possible effects of transmission type on vehicle performance, and determined that the bulk of the testing should be performed with a truck with a manual transmission, but that a small number of test runs using a MHDT with an automatic transmission would also be informative.  Two trucks were therefore procured. Table 4 provides details of the MHDT with the manual transmission, and Table 5 provides details of the MHDT with the automatic transmission. Figure 4 and Figure 5 show photographs of the two trucks. For test purposes, the investigators chose to use 90% of GVW as the “laden” weight and 50% of GVW as the “unladen” weight, and the automatic truck was tested only at unladen weight.

TEST APPARATUS

In executing the required testing, the researchers employed the WVU medium-duty chassis dynamometer, located in Riverside, CA at the time of testing. This dynamometer consisted of four, linked 19.75 inch diameter rolls on which the vehicle rear axle was positioned.  The rolls were connected via belt drives to a flywheel set and an eddy current power absorber. Various flywheels could be engaged to mimic a desired vehicle inertia weight. See Figure 6. Road load drag on the vehicle was mimicked partially by the irreversible (frictional) losses in the laboratory, and was adjusted to the correct value at each speed using the eddy current power absorber with closed-loop torque control.  The vehicle exhaust was ducted to the intake of a full-scale dilution tunnel, operating at a nominal flow rate of 1500scfm.  Dilution air was HEPA filtered. Table 6 presents the analyzers used for regulated gases and carbon dioxide concentration measurement. Two NOX analyzers were available, and both were employed to assist in data quality control and because NOX is a species of major interest from diesel vehicles. Particulate matter was determined using 70mm Pallflex T60A20 filters. Filters were conditioned in an environmental chamber before weighing.

Table 6 Analyzer used for regulated gases and carbon dioxide

	Gases
	Analyzers

	CO2
	(1)HORIBA AIA-210 NDIR; (2) California Analytical Model 300 NDIR

	HC
	Rosemount 402 Heated Flame Ionization Detection (HFID)

	NOX
	Rosemount 955 Chemiluminescent (Two identical units used)

	CO
	HORIBA AIA-210 NDIR


For each run, bags of background (dilution) air were gathered, analyzed and used to correct gaseous emissions. Dilute gas bags were also collected during a run, but continuous data, integrated over the run, were preferred for reporting purposes. Separate runs were used to gather background PM levels for PM filter weight correction. Even though the tunnel had HEPA filtered air, PM backgrounds were essential because the tunnel itself might shed PM particles or outgas heavy hydrocarbons that would condense onto the PM.

PRELIMINARY TEST RUNS

A “sequence number,” which represents a sequence of runs, and a run number within that sequence number denote each test run in this study.  For example, 6081-5 denotes run number 5 within sequence number 6081.

The researchers conducted preliminary runs using the standard transmission vehicle at laden weight (17,550lb.). WVU added idle time at the beginning and at the end of the target trace to facilitate data gathering. Appendix A describes the final version of three modes in detail. Table 7 shows the data gained from the preliminary runs in sequence number 6077. These preliminary runs revealed that some portions of the traces of the modes were difficult for the driver to follow.  Figure 7, Figure 8 and Figure 9 show the target speed versus time and actual speed versus time for the Lower Speed Transient,
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Figure 6 Photograph of a portion of the medium-duty chassis dynamometer. The flywheel set is on the left, the power absorber is right of center, and two of the rollers are seen on the extreme right.

Higher Speed Transient and Cruise modes on the driver’s attempt at each mode. Figure 10, Figure 11 and Figure 12 present parity plots of actual speed at each second of the trace against target speed at each second of the trace for the same three runs. Specifically, (i) the target traces contained some speed dithering which the driver could not faithfully reproduce, (ii) some of the accelerations were too severe for the truck to follow, and (iii) some of the braking was at a high enough rate to cause tire slippage on the rolls, and the jumping of a drive belt on the dynamometer. The WVU researchers recommended to ARB that some deceleration and acceleration rates might be lessened, and that a three point smoothing process should be used to reduce speed dithering. ARB elected not to effect such changes, and the test program proceeded with the traces unaltered. The driver was instructed in subsequent runs to follow the trace as closely as possible, while avoiding excessive tire slippage or an unusually aggressive driving style.

Table 7 Data from preliminary runs on the standard transmission GMC vehicle at laden weight. Units are g/mile

	Run Seq. No. 
	Test Date
	Mode
	CO
	NOX
	NOX
	HC
	PM
	CO2
	Miles

	6077-1
	2/6/03
	MHDTLO *
	2.82
	8.7
	8.4
	0.56
	0.26
	1292
	0.93

	6077-2
	2/6/03
	MHDTHI *
	1.55
	6.2
	6.1
	0.34
	0.20
	1072
	7.09

	6077-3
	2/6/03
	MHDTCR *
	0.84
	4.3
	4.2
	0.20
	0.09
	639
	21.29


*MHDTLO is Lower Speed Transient mode. MHDTHI is Higher Speed Transient mode. MHDTCR is Cruise mode.
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Figure 7 Target speed and actual speed versus time for the Lower Speed Transient mode (6077-1) using the standard transmission vehicle at laden weight.
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Figure 8 Target speed and actual speed versus time for the Higher Speed Transient mode (6077-2) using the standard transmission vehicle at laden weight.
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Figure 9 Target speed and actual speed versus time for the Cruise mode (6077-3) using the standard transmission vehicle at laden weight.
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Figure 10 Actual speed versus target speed for the Lower Speed Transient mode (6077-1) using the standard transmission vehicle at laden weight.

[image: image11.emf]y = 0.9769x + 0.7725

R

2

 = 0.9763

0

10

20

30

40

50

60

70

0 10 20 30 40 50 60 70

Target vehicle speed (mph)

Actual vehicle speed (mph)


Figure 11 Actual speed versus target speed for the Higher Speed Transient mode (6077-2) using the standard transmission vehicle at laden weight. The string of points highest above the parity line represents a failure to brake as quickly as the target trace commands.
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Figure 12 Actual speed versus target speed for the Cruise mode (6077-3) using the standard transmission vehicle at laden weight. Most points below the parity line correspond to the vehicle lagging an acceleration ramp.

EMISSIONS DATA – STANDARD TRANSMISSION VEHICLE

The standard transmission GMC truck was exercised through several repeats of a sequence of modes in the order Lower Speed Transient, Higher Speed Transient and Cruise. These data were gathered under WVU test sequence numbers 6076, 6077, 6078 and 6081. In each sequence, run 1 is the Lower Speed Transient, run 2 is the Higher Speed Transient and run 3 is the Cruise mode.  In addition, sequence number 6081 ended with run 4 (a Higher Speed Transient) and run 5 (a Lower Speed Transient). These runs, 4 and 5 of sequence number 6081, were intended to determine whether the order in which modes occurred affected emissions.

Table 8 Emissions data on laden test runs for the sequence numbers 6076, 6077, 6078 and 6081. Where there are only two runs, statistics show the difference and difference/average values. Absent PM values are due to a filter weighing error detected during data processing.

	Test Mode
	Test Seq. No.
	CO
	NOX
	HC
	CO2
	PM

	Lower Speed Transient
	6076-1
	2.78
	8.60
	0.52
	1238
	0.260

	
	6077-1
	2.82
	8.70
	0.56
	1292
	0.257

	
	6078-1
	2.69
	7.90
	0.50
	1257
	

	
	6081-1
	2.71
	8.40
	0.54
	1244
	

	
	6081-5
	2.32
	8.65
	0.46
	1305
	

	
	Ave.
	2.66
	8.45
	0.52
	1267
	0.26

	
	Std. Dev.
	0.20
	0.33
	0.04
	30
	0.00

	
	CV%
	7.5
	3.9
	7.3
	2.3
	1.1

	Higher Speed Transient
	6076-2
	1.74
	6.60
	0.35
	1053
	0.222

	
	6077-2
	1.55
	6.20
	0.34
	1072
	0.195

	
	6078-2
	1.61
	6.20
	0.35
	1041
	

	
	6081-2
	1.60
	6.30
	0.33
	1016
	

	
	6081-4
	1.47
	6.16
	0.29
	986
	

	
	Ave.
	1.59
	6.29
	0.33
	1034
	0.21

	
	Std. Dev.
	0.10
	0.18
	0.02
	34
	0.03

	
	CV%
	6.1
	2.9
	7.5
	3.2
	12.6

	Cruise
	6076-3
	0.86
	4.50
	0.20
	652
	0.093

	
	6077-3
	0.84
	4.30
	0.20
	639
	0.085

	
	6078-3
	0.87
	4.20
	0.18
	617
	

	
	6081-3
	0.85
	4.50
	0.17
	620
	

	
	Ave.
	0.86
	4.38
	0.19
	632
	0.09

	
	Std. Dev.
	0.01
	0.15
	0.01
	17
	0.01

	
	CV%
	1.5
	3.4
	8.0
	2.6
	8.1


Table 8 shows the data for sequence numbers 6076, 6077, 6078 and 6081, with the data gathered by mode.  In this table, data are given in the most customary units of g/mile. Data for NOX show little variation from run to run of each mode, and it was also found that the two NOX analyzers in use agreed well. The NOX data also suggest that the order of modes does not matter in its influence on the Lower and Higher Speed Transient modes. Run 6081-5 (a Lower Speed Transient which followed a Higher Speed Transient) was similar to the other Lower Speed Transients.  Run 6081-4 (a Higher Speed Transient that followed a Cruise mode) was similar to the other Higher Speed Transients. Carbon monoxide (CO) data are often more variable from run to run than NOX data for diesel vehicles. This was the case in the present study for the Lower and Higher Speed Transient modes.  However, the CO values dropped steadily with time and this may be associated with the drivers’ increasing familiarity with the vehicle-schedule combination. Nevertheless, CO variations were modest and did not suggest a strong influence of order of modes on the results. Moreover, if CO values are examined in units of g/gallon, which tend to account for fuel economy changes due to driving style, the variations for the Higher Speed Transient are reduced further. Hydrocarbon data were consistently low, as one would expect for a modern diesel engine, and variation from run to run was acceptable. Values for HC also showed a trend of declining with time, which may correspond to increasing driver comfort with the task. It was noted that for the out-of-order runs (6081-4 and 6081-5), HC was lower than for other runs, so that there may be a small influence of prior run on HC. All CO2 coefficients of variance were below 4% for the runs, indicating a high level of repeatability of fuel consumption. In chassis dynamometer testing, CO2 variability arises not only from variability in gas and flow measurement, but also due to driver effects between test runs. It is therefore expected that variations would be larger than those typical in a diesel transient test cell.

Cumulative distance traveled was very repeatable for the Higher Speed Transient and Cruise modes. There was more variability for the Lower Speed Transient, with distances varying from 0.906 miles to 0.954 miles over five runs.  This variation is similar to the variation from run to run found in previous work on the HHDDT Creep mode, which also has a low average speed [5]. However, the Lower Speed Transient was still sufficiently repeatable not to raise concern about its application in inventory work. PM was not reported for sequence numbers 6078 and 6081 due to a weighing error that could not be corrected.

The investigators were concerned over PM data for sequence numbers 6078 and 6081. A block of PM filter weights, for both primary and secondary filters, appeared to have a scale zero offset of about 0.5 milligrams. Concern over this weighing offset obliged the researchers to conduct an additional set of runs, the results from which are discussed below, and PM data from the affected runs are not given in Table 8, and are not given in the Appendix B. Attempts to correct for this 0.5 milligram offset were not scientifically defensible.

Table 9 Emissions data for laden test runs for the sequence numbers 6104 and 6105.

	Test Mode
	Test Seq. No.
	CO
	NOX
	HC
	CO2
	PM

	Lower Speed Transient
	6104-1
	3.01
	8.60
	0.47
	1276
	0.279

	
	6105-1
	2.97
	8.90
	0.48
	1329
	0.298

	
	Ave.
	2.99
	8.75
	0.48
	1303
	0.29

	
	Std. Dev.
	0.04
	0.30
	0.01
	53
	0.02

	
	CV%
	1.3
	3.4
	2.1
	4.1
	6.6

	Higher Speed Transient
	6104-2
	1.50
	6.00
	0.24
	969
	0.197

	
	6105-2
	1.44
	6.00
	0.25
	965
	0.182

	
	Ave.
	1.47
	6.00
	0.25
	967
	0.19

	
	Std. Dev.
	0.06
	0.00
	0.01
	4
	0.02

	
	CV%
	4.1
	0.0
	4.1
	0.4
	7.9

	Cruise
	6104-3
	0.78
	4.30
	0.18
	624
	0.096

	
	6105-3
	0.78
	4.40
	0.19
	629
	0.097

	
	Ave.
	0.78
	4.35
	0.19
	627
	0.10

	
	Std. Dev.
	0.00
	0.10
	0.01
	5
	0.00

	
	CV%
	0.0
	2.3
	5.4
	0.8
	0.5


Re-runs of the laden schedule are associated with sequence numbers 6104 and 6105. These extra runs were conducted to compensate for the loss of PM data due to filter weighing concerns in sequence numbers 6078 and 6081. Data for sequence numbers 6104 and 6105 are given in Table 9. For the Lower Speed Transient, sequence numbers 6104 and 6105 produced NOX levels that agreed well between analyzers, agreed well between the two runs, and agreed well with the earlier data from sequence numbers 6076, 6077, 6078, and 6081. All these NOX data may be compared directly by consulting Appendix B. For the Lower Speed Transient, both CO and HC values agreed well for sequence numbers 6104 and 6105, and agreement with the prior runs in sequence numbers 6076, 6077 and 6078 was acceptable. PM values agreed very well between the re-runs in sequence numbers 6104 and 6105 and the original runs in sequence numbers 6076 and 6077. The PM data for sequence numbers 6078 and 6081 were known to be in error, and were excluded.

For the case of the Higher Speed Transient and the Cruise modes there was also good agreement between the re-runs (6104 and 6105) and prior runs (6076, 6077, 6078 and 6081) for NOX, with the greatest differences being on the order of 10%. Carbon monoxide values were also acceptably repeatable. Hydrocarbon values on the Lower Speed Transient and Higher Speed Transient modes were lower for sequence numbers 6104 and 6105 than for the earlier runs, but the HC values were all low and the difference was not deemed substantial. PM values were slightly higher for the re-runs on the Lower Speed Transient and Cruise but slightly lower for the Higher Speed Transient mode.

An overall conclusion is that sequence numbers 6076, 6077, 6078, 6081, 6104 and 6105 have shown that the three modes of the MHDT schedule are sufficiently repeatable to justify the use of the schedule in future research efforts.

Table 10 Emissions data from the GMC truck on laden test runs for the sequence numbers 6082, 6083 and 6084.

	Test Mode
	Test Seq. No.
	CO
	NOX
	HC
	CO2
	PM

	Lower speed Transient
	6082-1
	2.59
	9.30
	0.56
	1392
	0.245

	
	6082-2
	2.71
	9.30
	0.54
	1291
	0.247

	
	6082-3
	3.03
	9.10
	0.58
	1427
	0.267

	
	Ave.
	2.78
	9.23
	0.56
	1370
	0.25

	
	Std. Dev.
	0.23
	0.12
	0.02
	71
	0.01

	
	CV%
	8.2
	1.3
	3.6
	5.2
	4.8

	Higher Speed Transient
	6083-1
	1.67
	6.70
	0.31
	1044
	0.249

	
	6083-2
	1.85
	6.90
	0.37
	1126
	0.198

	
	6083-3
	1.67
	6.90
	0.32
	1090
	0.180

	
	Ave.
	1.73
	6.83
	0.33
	1087
	0.21

	
	Std. Dev.
	0.10
	0.12
	0.03
	41
	0.04

	
	CV%
	6.0
	1.7
	9.6
	3.8
	17.3

	Cruise
	6084-1
	0.83
	5.20
	0.18
	656
	0.090

	
	6084-2
	0.82
	5.10
	0.19
	651
	0.086

	
	6084-3
	0.82
	4.90
	0.18
	659
	0.086

	
	Ave.
	0.82
	5.07
	0.18
	655
	0.09

	
	Std. Dev.
	0.01
	0.15
	0.01
	4
	0.00

	
	CV%
	0.7
	3.0
	3.2
	0.6
	2.5


Laden runs were also conducted repeating three of the same modes in a row. Sequence number 6082 had three Lower Speed Transient runs in a row, 6083 had three Higher Speed Transients in a row, and 6084 has three Cruise modes in a row. Data, shown in Table 10 were very repeatable, even in the case of PM, which is difficult to quantify at low filter loadings. For the Lower Speed Transient, CO2 coefficient of variance was over 5%, but this may be expected at times for a low speed test with transient activity. It is possible that intermittent auxiliary loads on the engine might affect emissions slightly in the case of such low energy cycles [5].

One may also conclude that it is reasonable to execute repeat runs of the same mode directly after one another, since the order of runs showed no discernable influence on the resulting emissions.

Table 11 Emissions data on unladen test runs for the sequence numbers 6098, 6099, 6100 and 6101. Units are g/mile. Data are shown from only the primary NOX analyzer.

	Test Mode
	Test Seq. No.
	CO
	NOX
	HC
	CO2
	PM

	Lower speed Transient
	6098-1
	2.83
	7.99
	0.54
	1144
	0.229

	
	6099-1
	2.44
	7.64
	0.53
	1067
	0.179

	
	6100-1
	2.93
	8.21
	0.52
	1167
	0.260

	
	6101-1
	2.97
	7.67
	0.51
	1088
	0.174

	
	Average
	2.79
	7.88
	0.53
	1116
	0.21

	
	Std Dev
	0.24
	0.27
	0.01
	47
	0.04

	
	CV%
	8.6
	3.5
	2.5
	4.2
	19.6

	Higher Speed Transient
	6098-2
	1.64
	5.82
	0.33
	862
	0.192

	
	6099-2
	1.46
	5.57
	0.30
	809
	0.148

	
	6100-2
	1.61
	5.35
	0.26
	789
	0.138

	
	6101-2
	1.56
	5.24
	0.28
	785
	0.140

	
	Average
	1.56
	5.49
	0.29
	811
	0.15

	
	Std Dev
	0.08
	0.26
	0.03
	36
	0.03

	
	CV%
	5.0
	4.7
	10.1
	4.4
	16.5

	Cruise
	6098-3
	0.81
	4.56
	0.19
	597
	0.100

	
	6099-3
	0.87
	4.44
	0.19
	582
	0.094

	
	6100-3
	0.97
	4.47
	0.19
	614
	0.084

	
	6101-3
	0.94
	4.27
	0.19
	599
	0.091

	
	Average
	0.90
	4.44
	0.19
	598
	0.09

	
	Std Dev
	0.07
	0.12
	0.00
	13
	0.01

	
	CV%
	8.1
	2.7
	1.7
	2.2
	7.3


Unladen runs of the schedule appear in sequence numbers 6098, 6099, 6100 and 6101. The data are presented in Table 11. NOX and CO2 data are very repeatable. Particulate matter data were variable. PM and CO both arise from incomplete combustion and may be associated with engine transient effects. A previous study has shown that driving style could influence CO and PM emissions [11], although the recent evaluation study for the HHDDT schedule [5] found that driver influences were low or absent. Carbon dioxide data were more variable for the unladen Cruise mode than the laden Cruise mode. It may be that in the laden case, emissions are dominated more by the accelerations, which are repeatable in their energy demand, and hence cause greater run-to-run CO2 repeatability.

It is interesting to note that raising the test weight from unladen (50% GVW) to laden (90% GVW), which is an 80% increase in weight, caused fuel consumption to rise by approximately 19%. Table 12 shows fuel consumption increase and NOX increase from unladen (50% GVW) to laden (90% GVW) test runs for the Lower Speed Transient mode, Higher Speed Transient mode and Cruise mode of the MHDT schedule. WVU researchers have observed (and developed a “rule of thumb”) that an X% increase in test weight often gives roughly a (X/2)% increase in CO2 and NOX for HHDDT. The MHDT GMC vehicle showed a lower increase than this “rule of thumb” would suggest, perhaps because driveline losses, auxiliary loads and wind drag represent a higher proportion of total energy consumed than for the case of HHDDT.  For HHDDT inertial effects and tire losses dominate the energy use except for very high-speed test schedules.

Table 12 Fuel consumption and NOX increase from unladen (50% GVW) to laden (90% GVW) test runs for the three modes with the GMC vehicle.

	Test mode
	Fuel consumption increase
	NOX increase

	Lower Speed Transient
	19%
	14%

	Higher Speed Transient
	30%
	18%

	Cruise
	8%
	7%


Continuous NOX data are presented in this report to demonstrate the difference between laden and unladen operation. Figure 13 shows a plot of NOX versus time for unladen run 6101-1 and laden run 6105-1 for the case of the Lower Speed Transient mode. Figure 14 shows a plot of NOX versus time for unladen run 6101-2 and laden run 6105-2 for the case of the Higher Speed Transient mode. Figure 15 shows a plot of NOX versus time for unladen run 6101-3 and laden run 6105-3 for the case of the Cruise mode.
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Figure 13 NOX versus time for unladen run and laden run on the Lower Speed Transient mode.
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Figure 14 NOX versus time for unladen run and laden run on the Higher Speed Transient mode.
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Figure 15 NOX versus time for unladen run and laden run on the Cruise mode.

[image: image16.emf]0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0 200 400 600 800 1000 1200

Time (second)

CO Emissions rate (g/s)

Unladen run 6101-2

Laden run 6105-2


Figure 16 CO versus time for unladen run and laden run on the Higher Speed Transient mode.
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Figure 17 HC versus time for unladen run and laden run on the Higher Speed Transient mode.

Continuous data for CO and HC during laden and unladen runs are presented for the Higher Speed Transient alone, and are shown in Figure 16 and Figure 17. In Figure 16, neither laden nor unladen runs are higher in value over the whole test mode, emphasizing that driver effects and run-to-run variations are evident with CO emissions. The cycle-averaged HC and CO values (in g/mile) differ little between laden and unladen runs, echoing the comparisons in Figure 16 and Figure 17.

EMISSIONS DATA – AUTOMATIC TRANSMISSION VEHICLE

The automatic truck was tested at only one weight, namely 13,000lb., and each mode was run as a separate sequence number of three runs.

Table 13 Emissions data from the automatic Freightliner truck.

	Test Mode
	Test Seq. No.
	CO
	NOX
	HC
	CO2
	PM

	Lower Speed Transient
	6108-3
	3.57
	16.62
	0.50
	1648
	0.334

	
	6108-4
	3.45
	16.28
	0.48
	1657
	0.345

	
	6108-5
	3.62
	16.28
	0.48
	1682
	0.320

	
	Average
	3.55
	16.39
	0.49
	1662
	0.33

	
	Std Dev
	0.09
	0.19
	0.01
	18
	0.01

	
	CV%
	2.5
	1.2
	2.8
	1.1
	3.6

	Higher Speed Transient
	6109-1
	1.89
	12.85
	0.35
	1238
	0.256

	
	6109-2
	1.91
	12.50
	0.35
	1220
	0.249

	
	6109-3
	1.98
	12.43
	0.33
	1207
	0.234

	
	Average
	1.93
	12.59
	0.35
	1222
	0.25

	
	Std Dev
	0.05
	0.22
	0.01
	16
	0.01

	
	CV%
	2.6
	1.8
	3.6
	1.3
	4.6

	Cruise
	6112-1
	1.20
	8.25
	0.35
	1133
	0.125

	
	6112-2
	1.15
	7.67
	0.34
	1093
	0.157

	
	6112-3
	1.23
	7.86
	0.32
	1077
	0.143

	
	Average
	1.19
	7.9
	0.34
	1101
	0.14

	
	Std Dev
	0.04
	0.30
	0.02
	29
	0.02

	
	CV%
	3.1
	3.7
	4.7
	2.6
	11.4

	Test_D (UDDS)
	6113-3
	2.13
	7.49
	0.50
	1268
	0.199

	
	6113-4
	1.99
	7.75
	0.49
	1244
	0.199

	
	6113-5
	1.99
	7.49
	0.53
	1270
	0.171

	
	Average
	2.03
	7.57
	0.51
	1260
	0.19

	
	Std Dev
	0.08
	0.15
	0.02
	14
	0.02

	
	CV%
	3.9
	2.0
	3.5
	1.2
	8.6


All test data acquired from the automatic Freightliner truck are shown in Table 13. Three repeat sequences were performed, and all gaseous data were very repeatable. PM data were repeatable for the Higher Speed Transient mode but had a coefficient of variation of over 11% on the Cruise mode. Figure 18, Figure 19 and Figure 20 show continuous NOX for the two transient modes and a Cruise run on the automatic truck. Oxides of nitrogen data were higher on all three modes than for the laden truck with a standard transmission, but PM data were comparable in units of g/mile. Carbon dioxide data show that the automatic truck had higher fuel consumption than the laden truck with a standard transmission. This might be expected noting the losses in the torque converter, and may also go to explain the higher NOX values. The automatic truck also had a higher GVW (and presumably a larger drivetrain) which would increase fuel consumption.
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Figure 18 NOX versus time for the Lower Speed Transient mode for the automatic truck (run 6108-4).
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Figure 19 NOX versus time for the Higher Speed Transient mode for the automatic truck (run 6109-2).
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Figure 20 NOX versus time for the Cruise mode for the automatic truck (run 6112-2).

COMPARISION WITH DATA FROM THE UDDS (TEST_D)

During the course of the study, some runs were completed on the Heavy-Duty UDDS, also known as Test_D. The GMC truck with the standard transmission was exercised through laden and unladen UDDS runs in sequence numbers 6081 and 6100. The run in 6081 had no final PM data. Data are discussed here in units of g/mile. Laden operation produced NOX data of a similar level to the Higher Speed Transient mode of the MHDT schedule. Unladen operation produced NOX at a level for the UDDS that lay above the NOX data for the Cruise and Higher Speed Transient mode, but below the Lower Speed Transient mode data. For the automatic truck, three runs of the UDDS were performed, as shown in Table 13. The UDDS yielded lower NOX values than the Lower or Higher Speed Transient modes. UDDS NOX levels were slightly lower than Cruise mode values.

CONCLUSIONS

A new MHDT schedule, consisting of three modes (Lower Speed Transient, Higher Speed Transient and Cruise modes) was created from trips representing real-world vehicle use. To examine the suitability of the schedule for MHDT emissions characterization, and the repeatability of emissions using the modes, data were acquired using a GMC truck with a standard transmission at laden (17,550lb, 90% GVW) and unladen (9,750lb, 50% GVW) test weights, and a Freightliner truck with an automatic transmission at a single test weight of 13,000lb (50% GVW). Emissions data for CO, HC, NOX, CO2 and PM were computed in units of g/cycle, g/mile, g/ahp-hr, g/minute (or g/s) and g/gallon, and data were examined and compared primarily in units of g/mile. The laden GMC truck with a manual transmission could not follow some acceleration and deceleration ramps precisely, but data for gases for all three modes proved acceptably repeatable. However, PM variations exceeded 10% in some circumstances, and may be due to driver variability. 

The GMC truck was able to follow the trace more closely when unladen, and the Freightliner truck with an automatic transmission was able to follow closely when unladen. Both transmission type and power to test weight ratio influence the ability to follow the trace. Typical unladen emissions values for the GMC truck were 7.88g/mile NOX and 0.21g/mile PM (Lower Speed Transient), 5.49g/mile NOX and 0.15g/mile PM (Higher Speed Transient) and 4.44g/mile NOX and 0.092g/mile PM (Cruise). NOX rose by 14%, 18% and 7% on these three respective modes for laden operation. NOX data for the GMC truck for the laden UDDS were similar to those for the Higher Speed Transient mode. Emissions for the automatic transmission Freightliner vehicle were 16.39g/mile NOX and 0.33g/mile PM (Lower Speed Transient), 12.60g/mile NOX and 0.25g/mile PM (Higher Speed Transient) and 7.93g/mile NOX and 0.14g/mile PM (Cruise mode). The automatic transmission vehicle yielded less run-to-run variation in CO2 (and hence fuel consumed) than the manual transmission vehicle for the two transient modes (see Tables 10 and 13) suggesting that some variability can be ascribed to transmission type. The testing experience and data repeatability suggest that the new MHDT schedule is well suited to MHDT emissions characterization. It was also considered that testing using several runs of the same mode in a row does not compromise NOx and PM results, although some data suggested that the order of testing may change the measured HC value.
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APPENDIX A: MHDT Schedule 

MHDT Lower Speed Transient

The original ARB MHDT Lower Speed Transient mode contained 1 second of idle at the beginning and 4 seconds of idle at the end.

WVU added 30 seconds of idle at the beginning of the target trace and 24 seconds of idle at the end of the target trace.

Sample system startup event sequencing consume 20 seconds of the idle period at the beginning of the target trace prior to start of data leaving 9 seconds of idle between start of data and the first acceleration.

The net change in idle operation is +33 seconds.

MHDT Higher Speed Transient

The original ARB MHDT Higher Speed Transient mode contained 47 seconds of idle at the beginning and 5 seconds of idle at the end.

WVU added 27 seconds of idle operation to the end of the target trace but did not alter the beginning of the trace.

Sample system startup event sequencing consumes 20 seconds of the idle at the beginning of the cycle prior to the start of data logging resulting in 27 seconds of idle between the start of data and the first acceleration.

The total idle period between the last deceleration and the end of the test is 22 seconds.

The net change in idle operation is +2 seconds.

MHDT Cruise Cycle

The original ARB MHDT Cruise mode contained 5 seconds of idle at the beginning and 5 seconds of idle at the end.

WVU added 30 seconds of idle at the beginning and 25 seconds at the end of the target trace.

Data collection begins 20 seconds after the target trace appears on the driver’s monitor. The first 20 seconds of cycle pre-roll is consumed by sample system startup event sequencing and no data are recorded until 20 seconds into the target trace.  

In the final execution of the MHDT Cruise mode, WVU added 5 seconds at the beginning for a total of 10 seconds of idle before the first acceleration.  WVU added 20 seconds of idle to the end of the cycle for a total idle period of 25 seconds from the end of the last deceleration to the end of the test. This allows the exhaust from the last microtrip to make its way through the dilution tunnel and sampling system.

The net change in total idle is +25 seconds.

APPENDIX B: Emissions data from this evaluation program.

The average and standard deviation did not consider “bad” data in the following Appendix B table, B1 to B10.

TABLE B1: Emissions data from GMC truck (units are g/cycle).

	E55CRC-(truck)
	Test ID
	Test Run ID
	CO

(g/cycle)
	NOx1
(g/cycle)
	NOx2
(g/cycle)
	HC

(g/cycle)
	PM

(g/cycle)
	CO2
(g/cycle)

	LADEN

	
	6076
	1
	2.6414
	8.1738
	7.8881
	0.4887
	0.2465
	1174

	MHDTLO
	6077
	1
	2.6297
	8.1426
	7.8572
	0.5193
	0.2398
	1206

	Bad PM
	6078
	1
	2.5666
	7.5821
	7.4185
	0.4815
	
	1200

	Bad PM
	6081
	1
	2.4597
	7.6088
	7.3038
	0.4902
	
	1127

	Bad PM
	6081
	5
	2.1571
	8.0564
	7.9086
	0.4310
	
	1215

	
	6104
	1
	2.8702
	8.2356
	8.3618
	0.4474
	0.2665
	1218

	
	6105
	1
	2.8071
	8.4126
	8.4448
	0.4532
	0.2821
	1258

	
	
	Average
	2.7371
	8.2412
	8.1380
	0.4771
	0.2587
	1214

	
	
	Std Dev
	0.1201
	0.1207
	0.3085
	0.0335
	0.0193
	34.63

	
	
	CV
	4.3895
	1.4641
	3.7909
	7.0203
	7.4606
	2.85

	
	
	
	
	
	
	
	
	

	MHDTHI
	6076
	2
	12.3474
	46.6217
	45.5505
	2.4865
	1.5719
	7467

	
	6077
	2
	11.0057
	43.8154
	43.0644
	2.4177
	1.3849
	7602

	Bad PM
	6078
	2
	11.3620
	43.6226
	42.5014
	2.4359
	
	7330

	Bad PM
	6081
	2
	11.2055
	43.8559
	42.9992
	2.3012
	
	7115

	Bad PM
	6081
	4
	10.4013
	43.4435
	42.3088
	2.0381
	
	6957

	
	6104
	2
	10.9653
	44.0866
	44.9004
	1.7423
	1.4365
	7071

	
	6105
	2
	10.5160
	43.4821
	42.9204
	1.8471
	1.3235
	7021

	
	
	Average
	11.2086
	44.5015
	44.1089
	2.1234
	1.4292
	7290

	
	
	Std Dev
	0.7909
	1.4350
	1.3176
	0.3830
	0.1058
	288.18

	
	
	CV
	7.0566
	3.2245
	2.9872
	18.0373
	7.4000
	3.95

	
	
	
	
	
	
	
	
	

	MHDTCR
	6076
	3
	18.2946
	95.2034
	93.7417
	4.2551
	1.9619
	13807

	
	6077
	3
	17.9118
	92.1961
	90.4374
	4.3618
	1.8188
	13596

	Bad PM
	6078
	3
	18.4217
	89.7983
	87.6085
	3.8888
	
	13077

	Bad PM
	6081
	3
	18.0010
	94.2642
	88.3867
	3.6854
	
	13130

	
	6104
	3
	16.6973
	92.4586
	90.9127
	3.8467
	2.0461
	13282

	
	6105
	3
	16.6689
	92.8345
	90.2227
	4.0654
	2.0571
	13394

	
	
	Average
	17.3932
	93.1732
	91.3286
	4.1323
	1.9710
	13520

	
	
	Std Dev
	0.8347
	1.3786
	1.6343
	0.2264
	0.1100
	231.59

	
	
	CV
	4.7992
	1.4796
	1.7895
	5.4787
	5.5810
	1.71

	Test_D
	
	
	
	
	
	
	
	

	Bad PM
	6081
	6
	8.5619
	33.0847
	32.1863
	1.6490
	
	4938

	
	
	
	
	
	
	
	
	

	MHDTLO
	6082
	1
	2.4417
	8.7656
	8.3120
	0.5256
	0.2306
	1311

	
	6082
	2
	2.6052
	8.9497
	8.7822
	0.5172
	0.2376
	1239

	
	6082
	3
	2.8644
	8.6350
	8.2655
	0.5434
	0.2526
	1348

	
	
	Average
	2.6371
	8.7835
	8.4532
	0.5287
	0.2403
	1299

	
	
	Std Dev
	0.2131
	0.1581
	0.2858
	0.0134
	0.0112
	55.41

	
	
	CV
	8.0820
	1.8001
	3.3813
	2.5294
	4.6698
	4.26

	E55CRC-(truck)
	Test ID
	Test Run ID
	CO

(g/cycle)
	NOx1
(g/cycle)
	NOx2
(g/cycle)
	HC

(g/cycle)
	PM

(g/cycle)
	CO2
(g/cycle)

	MHDTHI
	6083
	1
	11.9118
	47.8166
	46.2622
	2.2438
	1.7805
	7455

	
	6083
	2
	13.3387
	49.9829
	48.0816
	2.6842
	1.4290
	8139

	
	6083
	3
	11.9837
	49.1025
	47.1637
	2.2909
	1.2887
	7809

	
	
	Average
	12.4114
	48.9673
	47.1692
	2.4063
	1.4994
	7801

	
	
	Std Dev
	0.8038
	1.0895
	0.9097
	0.2418
	0.2533
	342.29

	
	
	CV
	6.4767
	2.2249
	1.9286
	10.0482
	16.8949
	4.39

	
	
	
	
	
	
	
	
	

	MHDTCR
	6084
	1
	17.5914
	111.5511
	107.0204
	3.7395
	1.9071
	13944

	
	6084
	2
	17.4360
	109.1180
	108.4595
	3.9716
	1.8335
	13846

	
	6084
	3
	17.4666
	103.3805
	99.7168
	3.7805
	1.8226
	14000

	
	
	Average
	17.4980
	108.0165
	105.0655
	3.8305
	1.8544
	13930

	
	
	Std Dev
	0.0823
	4.1952
	4.6877
	0.1239
	0.0459
	77.63

	
	
	CV
	0.4704
	3.8838
	4.4617
	3.2333
	2.4777
	0.56

	
	
	
	
	
	
	
	
	

	UNLADEN

	MHDTLO
	6098
	1
	2.7420
	7.7399
	7.4596
	0.5238
	0.2215
	1109

	
	6099
	1
	2.3828
	7.4571
	7.2465
	0.5210
	0.1746
	1041

	
	6100
	1
	2.8615
	8.0094
	7.8823
	0.5050
	0.2537
	1138

	
	6101
	1
	2.8994
	7.4955
	7.0717
	0.5002
	0.1704
	1063

	
	
	Average
	2.7214
	7.6755
	7.4150
	0.5125
	0.2051
	1088

	
	
	Std Dev
	0.2355
	0.2554
	0.3496
	0.0116
	0.0399
	43.74

	
	
	CV
	8.6534
	3.3279
	4.7144
	2.2646
	19.4353
	4.02

	
	
	
	
	
	
	
	
	

	MHDTHI
	6098
	2
	11.9265
	42.4176
	42.1604
	2.3972
	1.3989
	6285

	
	6099
	2
	10.5676
	40.3048
	39.3710
	2.1862
	1.0724
	5859

	
	6100
	2
	11.5751
	38.5564
	37.5101
	1.8737
	0.9917
	5690

	
	6101
	2
	11.2164
	37.7937
	37.3375
	2.0204
	1.0090
	5660

	
	
	Average
	11.3214
	39.7681
	39.0947
	2.1194
	1.1180
	5874

	
	
	Std Dev
	0.5802
	2.0554
	2.2416
	0.2249
	0.1905
	288.10

	
	
	CV
	5.1246
	5.1685
	5.7336
	10.6130
	17.0360
	4.90

	
	
	
	
	
	
	
	
	

	MHDTCR
	6098
	3
	17.1172
	97.0192
	92.0016
	4.0499
	2.1203
	12686

	
	6099
	3
	18.5028
	94.3183
	91.3245
	3.9392
	2.0047
	12372

	
	6100
	3
	20.5502
	95.1947
	88.5587
	4.0711
	1.7840
	13062

	
	6101
	3
	20.1099
	91.0831
	88.4101
	4.1010
	1.9291
	12773

	
	
	Average
	19.0700
	94.4039
	90.0737
	4.0403
	1.9595
	12723

	
	
	Std Dev
	1.5713
	2.4833
	1.8569
	0.0706
	0.1410
	284.01

	
	
	CV
	8.2398
	2.6305
	2.0615
	1.7468
	7.1963
	2.23

	
	
	
	
	
	
	
	
	

	Test_D
	6100
	4
	11.0848
	31.8928
	32.5019
	2.0254
	0.7744
	4520


TABLE B2: Emissions data from GMC truck (units are g/mile).

	E55CRC-(truck)
	Test ID
	Test Run ID
	CO

(g/mile)
	NOx1
(g/mile)
	NOx2
(g/mile)
	HC

(g/mile)
	PM

(g/mile)
	CO2
(g/mile)

	LADEN

	MHDTLO
	6076
	1
	2.7846
	8.6171
	8.3158
	0.5152
	0.2598
	1238

	
	6077
	1
	2.8183
	8.7265
	8.4206
	0.5565
	0.2570
	1292

	Bad PM
	6078
	1
	2.6892
	7.9440
	7.7727
	0.5044
	
	1257

	Bad PM
	6081
	1
	2.7146
	8.3975
	8.0609
	0.5411
	
	1244

	Bad PM
	6081
	5
	2.3167
	8.6525
	8.4938
	0.4629
	
	1305

	
	6104
	1
	3.0077
	8.6303
	8.7626
	0.4688
	0.2792
	1276

	
	6105
	1
	2.9674
	8.8930
	8.9270
	0.4790
	0.2983
	1329

	
	
	Average
	2.8945
	8.7167
	8.6065
	0.5049
	0.2736
	1284

	
	
	Std Dev
	0.1096
	0.1272
	0.2864
	0.0397
	0.0192
	38.08

	
	
	CV
	3.7857
	1.4595
	3.3280
	7.8694
	7.0178
	2.97

	
	
	
	
	
	
	
	
	

	MHDTHI
	6076
	2
	1.7410
	6.5738
	6.4227
	0.3506
	0.2216
	1053

	
	6077
	2
	1.5520
	6.1786
	6.0727
	0.3409
	0.1953
	1072

	Bad PM
	6078
	2
	1.6144
	6.1984
	6.0391
	0.3461
	
	1041

	Bad PM
	6081
	2
	1.6003
	6.2632
	6.1409
	0.3286
	
	1016

	Bad PM
	6081
	4
	1.4740
	6.1565
	5.9957
	0.2888
	
	986

	
	6104
	2
	1.5021
	6.0394
	6.1509
	0.2387
	0.1968
	969

	
	6105
	2
	1.4448
	5.9740
	5.8968
	0.2538
	0.1818
	965

	
	
	Average
	1.5600
	6.1915
	6.1358
	0.2960
	0.1989
	1015

	
	
	Std Dev
	0.1284
	0.2688
	0.2188
	0.0579
	0.0166
	55.90

	
	
	CV
	8.2301
	4.3413
	3.5663
	19.5739
	8.3428
	5.51

	
	
	
	
	
	
	
	
	

	MHDTCR
	6076
	3
	0.8637
	4.4945
	4.4255
	0.2009
	0.0926
	652

	
	6077
	3
	0.8414
	4.3306
	4.2480
	0.2049
	0.0854
	639

	Bad PM
	6078
	3
	0.8687
	4.2344
	4.1312
	0.1834
	
	617

	Bad PM
	6081
	3
	0.8499
	4.4506
	4.1731
	0.1740
	
	620

	
	6104
	3
	0.7840
	4.3411
	4.2685
	0.1806
	0.0961
	624

	
	6105
	3
	0.7827
	4.3591
	4.2365
	0.1909
	0.0966
	629

	
	
	Average
	0.8179
	4.3814
	4.2946
	0.1943
	0.0927
	636

	
	
	Std Dev
	0.0410
	0.0764
	0.0883
	0.0109
	0.0051
	12.40

	
	
	CV
	5.0094
	1.7430
	2.0550
	5.5925
	5.5480
	1.95

	Test_D
	
	
	
	
	
	
	
	

	Bad PM
	6081
	6
	1.5457
	5.9730
	5.8108
	0.2977
	
	892

	
	
	
	
	
	
	
	
	

	MHDTLO
	6082
	1
	2.5941
	9.3127
	8.8307
	0.5584
	0.2450
	1392

	
	6082
	2
	2.7132
	9.3208
	9.1463
	0.5386
	0.2474
	1291

	
	6082
	3
	3.0315
	9.1388
	8.7478
	0.5751
	0.2673
	1427

	
	
	Average
	2.7796
	9.2574
	8.9082
	0.5574
	0.2532
	1370

	
	
	Std Dev
	0.2261
	0.1028
	0.2103
	0.0183
	0.0122
	70.91

	
	
	CV
	8.1353
	1.1103
	2.3603
	3.2744
	4.8308
	5.18

	
	
	
	
	
	
	
	
	

	MHDTHI
	6083
	1
	1.6685
	6.6977
	6.4800
	0.3143
	0.2494
	1044

	
	6083
	2
	1.8458
	6.9165
	6.6534
	0.3714
	0.1977
	1126

	
	6083
	3
	1.6734
	6.8566
	6.5859
	0.3199
	0.1800
	1090

	
	
	
	
	
	
	
	
	

	E55CRC-(truck)
	Test ID
	Test Run ID
	CO

(g/mile)
	NOx1
(g/mile)
	NOx2
(g/mile)
	HC

(g/mile)
	PM

(g/mile)
	CO2
(g/mile)

	
	
	Average
	1.7292
	6.8236
	6.5731
	0.3352
	0.2090
	1087

	
	
	Std Dev
	0.1010
	0.1131
	0.0874
	0.0315
	0.0361
	41.16

	
	
	CV
	5.8393
	1.6572
	1.3301
	9.3956
	17.2553
	3.79

	
	
	
	
	
	
	
	
	

	MHDTCR
	6084
	1
	0.8278
	5.2492
	5.0360
	0.1760
	0.0897
	656

	
	6084
	2
	0.8202
	5.1333
	5.1023
	0.1868
	0.0863
	651

	
	6084
	3
	0.8216
	4.8630
	4.6906
	0.1778
	0.0857
	659

	
	
	Average
	0.8232
	5.0818
	4.9430
	0.1802
	0.0872
	655

	
	
	Std Dev
	0.0040
	0.1982
	0.2210
	0.0058
	0.0022
	3.65

	
	
	CV
	0.4877
	3.8998
	4.4716
	3.2248
	2.4965
	0.56

	
	
	
	
	
	
	
	
	

	UNLADEN

	MHDTLO
	6098
	1
	2.8293
	7.9864
	7.6971
	0.5404
	0.2286
	1144

	
	6099
	1
	2.4413
	7.6403
	7.4245
	0.5338
	0.1789
	1067

	
	6100
	1
	2.9332
	8.2102
	8.0799
	0.5177
	0.2601
	1167

	
	6101
	1
	2.9671
	7.6706
	7.2369
	0.5119
	0.1744
	1088

	
	
	Average
	2.7927
	7.8769
	7.6096
	0.5260
	0.2105
	1116

	
	
	Std Dev
	0.2415
	0.2718
	0.3661
	0.0134
	0.0412
	46.73

	
	
	CV
	8.6471
	3.4504
	4.8105
	2.5401
	19.5615
	4.19

	
	
	
	
	
	
	
	
	

	MHDTHI
	6098
	2
	1.6363
	5.8197
	5.7844
	0.3289
	0.1919
	862

	
	6099
	2
	1.4592
	5.5655
	5.4366
	0.3019
	0.1481
	809

	
	6100
	2
	1.6055
	5.3478
	5.2027
	0.2599
	0.1375
	789

	
	6101
	2
	1.5557
	5.2419
	5.1786
	0.2802
	0.1399
	785

	
	
	Average
	1.5642
	5.4937
	5.4006
	0.2927
	0.1544
	811

	
	
	Std Dev
	0.0775
	0.2557
	0.2811
	0.0296
	0.0254
	35.54

	
	
	CV
	4.9517
	4.6543
	5.2052
	10.1085
	16.4786
	4.38

	
	
	
	
	
	
	
	
	

	MHDTCR
	6098
	3
	0.8051
	4.5633
	4.3273
	0.1905
	0.0997
	597

	
	6099
	3
	0.8706
	4.4377
	4.2968
	0.1853
	0.0943
	582

	
	6100
	3
	0.9652
	4.4713
	4.1596
	0.1912
	0.0838
	614

	
	6101
	3
	0.9438
	4.2748
	4.1493
	0.1925
	0.0905
	599

	
	
	Average
	0.8962
	4.4368
	4.2333
	0.1899
	0.0921
	598

	
	
	Std Dev
	0.0730
	0.1203
	0.0920
	0.0031
	0.0067
	12.87

	
	
	CV
	8.1455
	2.7123
	2.1722
	1.6509
	7.2743
	2.15

	
	
	
	
	
	
	
	
	

	Test_D
	6100
	4
	1.9946
	5.7389
	5.8485
	0.3645
	0.1394
	813


TABLE B3: Emissions data from GMC truck (units are g/ahp-hr.)

	E55CRC-(truck)
	Test ID
	Test Run ID
	CO

g/ahp-hr
	NOx1
g/ahp-hr
	NOx2
g/ahp-hr
	HC

g/ahp-hr
	PM

g/ahp-hr
	CO2
g/ahp-hr

	LADEN

	MHDTLO
	6076
	1
	2.5332
	7.8391
	7.5651
	0.4686
	0.2364
	1126

	
	6077
	1
	2.4183
	7.4881
	7.2257
	0.4775
	0.2205
	1109

	Bad PM
	6078
	1
	2.4097
	7.1184
	6.9648
	0.4520
	
	1126

	Bad PM
	6081
	1
	2.3581
	7.2945
	7.0021
	0.4700
	
	1081

	Bad PM
	6081
	5
	1.8434
	6.8848
	6.7585
	0.3683
	
	1038

	
	6104
	1
	2.6222
	7.5242
	7.6395
	0.4088
	0.2434
	1113

	
	6105
	1
	2.5202
	7.5527
	7.5816
	0.4068
	0.2533
	1129

	
	
	Average
	2.5235
	7.6010
	7.5030
	0.4404
	0.2384
	1119

	
	
	Std Dev
	0.0835
	0.1609
	0.1876
	0.0379
	0.0138
	9.82

	
	
	CV
	3.3084
	2.1169
	2.5001
	8.5992
	5.7905
	0.88

	
	
	
	
	
	
	
	
	

	MHDTHI
	6076
	2
	1.6341
	6.1701
	6.0283
	0.3291
	0.2080
	988

	
	6077
	2
	1.3909
	5.5375
	5.4426
	0.3056
	0.1750
	961

	Bad PM
	6078
	2
	1.5104
	5.7990
	5.6500
	0.3238
	
	974

	Bad PM
	6081
	2
	1.4747
	5.7715
	5.6587
	0.3028
	
	936

	Bad PM
	6081
	4
	1.3104
	5.4733
	5.3303
	0.2568
	
	876

	
	6104
	2
	1.4583
	5.8633
	5.9716
	0.2317
	0.1910
	940

	
	6105
	2
	1.4120
	5.8382
	5.7628
	0.2480
	0.1777
	943

	
	
	Average
	1.4738
	5.8523
	5.8013
	0.2786
	0.1880
	958

	
	
	Std Dev
	0.1105
	0.2585
	0.2650
	0.0462
	0.0151
	22.11

	
	
	CV
	7.4971
	4.4167
	4.5684
	16.5905
	8.0398
	2.31

	
	
	
	
	
	
	
	
	

	MHDTCR
	6076
	3
	1.1865
	6.1744
	6.0796
	0.2760
	0.1272
	895

	
	6077
	3
	1.1930
	6.1405
	6.0233
	0.2905
	0.1211
	906

	Bad PM
	6078
	3
	1.2250
	5.9711
	5.8255
	0.2586
	
	870

	Bad PM
	6081
	3
	1.1774
	6.1657
	5.7812
	0.2411
	
	859

	
	6104
	3
	1.2313
	6.8179
	6.7039
	0.2837
	0.1509
	979

	
	6105
	3
	1.2653
	7.0468
	6.8486
	0.3086
	0.1562
	1017

	
	
	Average
	1.2190
	6.5449
	6.4139
	0.2897
	0.1389
	949

	
	
	Std Dev
	0.0366
	0.4573
	0.4232
	0.0139
	0.0172
	58.48

	
	
	CV
	3.0058
	6.9865
	6.5983
	4.8117
	12.4222
	6.16

	Test_D
	
	
	
	
	
	
	
	

	Bad PM
	6081
	6
	1.5994
	6.1803
	6.0125
	0.3080
	
	923

	
	
	
	
	
	
	
	
	

	MHDTLO
	6082
	1
	2.2825
	8.1942
	7.7701
	0.4913
	0.2156
	1225

	
	6082
	2
	2.3730
	8.1521
	7.9994
	0.4711
	0.2164
	1129

	
	6082
	3
	2.5827
	7.7857
	7.4526
	0.4899
	0.2277
	1216

	
	
	Average
	2.4127
	8.0440
	7.7407
	0.4841
	0.2199
	1190

	
	
	Std Dev
	0.1540
	0.2246
	0.2746
	0.0113
	0.0068
	53.16

	
	
	CV
	6.3809
	2.7927
	3.5478
	2.3355
	3.0864
	4.47

	
	
	
	
	
	
	
	
	

	MHDTHI
	6083
	1
	1.5813
	6.3477
	6.1413
	0.2979
	0.2364
	990

	
	6083
	2
	1.7218
	6.4519
	6.2065
	0.3465
	0.1845
	1051

	
	6083
	3
	1.5599
	6.3917
	6.1393
	0.2982
	0.1678
	1017

	
	
	
	
	
	
	
	
	

	E55CRC-(truck)
	Test ID
	Test Run ID
	CO

g/ahp-hr
	NOx1
g/ahp-hr
	NOx2
g/ahp-hr
	HC

g/ahp-hr
	PM

g/ahp-hr
	CO2
g/ahp-hr

	
	
	Average
	1.6210
	6.3971
	6.1624
	0.3142
	0.1962
	1019

	
	
	Std Dev
	0.0879
	0.0523
	0.0382
	0.0280
	0.0358
	30.57

	
	
	CV
	5.4247
	0.8179
	0.6201
	8.9017
	18.2354
	3.00

	
	
	
	
	
	
	
	
	

	MHDTCR
	6084
	1
	1.1852
	7.5157
	7.2104
	0.2519
	0.1285
	939

	
	6084
	2
	1.1796
	7.3821
	7.3375
	0.2687
	0.1240
	937

	
	6084
	3
	1.2153
	7.1931
	6.9382
	0.2630
	0.1268
	974

	
	
	Average
	1.1934
	7.3636
	7.1620
	0.2612
	0.1264
	950

	
	
	Std Dev
	0.0192
	0.1621
	0.2040
	0.0085
	0.0022
	20.83

	
	
	CV
	1.6097
	2.2008
	2.8483
	3.2604
	1.7761
	2.19

	
	
	
	
	
	
	
	
	

	UNLADEN

	MHDTLO
	6098
	1
	3.8488
	10.8641
	10.4706
	0.7352
	0.3109
	1556

	
	6099
	1
	3.3931
	10.6189
	10.3190
	0.7418
	0.2486
	1483

	
	6100
	1
	4.1793
	11.6979
	11.5123
	0.7376
	0.3705
	1662

	
	6101
	1
	4.1059
	10.6147
	10.0146
	0.7084
	0.2413
	1506

	
	
	Average
	3.8818
	10.9489
	10.5791
	0.7308
	0.2929
	1552

	
	
	Std Dev
	0.3553
	0.5128
	0.6504
	0.0151
	0.0605
	79.79

	
	
	CV
	9.1521
	4.6834
	6.1478
	2.0731
	20.6504
	5.14

	
	
	
	
	
	
	
	
	

	MHDTHI
	6098
	2
	1.7241
	6.1318
	6.0947
	0.3465
	0.2022
	909

	
	6099
	2
	2.0994
	8.0071
	7.8216
	0.4343
	0.2131
	1164

	
	6100
	2
	2.3381
	7.7882
	7.5769
	0.3785
	0.2003
	1149

	
	6101
	2
	2.2339
	7.5270
	7.4361
	0.4024
	0.2010
	1127

	
	
	Average
	2.0989
	7.3635
	7.2323
	0.3904
	0.2041
	1087

	
	
	Std Dev
	0.2683
	0.8443
	0.7750
	0.0371
	0.0060
	120.07

	
	
	CV
	12.7824
	11.4653
	10.7154
	9.5139
	2.9389
	11.04

	
	
	
	
	
	
	
	
	

	MHDTCR
	6098
	3
	1.3249
	7.5092
	7.1208
	0.3135
	0.1641
	982

	
	6099
	3
	1.4694
	7.4902
	7.2524
	0.3128
	0.1592
	983

	
	6100
	3
	1.6440
	7.6156
	7.0847
	0.3257
	0.1427
	1045

	
	6101
	3
	1.6146
	7.3129
	7.0982
	0.3293
	0.1549
	1026

	
	
	Average
	1.5132
	7.4820
	7.1391
	0.3203
	0.1552
	1009

	
	
	Std Dev
	0.1470
	0.1255
	0.0770
	0.0084
	0.0092
	31.65

	
	
	CV
	9.7115
	1.6776
	1.0791
	2.6242
	5.8968
	3.14

	
	
	
	
	
	
	
	
	

	Test_D
	6100
	4
	3.1117
	8.9529
	9.1239
	0.5686
	0.2174
	1269


TABLE B4: Emissions data from GMC truck (units are g/minute).

	E55CRC-(truck)
	Test ID
	Test Run ID
	CO

g/minute
	NOx1
g/minute
	NOx2
g/minute
	HC

g/minute
	PM

g/minute
	CO2
g/minute

	LADEN

	MHDTLO
	6076
	1
	0.0075
	0.0234
	0.0225
	0.0014
	0.000704
	3.3540

	
	6077
	1
	0.0075
	0.0233
	0.0224
	0.0015
	0.000685
	3.4451

	Bad PM
	6078
	1
	0.0073
	0.0217
	0.0212
	0.0014
	
	3.4278

	Bad PM
	6081
	1
	0.0070
	0.0217
	0.0209
	0.0014
	
	3.2202

	Bad PM
	6081
	5
	0.0062
	0.0230
	0.0226
	0.0012
	
	3.4705

	
	6104
	1
	0.0082
	0.0235
	0.0239
	0.0013
	0.000761
	3.4801

	
	6105
	1
	0.0080
	0.0240
	0.0241
	0.0013
	0.000806
	3.5933

	
	
	Average
	0.0078
	0.0235
	0.0233
	0.0014
	0.000739
	3.4681

	
	
	Std Dev
	0.0003
	0.0003
	0.0009
	0.0001
	0.000055
	0.0989

	
	
	CV
	4.3895
	1.4641
	3.7909
	7.0203
	7.460622
	2.8531

	
	
	
	
	
	
	
	
	

	MHDTHI
	6076
	2
	0.0353
	0.1332
	0.1301
	0.0071
	0.004491
	21.3345

	
	6077
	2
	0.0314
	0.1252
	0.1230
	0.0069
	0.003957
	21.7194

	Bad PM
	6078
	2
	0.0325
	0.1246
	0.1214
	0.0070
	
	20.9417

	Bad PM
	6081
	2
	0.0320
	0.1253
	0.1229
	0.0066
	
	20.3288

	Bad PM
	6081
	4
	0.0297
	0.1241
	0.1209
	0.0058
	
	19.8773

	
	6104
	2
	0.0313
	0.1260
	0.1283
	0.0050
	0.004104
	20.2014

	
	6105
	2
	0.0300
	0.1242
	0.1226
	0.0053
	0.003782
	20.0598

	
	
	Average
	0.0320
	0.1271
	0.1260
	0.0061
	0.004083
	20.8288

	
	
	Std Dev
	0.0023
	0.0041
	0.0038
	0.0011
	0.000302
	0.8234

	
	
	CV
	7.0566
	3.2245
	2.9872
	18.0373
	7.399964
	3.9530

	
	
	
	
	
	
	
	
	

	MHDTCR
	6076
	3
	0.0523
	0.2720
	0.2678
	0.0122
	0.005606
	39.4494

	
	6077
	3
	0.0512
	0.2634
	0.2584
	0.0125
	0.005197
	38.8466

	Bad PM
	6078
	3
	0.0526
	0.2566
	0.2503
	0.0111
	
	37.3623

	Bad PM
	6081
	3
	0.0514
	0.2693
	0.2525
	0.0105
	
	37.5136

	
	6104
	3
	0.0477
	0.2642
	0.2598
	0.0110
	0.005846
	37.9490

	
	6105
	3
	0.0476
	0.2652
	0.2578
	0.0116
	0.005878
	38.2676

	
	
	Average
	0.0497
	0.2662
	0.2609
	0.0118
	0.005631
	38.6281

	
	
	Std Dev
	0.0024
	0.0039
	0.0047
	0.0006
	0.000314
	0.6617

	
	
	CV
	4.7992
	1.4796
	1.7895
	5.4787
	5.581018
	1.7130

	Test_D
	
	
	
	
	
	
	
	

	Bad PM
	6081
	6
	0.0245
	0.0945
	0.0920
	0.0047
	
	14.1096

	
	
	
	
	
	
	
	
	

	MHDTLO
	6082
	1
	0.0070
	0.0250
	0.0237
	0.0015
	0.000659
	3.7448

	
	6082
	2
	0.0074
	0.0256
	0.0251
	0.0015
	0.000679
	3.5405

	
	6082
	3
	0.0082
	0.0247
	0.0236
	0.0016
	0.000722
	3.8521

	
	
	Average
	0.0075
	0.0251
	0.0242
	0.0015
	0.000686
	3.7125

	
	
	Std Dev
	0.0006
	0.0005
	0.0008
	0.0000
	0.000032
	0.1583

	
	
	CV
	8.0820
	1.8001
	3.3813
	2.5294
	4.669841
	4.2645

	
	
	
	
	
	
	
	
	

	MHDTHI
	6083
	1
	0.0102
	0.0409
	0.0395
	0.0019
	0.001522
	6.3714

	
	6083
	2
	0.0114
	0.0427
	0.0411
	0.0023
	0.001221
	6.9564

	
	6083
	3
	0.0102
	0.0420
	0.0403
	0.0020
	0.001101
	6.6746

	
	
	
	
	
	
	
	
	

	E55CRC-(truck)
	Test ID
	Test Run ID
	CO

g/minute
	NOx1
g/minute
	NOx2
g/minute
	HC

g/minute
	PM

g/minute
	CO2
g/minute

	
	
	Average
	0.0106
	0.0419
	0.0403
	0.0021
	0.001282
	6.6675

	
	
	Std Dev
	0.0007
	0.0009
	0.0008
	0.0002
	0.000217
	0.2926

	
	
	CV
	6.4767
	2.2249
	1.9286
	10.0482
	16.894946
	4.3878

	
	
	
	
	
	
	
	
	

	MHDTCR
	6084
	1
	0.0093
	0.0590
	0.0566
	0.0020
	0.001009
	7.3776

	
	6084
	2
	0.0092
	0.0577
	0.0574
	0.0021
	0.000970
	7.3260

	
	6084
	3
	0.0092
	0.0547
	0.0528
	0.0020
	0.000964
	7.4072

	
	
	Average
	0.0093
	0.0572
	0.0556
	0.0020
	0.000981
	7.3703

	
	
	Std Dev
	0.0000
	0.0022
	0.0025
	0.0001
	0.000024
	0.0411

	
	
	CV
	0.4704
	3.8838
	4.4617
	3.2333
	2.477652
	0.5573

	
	
	
	
	
	
	
	
	

	UNLADEN

	MHDTLO
	6098
	1
	0.0078
	0.0221
	0.0213
	0.0015
	0.000633
	3.1679

	
	6099
	1
	0.0068
	0.0213
	0.0207
	0.0015
	0.000499
	2.9748

	
	6100
	1
	0.0082
	0.0229
	0.0225
	0.0014
	0.000725
	3.2514

	
	6101
	1
	0.0083
	0.0214
	0.0202
	0.0014
	0.000487
	3.0375

	
	
	Average
	0.0078
	0.0219
	0.0212
	0.0015
	0.000586
	3.1079

	
	
	Std Dev
	0.0007
	0.0007
	0.0010
	0.0000
	0.000114
	0.1250

	
	
	CV
	8.6534
	3.3279
	4.7144
	2.2646
	19.435325
	4.0213

	
	
	
	
	
	
	
	
	

	MHDTHI
	6098
	2
	0.0341
	0.1212
	0.1205
	0.0068
	0.003997
	17.9582

	
	6099
	2
	0.0302
	0.1152
	0.1125
	0.0062
	0.003064
	16.7393

	
	6100
	2
	0.0331
	0.1102
	0.1072
	0.0054
	0.002833
	16.2565

	
	6101
	2
	0.0320
	0.1080
	0.1067
	0.0058
	0.002883
	16.1727

	
	
	Average
	0.0323
	0.1136
	0.1117
	0.0061
	0.003194
	16.7817

	
	
	Std Dev
	0.0017
	0.0059
	0.0064
	0.0006
	0.000544
	0.8231

	
	
	CV
	5.1246
	5.1685
	5.7336
	10.6130
	17.036006
	4.9050

	
	
	
	
	
	
	
	
	

	MHDTCR
	6098
	3
	0.0489
	0.2772
	0.2629
	0.0116
	0.006058
	36.2447

	
	6099
	3
	0.0529
	0.2695
	0.2609
	0.0113
	0.005728
	35.3487

	
	6100
	3
	0.0587
	0.2720
	0.2530
	0.0116
	0.005097
	37.3201

	
	6101
	3
	0.0575
	0.2602
	0.2526
	0.0117
	0.005512
	36.4941

	
	
	Average
	0.0545
	0.2697
	0.2574
	0.0115
	0.005599
	36.3519

	
	
	Std Dev
	0.0045
	0.0071
	0.0053
	0.0002
	0.000403
	0.8115

	
	
	CV
	8.2398
	2.6305
	2.0615
	1.7468
	7.196336
	2.2323

	
	
	
	
	
	
	
	
	

	Test_D
	6100
	4
	0.0317
	0.0911
	0.0929
	0.0058
	0.002213
	12.9142


TABLE B5: Emissions data from GMC truck (units are g/gallon).

	E55CRC-(truck)
	Test ID
	Test Run ID
	CO

(g/gallon)
	NOx1
(g/gallon)
	NOx2
(g/gallon)
	HC

(g/gallon)
	PM

(g/gallon)
	GALLON

	LADEN

	MHDTLO
	6076
	1
	22.4987
	69.6235
	67.1894
	4.1623
	2.0993
	0.1174

	
	6077
	1
	21.8085
	67.5275
	65.1608
	4.3063
	1.9886
	0.1206

	Bad PM
	6078
	1
	21.3964
	63.2065
	61.8431
	4.0136
	
	0.1200

	Bad PM
	6081
	1
	21.8223
	67.5060
	64.8000
	4.3494
	
	0.1127

	Bad PM
	6081
	5
	17.7731
	66.3806
	65.1627
	3.5510
	
	0.1214

	
	6104
	1
	23.5614
	67.6065
	68.6427
	3.6727
	2.1875
	0.1218

	
	6105
	1
	22.3225
	66.8985
	67.1545
	3.6037
	2.2437
	0.1258

	
	
	Average
	22.5478
	67.9140
	67.0369
	3.9363
	2.1298
	0.1214

	
	
	Std Dev
	0.7365
	1.1828
	1.4301
	0.3503
	0.1113
	0.0035

	
	
	CV
	3.2662
	1.7417
	2.1333
	8.8986
	5.2261
	2.8449

	
	
	
	
	
	
	
	
	

	MHDTHI
	6076
	2
	16.5540
	62.5053
	61.0691
	3.3337
	2.1075
	0.7459

	
	6077
	2
	14.4991
	57.7232
	56.7338
	3.1851
	1.8245
	0.7591

	Bad PM
	6078
	2
	15.5211
	59.5912
	58.0596
	3.3276
	
	0.7320

	Bad PM
	6081
	2
	15.7688
	61.7153
	60.5097
	3.2383
	
	0.7106

	Bad PM
	6081
	4
	14.9728
	62.5375
	60.9042
	2.9338
	
	0.6947

	
	6104
	2
	15.5324
	62.4487
	63.6015
	2.4680
	2.0348
	0.7060

	
	6105
	2
	15.0016
	62.0293
	61.2280
	2.6349
	1.8881
	0.7010

	
	
	Average
	15.3968
	61.1766
	60.6581
	2.9054
	1.9637
	0.7280

	
	
	Std Dev
	0.8793
	2.3120
	2.8611
	0.4188
	0.1302
	0.0289

	
	
	CV
	5.7109
	3.7793
	4.7167
	14.4142
	6.6285
	3.9650

	
	
	
	
	
	
	
	
	

	MHDTCR
	6076
	3
	13.2725
	69.0685
	68.0081
	3.0870
	1.4234
	1.3784

	
	6077
	3
	13.1960
	67.9229
	66.6272
	3.2134
	1.3400
	1.3574

	Bad PM
	6078
	3
	14.1099
	68.7798
	67.1025
	2.9786
	
	1.3056

	Bad PM
	6081
	3
	13.7335
	71.9173
	67.4331
	2.8117
	
	1.3107

	
	6104
	3
	12.5947
	69.7409
	68.5748
	2.9016
	1.5433
	1.3257

	
	6105
	3
	12.4683
	69.4397
	67.4861
	3.0409
	1.5387
	1.3369

	
	
	Average
	12.8828
	69.0430
	67.6740
	3.0607
	1.4613
	1.3496

	
	
	Std Dev
	0.4102
	0.7958
	0.8275
	0.1288
	0.0981
	0.0232

	
	
	CV
	3.1840
	1.1526
	1.2227
	4.2065
	6.7153
	1.7215

	Test_D
	
	
	
	
	
	
	
	

	Bad PM
	6081
	6
	17.3545
	67.0605
	65.2397
	3.3425
	
	0.4934

	
	
	
	
	
	
	
	
	

	MHDTLO
	6082
	1
	18.6399
	66.9161
	63.4530
	4.0123
	1.7605
	0.1310

	
	6082
	2
	21.0268
	72.2330
	70.8805
	4.1740
	1.9176
	0.1239

	
	6082
	3
	21.2482
	64.0552
	61.3141
	4.0307
	1.8736
	0.1348

	
	
	Average
	20.3050
	67.7348
	65.2159
	4.0723
	1.8505
	0.1299

	
	
	Std Dev
	1.4462
	4.1499
	5.0209
	0.0886
	0.0810
	0.0055

	
	
	CV
	7.1226
	6.1266
	7.6990
	2.1746
	4.3793
	4.2603

	
	
	
	
	
	
	
	
	

	MHDTHI
	6083
	1
	15.9998
	64.2268
	62.1390
	3.0139
	2.3915
	0.7445

	
	6083
	2
	16.4072
	61.4813
	59.1426
	3.3017
	1.7578
	0.8130

	
	6083
	3
	15.3671
	62.9659
	60.4798
	2.9377
	1.6526
	0.7798

	
	
	
	
	
	
	
	
	

	E55CRC-(truck)
	Test ID
	Test Run ID
	CO

(g/gallon)
	NOx1
(g/gallon)
	NOx2
(g/gallon)
	HC

(g/gallon)
	PM

(g/gallon)
	GALLON

	
	
	Average
	15.9247
	62.8913
	60.5871
	3.0844
	1.9340
	0.7791

	
	
	Std Dev
	0.5241
	1.3743
	1.5011
	0.1920
	0.3997
	0.0342

	
	
	CV
	3.2910
	2.1852
	2.4776
	6.2233
	20.6699
	4.3956

	
	
	
	
	
	
	
	
	

	MHDTCR
	6084
	1
	12.6403
	80.1553
	76.8997
	2.6870
	1.3703
	1.3917

	
	6084
	2
	12.6162
	78.9543
	78.4778
	2.8737
	1.3267
	1.3820

	
	6084
	3
	12.5007
	73.9884
	71.3663
	2.7057
	1.3044
	1.3973

	
	
	Average
	12.5857
	77.6993
	75.5813
	2.7555
	1.3338
	1.3903

	
	
	Std Dev
	0.0746
	3.2694
	3.7346
	0.1028
	0.0335
	0.0077

	
	
	CV
	0.5931
	4.2077
	4.9411
	3.7313
	2.5140
	0.5536

	
	
	
	
	
	
	
	
	

	UNLADEN

	MHDTLO
	6098
	1
	24.7147
	69.7630
	67.2361
	4.7209
	1.9965
	0.1109

	
	6099
	1
	22.8758
	71.5913
	69.5692
	5.0014
	1.6763
	0.1042

	
	6100
	1
	25.1303
	70.3408
	69.2246
	4.4354
	2.2281
	0.1139

	
	6101
	1
	27.2448
	70.4336
	66.4515
	4.7007
	1.6013
	0.1064

	
	
	Average
	24.9914
	70.5322
	68.1203
	4.7146
	1.8756
	0.1088

	
	
	Std Dev
	1.7934
	0.7659
	1.5150
	0.2312
	0.2909
	0.0044

	
	
	CV
	7.1762
	1.0859
	2.2240
	4.9048
	15.5093
	4.0198

	
	
	
	
	
	
	
	
	

	MHDTHI
	6098
	2
	18.9858
	67.5247
	67.1152
	3.8161
	2.2269
	0.6282

	
	6099
	2
	18.0505
	68.8449
	67.2500
	3.7343
	1.8319
	0.5854

	
	6100
	2
	20.3543
	67.7996
	65.9597
	3.2948
	1.7438
	0.5687

	
	6101
	2
	19.8256
	66.8025
	65.9960
	3.5712
	1.7835
	0.5658

	
	
	Average
	19.3041
	67.7429
	66.5802
	3.6041
	1.8965
	0.5870

	
	
	Std Dev
	1.0079
	0.8465
	0.6979
	0.2299
	0.2232
	0.0288

	
	
	CV
	5.2213
	1.2496
	1.0482
	6.3797
	11.7693
	4.9030

	
	
	
	
	
	
	
	
	

	MHDTCR
	6098
	3
	13.5153
	76.6037
	72.6419
	3.1977
	1.6742
	1.2665

	
	6099
	3
	14.9763
	76.3416
	73.9184
	3.1884
	1.6226
	1.2355

	
	6100
	3
	15.7532
	72.9735
	67.8866
	3.1208
	1.3675
	1.3045

	
	6101
	3
	15.7640
	71.3996
	69.3042
	3.2147
	1.5122
	1.2757

	
	
	Average
	15.0022
	74.3296
	70.9378
	3.1804
	1.5441
	1.2705

	
	
	Std Dev
	1.0577
	2.5589
	2.8146
	0.0412
	0.1357
	0.0284

	
	
	CV
	7.0500
	3.4426
	3.9677
	1.2957
	8.7909
	2.2382

	
	
	
	
	
	
	
	
	

	Test_D
	6100
	4
	24.5115
	70.5236
	71.8706
	4.4787
	1.7125
	0.4522


TABLE B6: Emissions data from the automatic Freightliner truck (units are g/cycle).

	Driving Schedule
	Test ID
	Test Run ID
	CO

(g/cycle)
	NOx1
(g/cycle)
	NOx2
(g/cycle)
	HC

(g/cycle)
	PM

(g/cycle)
	CO2
(g/cycle)

	MHDTLO
	6108
	3
	3.4925
	16.2598
	16.2043
	0.4903
	0.3266
	1612.66

	MHDTLO
	6108
	4
	3.3606
	15.8553
	15.8793
	0.4626
	0.3355
	1613.74

	MHDTLO
	6108
	5
	3.4988
	15.7337
	15.3851
	0.4658
	0.3097
	1625.48

	
	
	Average
	3.4506
	15.9496
	15.8229
	0.4729
	0.3239
	1617.29

	
	
	Std Dev
	0.0780
	0.2754
	0.4125
	0.0151
	0.0131
	7.11

	
	
	CV
	2.2609
	1.7269
	2.6069
	3.2027
	4.0544
	0.44

	
	
	
	
	
	
	
	
	

	MHDTHI
	6109
	1
	13.5576
	92.2127
	90.4380
	2.5193
	1.8360
	8887.74

	MHDTHI
	6109
	2
	13.7513
	90.2182
	89.7025
	2.5517
	1.7960
	8809.70

	MHDTHI
	6109
	3
	14.3164
	89.7935
	87.0235
	2.3910
	1.6890
	8720.64

	
	
	Average
	13.8751
	90.7414
	89.0547
	2.4873
	1.7736
	8806.02

	
	
	Std Dev
	0.3943
	1.2917
	1.7971
	0.0850
	0.0760
	83.61

	
	
	CV
	2.8415
	1.4235
	2.0180
	3.4173
	4.2848
	0.95

	
	
	
	
	
	
	
	
	

	MHDTCR
	6112
	1
	25.5837
	175.4095
	171.5174
	7.5218
	2.6447
	24089.49

	MHDTCR
	6112
	2
	24.5086
	163.0709
	163.3274
	7.2748
	3.3254
	23235.38

	MHDTCR
	6112
	3
	26.0715
	167.1607
	167.4605
	6.8611
	3.0452
	22925.89

	
	
	Average
	25.3879
	168.5471
	167.4351
	7.2192
	3.0051
	23416.92

	
	
	Std Dev
	0.7997
	6.2850
	4.0950
	0.3338
	0.3421
	602.67

	
	
	CV
	3.1497
	3.7289
	2.4457
	4.6243
	11.3848
	2.57

	
	
	
	
	
	
	
	
	

	TEST_D
	6113
	3
	11.8090
	41.5927
	41.6216
	2.7923
	1.1051
	7045.95

	TEST_D
	6113
	4
	11.0523
	42.9860
	43.4707
	2.7222
	1.1041
	6904.51

	TEST_D
	6113
	5
	11.0468
	41.6402
	41.8969
	2.9198
	0.9493
	7062.27

	
	
	Average
	11.3027
	42.0730
	42.3297
	2.8114
	1.0528
	7004.24

	
	
	Std Dev
	0.4385
	0.7911
	0.9976
	0.1002
	0.0897
	86.76

	
	
	CV
	3.8797
	1.8802
	2.3568
	3.5625
	8.5193
	1.24


TABLE B7: Emissions data from the automatic Freightliner truck (units are g/mile).

	Driving Schedule
	Test ID
	Test Run ID
	CO

(g/mile)
	NOx1
(g/mile)
	NOx2
(g/mile)
	HC

(g/mile)
	PM

(g/mile)
	CO2
(g/mile)

	MHDTLO
	6108
	3
	3.5691
	16.6168
	16.5601
	0.5010
	0.3338
	1648.07

	MHDTLO
	6108
	4
	3.4512
	16.2828
	16.3074
	0.4750
	0.3445
	1657.25

	MHDTLO
	6108
	5
	3.6205
	16.2810
	15.9203
	0.4820
	0.3204
	1682.03

	
	
	Average
	3.5469
	16.3935
	16.2626
	0.4860
	0.3329
	1662.45

	
	
	Std Dev
	0.0868
	0.1934
	0.3222
	0.0135
	0.0121
	17.57

	
	
	CV
	2.4468
	1.1795
	1.9815
	2.7682
	3.6298
	1.06

	
	
	
	
	
	
	
	
	

	MHDTHI
	6109
	1
	1.8891
	12.8490
	12.6017
	0.3510
	0.2558
	1238.43

	MHDTHI
	6109
	2
	1.9057
	12.5025
	12.4310
	0.3536
	0.2489
	1220.85

	MHDTHI
	6109
	3
	1.9820
	12.4313
	12.0478
	0.3310
	0.2338
	1207.31

	
	
	Average
	1.9256
	12.5943
	12.3602
	0.3452
	0.2462
	1222.20

	
	
	Std Dev
	0.0495
	0.2235
	0.2837
	0.0124
	0.0112
	15.60

	
	
	CV
	2.5729
	1.7744
	2.2951
	3.5841
	4.5683
	1.28

	
	
	
	
	
	
	
	
	

	MHDTCR
	6112
	1
	1.2040
	8.2549
	8.0717
	0.3540
	0.1245
	1133.67

	MHDTCR
	6112
	2
	1.1534
	7.6743
	7.6863
	0.3424
	0.1565
	1093.48

	MHDTCR
	6112
	3
	1.2254
	7.8570
	7.8711
	0.3225
	0.1431
	1077.58

	
	
	Average
	1.1943
	7.9287
	7.8764
	0.3396
	0.1414
	1101.57

	
	
	Std Dev
	0.0370
	0.2969
	0.1928
	0.0159
	0.0161
	28.91

	
	
	CV
	3.0971
	3.7445
	2.4473
	4.6892
	11.3825
	2.62

	
	
	
	
	
	
	
	
	

	TEST_D
	6113
	3
	2.1254
	7.4860
	7.4912
	0.5026
	0.1989
	1268.16

	TEST_D
	6113
	4
	1.9914
	7.7454
	7.8327
	0.4905
	0.1989
	1244.08

	TEST_D
	6113
	5
	1.9865
	7.4882
	7.5343
	0.5251
	0.1707
	1270.01

	
	
	Average
	2.0345
	7.5732
	7.6194
	0.5060
	0.1895
	1260.75

	
	
	Std Dev
	0.0788
	0.1491
	0.1860
	0.0175
	0.0163
	14.46

	
	
	CV
	3.8739
	1.9692
	2.4408
	3.4665
	8.5962
	1.15


TABLE B8: Emissions data from the automatic Freightliner truck (units are 

g/ahp-hr).

	Driving Schedule
	Test ID
	Test Run ID
	CO

g/ahp-hr
	NOx1
g/ahp-hr
	NOx2
g/ahp-hr
	HC

g/ahp-hr
	PM

g/ahp-hr
	CO2
g/ahp-hr

	MHDTLO
	6108
	3
	4.0535
	18.8716
	18.8073
	0.5690
	0.3791
	1871.70

	MHDTLO
	6108
	4
	3.9177
	18.4835
	18.5114
	0.5392
	0.3911
	1881.24

	MHDTLO
	6108
	5
	4.0757
	18.3282
	17.9222
	0.5426
	0.3607
	1893.52

	
	
	Average
	4.0156
	18.5611
	18.4136
	0.5503
	0.3770
	1882.15

	
	
	Std Dev
	0.0856
	0.2799
	0.4506
	0.0163
	0.0153
	10.94

	
	
	CV
	2.1306
	1.5081
	2.4471
	2.9631
	4.0612
	0.58

	
	
	
	
	
	
	
	
	

	MHDTHI
	6109
	1
	2.1995
	14.9602
	14.6723
	0.4087
	0.2979
	1441.91

	MHDTHI
	6109
	2
	2.2378
	14.6814
	14.5974
	0.4152
	0.2923
	1433.62

	MHDTHI
	6109
	3
	2.3491
	14.7338
	14.2793
	0.3923
	0.2771
	1430.93

	
	
	Average
	2.2621
	14.7918
	14.5164
	0.4054
	0.2891
	1435.49

	
	
	Std Dev
	0.0777
	0.1482
	0.2087
	0.0118
	0.0107
	5.72

	
	
	CV
	3.4355
	1.0018
	1.4374
	2.9125
	3.7082
	0.40

	
	
	
	
	
	
	
	
	

	MHDTCR
	6112
	1
	1.6346
	11.2072
	10.9585
	0.4806
	0.1690
	1539.12

	MHDTCR
	6112
	2
	1.5741
	10.4735
	10.4899
	0.4672
	0.2136
	1492.33

	MHDTCR
	6112
	3
	1.6923
	10.8503
	10.8698
	0.4454
	0.1977
	1488.11

	
	
	Average
	1.6337
	10.8437
	10.7728
	0.4644
	0.1934
	1506.52

	
	
	Std Dev
	0.0591
	0.3669
	0.2489
	0.0178
	0.0226
	28.31

	
	
	CV
	3.6178
	3.3837
	2.3106
	3.8300
	11.6880
	1.88

	
	
	
	
	
	
	
	
	

	TEST_D
	6113
	3
	2.7934
	9.8388
	9.8456
	0.6605
	0.2614
	1666.72

	TEST_D
	6113
	4
	2.6922
	10.4708
	10.5888
	0.6631
	0.2690
	1681.84

	TEST_D
	6113
	5
	2.6678
	10.0561
	10.1181
	0.7051
	0.2293
	1705.53

	
	
	Average
	2.7178
	10.1219
	10.1842
	0.6762
	0.2532
	1684.70

	
	
	Std Dev
	0.0666
	0.3211
	0.3760
	0.0250
	0.0211
	19.56

	
	
	CV
	2.4514
	3.1722
	3.6919
	3.7033
	8.3279
	1.16


TABLE B9: Emissions data from the automatic Freightliner truck (units are g/minute).

	Driving Schedule
	Test ID
	Test Run ID
	CO

g/minute
	NOx1
g/minute
	NOx2
g/minute
	HC

g/minute
	PM

g/minute
	CO2
g/minute

	MHDTLO
	6108
	3
	0.0100
	0.0465
	0.0463
	0.0014
	0.000933
	4.6076

	MHDTLO
	6108
	4
	0.0096
	0.0453
	0.0454
	0.0013
	0.000959
	4.6107

	MHDTLO
	6108
	5
	0.0100
	0.0450
	0.0440
	0.0013
	0.000885
	4.6442

	
	
	Average
	0.0099
	0.0456
	0.0452
	0.0014
	0.000926
	4.6208

	
	
	Std Dev
	0.0002
	0.0008
	0.0012
	0.0000
	0.000038
	0.0203

	
	
	CV
	2.2609
	1.7269
	2.6069
	3.2027
	4.054422
	0.4398

	
	
	
	
	
	
	
	
	

	MHDTHI
	6109
	1
	0.0116
	0.0788
	0.0773
	0.0022
	0.001569
	7.5964

	MHDTHI
	6109
	2
	0.0118
	0.0771
	0.0767
	0.0022
	0.001535
	7.5297

	MHDTHI
	6109
	3
	0.0122
	0.0767
	0.0744
	0.0020
	0.001444
	7.4535

	
	
	Average
	0.0119
	0.0776
	0.0761
	0.0021
	0.001516
	7.5265

	
	
	Std Dev
	0.0003
	0.0011
	0.0015
	0.0001
	0.000065
	0.0715

	
	
	CV
	2.8415
	1.4235
	2.0180
	3.4173
	4.284848
	0.9495

	
	
	
	
	
	
	
	
	

	MHDTCR
	6112
	1
	0.0135
	0.0928
	0.0907
	0.0040
	0.001399
	12.7458

	MHDTCR
	6112
	2
	0.0130
	0.0863
	0.0864
	0.0038
	0.001759
	12.2939

	MHDTCR
	6112
	3
	0.0138
	0.0884
	0.0886
	0.0036
	0.001611
	12.1301

	
	
	Average
	0.0134
	0.0892
	0.0886
	0.0038
	0.001590
	12.3899

	
	
	Std Dev
	0.0004
	0.0033
	0.0022
	0.0002
	0.000181
	0.3189

	
	
	CV
	3.1497
	3.7289
	2.4457
	4.6243
	11.384763
	2.5736

	
	
	
	
	
	
	
	
	

	TEST_D
	6113
	3
	0.0114
	0.0400
	0.0400
	0.0027
	0.001063
	6.7750

	TEST_D
	6113
	4
	0.0106
	0.0413
	0.0418
	0.0026
	0.001062
	6.6390

	TEST_D
	6113
	5
	0.0106
	0.0400
	0.0403
	0.0028
	0.000913
	6.7906

	
	
	Average
	0.0109
	0.0405
	0.0407
	0.0027
	0.001012
	6.7348

	
	
	Std Dev
	0.0004
	0.0008
	0.0010
	0.0001
	0.000086
	0.0834

	
	
	CV
	3.8797
	1.8802
	2.3568
	3.5625
	8.519319
	1.2386


TABLE B10: Emissions data from the automatic Freightliner truck (units are g/gallon).

	Driving Schedule
	Test ID
	Test Run ID
	CO

g/gallon
	NOx1
g/gallon
	NOx2
g/gallon
	HC

g/gallon
	PM

g/gallon
	GALLON

	MHDTLO
	6108
	3
	21.6650
	100.8655
	100.5216
	3.0412
	2.0262
	0.1612

	MHDTLO
	6108
	4
	20.8370
	98.3084
	98.4573
	2.8680
	2.0802
	0.1613

	MHDTLO
	6108
	5
	21.5346
	96.8393
	94.6941
	2.8669
	1.9059
	0.1625

	
	
	Average
	21.3455
	98.6711
	97.8910
	2.9254
	2.0041
	0.1617

	
	
	Std Dev
	0.4452
	2.0375
	2.9547
	0.1003
	0.0892
	0.0007

	
	
	CV
	2.0858
	2.0649
	3.0184
	3.4297
	4.4531
	0.4401

	
	
	
	
	
	
	
	
	

	MHDTHI
	6109
	1
	15.2765
	103.9043
	101.9046
	2.8387
	2.0688
	0.8875

	MHDTHI
	6109
	2
	15.6309
	102.5497
	101.9635
	2.9005
	2.0415
	0.8798

	MHDTHI
	6109
	3
	16.4381
	103.1013
	99.9208
	2.7453
	1.9393
	0.8709

	
	
	Average
	15.7819
	103.1851
	101.2630
	2.8282
	2.0165
	0.8794

	
	
	Std Dev
	0.5953
	0.6812
	1.1627
	0.0781
	0.0682
	0.0083

	
	
	CV
	3.7723
	0.6602
	1.1482
	2.7620
	3.3842
	0.9418

	
	
	
	
	
	
	
	
	

	MHDTCR
	6112
	1
	10.6426
	72.9685
	71.3494
	3.1290
	1.1002
	2.4039

	MHDTCR
	6112
	2
	10.5702
	70.3299
	70.4406
	3.1375
	1.4342
	2.3187

	MHDTCR
	6112
	3
	11.3951
	73.0608
	73.1918
	2.9988
	1.3310
	2.2880

	
	
	Average
	10.8693
	72.1197
	71.6606
	3.0884
	1.2884
	2.3368

	
	
	Std Dev
	0.4568
	1.5507
	1.4018
	0.0778
	0.1710
	0.0601

	
	
	CV
	4.2025
	2.1502
	1.9561
	2.5175
	13.2739
	2.5707

	
	
	
	
	
	
	
	
	

	TEST_D
	6113
	3
	16.7746
	59.0819
	59.1229
	3.9664
	1.5698
	0.7040

	TEST_D
	6113
	4
	16.0232
	62.3196
	63.0223
	3.9466
	1.6008
	0.6898

	TEST_D
	6113
	5
	15.6575
	59.0198
	59.3837
	4.1384
	1.3455
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	Average
	16.1518
	60.1404
	60.5096
	4.0171
	1.5053
	0.6998

	
	
	Std Dev
	0.5695
	1.8875
	2.1800
	0.1055
	0.1393
	0.0087

	
	
	CV
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	3.1385
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