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1. Executive Summary

In 1990, the US Congress passed, and the President signed into
law, a revised Clean Air Act. One element of the 1990 Clean Air
Act is a requirement to regulate non-road engines if they are found
to be significant contributors to urban air pollution. As part of
the resultant regulatory development process, EPA initiated an
emission testing program to collect data on the class of engines
for which the regulations were being developed. The program also
investigated likely control strategies that would be employed as a
result of the regulations under consideration and the impact of
these strategies on emissions. Of particular interest was the
ability of injection timing retardation to lower NO, emission
levels and, in turn, its effect on the other regulated emissions
levels. Secondarily, the program studied the relationship between
On-Highway HD-FTP and 8-mode steady-state emission data on current
and potential future non-road engines.

This report contains emission test results from the following
five non-road heavy-duty diesel engine configurations:

-Table 1.1
Five Non-Road Heavy-Duty Diesel Engine Configurations
Characteristic
Model Injection
Manufact. Application | Year HP Injectors Timing
1 | John Deere | Log-Skidder | 1990 | 140 | Product.' | Product.!?
2 | John Deere | Log-Skidder | 1990 | 140 | Product.? Retarded
3 | John Deere | Log-Skidder | 1990 140 Modified Retarded
4 Ford New Ag. Tractor | 1991 | 130 | Product.! | Product.?
Holland
5 Ford New Ag. Tractor | 1991 | 130 | Product.! Retarded
Holland

lproduct. = Production configuration

Emission testing included operation over the EPA Heavy-Duty
On-Highway Federal Test Procedure (HD-FTP) and 8-mode steady-state
duty cycles. Each engine configuration was tested for emissions of
HC, CO, NO,, and Particulate Matter (PM). A summary of the average
test results is given below in Tables 1.2 and 1.3.
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Table 1.2
Emissions Summary for John Deere 6068T Engine Configurations

John Deere 6068T Non-Road Engine
Production Injection Timinqg, Production Injectors

HC 1600 NO, PM
g/bhp-hr
(g/kW-hr)
HD-FTP, Transient 0.858 3.606 10.808 0.405
(1.151) (4.836) (14.494) (0.543)
8-Mode, Steady-State 0.427 3.144 11.758 0.422
(0.573) (4.216) (15.767) (0.566)
John Deere 6068T Non—-Road Engine
Retarded Inijection Timing, Production Injectors
HC (o{e) NO_ PM
g/bhp-hr
(g/kW=hr)
HD-FTP, Transient 1.580 5.433 5.650 0.992
(2.119) (7.286) (7.577) (1.330)
8—-Mode, Steady-State 0.933 4.770 6.340 1.089
(1.251) (6.397) (8.502) (1.460)
John Deere 6068T Non-Road Engine
Retarded Injection Timing, Modified Injectorxs
HC Cco NO, PM
g/bhp-hr
(g/kW=hr)
HD-FTP, Transient 0.839 4.262 6.038 0.810
(1.1295) (5.715) (8.097) (1.086)
8-Mode, Steady-State 0.774 3.564 7.327 0.866
(1.038) (4.779) (9.826) (1.161)
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Table 1.3
Emissions Summary for Ford New Holland Engine Configurations

Ford New Holland Non-Road Engine, Production Injection Timing

HC co NO, PM
g/bhp-hr
(g/kW-hr)
HD-FTP, Transient 2.116 5.288 10.590 0.902
(2.838) (7.091) (14.201) (1.210)
8-Mode, Steady-State 0.703 5.575 9.272 0.963
: (0.943) (7.476) (12.434) (1.291)
Ford New Holland Non-Road Engine, Retarded Injection Timing
HC co NO, PM
g/bhp-hr
(g/kW=hr)
HD-FTP, Transient 3.639 5.902! 7.055 1.262
(4.880) (7.915)* (9.461) (1.692)
8-Mode, Steady-State 1.397 4.767 5.895 1.310
(1.873) (6.393) (7.905) (1.757)

!This value incorporates data which was measured via continuous integration rather
than a bag sample, which was the method used for all the other HD-FTP CO values
reported. The author feels that this factor has an insignificant impact on the
results.

For the John Deere and Ford New Holland engine, injection
timing retardation significantly reduced the NO, emission levels
while increasing the other pollutant (HC, CO, and PM) emission
levels over both the 8-mode steady-state (with the exception of CO
for the Ford New Holland engine) and the HD-FTP test.

Finally, in comparison to the John Deere engine, retarded
configuration utilizing production injectors, the "modified"
injector configuration caused reductions in HC, CO, and PM emission
levels, over both the 8-mode steady-state and HD-FTP test, while
NO, slightly increased. These "modified" injectors in the John
Deere engine were designed to provide better targeting of the fuel
spray plume at retarded injection timings.
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2. Introduction

In 1990, the US Congress passed, and the President signed into
law, a revised Clean Air Act. One element of the 1990 Clean Air
Act is a requirement to regulate non-road engines if they are found
to be significant contributors to urban air pollution. As part of
the resultant regulatory development process, EPA initiated an
emission testing program to collect data on the class of engines
for which the regulations were being developed. The program also
investigated likely control strategies that would be employed as a
result of the regulations under consideration and the impact of
these strategies on emissions. Of particular interest was the
ability of injection timing retardation to lower NO, emission
levels and, in turn, its effect on the other regulated emissions
levels. Secondarily, the program studied the relationship between
On-Highway HD-FTP and 8-mode steady-state emission data on current
and potential future non-road engines.

Test results for five engine configurations (three John Deere
engine configurations and two Ford New Holland engine
configurations) are presented in this report. The John Deere
engine configurations consisted of a production non-road engine,
the same engine with retarded injection timing, and the same engine
with modified fuel injectors (while maintaining the aforementioned
retarded injection timing). The Ford New Holland engine
configurations consisted of a production non-road engine and the
same engine with retarded injection timing.

. 3. Engines

Table 3.1 summarizes the specifications for the two engines
(five engine configurations) which were used in this program. The
1990 model year John Deere 6068T was a turbocharged, in-line 6-
cylinder, 6.8 L displacement heavy-duty diesel engine. Rated and
peak torque speed for this direct injection engine were 2200 and
1300 RPM, respectively, with a rated horsepower of 139 hp (103.7
kW) .

The 1991 model year Ford New Holland heavy-duty diesel engine
was an in-line 6-cylinder, 7.5 L displacement, with no
turbocharging. Rated speed and peak torque speeds for this direct
injection engine were 2100 and 1200 RPM respectively, with a rated
horsepower of 127 hp (94.7 kW).
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Table 3.1
Engine Specifications

Manufacturer John Deere Ford New

Holland
Model 6068T -——
Use Log-Skidder Ag. Tractor
Engine Serial Number JDPRODT6066T35IL 358/117-91-89V
Model Year 1990 1991
Rated Power (bhp) 139 127
Rated Speed (rpm) 2200 2100
Peak Torque (ft-1b) 467 383
Peak Torque Speed (rpm) 1300 1200
Injection Timing (°BTDC) 15! ~ 72 8! ~ 4
Injectors Product.?® | Product.? | Modified Product.?
Cylinders 6 6
Cylinder Configuration in-line in-line
Bore x Stroke (in) 4.19 x 5.0 4.4 x 5.0
Displacement (in® - liter) 414 - 6.8 456 - 7.5
Aspiration turbo natural
Aftercooling none none

;Production injection timing.
Retarded injection timing.
Production.

The modified injectors used with the John Deere 6068T engine

were actually experimental injectors provided by John Deere.

They

were designed to provide better targeting of the fuel spray plume
at retarded injection timings.
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4. Fuel

The D-2 diesel fuel used for all testing was purchased from
Phillips 66 Company. The characteristics of this fuel were
provided by Phillips 66 Company in their product information
report, a copy of which is included in Appendlx A. Pertinent fuel
properties are given in Table 4.1.

Table 4.1
Diesel Fuel Analysis and CFR Specifications
CFR Specifications* Phillips
Item Petroleum
ASTM TEST Type D-2 Analysis
Cetane Number D613 42-50 46.0
Distillation Range: |
IBP °F D86 340-400 364
10% Point, °F D86 400-460 441
50% Point, °F D86 470-540 509
90% Point, °F D86 550-610 580
EP, °F D86 580-660 622
Gravity, API D287 33-37 34.8
Total Sulfur, % D129 or D2622 0.20-0.50 0.26
Hydrocarbon
Composition:
Aromatics, $% D1319 27° 36.4
Paraffins, Naphthenes, |D1319 c 63.6
Olefins
Flashpoint, °F (min.) D93 130 180
Viscosity, Centistokes D445 2.0-3.2 2.6
*Diesel fuel specification as in CFR 86.1313-90(b) (2) for 1990
on-road heavy-duty diesel engines.
"Minimum
‘Remainder

The fuel was introduced to the engine by transferring it from
the barrel in which it was shipped to the normal laboratory fuel
delivery system by an auxiliary lift pump. It was presented to the
engine at a pressure of 0 to 0.5 psi and a temperature less than
100° F.
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5. Test Procedures

5.1 Steady State Performance

Each of the engines were set up in the EPA National Vehicle
and Fuel Emissions Laboratory (NVFEL) test cell #1 and run at
measured rated speed and peak torque speed, with the rack lever
wide open at both speeds. At both of these conditions, the speed,
torque, and fuel flow were measured after stabilization occurred.
Each condition was considered stable when the engine oil
temperature stayed within + 2° F of the stabilized value for two
minutes. These speed, torque, and fuel flow values were compared
to the manufacturers’ data to ensure that the engine was set-up and
running correctly.

5.2 HD-FTP Transient Testing

Following a torque map of the engine, two EPA on-highway HD-
FTP transient test sequences per engine were performed. A test
sequence consisted of one cold-start transient test plus two
consecutive hot-start transient tests (sequence = 1 cold-start + 2
hot-start). All gaseous (HC, CO, and NO,) and particulate matter

(PM) emissions were collected for each HD-FTP test. The cold-
start and first hot-start were used in determining the composite
result. The HD-FTP transient emissions tests were performed

following procedures given in CFR 40 Part 86 Subpart N for on-
highway heavy-duty diesel emissions measurement.

5.3 Steady State (8-Mode) Testing

Two 8-mode steady state emission tests were performed on each
of the three John Deere 6068T engine configurations and on each of
the two Ford New Holland engine configurations. The ISO 8178 8-
mode test procedure (which is very similar to the proposed non-road
test procedure found in CFR 40 Part 89 - Control of Emission from
New and In-Use Nonroad Engines for New Nonroad Compression-Ignition
Engines at or above 50 Horsepower, Subpart D and E - Emission Test
Equipment Equipment Provisions and Procedures) was used along with
particulate matter procedures described in Appendix B. Gaseous
emissions (HC, CO, and NO,) and particulate matter (PM) were
measured for each individual mode, then a composite brake-specific
emission rate was computed using assigned weighting factors. All
emissions measurements used dilute full-flow CVS sampling
techniques and one particulate filter for each mode.

5.4 Federal On—-Highway Smoke Testing

A modified version of the Federal on-highway smoke test was
performed on each of the three John Deere 6068T engine
configurations and on each of the two Ford New Holland engine
configurations. These tests were not intended to yield Federal
Smoke Test Procedure results, but rather were performed in order to
observe the directional change in smoke levels due to injection
timing. The results are summarized in a memorandum in Appendix C.
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6. John Deere 6068T Engine, Production Injection Timing,
Production Injectors Testing/Results

6.1 Steady State Performance Evaluation

The engine was mounted on the test stand and its flywheel
connected to the dynamometer through a drive shaft torquemeter.
The exhaust outlet was connected to the part of the system which
transfers the exhaust to the dilution tunnel.

With the installation complete, the engine was run at steady
state conditions while speeds, torques, and fuel flows were
recorded. These values were compared to the engine manufacturer’s
values (see Table 6.1) and were found to be similar.

6.2 HD~FTP Transient Testing/Results

After the engine was torque mapped, two HD-FTP transient test
sequences were run. Each sequence consisted of one cold and two
hot starts, with the composite results computed from the cold-start
and first hot-start. The HD-FTP test results are presented in
Table 6.2. The NO, level of 10.808 g/bhp-hr measured for this
engine configuration is higher than the on-highway pre-control
standard level of 10.7 g/bhp~hr. However, the measured PM level of
0.405 g/bhp~hr is lower than the on-highway first level of control
of 0.6 g/bhp-hr. This is probably due to an advanced engine timing
schedule.

6.3 Steady State (8-Mode) Testing/Results

The steady-state test was performed twice on this engine
configuration. Average composite HC, CO, NO,, and PM levels were
determined to be 0.427, 3.144, 11.758, and 0.422 g/bhp-hr
respectively. Both NO, and PM results were higher on the 8-mode
steady—-state test than on the HD-FTP transient test.

The detailed 8-mode steady-state test results are presented in
Tables 6.3 and 6.4. These tables are broken down into four groups,
with the first grouping of data identifying the actual test modes,
and modal weighting factor used in computing the modal-weighted
composite brake specific emissions at the bottom of each table.
The other groupings of data include the mass emission rate in
grams/hour for each mode, the fuel specific emission result at each
mode in grams/pound of fuel consumed, and finally the brake
specific emission rate at each mode is given in grams/horsepower-
hour.
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Table

6.1

John Deere 6068T Engine, Production Injection Timing,
Production Injectors Steady State Performance Data

TORQUE, FT-LB FUEL FLOW, GAL/HR
LAB ‘
1300 rRPM | 2200 RPM | 1300 RPM 2200 RPM
JOHN DEERE VALUES 467.0 332.0 5.7 7.2
EPA VALUES 479.0 334.0 5.7 7.2
Table 6.2

John Deere 6068T Engine, Production Injection Timing,
Production Injectors HD-FTP Transient Test Results

HC co NO, PM
{g/bhp-hr) {g/bhp-hr) {g/bhp=hr) {g/bhp-hr)
First Sequence
Cold Start 1.031 4.189 10.859 0.426
Hot Start #1 0.878 3.803 10.588 0.408
Hot Start #2 0.878 3.598 10.729 0.389
Composite? 0.900 3.858 10.627 0.411
Second Sequence
Cold Start 1.040 3.723 10.962 0.520
Hot Start #1 0.778 3.291 10.994 0.378
Hot Start #2 0.747 3.400 10.789 0.386
Composite? 0.816 3.353 10.989 0.398
Average? 0.858 3.606 10.808 0.405

lcomposite = 1/7(Cold Start) + 6/7 (Hot Start

Average of the 2 composite values.

#1)
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Table 6.3

John Deere 6068T Engine, Production Injection Timing, Production Injectors

8-Mode Steady-State #1 Emission Results

8-Mode Test Points

Weighting Speed Torque
Mode Speed Load % Factor rpm ft-1b BHP
1 Int 50 10% 1300 244.5 60.5
2 Int 75 10% 1300 360.5 89.2
3 Int 100 10% 1300 482.0 119.3
4 Rated 100 15% 2200 338.0 141.6
5 Rated 75 15% 2200 253.0 106.0
6 Rated 50 15% 2200 169.2 70.9
7 Rated 10 10% 2200 37.0 15.5
8 Idle 0 15% 960 4.0 0.7
_ Mode g/hr results

Fuel HC co NO, PM

Mode HP 1b/hr g/hr g/hr g/hr g/hr
1 60.5 20.97 25.27 25.72 847.98 6.39
2 89.2 29.34 27.67 37.16 1311.29 12.02
3 119.3 39.86 21.19 235.79 1641.40 23.29
4 141.6 50.30 35.54 663.68 1667.27 61.21
5 106.0 39.82 28.46 334.40 1027.90 60.74
6 70.9 27.23 42.94 180.05 558.95 46.46
7 15.5 12.56 66.43 112.9%0 167.47 12.13
8 0.7 2.09 25.98 59.83 68.43 3.86

Mode g/1lb fuel

Fuel HC co NO, PM

Mode HP 1b/1b g/1lb g/lb g/lb g/1b
1 60.5 NA 1.20 1.23 40.44 0.30
2 89.2 NA 0.94 1.27 44.69 0.41
3 119.3 NA 0.53 5.92 41.18 0.58
4 141.6 NA 0.71 13.19 33.15 1.22
5 106.0 NA 0.71 8.40 25.81 1.53
6 70.9 NA 1.58 6.61 20.53 1.71
7 15.5 NA 5.29 8.99 13.33 0.97
8 0.7 NA 12.43 29.62 32.74 1.84

Mode g/bhp—-hr
BSFC HC co NO, PM
Mode HP lb/hp=hr g/bhp-hr g/bhp-hr g/bhp-hr g/bhp-hr
1 60.5 0.346 0.42 0.42 14.01 0.11
2 89.2 0.329 0.31 0.42 14.70 0.13
3 119.3 0.334 0.18 1.98 13.76 0.20
4 141.6 0.355 0.25 4.69 11.78 0.43
5 106.0 0.376 0.27 3.16 9.70 0.57
6 70.9 0.384 0.61 2.54 7.89 0.66
7 15.5 0.810 4.29 7.28 10.81 0.78
8 0.7 NA NA NA NA NA
BSFC HC Cco NO, PM
8-Mode 1b/hp-hr g/bhp-hr g/bhp-hr g/bhp-hr g/bhp-hr

Weighted 0.346 0.445 2.972 11.728 0.409
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Table 6.4

John Deere 6068T Engine, Produation Injection Timing, Production Injectors

8-Mode Steady-State #2 Emission Results

8-Mode Test Points
Weighting Speed Torque
Mode Speed Load % Factor rpm ft-1b BHP
1 Int 50 10% 1300 241.0 59.7
2 Int 75 10% 1300 358.2 88.7
3 Int 100 10% 1300 483.2 119.6
4 Rated 100 15% 2200 335.0 140.3
5 Rated 75 15% 2200 252.1 105.6
6 Rated 50 15% 2200 169.0 70.8
7 Rated 10 10% 2200 36.4 15.2
8 Idle 0 15% 960 4.0 0.7
Mode g/hr results )

Fuel HC co NO, PM

Mode HP 1b/hr g/hr g/hr g/hr g/hr
1 89.7 18.96 22.20 23.16 890.44 6.23
2 88.7 29.42 27.69 40.91 1361.71 12.66
3 119.6 41.95 17.90 301.77 1678.65 25.13
4 140.3 50.37 30.73 678.98 1647.62 63.11
5 105.6 41.93 24.63 398.36 971.83 57.11
6 70.89 27.25 41.08 231.96 548.46 57.82
7 15.2 12.57 60.66 101.58 170.17 12.38
8 0.7 2.09 24.55 57.87 65.21 4.04

Mode g/lb fuel

Fuel HC co NO, PM

Mode HP 1b/1b g/1b g/1b g/1b g/1lb
1 59.7 NA 1.17 1.22 46.96 0.33
2 88.7 NA 0.94 1.39 46.29 0.43
3 119.6 NA 0.43 7.19 40.02 0.60
4 140.3 NA 0.61 13.48 32.71 1.25
S 105.¢6 NA 0.59 9.50 23.18 1.36
6 70.8 NA 1.51 8.51 20.13 2.12
7 15.2 NA 4.83 8.08 13.54 0.98
8 0.7 NA 11.75 27.69 31.20 1.93

Mode g/bhp-hr
BSFC HC co NO, PM
Mode HP 1b/hp=hr g/bhp=hr g/bhp~hr g/bhp=hr g/bhp~hr
1 59.7 0.318 0.37 0.39 14.93 0.10
2 88.7 0.332 0.31 0.46 15.36 0.14
3 119.6 0.351 0.15 2.52 14.04 0.21
4 140.3 0.359 0.22 4.84 11.74 0.45
5 105.6 0.397 0.23 3.77 9.20 0.54
6 70.8 0.385 0.58 3.28 7.75 0.82
7 15.2 0.824 3.98 6.66 11.16 0.81
8 0.7 NA NA NA NA NA
BSFC HC co NO, PM
8-Mode 1b/hp-hr g/bhp-hr g/bhp—-hr g/bhp—hr g/bhp-hr

Weighted 0.351 0.408 3.316 11.787 0.434




17

7. John Deere 6068T Engine, Retarded Injection Timing,
Production Injectors Testing/Results

7.1 Steady State Performance Evaluation

While the engine remained installed in the test cell, the
injection timing was retarded to approximately 7° BTDC from 15°
BTDC. The engine was then run at steady state conditions while
speeds, torques, and fuel flows were recorded. These values were
compared to the engine manufacturer’s production engine, production
injection timing data (see Table 7.1) and notable differences in
the torque measurements were discovered. These differences could
be adequately explained by the retarded injection timing and thus
EPA concluded that the engine was operating properly.

7.2 HD-FTP Transient Testing/Results

After the engine was torque mapped, two HD-FTP transient test
sequences were run. Average composite HC, CO, NO,, and PM levels
were determined to be 1.580, 5.433, 5.650, and 0.992 g/bhp-hr
respectively. NO, was reduced by 47.7% while HC, CO, and PM
increased due to the injection timing retardation. The HD-FTP test
results for the retarded John Deere engine configuration are
presented in Table 7.2.

7.3 Steady State (8-Mode) Testing/Results

The steady-state test was performed twice on this engine
configuration. Average composite HC, CO, NO,, and PM levels were
determined to be 0.933, 4.770, 6.340, and 1.089 g/bhp-hr
respectively. Due to injection timing retardation, the HD-FTP
transient test showed NO, and PM changes of =-47.7% and 144.9%
respectively, while the steady-state test showed very similar
changes of =-46.1% and 158.1% for NO, and PM. The detailed 8-mode
steady-state test results are presented in Tables 7.3 and 7.4.
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Table 7.1
John Deere 6068T Engine, Retarded Injection Timing,
Production Injectors Steady State Performance Data

TORQUE, FT-LB FUEL FLOW, GAL/HR

LAB 1300 RPM | 2200 RPM | 1300 RPM | 2200 RPM
JOHN DEERE VALUES! 467.0 332.0 5.7 7.2
EPA VALUES 476.0 320.0 5.7 7.2

1Engine manufacturer’s production engine, production injection timing data.

Table 7.2
John Deere 6068T Engine, Retarded Injection Timing,
Production Injectors HD-FTP Transient Test Results

HC co NO_ PM
(g/bhp-hr) (g/bhp-hr) (g/bhp-hr) {g/bhp-hr)
First Sequence
Cold start 2.204 6.104 5.694 1.135
Hot Start #1 1.616 5.444 5.634 1.003
Hot Start #2 1.436 4.905 5.506 0.928
Composite? 1.701 5.539 © 5.643 1.022
Second Sequence
Cold Start 1.871 6.170 5.926 1.048
Hot Start #1 1.390 5.186 5.611 0.948
Hot Start #2 1.357 4.930 5.648 0.937
Composite! 1.459 5.326 5.656 0.962
Average? I' 1.580 5.433 5.650 0.992

lComposite = 1/7(Cold Start) + 6/7 (Hot Start #1)
Average of the 2 composite values.
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Table 7.3

John Deere 6068T Engine, Retarded Injection Timing, Production Injectors
8-Mode Steady-State #1 Emission Results

8-Mode Test Points

Weighting Speed Torque

Mode Speed Load % Factor rpm ft-1b BHP
1 Rated 100 15% 2200 320.0 134.0
2 Rated 75 15% 2200 241.0 101.0
3 Rated 50 15% 2200 161.5 67.7
4 Rated 10 10% 2200 37.0 15.5
5 Int 100 10% 1300 476.0 117.8
6 Int 75 10% 1300 356.0 88.1
7 Int 50 10% 1300 260.0 64.4
8 Idle 0 15% 960 5.0 0.9

Mode g/hr results
Fuel! HC co NO, PM

Mode HP 1b/hr g/hr g/hr g/hr g/hr
1 134.0 50.78 29.26 682.85 799.56 145.85
2 101.0 42,26 27.71 579.61 502.81 132.06
3 67.7 29.54 43.40 255.64 300.36 70.13
4 15.5 16.88 436.66 521.87 97.58 92.34
5 117.8 42.20 18.20 289.99 971.62 97.99
6 88.1 33.76 26.14 60.98 610.25 35.36
7 64.4 21.10 20.78 431.65 442.84 92.89
8 0.9 2.76 25.58 65.84 36.26 4.02

Tuel consumption 18 measured,

only 1

e mode is calculated Irom exhaust emissions.

Mode g/lb fuel

Fuel HC co NO, PM

Mode HP 1b/1b g/lb g/1lb g/1lb g/lb
1 134.0 NA 0.58 13.45 15.75 2.87
2 101.0 NA 0.66 13.72 11.90 3.12
3 67.7 NA 1.47 8.65 10.17 2.37
4 15.5 NA 25.87 30.92 5.78 5.47
5 117.8 NA 0.43 6.87 23.02 2.32
6 88.1 NA 0.77 1.81 18.08 1.05
7 64.4 NA 0.99 20.46 20.99 4.40
8 0.9 NA 9.27 23.86 13.14 1.46

Mode g/bhp—~hr
BSFC HC co NO, PM
Mode HP 1lb/hp~hr g/bhp-hr g/bhp-hr g/bhp-hr g/bhp—~hr
1 134.0 0.379 0.218 5.094 5.965 1.088
2 101.0 0.419 0.274 5.741 4.981 1.308
3 67.7 0.437 0.642 3.779 4.440 1.037
4 15.5 1.089 28.173 33.671 6.296 5.958
5 117.8 0.358 0.155 2.461 B8.246 0.832
6 88.1 0.383 0.297 0.692 6.9285 0.401
7 64.4 0.328 0.323 6.707 6.881 1.443
8 0.9 NA NA NA NA NA
BSFC HC co NO, PM
8-Mode 1b/hp-hr g/bhp~hr g/bhp-hr g/bhp-hr g/bhp-hr

Weighted 0.356 0.932 4.966 6.181 1.142
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Table 7.4

John Deere 6068T Engine, Retarded Injection Timing, Production Injectors
8-Mode Steady-State #2 Emission Results

8~-Mode Test Points
Weighting Speed Torque
Mode Speed Load % Factor rpm ft-1lb BHP
1 Rated 100 15% 2200 320.5 134.3
2 Rated 75 15% 2200 244 .0 102.2
©3 Rated 50 15% 2200 163.5 €8.5
4 Rated 10 10% 2200 32.0 13.4
S Int 100 10% 1300 475.0 117.6
6 Int 75 10% 1300 352.0 87.1
7 Int 50 10% 1300 243.5 60.3
8 Idle 0 15% 960 0.0 0.0
Mode g/hr results
Fuel! HC cO NO, PM
Mode HP lb/hr g/hr g/hr g/hr g/hr
1 134.3 50.67 30.80 805.31 863.44 154.52
2 102.2 42.22 26.93 564.26 544 .52 132.82
3 68.5 29.54 42.83 258.60 325.12 71.53
4 13.4 14.76 438.38 502.25 87.43 80.56
5 117.6 42.17 17.84 274.79 1010.78 94.22
6 87.1 29.54 24.07 49.64 634.49 33.84
7 60.3 18.99 20.90 29.72 395.20 10.09
8 0.0 2.56 23.36 44.30 35.86 3.64
Fuel consumption 1s measured, only idle mode is calculated from exhaust emissions.
Mode g/lb fuel
Fuel HC co No, PM
Mode HP 1b/1b g/1lb g/1lb g/1lb g/lb
1 134.3 NA 0.61 15.89 17.04 3.05
2 102.2 NA 0.64 13.36 12.90 3.15
3 68.5 NA 1.45 8.75 11.01 2.42
4 13.4 NA 29.70 34.03 5.92 5.46
5 117.6 NA 0.42 6.52 23.97 2.23
6 87.1 NA 0.81 1.68 21.48 1.15
7 60.3 NA 1.10 1.56 20.81 0.53
8 0.0 NA 9.13 17.30 14.01 1.42
Mode g/bhp-hr
BSFC HC co NO, PM
Mode HP 1b/hp-hr g/bhp-hr g/bhp~hr g/bhp~hr g/bhp-hr
1 134.3 0.377 0.229 5.998 6.431 1.151
2 102.2 0.413 0.263 5.521 5.328 1.299
3 68.5 0.431 0.625 3.776 4.747 1.044
q 13.4 1.101 32.704 37.469 6.523 6.010
5 117.6 0.359 0.152 2.337 8.597 0.801
6 87.1 0.339 0.276 0.570 7.282 0.388
7 60.3 0.315 0.347 0.493 6.557 0.167
8 0.0 NA NA NA NA NA
BSFC HC co NO, PM
8-Mode 1b/hp-hx g/bhp-hr g/bhp~hr g/bhp-~hr g/bhp~hr
Weighted 0.370 0.934 4.573 6.498 1.036
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8. John Deere 6068T Engine, Retarded Injection Timing,
Modified Injectors Testing/Results

8.1 Steady State Performance Evaluation

While the engine injection timing remained in the retarded
condition of approximately 7° BTDC, the production injectors were
replaced with "modified" injectors. These "modified" injectors
were designed to provide better combustion chamber targeting of the
fuel spray plume at retarded injection timings. The engine was
then run at steady state conditions while speeds, torques, and fuel
flows were recorded. These values were compared to the engine
manufacturer’s production engine, production injection timing data
(see Table 8.1) and a notable difference in the torque measurement
at 1300 rpm was discovered. This difference could be attributed to
the combination of the retarded injection timing and "modified"
injectors and thus the difference was not investigated in this
program.

8.2 HD-FTP Transient Testing/Results

After the engine was torque mapped, two HD-FTP transient test
sequences were run. Average composite HC, CO, NO,, and PM levels
were determined to be 0.839, 4.262, 6.038, and 0.810 g/bhp-hr
respectively. NO, slightly increased while HC, CO, and PM were
reduced in comparison to the retarded configuration wusing
production injectors. The HD-FTP test results for the John Deere
engine retarded timing configuration equipped with "modified"
injectors are presented in Table 8.2.

8.3 Steady State (8-Mode) Testing/Results

The steady-state test was performed twice on this engine
configuration. Average composite HC, CO, NO,, and PM levels were
determined to be 0.774, 3.564, 7.327, and 0.866 g/bhp-hr
respectively. 1In comparison to the retarded engine configuration
using production injectors, the "modified" injectors showed NO, and
PM changes of 15.6% and -20.5% respectively, over the steady-state
test. Similarly, the HD-FTP transient test showed changes of 6.9%
and -18.3% for NO, and PM, respectively. The detailed 8-mode
steady-state test results are presented in Tables 8.3 and 8.4.
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Table 8.1
John Deere 6068T Engine, Retarded Injection Timing,
Modified Injectors Steady State Performance Data

TORQUE, FT-LB FUEL FLOW, GAL/HR
LAD 1300 RPM 2200 RPM 1300 RPM 2200 RPM
JOHN DEERE VALUES! 467.0 332.0 5.7 7.2
EPA VALUES 485.0 331.5 5.7 7.2

1Engine manufacturer’s production engine, production injection timing data.

Table 8.2
John Deere 6068T Engine, Retarded Injection Timing,
Modified Injectors HD-FTP Transient Test Results

HC co NO, PM
(g/bhp-hr) (g/bhp-hr) (g/bhp-hr) (g/bhp-hr)
First Sequence
Cold Start 1.135 5.085 5.907 0.895
Hot Start #1 0.791 4,116 5.907 0.794
Hot Start #2 0.716 3.961 5.931 0.754
Composite!? 0.840 4.255 5.907 0.808
Second Sequence
Cold sStart 1.261 5.324 6.446 0.937
Hot Start #1 0.765 4.089 6.121 0.790
Hot Start #2 0.822 4.215 6.185 0.758
Composite? 0.837 4.268 6.168 0.811
Average?’ 0.839 4.262 6.038 " 0.810

1Composite = 1/7(Cold Start) + 6/7(Hot Start #1)
Average of the 2 composite values.
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Table 8.3

John Deere 6068T Engine, Retarded Injection Timing, Modified Injectors

8-Mode Steady-State #1 Emission Results

8-Mode Test Points

Weighting Speed Torque
Mode Speed Load % Factor rpm ft-1b BHP
1 Rated 100 15% 2200 331.5 138.9
2 Rated 75 15% 2200 250.2 104.8
3 Rated 50 15% 2200 165.5 69.3
4 Rated 10 10% 2200 37.0 15.5
5 Int 100 10% 1300 485.0 120.0
6 Int 75 10% 1300 364.0 90.1
7 Int 50 10% 1300 245.0 60.6
8 Idle 0 15% 960 3.0 0.5
Mode g/hr results

Fuel! HC co NO, PM

Mode HP 1b/hr g/hr g/hr g/hr g/hr
1 138.9 50.62 14.33 535.64 990.42 138.54
2 104.8 40.06 12.84 364.06 €18.52 116.96
3 69.3 27.39 22.37 176.21 356.90 62.33
4 15.5 12.64 490.19 516.66 99.36 88.57
S 120.0 40.02 9.06 351.76 1114.93 67.88
6 90.1 29.52 13.61 51.75 767.56 21.67
7 60.6 18.97 4.03 6.84 464.72 1.74
8 0.5 2.25 21.62 48.41 27.99 3.31
Fue]l consumption i3 measured, only idle mode 18 calculated from exhaust emissions.

Mode g/1b fuel

Fuel HC Cco NO, PM

Mode HP 1b/1b g/1lb g/1lb g/lb g/1lb
1 138.9 NA 0.28 10.58 19.57 2.74
2 104.8 NA 0.32 9.09 15.44 2.92
3 69.3 NA 0.82 6.43 13.03 2.28
4 15.5 NA 38.78 40.88 7.86 7.01
5 120.0 NA 0.23 8.79 27.86 1.70
6 90.1 NA 0.46 1.75 26.00 0.73
7 60.6 NA 0.21 0.36 24.50 0.09
8 0.5 NA 9.61 21.51 12.44 1.47

Mode g/bhp-hr
BSFC HC co NO, PM
Mode HP 1b/hp-hr g/bhp—hr g/bhp-hr g/bhp~hr g/bhp-hr
1 138.9 0.365 0.103 3.857 7.132 0.998
2 104.8 0.382 0.123 3.474 5.902 1.116
3 69.3 0.395 0.323 2.542 5.148 0.899
4 15.5 0.816 31.627 33.335 6.411 5.715
5 120.0 0.333 0.075 2.930 9.287 0.565
6 90.1 0.328 0.151 0.574 8.519 0.240
7 60.6 0.313 0.066 0.113 7.663 6.029
8 0.5 NA NA NA NA NA
BSFC HC co NO, PM
8-Mode 1b/hp-hr g/bhp-hr g/bhp-hr g/bhp-hr g/bhp-hr

Weighted 0.303 0.824 3.454 7.186 0.874
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Table 8.4
John Deere 6068T Engine, Retarded Injection Timing, Modified Injectors
8-Mode Steady-State #2 Emission Results

8—-Mode Test Points

Weighting Speed Torque

Mode Speed Load % Factor rpm ft-1lb BHP
1 Rated 100 15% 2200 331.5 138.9
2 Rated 75 15% 2200 251.0 105.1
3 Rated 50 15% 2200 166.0 69.5
4 Rated 10 10% 2200 34.0 14.2
5 Int 100 10% 1300 485.0 120.0
6 Int 75 10% 1300 365.1 90.4
7 Int 50 10% 1300 242.0 59.9
8 Idle 0 15% 960 3.0 0.5

Mode g/hr results
Fuel! HC CcO NO, PM

Mode HP lb/hr g/hr g/hr g/hr g/hr
1 138.9 50.90 15.72 642 .32 1045.04 138.23
2 105.1 40.24 13.90 410.23 634.90 117.78
3 69.5 29.61 23.56 186.12 374.03 63.85
4 14.2 14.78 402.19 450.68 100.08 69.35
5 120.0 40.09 11.27 321.13 1157.64 65.86
6 90.4 29.56 13.25 54.33 763.54 20.85
7 59.9 19.00 13.40 27.11 472.92 6.58
8 0.5 2.41 18.08 43.49 45.52 3.39

ue consumpE:Lon 13 measured, only 1dle mode 1s calculated Erom exhaust emissions.

Mode g/lb fuel

Fuel HC co NO, PM

Mode HP 1b/1b g/1b g/1b g/1lb g/1lb
1 134.3 NA 0.31 12.62 20.53 2.72
2 102.2 NA 0.35 10.19 15.78 2.93
3 68.5 NA 0.80 6.29 12.63 2.16
4 13.4 NA 27.21 30.49 6.77 4.69
5 117.6 NA 0.28 8.01 28.88 1.64
6 87.1 NA 0.45 1.84 25.83 0.71
7 60.3 NA 0.71 1.43 24.89 0.35
8 0.0 NA 7.50 18.05 18.89 1.41

, Mode g/bhp—hr
BSFC HC cO NO, . PM
Mode HP 1b/hp~hr g/bhp-hr g/bhp-hr g/bhp~hr g/bhp~hr
1 134.3 0.367 0.113 4.626 7.526 0.995
2 102.2 0.383 0.132 3.902 6.039 1.120
3 68.5 0.426 0.339 2.677 5.379 0.918
4 13.4 1.038 28.239 31.644 7.027 4.869
5 117.6 0.334 0.094 2.675 9.643 0.549
6 87.1 0.327 0.147 0.601 8.449 0.231
7 60.3 0.317 0.224 0.453 7.895 0.110
8 0.0 NA NA NA NA NA
BSFC HC co NO, PM
8-Mode 1b/hp-hr g/bhp=hr g/bhp=hr g/bhp~hr g/bhp~hr

Weighted 0.348 0.724 3.674 7.468 0.857
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9. Ford New Holland Engine, Production Injection Timing
Testing/Results

9.1 Steady State Performance Evaluation

The Ford New Holland engine was installed in the test cell and
the torque and fuel flow data values were recorded and compared to
the engine manufacturer’s data (see Table 9.1). The data were
found to be similar and thus EPA judged the engine was operating
properly.

9,2 BD-FTP Transient Testing/Results

After the engine was torque mapped, two HD-FTP transient test
sequences were run. Average composite HC, CO, NO,, and PM levels
were determined to be 2.116, 5.288, 10.590, and 0.902 g/bhp-hr
respectively. The NO, level was near uncontrolled on-road levels,
and the PM was relatively high, especially considering the
relatively high NO, level. The HD-FTP test results for the
production injection timing Ford New Holland engine configuration
are presented in Table 9.2.

9.3 Steady State (8-Mode) Testing/Results

The steady-state test was performed twice on this engine
configuration. Average composite HC, CO, NO,, and PM levels were
determined to be 0.703, 5.575, 9.272, and 0.963 g/bhp-hr
respectively. The values for CO and PM were similar for both test
procedures, but HC and NO, were 66.8% and 12.4% lower on the 8-mode
steady-state test than on the HD-FTP. The detailed 8-mode steady-
state test results are presented in Tables 9.3 and 9.4.
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Table 9.1
Ford New Holland Engine, Production Injection Timing
Steady State Performance Data

TORQUE, FT-LB FUEL FLOW, GAL/HR
LAB
1260 RPM 2100 RPM 1200 RPM 2100 RPM
FORD N.H. VALUES 383.0 318.0 4.5 7.0
EPA VALUES 380.0 322.0 4.8 7.2
-Table 9.2

Ford New Holland Engine, Production Injection Timing
- HD-FTP Transient Test Results

HC co NO, PM
(g/bhp-hr) (g/bhp-hr) (g/bhp-hr) (g/bhp-hr)
First Sequence
Cold Start 2.313 5.330 11.047 0.938
Hot Start #1 2.040 4.874 10.927 0.924
Hot Start #2 2.025 4.815 10.104 0.939
Composite? 2.080 4.940 10.944 0.926
Second Sequence
Cold Start 2.537 6.158 11.156 0.985
Hot Start #1 2.086 5.546 10.079 0.859
Hot Start #2 2.097 5.450 9.565 0.971
Composite? 2.151 5.635 10.235 0.877
Average? 2.116 5.288 10.590 0.902

lcomposite = 1/7(Cold Start) + 6/7(Hot Start #1)
Average of the 2 composite values.
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Table 5.3

Ford New Holland Engine, Production Injection Timing

8-Mode Steady-State #1 Emission Results

8-Mode Test Points

Weighting Speed Torque

Mode Speed Load % Factor rpm ft~-1b BHP
1 Rated 100 15% 2100 322.0 128.8
2 Rated 75 15% 2100 242.7 97.0
3 Rated 50 15% 2100 164.0 65.6
4 Rated 10 10% 2100 34.5 13.8
5 Int 100 10% 1260 380.0 91.2
6 Int 75 10% 1260 287.9 69.1
7 Int 50 10% 1260 192.4 46.2

8 Idle 0 15% 875 4.5 0.7

Mode g/hr results

Fuel HC co NO, PM

Mode HP lb/hr g/hr g/hr g/hr g/hr
1 128.8 50.64 8.29 1242.97 1137.29 211.85
2 97.0 33.75 53.62 210.10 892.27 42.79
3 65.6 25.32 75.11 99.23 587.02 33.33
L 13.8 12.67 113.34 129.32 165.95 29.23
5 91.2 33.81 18.78 1070.87 750.66 118.92
6 69.1 23.24 43.35 84.56 699.08 24.12
7 46.2 14.8 50.29 55.16 447.02 27.10
8 0.7 2.25 29.02 49.07 65.71 4.87

Mode g/lb fuel

Fuel HC co NO, PM

Mode HP 1b/1b g/lb g/1lb g/1b g/1b
1 128.8 NA 0.16 24.55 22.46 4.18
2 97.0 NA 1.59 6.23 26.44 1.27
3 65.6 NA 2.97 3.92 23.18 1.32
4 13.8 NA 8.95 10.21 13.10 2.31
5 91.2 NA 0.56 31.67 22.20 3.52
6 69.1 NA 1.87 3.64 30.08 1.04
7 46.2 NA 3.40 3.73 30.20 1.83
8 0.7 NA 12.90 21.81 29.21 2.16

Mode g/bhp~hr
BSFC- HC Cco NO, PM
Mode HP 1b/hp-hr g/bhp=hr g/bhp~hr g/bhp-hr g/bhp-hr

1 128.8 0.393 0.064 9.654 8.833 1.645
2 97.0 0.348 0.552 2.165 9.195 0.441
3 65.6 0.386 1.145 1.513 8.952 0.508
4 13.8 0.918 8.216 9.375 12.030 2.119
5 91.2 0.371 0.206 11.746 8.234 1.304
6 69.1 0.336 0.628 1.224 10.121 0.349
7 46.2 0.321 1.090 1.195 9.684 0.587

8 0.7 NA NA NA NA NA

BSFC HC co NO, PM

8-Mode 1lb/hp—hr g/bhp=hr g/bhp~hr g/bhp-hr g/bhp-~hr

Weighted 0.366 0.721 5.684 9.244 0.970
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Table 9.4

Ford New Holland Engine, Production Injectien Timing

8-Mode Steady-State #2 Emission Results

8-Mode Test Points

. Weighting Speed Toxrque
Mode Speed Load % Factor rpm ft-1b BHP
1 Rated 100 15% 2100 326.0 130.4
2 Rated 75 15% 2100 245.6 98.2
3 Rated 50 15% 2100 163.5 65.4
4 Rated 10 10% 2097 34.0 13.6
S Int 100 10% 1260 385.5 92.5
6 Int 75 10% 1260 290.5 69.7
7 Int 50 10% 1260 193.5 46.4
8 Idle 0 15% 890 3.0 0.5
Mode g/hr results
Fuel HC co NO, PM
Mode HP 1b/hr g/hr g/hr g/hr g/hr
1 130.4 50.94 8.10 926.50 1138.54 216.20
2 98.2 36.08 49.03 167.62 875.08 46.50
3 65.4 25.47 72.58 81.82 714.77 31.32
4 13.6 12.74 107.20 130.98 142.26 30.02
5 92.5 33.96 15.67 1549.84 751.48 106.55
6 69.7 23.33 39.42 57.31 686.01 21.46
7 46.4 14.84 48.25 56.60 429.46 24.95
8 0.5 2.12 32.63 46.61 47.66 7.29
Mode g/lb fuel
Fuel HC co NO, PM
Mode HP 1b/1b g/1lb g/1lb g/1lb g/1lb
1 130.4 NA 0.16 18.19 22.35 4.24
2 98.2 NA 1.36 4.65 24.25 1.29
3 65.4 NA 2.85 3.21 28.06 1.23
4 13.6 NA 8.41 10.28 11.17 2.36
5 92.5 NA 0.46 45.64 22.13 3.14
6 69.7 NA 1.69 2.46 29.40 0.92
7 46.4 NA 3.25 3.81 28.94 1.68
8 0.5 NA 15.39 21.99 22.48 3.44
Mode g/bhp~hr
BSFC HC co NO, PM
Mode HP 1b/hp-hr g/bhp-hr g/bhp-hr g/bhp-hr g/bhp-hr
1 130.4 0.391 0.062 7.108 8.734 1.659
2 98.2 0.367 0.499 1.707 8.911 0.474
3 65.4 0.390 1.110 1.251 10.933 0.479
4 13.6 0.938 7.896 9.648 10.479 2.212
5 92.5 0.367 0.169 16.758 8.125 1.152
6 69.7 0.335 0.566 0.822 9.843 0.308
7 46.4 0.320 1.039 1.219 9.251 0.537
8 0.5 NA NA NA NA NA
BSFC HC co NO, PM
8-Mcde 1b/hp—-hr g/bhp-hr g/bhp—hr g/bhp-hr g/bhp~hr
Weighted 0.308 0.684 5.466 9.299 0.956
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10. Ford New Holland Engine, Retarded Injection Timing,
Testing/Results

10.1 Steady State Performance Evaluation

While the engine remained installed in the test cell, the
injection timing was retarded to approximately 4° BTDC from 8°
BTDC. The engine was then run at steady state conditions while
speeds, torques, and fuel flows were recorded. These values were
compared to the engine manufacturer’s production engine, production
injection timing data (see Table 10.1) and minor differences in the
torque and fuel flow measurements were discovered. These
differences could be explained by the retarded injection timing and
thus EPA concluded that the engine was operating properly.

10.2 HD-FTP Transient Testing/Results

After the engine was torque mapped, two HD-FTP transient test
sequences were run. Average composite HC, CO, NO,, and PM levels
were determined to be 3.639, 5.902, 7.055, and 1.262 g/bhp-hr
respectively. As with the John Deere engine, NO, was reduced while
HC, CO, and PM increased due to the injection timing retardation.
The HD-FTP test results for the Ford New Holland engine retarded
configuration are presented in Table 10.2.

10.3 Steady State (8-Mode) Testing/Results

The steady-state test was performed twice with this engine

configuration. Composite HC, CO, NO,, and PM levels were
determined to be 1.397, 4.767, 5.895, and 1.310 g/bhp-hr
respectively. Through injection timing retardation, the HD-FTP

transient test showed NO, and PM changes of =-33.4% and 39.9%
respectively, while the steady-state test showed comparable changes
of -36.4% and 36.0% for NO, and PM. These are very similar
changes. The detailed 8-mode steady-state test results are
presented in Tables 7.3 and 7.4.
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_ Table 10.1
Ford New Holland Engine, Retarded Injection Timing
Steady State Performance Data

TORQUE, FT-LB FUEL FLOW, GAL/HR
LAB 1200 RPM | 2100 RPM | 1200 RPM | 2100 RPM
FORD N.H. VALUES! 383.0 318.0 4.5 7.0
EPA VALUES 386.0 328.0 4.8 7.5

1Engine manufacturer’s production engine, production injection timing data.

Table 10.2
Ford New Holland Engine, Retarded Injection Timing
HD-FTP Transient Test Results

HC co? NO, PM
(g/bhp—hr) (g/bhp~-hr) (g/bhp-hr) (g/bhp-hr)
First Sequence
Cold Start 4.451 7.024 7.664 1.569
Hot Start #1 3.375 5.524 6.712 1.170
Hot Start #2 3.219 5.305 6.452 1.124
Composite? 3.531 5.742 6.850 1.228
Second Sequence
Cold Start 4.934 7.362 7.280 1.709
Hot Start #1 3.545 5.841 7.256 1.225
Hot Start #2 3.315 5.546 6.511 1.171
Composite? 3.746 6.061 7.259 1.295
Average’ 3.639 5.902 7.055 1.262

1c0 was measured via continuous integration rather than bag sample, which was the

method used for all the other HD-FTP CO values reported.

factor has an insignificant impact on the results.
2Composite = 1/7(Cold Start) + 6/7(Hot Start #1)
Average of the 2 composite values.

The author feels that this
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Table 10.3

Ford New Holland Engine, Retazrded Injection Timing

8-Mode Steady-State #1 Emission Results

8~Mode Test Points

Weighting Speed Torque

Mode Speed Load % Factor rpm ft-1b BHP
1 Rated 100 15% 2100 328.0 131.2
2 Rated 75 15% 2100 250.0 100.0
3 Rated 50 15% 2100 164.0 63.6
4 Rated 10 10% 2100 41.0 16.4
5 Int 100 10% 1260 386.0 92.6
6 Int 75 10% 1260 292.0 70.1
7 Int 50 10% 1260 198.0 47.5

8 Idle 0 15% 890 5.5 0.9

Mode g/hr results

Fuel HC co NO, PM

Mode HP 1b/hr g/hr g/hr g/hr g/hr
1 131.2 53.11 7.38 715.42 721.20 254.82
2 100.0 36.10 53.99 134.60 584.94 49.69
3 €5.6 25.48 83.16 139.13 403.52 20.50
4 16.4 12.74 534.35 356.80 90.35 136.99
S 92.6 33.98 14.90 1007.56 558.05 160.38
6 70.1 23.35 43.31 59.78 452.32 23.28
7 47.5 35.36 55.15 78.98 314.93 17.27
8 0.9 0.14 53.26 73.22 62.96 10.42

Mode g/lb fuel

Fuel HC ol0) NO, PM

Mode HP 1b/1b g/1lb g/1b g/1lb g/1lb
1 131.2 NA 0.14 13.47 13.58 4.80
2 100.0 NA 1.50 3.73 16.20 1.38
3 65.6 NA 3.26 5.46 15.84 0.80
4 16.4 NA 41.94 28.01 7.09 10.75
5 92.6 NA 0.44 29.65 16.42 4.72
6 70.1 NA 1.85 2.56 19.37 1.00
7 47.5 NA 1.56 2.23 8.91 0.49
8 0.9 NA 380.42 522.99 449.72 74.40

Mode g/bhp-hr
BSFC HC co NO, PM
Mode HP 1b/hp~hr g/bhp-hr g/bhp-hr g/bhp-hr g/bhp-hr

1 131.2 0.405 0.056 5.455 5.499 1.943
2 100.0 0.361 0.540 1.347 5.852 0.497
3 65.6 0.389 1.268 2.122 6.154 0.313
4 16.4 0.777 32.595 21.764 5.511 8.356
5 92.6 0.367 0.161 10.880 6.026 1.732
6 70.1 0.333 0.618 0.853 6.457 0.332
7 47.5 0.744 1.161 1.663 6.630 0.364

8 0.9 NA NA NA NA NA
BSFC HC co NO, PM

8-Mode 1b/hp=hr g/bhp-hr g/bhp~hr g/bhp-hr g/bhp~hr

Weighted 0.320 1.403 4.601 6.055 1.250
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Table 10.4

Ford New Holland Engine, Retarded Injection Timing

8-Mode Steady-State #2 Emission Results

8-Mode Test Points

Weighting Speed Torque
Mode Speed Load % Factor rpm ft-1b BHP
1 Rated 100 15% 2100 328.5 131.3
2 Rated 75 15% 2100 249.0 99.6
3 Rated 50 15% 2100 165.6 66.2
4 Rated 10 10% 2100 37.6 15.0
5 Int 100 10% 1260 386.0 32.6
6 Int 75 10% 1260 290.2 69.6
7 Int 50 10% 1260 194.0 46.5
8 Idle 0 15% 830 5.0 0.8
Mode g/hr results
Fuel HC co NO, PM
Mode HP 1b/hr g/hr g/hx g/hr g/hr
1 131.3 50.94 10.87 758.39 694.15 296.42
2 99.6 36.08 56.26 170.03 590.22 51.35
3 66.2 25.47 79.63 112.67 400.09 22.48
4 15.0 12.74 531.22 534.77 76.00 132.70
5 92.6 36.08 18.29 951.06 519.97 172.68
6 69.6 23.34 42.04 68.15 412.81 23.24
7 46.5 14.84 52.15 59.72 280.69 18.32
8 0.8 2.12 45.49 89.11 20.30 10.61
Mode g/1lb fuel
Fuel HC co NO, PM
Mode HP 1b/1lb g/1b g/1lb g/1lb g/lb
1 131.3 NA 0.21 14.89 13.63 5.82
2 99.6 NA 1.56 4.71 16.36 1.42
3 66.2 NA 3.13 4.42 15.71 0.88
4 15.0 NA 41.70 41.98 5.97 10.42
5 92.6 NA 0.51 26.36 14.41 4.79
6 69.6 NA 1.80 2.92 17.69 1.00
7 46.5 NA 3.51 4.02 18.91 1.23
8 0.8 NA 21.46 42.03 9.58 5.00
Mode g/bhp-hr
BSFC HC co NO, PM
Mode HP 1b/hp-hr g/bhp-hr g/bhp-hr g/bhp~hr g/bhp-hr
1 131.3 0.388 0.083 5.774 5.285 2.257
2 99.6 0.362 0.565 1.708 5.928 0.516
3 66.2 0.385 1.203 1.702 6.042 0.339
4 15.0 0.847 35.334 35.570 5.0S55 8.826
5 92.6 0.390 0.197 10.270 5.615 1.865
6 69.6 0.335 0.604 0.979 5.929 0.334
7 46.5 0.319 1.121 1.283 6.031 0.394
8 0.8 NA NA NA NA NA
BSFC HC Cco NO, PM
8-Mode 1b/hp-hr g/bhp-hr g/bhp-hr g/bhp~hr g/bhp=hr
Weighted 0.308 1.390 4.933 5.735 1.369
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11. Analysis and Conclusions

Emission data were taken from a John Deere 6068T production,
1990 model year, off-highway, heavy-duty diesel engine with the
injection timing fixed at both a production and retarded position.
Through injection timing retardation, the HD-FTP transient test
showed NO, and PM changes of -47.7% and 144.9% respectively, while
the steady-state (8-mode) test showed changes of -46.1% and 158.1%
for NO, and PM,

While the engine injection timing remained in the retarded
condition, the production injectors were replaced with "modified”
injectors. These "modified" injectors were actually experimental
injectors provided by John Deere. They were designed to provide
better targeting of the fuel spray plume at retarded injection
timings.

In comparison to the retarded engine configuration using
production injectors, the "modified" injectors showed NO, and PM
changes of 15.6% and -20.5% respectively, over the steady-state
test. Similarly, the HD-FTP transient test showed changes of 6.9%
and -18.3% for NO, and PM, respectively. HC and CO were also
reduced over the steady-state and HD-FTP transient tests. All of
the data mentioned above are shown in the following table (Table
11.1):
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Table 11.1
Emissions Summary For John Deere 6068T Engine
HD-FTP Transient Test Emisgsion Results
HC co NO, PM
Engine Configuration g/bhp-hr
(g/kW-hr)
Production Injection Timing, 0.858 3.606 10.808 0.405
Production Injectors (1.151) | (4.836) | (14.494) | (0.543)
Retarded Injection Timing, 1.580 5.433 5.650 0.992
Production Injectors (2.119) | (7.286) | (7.577) | (1.330)
Retarded Injection Timing, 0.839 4.262 6.038 0.810
Modified Injectors (1.125) | (5.715) | (8.097) | (1.086)
R 8-Mode Steady State Test Emission Results
HC co - NO, PM
Engi fi ti
ngine Configuration g/bhp-hr
(g/kW-hr)
Production Injection Timing, 0.427 3.144 11.758 0.422
Production Injectors (0.573) | (4.216) | (15.767) | (0.5686)
Retarded Injection Timing, 0.933 4.770 6.340 1.089
Production Injectors (1.251) | (6.397) | (8.502) | (1.460)
Retarded Injection Timing, 0.774 3.564 7.327 0.866
Modified Injectors (1.038) [ (4.779) | (9.826) | (1.161)
Finally, a Ford New Holland production, 1991 model year, off-
highway, heavy-duty diesel engine was emission tested with the

injection timing fixed at both a production and retarded position.
As with the John Deere engine, NO, was reduced while HC, CO, and PM
increased over the HD-FTP transient test due to the injection
timing retardation.

Through injection timing retardation, the HD-FTP transient
test showed NO, and PM changes of -33.4% and 39.9% respectively,
while the steady-state test showed changes of -36.4% and 36.0% for
NO, and PM. HC and CO were also reduced over the steady-state and
HD-FTP transient tests (with the exception of CO for the steady-
state test). The results for this engine are summarized in the
following table (Table 11.2):
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Table 11.2
Emissions Summary For Ford New Holland Engine
HD~FTP Transient Test Emission Results
HC co NO, PM
Engine Configuration
J e g/bhp-hr
(g/kW~hr)
Production Injection Timing 2.116 5.288 10.590 0.902
(2.838) (7.091) (14.201) (1.210)
Retarded Injection Timing 3.639 5.902! 7.055 1.262
(4.880) | (7.915)* (9.461) (1.692)
8-Mode Steady State Test Emission Results
HC co NO, PM
Engine Configuration
J Ehe g/bhp-hr
(g/kW-hr)
Production Injection Timing 0.703 5.575 9.272 0.963
(0.943) | (7.476) (12.434) (1.291)
Retarded Injection Timing 1.397 4.767 5.895 1.310
(1.873) | (6.393) (7.905) (1.757)

'This value incorporates data which was measured via continuous integration rather
than a bag sample, which was the method used for all the other HD-FTP CO values

reported.
results.

The author feels that this factor has an insignificant impact on the
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A. Fuel Specifications

J

PHILLIPS 66 COMPANY
A SUBSIDIARY OF PHILLIPS PETROLEUM COMPANY
SPECIALTY CHEMICALS

P.0. 80X 988
S8CRGER. TX 75C08-0948

Leborziory Report

DATR OF STIFHENT
06-14-91

CUSTOMER ORDER XO.
5700-09733

INV./REQN. RO.
043398

TRAILFR KO.
452

S g Y

D-2 D
107 2-16§ ZD__

TSTS RESTLT SEECIFICATIONS METHOD
API Gravicy 34.8 33.37 ASTM D-1268
Corrosien, 50C, 3 hrs 1A Report ASTM D-130
Sulfur ve$ 0.2429 0.20-0.50 ASTM D-4294%
Flash Point °?, PM 130 130 Min, ASTX D-93
Pour Point °F -43 Report ASTM D-2500
Cloud Point °PF +4 Report ASTM D-25Q0
Viscosity,cs 40e 2.8 2.0-3.2 ASTH D-445
Sulfur, wvel 0.26 0.20-0.50 ASTM D-3120
Carbon, wel 86.4 Report
Hydrogen, wt% 11.2 Repore
Net Heat of Combustion 18,094 Rsport ASTM D-3338
Particulats Matter(mg/l) 8.5 15 Max ASTM D-2276
Cetane Index 46.3 43-47 ASTM D-976
Catane Number : 46.0 42-50 ASTM D-613
DISTILIATION, °F ASTM D-86

I3p 364 340-400

5% 424

10% 441 400-4350

15% 453

20% 462

30% 479

40% 498

50% 509 470-540

60% 524

70% 538

80% 536,

90% 580 550-610

95% 600

EP. 6§22 580-660

loss 6.0

Residue ‘ 2.3
HYDROCAREON TYPE, VOLX AST™! D-1319

Aromatics 36.4 27 min.

Olefins 2.1

Saturates 81.3

100.0

VRK/1K:1af
06/14/1991 oM .8 o



B. Particulate Measurement Procedure

Steady State Particulate Measurement Example Using Full Exhaust Dilutien
Iatroduction

ons, filter paramsters (tizes, compositdons, wei and con \
o e e LR L I

calibradon fywem, st
40 CFR Part 86-Subpart N, SAR J2182, and IS0 $178.

The following sksiwch illustrates the major system pans and flows: enging exhaust (), maia
tunnsl diludon air (my), dilumd axhsust sampls from maia wnnel (my), flow from main mnnel

(m1), and flow from secondary wanel (m3). Diluten aiz flow 1o the secondary tunnel ig not
mﬁuwﬂlmm”mnmmdox“nmhmmuhmwh

ted to obtaln o fllter temperature of 3 *C o lower. A cridenl flow veaturi (CFV) with s
nominal 1180 sefm flow ram was used for the main mnnel in this example, Flow is consuant with
2 CFY fanuﬂtwgnma@am&&t& miwm&'rwo e
partculate fllters are tequired; collects most particulats and muse be at

"i. usually stightly coolar. The secondary Siter

%
:
§
i
%
%
g
L
]
-




Practice Fliter(s)

3 g 2,92 8 m. : L od uun
Blhnitiid Bl i
iR il e s

bttty il Ll

Uiy g i

yRaed885058.30 3 238u8gd

jillpeniin Gf Al
mwmmm%mmm mmmm mmwwmm
LA R e
cLERY m m = w.m ummmmm wu m Wmmmmnw
e
mmummmmm mmwmmm 3 wcm mmuwmwmm 4
mmmmm%&m“mmm SrLHEE

1k ik 1 B0 Sl

LR —_— ey -



Sample Dats Sdhest
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C. Federal On-Highway Smoke Testing Results Memorandum



3 UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
; ANN ARBOR. MICHIGAN 48105

OFFICE OF

JUL 29 1993 ’ AIR AND RADIATION

MEMCRANDUM

SUBJECT: Heavy-Duty Engine Smoke Testing - Non-Road Engine
Configurations, Injection Timing Effects

FROM: Mark H. Doorlag, P 1 g{éég%/j:f?
Technology Evaluati od{Pes port Branch

i e )
THRU : Thomas M. Baines, Senior Technical Advisor ‘f//)7 ViroL,
Technology Evaluationm~and Testing Support Branch e

TO: John F. Anderson, Chief .
Technology Evaluation and Testing Support Branch

This memo contains smoke exhaust test results from the two
non-road heavy-duty diesel engines (five engine configurations)
described in Table 1. The 1990 model year John Deere 6068T was a
turbocharged, in-line 6-cylinder, 6.8 L displacement heavy-duty
diesel engine. Rated and peak torque speed for this direct
injection engine were 2200 and 1300 RPM, respectively, with a rated
horsepower of 139 hp (103.7 kW).

The 1991 model year Ford New Holland heavy-duty diesel engine
was an 1in-line 6-cylinder, 7.5 L displacement, with no
turbocharging. Rated speed and peak torque speeds for this direct
injection engine were 2100 and 1200 RPM respectively, with a rated
horsepower of 127 hp (94.7 kW).

The modified injectors used with the John Deere 6068T engine
were actually experimental injectors provided by John Deere. They
were designed to provide better targeting of the fuel spray plume
at retarded injection timings.

A modified version of the Federal on-highway smoke test was
performed on each of the three John Deere 6068T engine
configurations and on each of the two Ford New Holland engine
configurations. These tests were not intended to yield Federal
Smoke Test Procedure results, but rather were performed in order to
observe the directional change in smoke levels due to injection
timing changes. Many tests failed the cycle statistic requirements
and all of them utilized an exhaust pipe with a 4.5 inch diameter
rather than the required 3.0 inch diameter. The results are
presented immediately after Table 1.



Table 1

Engine Configuration Specifications

Manufacturer John Deere Ford New
Holland
Model 6068T -——-
Use Log-Skidder Ag. Tractor
Engine Serial Number JOPRODTE068TISIL 358/117-91-89V
Model Year 1990 1991
Rated Power (bhp) 139 127
Rated Speed (rpm) 2200 2100
Peak Torgque (ft-1b) 467 383
Peak Torque Speed (rpm) 1300 1200
Injection Timing (°BTDC) 15t ~ 72 gt ~ 47
Injectors Product.’ | Product.’ | Modified Product.?
Cylinders 6 6
Cylinder Configuration in-line in-line
Bore x Stroke (in) 4.19 x 5.0 4.4 x 5.0
Displacement (in’ - liter) 414 - 6.8 456 - 7.5
Aspiration turbo natural
Aftercooling none none
lproduction injection timing.
Retarded injection timing.
Production.
1 John Deere 6068T Engine, Production Inijection Timing,

Production Injectors

The average acceleration,
determined to be 12.6%, 8.6%, and 22.2% respectively.
Federal smoke test results are presented in Table 2.

lug,

and peak smoke values were

The detailed



2 John Deere 6068T Engine, Retarded Inijection Timing, Production
Inijectors

The average acceleration, lug, and peak smoke values were
determined to be 20.1%, 19.7%, and 41.1% respectively. Through the
use of injection timing retardation, the HD-FTP smoke test showed
acceleration, lug, and peak smoke increases of 59.5%, 129.1%, and
85.1% respectively. The detailed smoke test results are presented
in Table 3.

3 John Deere 6068T Engine, Retarded Injection Timing, Modified
Inijectors

In comparison to the retarded engine configuration using
production injectors, the "modified" injectors showed acceleration,
lug, and peak smoke increases of 16.4%, 1.0%, and 14.6%,
respectively, over the HD-FTP smoke test. Yet, the particulate
levels (for the particulate results see the EPA Heavy-Duty Engine
Testing Report, Non-Road Engine Configurations, Injection Timing
Effectsa, Test Results - 1992, EPA-AA-TETSB-93-01) were lower using
the "modified" injectors. This was an unexpected result that could
not be explained with the data taken. The detailed smoke test
results are presented in Table 4.

4 Ford New Holland Engine, Production Inijection Timing

The average acceleration, lug, and peak smoke values were
determined to be 11.2%, 26.2%, and 26.7% respectively. The
detailed smoke test results are presented in Table 5.

5 Ford New Holland Engine, Retarded Injection Timing

The average acceleration, 1lug, and peak smoke values were
"determined to be 20.6%, 34.2%, and 34.8% respectively. Through the
use of injection timing retardation, the HD-FTP smoke test showed
acceleration, 1lug, and peak smoke increases of 83.9%, 30.5%, and
30.3% respectively. The detailed smoke test results are presented
in Table 6.

6 Conclusions

The introduction of injection timing retardation to the John
Deere 6068T engine produced an acceleration, lug, and peak smoke
increase of 59.5%, 129.1%, and 85.1% respectively. Also, in
comparison to the retarded engine configuration using production
injectors, the "modified" injectors showed acceleration, lug, and
peak smoke increases of 16.4%, 1.0%, and 14.6%, respectively, over
the smoke test (see Table 7).

The introduction of injection timing retardation to the Ford
New Holland engine produced an acceleration, lug, and peak smoke
increase of 83.9%, 30.5%, and 30.3% respectively (see Table 8).



_ Table 2
John Deere 6068T Engine, Production Injection Timing,
Production Injectors Smoke Test Results

, T
Test | Acceleration (%) | Lug (%) | Peak (%) | Linearity (rpm)

1 : 16.0 12.7 24.5 96.7
2 13.3 9.9 25.1 96.7

3

4 Avg 10.6 5.9 19.6 99.0

Average 12.6 8.6 22.2 97.9

Table 3

John Deere 6068T Engine, Retarded Injection Timing,
Production Injectors Smoke Test Results

Test Acceleration (%) | Lug (%) | Peak (%) | Linearity (rpm)
1t 18.2 18.5 37.4 101.3
2 19.0 18.0 42.4 94.7
3t 20.7 18.6 42.7 103.0
4t 20.1 19.6 42.9 109.3
5t 22.0 21.5 43.9 104.7
6! 20.7 22.0 37.1 106.0
Average 20.1 19.7 41.1 103.2

!The test failed cycle statistic requirements.



Table 4
John Deere 6068T Engine, Retarded Injection Timing,
Modified Injectors Smoke Test Results

Test Acceleration (%) | Lug (%) | Peak (%) | Linearity (rpm)
1 26.6 22.1 51.5 109.0
2t i 25.0 22.1 47.5 104.3
3t 21.7 18.6 44.3 109.7
4t 21.1 17.8 44.9 109.3
5* 23.2 19.3 48.0 109.0
6! 22.5 19.4 46.1 109.0
Average 23.4 19.9 47.1 108.4

!The test failed cycle statistic requirements.

Table 5
Ford New Holland Engine, Production Injection Timing
Smoke Test Results

Test Acceleration (%) | Lug (%) | Peak (%) | Linearity (rpm)
1! 11.4 26.2 26.8 102.3
2! 10.7 26.2 26.6 102.7
3 12.2 26.3 27.0 92.3
4! 10.3 26.1 26.4 100.0
Average 11.2 26.2 26.7 99.3

'The test failed cycle statistic requirements.



Table 6
Ford New Holland Engine, Retarded Injection Timing
Smoke Test Results

Test Acceleration (%) Lug (%) | Peak (%) Linearity (rpm)
1t 18.5 34.9 35.6 107.7
2! | 23.7 36.0 36.8 107.7
3! 21.2 32.9 33.5 106.7
4! 18.9 32.8 33.4 106.0
Average 20.6 34.2 34.8 107.0

!The test failed cycle statistic requirements.

Table 7
John Deere 6068T Engine Smoke Testing - Summary
Smoke Test Results
Acceleration Lug Peak
Engine Configuration 4
Production Injection Timing, 12.6 8.6 22.2
Production Injectors ’
Retarded Injection Timing, 20.1% 19. 7 41.1!t
Production Injectors
Retarded Injection Timing, 23.4 19.9* 47.1*
Modified Injectors

!These values incorporate some data from individual Federal smoke
tests which were invalid due to speed deflections greater than 100
rpm. .



Table 8
Ford New Holland Engine Smoke Testing - Summary

Federal On-Highway Smoke Test Results
Acceleration Lug Peak
Engine Configuration .
Production Injection Timing 11.2* 26.2* 26.7*
- Retarded Injection Timing 20.6* 34.2! 34.8!

'These values incorporate some data from individual Federal smoke
tests which were invalid due to speed deflections greater than 100
rpm.



HEAVY DUTY DIESEL TRANSIENT DIGALOG TEST DATE: 08/22/91 TIME: 1):26:31 PAGE: !

HD-91024)
999 JDPRODT6068TISIL O
18 CIFE DIESEL SUMMARY REPORT
Test Nuaber: HD-91024) Manufacturer: EXPERIMENTAL
Test Date/Time: 8-22-91 1:5) Engine 1D: 999 JDPRODT6068TISIL O
AMBIENT DATA
Barometer: 29.02 "HG
Dry Bulb Temperature: 84.10 F
Absolute Huaidity: 57.99 Grains H20 / Lb. Dry Alr
EMISSION RESULTS cs HS  WID TEST CYCLE STATISTICS cs HS
HC (INTEGRATED) SPEED
Background, PPM 3.93 .00 Nuabe © 11715 0
Exhaust+Bkg, Ga 13.20 .00 Slope .99498  .00000
dNet, Ga/Bhp-Hc .000 .000 1.031 (Lialt: 0.97-1.03)
Y-Intercept 14.056 .000
CO (BAG) (Lisit: ¢-50 RPM)
Background, PP 2.20 .00 Std Exror 17.916 .000
Exhaust+Bkg, Ga 46.72 .00 (Limit: 100 RPM)
Net, Ga/Bhp-Hr .00 .00 4.19 R-Square .99875 .00000
(Lisit: 0.97)
NOX (INTEGRATED) TORQUE
Backgiound, PPM 1.00 .00 Nusber 997 0
Exhaust +Bkg, Ga 121.22 -00 Slope .9956)  .00000
Net, Ga/Bhp-Hr .000 .000 10.859 (Limit: 0.77/0.83-1.03)
Y-Intercept -5.552 .000
CO2 (BAG) (Limft: ¢-15 FuL-Lbs)
Background, PPM .039 .000 Std Error 5.121% .000%
Exhaust +Bkg, Ga 6392.17 .00 ) (Limit: 138 Max Eng TQ)
Net, Ga/Bhp-Hr .0 .0 537.1 R-Square .96570  .00000
(Limit: 0.85/0.88)
PARTICULAT . POMER
Secondagy Tare, GM .156138 .000000 Nusbe r 99} 0
Secondary’ Part, GM .156243 .000000 Slope .99334 .00000
Primary Tare, GM .156405 .000000 (Limlc: 0.87/0.83-1.03)
Primary Qart, GM .160155 .000000 Y-Intercept -y. 11 .000
Total, Ga/Bhp-tr .43 .00 .43 (Llalt: ¢-5 BHP)
Sud Error . 5.748% .000%
FUEL CONSUIPTION (Lisit: 88) :
Lbs/Cacts n Balance .000 .000 3.906 R-Square .96827 .00000
Lbs/Bhp-lic .000 .000 .3 (Lialt: 0.91) .
Lbs/Measured 4.465 .000
WORK
BRAKE MORSLIOMER-HOUR 10.5)% .000 Actual 10.515 .000
(Limit: -158-58 Het Bhp-Hy)
Keterence 10. 1141 . 000
b Ditterence 2.0 .00y
v DATE: UBZ22/90 FiMi . /.20 o) Hb 9luzdd
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HD-910248

999 JOPRODT6068TISIL O

18 HSIF

Test Number:
Teat Date/Time:

NSIENT DATA

Barometer:
Dry Bulb Teaperature:
Absolute Husidity:

EMISSION RESULTS

HC (INTEGRATED)
Background, PPM
Exhaust +Bkq, Gm
Net, Ga/Bhp-Hr

CO (BAG)
Background, PPM
Exhaust +Bkqg, Ga
dNet, Ga/Bhp-Hr

NOX (INTEGRATED)
Bachground, PPM
Exhaust 1ikg, Ga
Nut, Ga/Bhp-tc

CO2 (BAG)
Background, PPM
Exhaust 1Bkg, Ga
NevL, Ga/Bhp-Hr

PARTICULATE
Secondary Tare, GM
Secondaty Part, GM
Primary Yare, G
Primary Fart, GM
Total, Ga/Bhp-Hr

FUEL CONSWHTION
Lbs/Cartwua Balance
Lbs/Bhp-- ir
Lbs/Mua . ured

BRAKE 1IOR: $POWER- IIOUR
[

HD-910248
0-22-91 6:38

29.02 “HG
8).40 F

HEAVY DUTY DIESEL TRANSIENT DIGALOG TEST

DIESEL SUMMARY REPOHT

EXPERIMENTAL
999 JDPRODT6068TISJL O

Manufacturer:
Engine 10:

60.21 Gralns #20 / Lb. Dry Alr

cs

.00
.00
.000

.00
.00
.00

.00
.000

.000
.00
.0

.000000
.000000
.000000
.000000

.00

.000
.000

.000

[} it

s

4.
11.
.000

2.20
42.41
.00

1.00
116.8)
.000

.031
6146.17

.155887
.156050
.151980
.155598

.41

.000
.000
4.111

10.449

WTD TEST

.878

3.80

10.580

519.9

.41

3.1%2
.359

RN NI H Y PR LA N A AP ]

CYCLE STATISTICS CS
SPEED
Nuabur 175
Slope .9944)
(Limic: 0.97-1.03)
Y-Intercept 13.597
(Limit: +-50 RPM) ’
Std Error 17.776
(Limic: 100 RPM)
R-Square L9987
(Limit: 0.97)
TORQUE
Nuaber 991
Slope .99654
(Limit: 0.77/0.83-1.03)
Y-Intercept -6.654
(Limit: +-15 FL-LbS)
sud Error 5.503%
(Limit: 138 Max Eng Tq)
R-Square .9606)
{Liajt: 0.85/0.88)
POMER
Nuaber 997
Slope ' . 99406
(Limait: 0.87/0.89-1.03)
Y-lntercept -2.1136
(Limit: +-5 BHP)
std Error 6.229%
(Limlt: 8%)
R-Square .961300
(Liajt: 0.91)
WOKK
Actual .000
(Limlt: -158-5% Ret bBhp-iir)
Keference .000
S Utlterence .00y
U DATE; U8/22/9)1 TimMi..

DATE: 08/22/9) TIME: 12:33:39

HS
11
.99443
13.597
17.716
.99877
997
.99654
~-6.654
5.500%
.96067
947
. 99406
-2.136
6.229%

.96300

10.449

10. 133
~2.65%

17,540 09

PAGE : 1l

Ho 91024y

‘d13-aH

‘butwtl uoT3oelu] uor3onpoagd

T 3I®3S 230H

‘ouTbuz 18909 ©I9eQ UYOL

sx0300(u] uot3onpold




MEAVY DUTY DIESEL TRANSIENT DIGALOG TEST DATE :

HD-910249
999 JDPRODTE068T3ISIL O ,
1B HMIF DIESEL SUMMARY REPORT
Test Number: HD-910249 Manutacturer: EXPERIMENTAL
Test Date/Time: 8-22-91 9:11 Engine 1D: 999 JOPRODTELG6HBTISIL O
AMBIENT DATA .
Barometer: 29.02 "HG
83.00 F

Dry Bulb Temperature:

Absolute Huaidity: 62.0) Grains H20 / Lb. Dry Alr

EMISSION RESULTS cs HsS WTD TEST CYCLE STATISTICS
HC (INTEGRATED) SPEED
Background, PPM .00 4.2) Nuabe ¢
Exhaust +Bkg, Ga .00 11.69 Slope
Net, Ga/Bhp-lir .000 .000 .870 (Limit: 0.97-1.03)
Y-intercept
CO (BAG) (Limit: ¢-50 RPM)
Background, PPM .00 1.98 Std Error
Exhaust+Bkg, Ga .00 39.92 (Limic: 100 KPM)
Net, Ga/Bhp-Hr .00 .00 3.60 R-Square
{Lialc: 0.97)
NOX (INTEGRATED) TOKQUE
sthqloum, PPM .00 1.00 Number
Exhaust s+Bkg, Ga .00 117.62 Slope
Net, Ga/Bhp-He .000 .000 10.729 (Limiv: 0.77/0.83-).014)
Y-Intercept
C02 (UAG) (LimfL: +-15 FL-Lbs)
Backgrouna, PPM .0o0 .013 Std Error
Eahaust 1Bkg, Gm .00 6035.50 (Limit: )3V Max Eng T4y)
Noet, Ga/Bhp-Hr .0 .0 516.9 R-Square
(Limit: 0.85/0.88)
PARTICULATE ) POMER
Secondary Tare, GM .000000 .15634] Numbe
Secondary Part, GM .000000 .156536 Slope
Primary Tare, GM .000000 .154878 (Limit: 0.87/0.89-1.03)
Primary Part, GM .000000 .158141 Y-Intercept
Total, Ga/Bhp-Hr .00 .39 .39 (Limlt: +-5 BIIP)
Std Error
FUEL CONSUMI'TION (LimslC: §%)
Lbs/Carbon Balance .000 .000 3.720 R-Square
Lbs/Bhp-Hr .000 .000 397 (Limit: 0.91)
Lbs/Muasurcd .000 4.111
WORK
.000 10.4206 Actual

BRAKE HORSH'OWER - HOUR

08/22/9) TIME:

Coy

15
.499410
13,609
17,349
. 99882
941
.99615
-6.820
5.593%
L95919
991

. 99344
-2.199
6.350%

.96154

.000

(Limle: -150-58 Refl Bhp-lig)

Heterence
bV bitlereance

benv it L

. 000
Y

[y A N Y 4 T

11:37:11)

Hs

R
.499410
13,009
11,349
. 99882
991

. 99615
-b.820
5.990
.9%919
441
.99344
-2.199
6. 3508

L96154

10. 4920

V0. 139
-2.80V

PAGL : J
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HD-910259

999 JOPRODT6068TISIL O

18 Cs»)
Test Nuaber: HD-910259 Manutacturer: EXPERIMENTAL
Test Date/Time: 6-20-9) 4: 5 Englne 1D:
AMBIENT DATA
Barometer: 29.25 “"HG
Dry Bulb Temperature: 84.70 F
Absolute Huasidity: 60.6) Gralns H20 / Lb. Ory Alr
EMISSION RESULTS Ccs HS WTD TEST
HC (INTEGRATED)

Background, PPM 4.00 .00

Exhaust +Bikg, Gm 13.38 .00

Net, Gm/Bhp-Hr

CO (BAG)
Backgrounda, PPM
Exhaust tbkg, Ga
NeL, Ga/Bhp-Hr

NOX (INTEGRATED)
Background, PPM
Exhaust +bBkg, Ga
Nel, Ga/Bhp-ic

CO2 (BAG)
Backgrouid, PKM
Exhaust+Bkg, Ga
Net, Ga/Bhp-Hr

PARTICULATE
Secondary Tare, GM
Secondary Part, GM
Primary Tare, GM
Primary Part, GM
Total, Ga/Bhp-Hr

FUEL CONSUMPTION
Lbs/Catbon Balance
Lbs/Bhp-Hr
Lbs/Mueasured

BRAKE HORGE-OWE R - HIOUK

HEAVY DUTY DIESEL TRANSLENT DIGALOG TEST DATE: 08728791 TiME:

.000 .000  1.040

i .00
43.28 .00
.00 .00 3.12
1.00 .00
121.87 .00
.000 .000 10.962
.04l .U00
6504.66 .00
.0 .0 542.9
.156910 .000000
.159113 .000000
.158008 .000000
.161892 .000000
.52 .00 .92
.000 .000 3.9592
.000 .000 30
4.465 .000
10,241 .Lou

s N I I T PR TYN N

DIESEL SUMMARY REPORT

999 JDPRODTGOLHTISIL O

CYCLE STATISTICS cs
SPEED
Numbe: £ 101y
Slope .99512

tLiatc: 0.97-1.03)

TORQUE

POWER

WOURK

Y-Intercept 14.161
{Limlt: +-50 RPM)

Std Errvor 17.521
(Limit: 100 REM)

R-Square . 998480
tLimit: 0.97)

Nuabe: £ 949)

Slope .99618
(Limjt: 0.77/0.683-1.03)

Y-Intercept -5.362
(Limic: ¢-15 Fu-ibs)

Std Ersor 5. 1640
(Limft: 138 Max Eng Ty)

R-Square .96518
(Lisit: 0.85/0.88)
Numbe r 949 )
Slope .99382
(Lisir: 0.87/0.89-1.03) )
¥-Intercept -1.64%
(Limit: +-5 BUP)

Std Error 5.121%
(Limte: 8%)

R-Square L9085
(Limic: 0.91)

Actual 10.%41
(Limic: -198-5% Het Bhp-lio)

elerence 10. 714

Vbt terence =9y

DATE: wu/2u/73) 14

13:92:%4

s

.0000U0
.000
.000

.00000

.0uguo

.000

.000s

. 00000

.00000
. 000
L0006

.uoo0u

.Uuu

RV

VIVEY

14.52:

e}

AGE )

[TTUR J RV |
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HD-910260
999 JDPRODT6068TISJL 0O
18 HSSS
Test Number: HD-910260
Test Date/Time: 8-20-91 08:45
AMBIENT DATA
Barometer: 29.25 "HG
Ory Bulb Temperature: 64.70 ¢
Absolute Humidity:
EMISSION RESULTS Cs
HC (INTEGRATED)
Background, PPM .00
Exhaust +Bkg, Ga .00
Net, Ga/Bhp-Hr .000 -
CO (BAG)
Background, PPM .00
Exhaust+Bkg, Ga .00
Net, Ga/Bhp-Hr .00
NOX (INTEGRATED)
Background, PPM .00
Exhaust sBkg, Gm .00
Nel, Ga/8hp-He .000
CO2 (BAG)
Backqground, PPM .000
Exhaust tBhg, Ga .00
Nul, Ga/Bhp-iit .0
PART ICULATE
Secondary Tate, GM .000000
Secondary Part, GM .000000
Primary Tare, GM .000000
Primary Part, GM .000000
Total, Ga/Bhp-Hr .00
FUEL CONSUMPTION
lbs/Carbon Balance .000
Lbs/Bhp-Hr .600
Lba/Muasured .000
.000

BRAKE HORSEPOMER-~HOUR

HEAVY DUTY DIESEL TRANSIENT DIGALOG TEST

Manutaclurer:
Engine 10:

63.63 Gralns H20 / Lb. Dry Alr

Hs

4.38
10.77
.000

J.09
38.13
.00

1.00
120.21
.000

.0
6221.132

.159493
.159649
.151627
. 155020

.38

.000
.000
4.111

10.44)

WTD TEST

.18

3.29

10.994

921.1

.Ju

3.7193
.363

b bt haag

EXPERIMENTAL
999 JDPRODT6068TISJIL O

DIESEL SUMMARY KEPONT

CYCLE STATISTICS

SPEED
Numbe ¢
Slope
(Limic: 0.97-1.01
Y-Intercept
(LimiL: ¢-50 KPM)
Std Error
(LimlC: 1060 RPM)
R-Square
{Limit: 0.91)
TORQUE
Nusbe ¢
Slope

DATE:

LB/28/91 TiME:

Cs
1
. 99461
13.63)
17.833
.99816

991
.99610

(Limic: 0.77/0.83-1.03)

Y-Intercept
(Limit: ¢-15 Fu-Lbs)
Std Error

-6.9)4

5.608%

(Limlt: 138 Max Eng Tq)

R-Square
tLialt: 0.85/0.88)
POMER
Nuaber
Slope

.95918

991
.9941)

(Limic: 0.87/0.89-1.03)

Y-Intercept

(Limlt: +-5 BHP)
Std Error

(Limit: 8%)
R-~Square

{Limlt: 0.91)

WORK
Actual

-2.248
6.322%

L9619

.000

(Limie: -158-58 Ref Bhp-ir)

Helerence
SV Difterence

J DAL

.000
.00%

ug/2e/91 Tit

bd:99:4qu

[N

s

. 99461
13.034
17.6833
.94d76
99/
299610
-6.974
5. 6088
.95918
vy 1
.994173
-2.248
6.322%

L9619

10.443

10. 0313
-2. 1oy

[T

bAaGE 1

Ho
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HD-910261

999 JDPRODT6068TISJL O

18 HSeé

Tast Nuasber:
Test Date/Timu:

AMBIENT DATA

Baroseter:
Dry Bulb Temperature:
Absolute Huaidity:

EMISSION RESULTS

HC (INTEGRATED)
Background, PPM
Exhaust +Bkqg, Ga
Net, WMP’“(

CO (BAG)
Background, PPM
Exhaust+Bkg, Ga
Net, Ga/Bhp-Hr

NOX (INTEGRATED)
Background, PPM
Exhaust +Bkg, Ga
Net, Ga/Bhp-Hr

C0O2 (HAG)
Backgrouna, PPM
Exhaust +8Bhqg, Ga
Net, Ga/Bhp-Hr

PARTICULATE
Secondary Tare, GM
Secondary Part, GM
Primary Tare, GM
Primary Part, GM
Total, Ga/Bhp-Hr

FUEL CONSUMPTION
Lbs/Carbon Balance
Lbs/Bhe-Hr
Lbs/Measured

BRAKE HORSEPONER-HOUR

HD-910261
8-28-91

9:26

29.25 "HG
84.40 F
62.46 Grains H20 / Lb. Dry Alr

Ccs

.00
.00
.000
.000

.0

.000000

.000000
.000000
.00

.000
.000
.000

.000

[ N

HEAVY DUTY DIESEL TRANSIENT DIGALOG TEST DATE: 08/28/91 TIME:

Manufacturer:
Engine 1D:

1.00
118.29
.000

.037
6103.57
.0

.158496
.158644
.153243
.156705

.39

.000
.000
4.040

10.438

WTD TEST

L47

3.40

10.789

515.8

.39

3.1
.35

Jrr Lot tooplo

DIESEL SUMMARY REPORT

EXPEHIMENTAL
999 JOPRODT6068TISIL 0

CYCLE STATISTICS cs
SPEED
Number 1175
Slope .99439

{(Lisit: 0.97-1.03)

Y-Intercept 13.611
(Lislc: +-50 RPM)
Std Error 18.083
(Limit: 100 RPM) '
R-Square .99872
tLislt: 0.97)
TORQUE
Nusbe r 997
Slope . 99506
{(Limit: 0.72/0.83-1.01)
Y-Intercept -6.8487
(LiaiL: ¢-15 Fr-Lbs)
Std Ecror . 5.1
(Limit: 13% Max Eng Tq)
R-Square .95151
(Limit: 0.85/0.88)
POMER
Nusbe r 99)
Slope .99330
tLimic: 0.872/70.89-1.0])
Y-Intercept -2.226
(Lisit: ¢-5 BHP)
Std Error 6.449%
{Limir; 8%)
R-Squdre .96038
tLimit: 0.91)
WORK
Aclual .000
(Limlt: -154-5% Ret Bhp-iir)
Heference .000
S Uit ference .00
T u DALL: VU/28/91 TiM:

14:05:45 PALLE: !

HS
1
.99439
13.617
18.08)
. 99872
991
. 99506
-6.881
5.1
.9505)
991
. 99330
-2.226
6. 449

.96018

10.438

10. 7371
2. 1.

Fda:unh:ay D 9iuled
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HD920035
999 JDPRODT6068T3SJL 0
1B CS1R

Test Number:
Test Date/Time:
AMBIENT DATA:

Barometer:

HD-920035
2-26-92 8:35

Dry Bulb Temperature: 78.50 F

Absolute Humidity:
EMISSION RESULTS:

HC (INTEGRATED) :
Background, PPM
Exhaust +Bkg, Gms
Net, Gm/Bhp-Hr

CO (BAG):
Background, PPM
Exhaust+Bkq, Gms
Net, Gms/Bhp-Hr

NOX (INTEGRATED) :
Background, PPM
Exhaust+Bkg, Gms
Net, Gms/Bhp-Hr

CO2 (BAG)
Background, PPM
Exhaust +Bkg, Gms
Net, Gms/Bhp-Hr

PARTICULATE:
Secondary Tare, Gms
Secondary Part, Gms
Primary Tare, Gms
Primary Part, Gms
Total, Gms/Bhp-Hr

FUEL CONSUMPTION:
Lbs/Carbon Balance
Lbs/Bhp-Hr
Lbs/Measured

BRAKE HORSEPOWER-HOUR:

Hlr 900 1) 1t

28.86 “HG

(]

3.03
23.29
2.204

.00
59.63
6.10

.26
59.69
5.694

.031

6510.88

CS1R

605.7

.156380
.156593
.155841
.168147

1.13

4.129
.423
4.536

9.769

Englne 1D:

HEAVY DUTY DIESEL TRANSIENT TEST

DIESEL SUMMARY REPORT

Manufacturer: EXPERIMENTAL
999 JDPRODT6068135JL O

50.33 Gralns H20/Lbs Dry Alr

Y449 JHPRODTLO6GBT 1HU1L.

CYCLE STATISTICS:

SPEED:

Numbe r
Slope

(Limit: 0.97-1.03)
Y-Intercept

(Limit: +-50 RPM)
Std Error

{Limit: 100 RPM)
R-Square

(Limit: 0.97)

TORQUE :

Number
Slope

{Limit: 0.77/0.83~1.03)
Y-Intercept

(Limit: +-15 Ft-Lbs)
Std Error

(Limit: 13% Max Eng Tq)
R-Square

(Limit: 0.85/0.88)

POWER:

Number
Slope
(Limit: 0.87/0.89~1.03)
Y-Intercept
(Limit: +-5 BHP)
Std Error
{Limit: 8%)
R-Square
(Limit: 0.91)

WORK :

0

Actual

{(Limit: -15%-5% Ref Bhp-Hr)

Reference
% Difference

DATE: 04/06/92 TIME:

DATE: 04/06/92 TIME:

cs
1175
.99518
7.954
43.943
.99295
997
.96734
-5.948
6.887%
.93461
987
.95781
-1.512
7.069%

.94734

9.769

10.230
-4.51%

14:11:0/

14:11:u8

PAGE 3]
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HDY200136
999 JLPRODT60687T3I5JIL. 0
1B HSIR

Test Number:

HD-920036
Test Date/Time: 2-26-92 9:1
AMBIENT DATA:
Barometer: 28.86 "

Dry Bulb Temperature: 78.90 F
Absolute Humidity:

EMISSION RESULTS:

HC (INTEGRATED) :
Background, PPM
Exhaust+Bkg, Gms
Net, Gm/Bhp-Hr

CO (BAG):
Background, PPM
Exhaust+Bkg, Gms
Net, Gas/Bhp-Hr

NOX (INTEGRATED):
Backqground, PPM
Exhaust +Bkg, Gms
Net, Gms/Bhp-Hr

C02 (BAG)
Backqround, PPM
Exhaust +Bkg, Gms
Net, Gas/Bhp-Hr

PARTICULATE:
Secondary Tare, Gms
Secondary Part, Gms
Primary Tare, Gms
Primary Part, Gms
Total, Gms/Bhp-Hr

FUEL CONSUMPTION:
Lbs/Carbon Balance
Lbs/Bhp-Hr
Lbs/Measured

BRAKE HORSEPOWER-HOUR:

(X1 1

6

HG

107.02 Gralns H20/Lbs Dry Alr

HS

4.84
18.39
1.616

.00
52.42
5.44

1.03
51.72
5.634

.033
6223.61
582.3

.154985
.155121
.1575217
.168359

1.00

3.898
.405
4.111

9.630

Manufacturer:

HEAVY DUTY DIESEL TRANSIENT TEST DATE: 04/06/92 ‘I'IMt:

DIESE] SUMMARY REPORT

EXPERIMENTAL
444 JHPRODTGO6BTISIL O

CYCLE STATISTICS: _HS
SPEED:
Number 1175
Slope . 99443
{(Limit: 0.97-1.03)
Y-Intercept 7.803
(limit: +-50 RPM)
Std Error 43,909
(Limit: 100 RPM)
R-Square . 99295
(Limit: 0.97)
TORQUE :
Number 997
Slope . 96688
(Limit: 0.77/0.83-1.03)
Y-Intercept -8.441
(Limit: +-15 FL-Lbs)
Std Error 7.168%
{Limit: 13% Max Eng Tq)
R-Square . 92950
{(Limit: 0.85/0.88)
POWER:
Numbe r 997
Slope .95546
(Limitr: 0.87/0.89-1.03)
Y-Intercept -2.140
(Limit: +-5 BHP)
std Error 7.307%
(Limit: 8%)
R-Square . 94367
{(Limit: 0.91)
WORK:
Actual 9.630
(Limic: -15%-5% Ref Bhp-Hr)
Reference 10.230
8 Difference -5.87%

VAL D wA o M

14:173:41

Ld: sl

PAGE : [}

Hiy 9.:00
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HD920037

999 JDPRODT6068T35JL O

1B HS2R

iest Number: HD-92003"

rest Date/Time:
MBIENT DATA:

arometer:
iry Bulb Temperature:
“bsolute Humidity:

MISSION RESULTS:

iC (INTEGRATED) :
Background, PPM
Exhaust +Bkg, Gms
Net, Gm/Bhp-Hr

20 (BAG):
Background, PPM
Exhaust +Bkg, Gms
Net, Gms/Bhp-Hr

J0X (INTEGRATED) :
Background, PPM
Exhaust +Bkg, Gms
Net, Gms/Bhp-Hr

202 (BAG)
Background, PPM
Exhaust +Bkg, Gms
Net, Gms/Bhp~-Hr

PARTICULATE:
Secondary Tare, Gms
Secondary Part, Gms
Primary Tare, Gms
Primary Part, Gms
Total, Gms/Bhp-Hr

FUEL CONSUMPTION:
Lbs/Carbon Balance
Lbs/Bhp-Hr
Lbs/Measured

2-26-92 9:57

28.84 “HG
78.90 F
59.46 Grains H20/Lbs Dry Alr

BRAKE HORSEPOWER-HOUR:

Hbh-vy00 8/

HS

5.15
16.97
1.436

.00
47.70

4.91

Y
57.20
5.506

.031

6154.80

572.9

.155656
.155768
.157392
.167566

.93

3.865
.397
4.111

9.725

Manufacturer:
Engline 1D:

HEAVY DUTY DIESEL TRANSIENT TEST

DIESEL SUMMARY REPORT

EXPERIMENTAL
999 JDPRODT6068T35JL 0

CYCLE STATISTICS: HS
SPEED:
Number 1175
Slope . 99481

(Limit: 0.97-1.03)

Y-Intercept 6.796
(Limit: +-50 RPM)
Std Error 37.947
(Limit: 100 RPM)
R-Square .99473
(Limit: 0.97)
TORQUE :
Number 997
Slope .97259
{i.imit: 0.77/0.83-1.03)
Y-Intercept -71.n2
(Limit: +-15 Fr-Lbs)
Std Error 6.879%
(Limit: 13% Max Eng Tq)
R-Square . 93542
(Limit: 0.85/0.88)
POWER:
Number 997
Slope . 95920
(Limit: 0.87/0.89-1.03)
Y-Intercept -1.780
(Limit: +-5 BHP)
Std Error 7.171%
(Limit: 8%)
R-Square .94603
(Limit: 0.91)
WORK:
Actual 9.725
(Limit: -158-5% Ref Bhp-Hr)
Reference 10.230
s Difference -4.94%

999 JDPRODTLOLYT 3L O

DATE: 04/07/92 TIME:

DATE: 04701792 TIME:

06:41:42

Ouidlzaz
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HD920040
999 JDPRODT6068T35JL O
1B CS2R

Test Number: HD-92
Test Date/Time: 2-21-
AMBIENT DATA:
Barometer:

Dry Bulb Temperature:
Absolute Humidity:

EMISSION RESULTS:

HC (INTEGRATED) :
Background, PPM
Exhaust +Bkg, Gms
Net, Ga/Bhp-Hr

CO (BAG) :
Background, PPM
Exhaust +Bkg, Gms
Net, Gas/Bhp-Hr

NOX (INTEGRATED):
Background, PPM
Exhaust+Bkg, Gms
Net, Gas/Bhp-Hr

C02 (BAG)
Background, PPM
Exhaust +Bkg, Gms
Net, Gas/Bhp-Hr

PARTICULATE:
Secondary Tare, Gas
Secondary Part, Gas
Primary Tare, Gms
Primary Part, Gms
Total, Gms/Bhp-Hr

FUEL CONSUMPTION:
Lbs/Carbon Balance
Lbs/Bhp-Hr
Lbs/Measured

BRAKE HORSEPOWER-HOUR:

HD-920040 B

HEAVY DUTY DIESEL TRANSTENT TEST DATE: 04/06/92 TIME:

0040 Manufacturer: EXPERIMENTAL
999 JDPRODT6068BT35JL. O

92 8:46 Engine 1ID:

28.77 "HG
75.60 F
$8.94 Grains H20/Lbs Dry Alr

(o

3.94
20.54
1.871

.00
60.27
6.17

.51
61.28
5.926

.031
6762.32
632.5

.157116
.157255
.152955
.161142

1.05

4.300
.440
4.678

9.768

CS2K 999 JLPROLTLOBETILIL

DIESEL SUMMARY REPORT

CYCLE STATISTICS: CS
SPEED:
Number 1175
Slope .99661
(Limit: 0.97-1.03)
Y-Intercept 8.167
(Limit: +-50 RPM)
Std Error . 44.125
(Limit: 100 RPM)
R-Square .99292
(Limit: 0.97)
TORQUE :
Number 997
Slope .96496
(Limit: 0.77/0.83-1.03)
Y-Intercept -5.107
(Limit: +-15 Ft-Lbs)
Std Error 6.168%
(Limit: 13% Max Eng Tq)
R-Square . 94662
(Limit: 0.85/0.88)
POWER:
Number 997
Slope .95656
(Limit: 0.87/0.89-1.03)
Y-Intercept -1.186
(Limit: +-5 BHP)
Std Error 6.608%
(Limit: 8%)
R-Square .95357
(Limit: 0.91)
WORK :
Actual 9.768
(Limit: -15%-5% Ref Bhp-Hr)
Reference - 10.230
% Difference =4.52%
4] DATE: 04/06/92 TIME:

14:28:34  PAGE: [§
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HD920041
999 JDPRODT6068T35JL 0
1B HS3R

Test Number: HD-920041 Manufacturer:
Test Date/Time: 2-27-92 9:28 Engine ID: 999 JDPRODT6068T35JL O
AMBIENT DATA:
Barameter: 28.77 "HG
Dry Bulb Temperature: 77.80 F
Absolute Humidity: 59.39 Grains H20/Lbs Dry Alr
EMISSION RESULTS: HS CYCLE STATISTICS: HS
HC (INTEGRATED) : SPEED:
Background, PPM 3.94 Number 1175
Exhaust+Bkg, Gms 15.85 Slope .99667
Net, Gm/Bhp-Hr 1.390 (Limit: 0.97-1.03)
Y-Intercept 6.997
CO (BAG): (Limit: +-50 RPM)
Background, PPM .00 Std Error 38.10%
Exhaust +Bkg, Gms 50.69 (Limit: 100 RPM)
Net, Gms/Bhp-Hr 5.19 R-Square .9947
(Limit: 0.97)
NOX (INTEGRATED) : TORQUE :
Background, PPM .26 Number 997
Exhaust +Bkg, Gms 57.56 Slope .97093
Net, Gms/Bhp-Hr 5.611 (Limit: 0.77/0.83-1.03)
Y-Intercept -6.428
C02 (BAG) (Limic: +-15 Ft-Lbs)
Background, PPM .033 Std Error 6.517%
Exhaust +Bkg, Gms 6379.82 (Limic: 13% Max Eng Tq)
Net, Gms/Bhp-Hr 588.3 R-Square .94147
(Limit: 0.85/0.88)
PARTICULATE: POWER:
Saecondary Tare, Gms .155330 Numbe r 997
Secondary Part, Gms .155426 Slope .95846
Primary Tare, Gms .153587 (Limit: 0.87/0.89-1,03)
Primary Part, Gms .160992 Y-Intercept -1.373
Total, Gms/Bhp-Hr .95 (Limic: +-5 BHP)
Std Error 6.972%
FUEL CONSUMPTION: (Limit: 8%)
Lbs/Carbon Balance 3.988 R-Square .94877
Lbs/Bhp-Hr .408 (Limlc: 0.91)
Lbs/Measured 4.253
WORK :
BRAKE HORSEPOWER-HOUR: 9.774 Actual 9.774
(Limit: -158-5% Ref Bhp-Hr)
Reference 10.230
s Difference -4.46%
HIY-492004) I8 HSIR 949 JDPRODTO0BT $5J1. 0 DATE: 04/06/92 TIME:

HEAVY DUTY DIESEL TRANSIENT TEST

DIESEL SUMMARY REPORT

EXPERIMENTAL

DATE: 04/06/92 TIME:

14:30:51

14:730: 5]

PAGE.: t
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HD920042
999 JDPRODT6068T35JL O
1B HS4R

0042

Test Number: HD-92

Test Date/Time: 2-27-92 10: 8
AMBIENT DATA:

Baraometer:

Dry Bulb Temperature:
Absolute Humidity:

EMISSION RESULTS:

HC (INTEGRATED) :
Background, PPM
Exhaust +Bkg, Gms
Net, Gm/Bhp-Hr

CO (BAG):
Background, PPM
Exhaust+Bkg, Gms
Net, Gms/Bhp-Hr

NOX (INTEGRATED) :
Background, PPM
Exhaust +Bkg, Gms
Net, Gms/Bhp-Hr

CO2 (BAG)
Background, PPM
Exhaust+Bkg, Gms
Net, Gms/Bhp-Hr

PARTICULATE :
Secondary Tare, Gms
Secondary Part, Gms
Primary Tare, Gas
Primary Part, Gms
Total, Gms/Bhp-Hr

FUEL CONSUMPTION:
Lbs/Carbon Balance
Lbs/Bhp-Hr
Lba/Measured

BRAKE HORSEPOWER-HOUR:

[IIVER'PAVIVE I 1t

28.78 "HG

81.80 F

60.26 Grains H20/Lbs Dry Alr

HS

4.24
15.52
1.397

.00
47.53
4.93

.51
57.52
5.648

.030

6210.22

] H54R

587.6

.157804
.157944
.156801
.164095

.94

3.927
.407
4.253

9.641

Manufacturer:

HEAVY DUTY DIESEL TRANSIENT TEST

DIESEL SUMMARY REPORT

EXPERIMENTAL

999 JDPRODT6068T3ISJIL O

CYCLE STATISTICS:

SPEED:

Number

Slope

DATE: 04/06/92 TIME: 14:33:02 PAGE:

(Limit: 0.97-1.03)

Y-Intercept
(Limit:
Std Error
(Limit:
R-Square
(Limit:

TORQUE :

Number

Slope

{Limit: 0.77/0.83-1.03)
Y-Intercept

{(Limit:
Std Error

(Limit: 13% Max Eng Tq)
R-Square

+-50 RPM)

+-15 Ft-Lbs)

(Limit: 0.85/0.88)

POWER:

Number

Slope

(Limit:
Y-Intercept
(Limit:
Std Error
(Limit:
R-Square
(Limit: 0.91)

WORK :

Actual

(Limit: -158-5% Ref Bhp-Hr)
Reference
s Difference

999 JDPRODT6O6YT 35JL O

0.87/0.89-1.03)

+-5 BHP)

DATE :

HS
1175
. 99526
8.038
43.932
. 99296
997
.97023
~-8.823
6.848%
.93567
9917
.95902
-2.172
7.110%

.94688

9.641

10.230
-5.76%

04/06/92 TIME: 14:33:02 HD-49.20042
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HD920048

999 JDPRODT6068T35JL 0O

1B CSN2

Test Number:

HD-920048

Test Date/Time: 3- 3-92 10: 7

AMBIENT DATA:

Barometer:
Dry Bulb Temperature:
Absolute Humidity:

EMISSION RESULTS:

HC (INTEGRATED):
Background, PPM
Exhaust+Bkg, Gms
Net, Gm/Bhp-Hr

CO (BAG):
Background, PPM
Exhaust +Bkg, Gms
Net, Gms/Bhp-Hr

NOX (INTEGRATED) :
Background, PPM
Exhaust +Bkg, Gms
Net, Gms/Bhp-Hr

C02 (BAG)
Background, PPM
Exhaust+Bkg, Gms
Net, Gms/Bhp-Hr

PARTICULATE:
Secondary Tare, Gms
Secondary Part, Gms
Primary Tare, Gms
Primary Part, Gms
Total, Gms/Bhp-Hr

FUEL CONSUMPTION:
Lbs/Carbon Balance
Lbs/Bhp-Hr
Lbs/Measured

BRAKE HORSEPOWER-HOUR:

29.29 "“HG
83.70 F

63.78 Gralns H20/Lbs Dry Alr

CS

4.84
13.99
1.135

.00
50.00
5.08

.1
61,27
5.907

.035
6614.20
604.1

.153219
.153384
.153168
.159948

.89

4.112
.418
4.395

9.833

Manutacturer:

HEAVY DUTY DIESEL TRANSIENT TEST

EXPERIMENTAL
999 JDPRODT6068T35JL O

DIESEL SUMMARY REPORYT

CYCLE STATISTICS:

SPEED:

Number
Slope

(Limit: 0.97-1.03)
Y-Intercept

(Limit: +-50 RPM)
Std Error

(Limic: 100 RPM)
R-Square

(Limit: 0.97)

TORQUE :

Number
Slope

(Limit: 0.77/0.83-1.03)
Y-Intercept

(Limit: +-15 Ft-Lbs)
std Error

(Limit: 13% Max Eng Tq)
R-Square

(Limit: 0.85/0.88)

POWER:

Number
Slope
(Limit: 0.87/0.89-1.03)
Y-Intercept
(Limit: +-5 BHP)
Std Error
(Limit: 8%)
R-Square
{Limit: 0.91)

WORK:

Actual

(Limit: -15%-5% Ref Bhp-Hr)

Reference
% Difference

LATE D Gdsuu/e UIME

cs
1175
.99706
7.647
43,532
.99311
997
.97565
-6.333
6.464%
.94288
997
.96496
-1.428
6.846%

.95114

9.833

10.230
~3.88%

DATE: 04/06/92 TIME: 14:43:40

344040

PAGE: [
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HD920049
999 JDPRODT6068T35JL O

1B HSN3] DIESEL SUMMARY REPORT

Manufacturer: EXPERIMENTAL
Engine ID: 999 JDPRODT606BT3SIL O

Test Number:
Test Date/Time:

HD-920049
3- 3-92 10:47

AMBIENT DATA:

Barometer:

Dry Bulb Temperature:
Absolute Humidity:

29.28 "HG
85.80 F
62.61 Gralns H20/Lbs Dry Alr

EMISSION RESULTS: HS CYCLE STATISTICS: HS
HC (INTEGRATED) : SPEED:
Background, PPM 4.84 Number 1175
Exhaust +Bkg, Gms 10.58 Slope .99689
Net, Ga/Bhp-Hr .791 (Limit: 0.97-1.03) .
Y-Intercept 6.591
CO (BAG): (Limit: +-50 RPM)
Background, PPM .63 Std Error 37.855
Exhaust+Bkg, Gms 41.09 (Limit: 100 RPM)
Net, Gms/Bhp-Hr 4.12 R-Square .99478
{Limit: 0.97)
NOX (INTEGRATED): TORQUE :
Background, PPM 11 Number 997
Exhaust +Bkg, Gms 61.23 Slope .97765
Net, Gms/Bhp-Hr 5.906 (Limit: 0.77/0.83-1.03)
) Y-Intercept -7.332
CO2 (BAG) (Limlt: +-15 Ft-Lbs)
Background, PPM .033 std Error 6.534%
Exhaust +Bkg, Gms 6276.54 (Limit: 13% Max Eng Tq)
Net, Gms/Bhp-Hr 576.6 R-Square .94194
(Limit: 0.85/0.88)
PARTICULATE : POWER:
Secondary Tare, Gms .158028 Number 997
Secondary Part, Gms .158108 Slope . 96490
Primary Tare, Gms .158470 (Limlt: 0.87/0.89-1.03)
Primary Part, Gms .164425 Y-Intercept -1.583
Total, Gms/Bhp-Hr .79 {Limit: +-5 BHP)
Std Error 7.051%
FUEL CONSUMPTION: (Limit: 8%)
Lbs/Carbon Balance 3.897 R-Square .94832
Lbs/Bhp-Hr .398 (Limit: 0.91)
Lbs/Measured 4.111
WORK:
BRAKE HORSEPOWER-HOUR: 9.800 Actual 9.800
(Limit;: -15%-5% Ref Bhp-Hr)
Reference 10.230
A Difference -4.20%

HD-920049 N3 HSN3 : 999 JOPKODTLULE T I5IL 0 DATE: 04/10/92 TIME:

HEAVY DUTY DIESEL TRANSIENT TEST DATE: 04/16/92 TIME:

12:21:31

br:zb 41

PAGE.: 6
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HD920050 HEAVY DUTY DIESEL TRANSIENT TEST DATE: 04/06/92 TIME:

999 JDPRODT6068T35JL O
1B HSN4 DIESEL SUMMARY REPORT

Test Number: HD-920050 Manufacturer: EXPERIMENTAL
Test Date/Time: 3- 3-92 11:26 Engine ID: 999 JDPRODT6068T35Jl. O

AMBIENT DATA:

Barometer: 29.28 *HG
Dry Bulb Temperature: 84.00 F
Absolute Humidity: 63.56 Gralns H20/Lbs Dry Alr
EMISSION RESULTS: HS CYCLE STATISTICS: HS
HC (INTEGRATED) : SPEED:
Background, PPM 5.45 Number 1175
Exhaust+Bkg, Gms 10.19 Slope .99639
Net, Gm/Bhp-Hr .76 (Limit: 0.97-1.03)
Y-Intercept 6.446
CO (BAG): (Limit: +-50 RPM)
Background, PPM .63 std Error 37.643
Exhaust+Bkg, Gms 39.50 (Limit: 100 RPM)
Net, Gms/Bhp-Hr 3.96 R-Square .99483
(Limit: 0.97)
NOX (INTEGRATED) : TORQUE:
Background, PPM .11 Number 997/
Exhaust+Bkg, Gms 61.23 Slope .98083
Net, Gms/Bhp-Hr 5.930 (Limit: 0.77/0.83-1.03)
Y-Intercept -8.062
CO2 (BAG) (Limit: +-15 Ft-Lbs)
Background, PPM .033 sud Error 6.547%
Exhaust+Bkg, Gms 6279.87 (Limit: 13% Max Eng Tq)
Net, Gms/Bhp-Hr 577.9 R-Square .94207
(Limit: 0.85/0.88)
PARTICULATE: POWER:
Secondary Tare, Gms .158887 : Numbe r 997
Secondary Part, Gms .159050 Slope .96576
Primary Tare, Gms .157479 (Limit: 0.87/0.89-1.03) .
Primary Part, Gms .163105 Y-Intercept -1.719
Total, Gms/Bhp-Hr .15 (Limit: +-5 BHP)
Std Error 7.062%
FUEL CONSUMPTION: (Limit: 8%)
Lbs/Carbon Balance 3.896 R-Square .94825
Lbs/Bhp-Hr .398 (Limit: 0.91)
Lbs/Measured 4.111
WORK:
BRAKE HORSEPOWER-HOUR: 9.782 Actual 9.782
(Limit: -15%-5% Ref Bhp-Hr)
Reference 10.230
% Difference -4.38%
HD-92004%0 1H HISN4 499 JDPRODTOO6ET 35JL O DATE: 04/706/92 TIME:

14:45:28

14:4:28

PAGY.: 6
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HD-920051 1B

HD920051
999 JDPRODT6068T35JL O
1B CS3N

Test Number: HD-92
Test Date/Time: 3~ 4-

AMBIENT DATA:

Barometer:
Dry Bulb Temperature:
Absolute Humidity:

EMISSION RESULTS:

HC (INTEGRATED) :
Background, PPM
Exhaust +Bkg, Gms
Net, Gm/Bhp-Hr

CO (BAG):
Background, PPM
Exhaust +Bkg, Gms
Net, Gms/Bhp-Hr

NOX (INTEGRATED) :
Background, PPM
Exhaust +Bkg, Gms
Net, Gms/Bhp-Hr

CO2 (BAG)
Background, PPM
Exhaust +Bkg, Gms
‘Net, Gms/Bhp-Hr

PARTICULATE:
Secondary Tare, Gms
Secondary Part, Gms
Primary Tare, Gms
Primary Part, Gms
Total, Gms/Bhp-Hr

FUEL CONSUMPTION:
Lbs/Carbon Balance
Lbs/Bhp-Hr
Lbs/Measured

BRAKE HORSEPOWER-HOUR:

CS3N 999 JDPRODT6068T35JL O

HEAVY DUTY DItSEL TRANSIENT TEST

0051 Manufacturer:
92 9:23 Engine 1D:

29.27 “HG
77.80 F
59.46 Grains H20/Lbs Dry Alr

CS

3.94
14.71
1.261

.63
53.14
5.32

.26
66.49
6.446

.041
6875.39
620.4

.157429
.157580
.157535
.164536

.94

4.228
.430
4.465

9.839

DIESEL SUMMARY REPORT

EXPERIMENTAL
999 JDPRODT6068T35JL 0

CYCLE STATISTICS:

SPEED:
Number
Slope
(Limit: 0.97-1.03)
Y-Intercept
(Limit: +-50 RPM)
Std Error
{Limit: 100 RPM)
R-Square
(Limit: 0.97)
TORQUE :
Number
Slope

(Limit: 0.77/0.83-1.03)

Y-Intercept

{Limit: +-15 Ft-Lbs)

Std Error

(Limit: 13% Max Eng Tq)

R-Square
(Limit: 0.85/0.88)
POWER:
Number
Slope

(Limit: 0.87/0.89~1,03)

Y-Intercept

(Limit: +-5 BHP)
Std Error

(Limit: 8%)
R-Square

(Limlt: 0.91)

WORK ;
Actual

(Limit: ~15%-5% Ref Bhp-Hr)

Reference
% Ditterence

DATE: 04/06/92 TIMK:

DATE: 04/06/92 TIME:

Cs

1175
.99%683
7.892
43.852
. 99301
997
.97648
-5.892
6.290%
. 94584

997
.96156

-1.196

6.728%

. 95241

9.839

10.230

-1.82%

14:50:48

14:50:58

HD-920051

PAGE :
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D920052 HEAVY DUTY DIESEL TRANSIENT TEST DATE.: 04/06/92 TIME:
99 JDPRODT6068T3ISIL O
B HSSN DIESEL SUMMARY REPORT
st Number: HD-920052 Manutacturer: EXPERIMENTAL '
:st Date/Time:  3- 4-92 10: 3 Engine ID: 999 JDPRODT6068135JL O
ABIENT DATA:
:rometer: 29.27 “HG
Yy Bulb Temperature: 85.60 F
»solute Humidity: 62.18 Grains H20/Lbs Dry Alr
sISSION RESULTS: HS CYCLE STATISTICS: HS
(INTEGRATED) : SPEED:
Background, PPM 5.15 Numbe ¢ 1175
Exhaust +Bkg, Gms 10.43 Slope .99583
Net, Gm/Bhp-Hr .765 {Limit: 0.97-1.03)
. Y-Intercept 1.721
3 (BAG): (Limit: +-50 RPM)
Background, PPM 2.50 std Error 43,932
Exhaust+Bkg, Gms 42.66 (Limit: 100 RPM)
Net, Gms/Bhp-Hr 4.09 R-Square .99297
(Limit: 0.97)
X (INTEGRATED) : TORQUE :
Background, PPM .17 Number 997
Exhaust +Bkg, Gms 62.179 Slope .97595
Net, Gms/Bhp-Hr 6.121 (Limit: 0.77/0.83-1.03)
Y-Intercept -8.697
32 (BAG) (Limit: +-15 Ft-Lbs)
Background, PPM .048 Std Error 6.721%
Exhaust +Bkg, Gms 6564.62 (Limit: 13% Max Eng Tq)
Net, Gms/Bhp-Hr 582.2 R-Square .93858
(Limit: 0.85/0.88)
“RTICULATE: POWER:
Secondary Tare, Gms .155759 Number 997
Secondary Part, Gms .155871 Slope .96168
Primary Tare, Gms .153303 (Limit: 0.87/0.89-1.03)
Primary Part, Gms .159158 Y-Intercept -2.018
Total, Gms/Bhp-Hr .19 (Limit: +-5 BHP)
: Std Error 6.996%
JEL CONSUMPTION: (Limit: 8%)
Lbs/Carbon Balance 3.890 R-Square . 94875
Lbs/Bhp-Hr .401 (Limit: 0.91)
Lbs/Measured 4.182
WORK :
AKE HORSEPOWER-HOUR: 9.691 Actual 9.691
(Limit: -158-5% Ref Bhp-Hr)
Reference 10.230
% Difference -5.27%

1 9200452 IR}

999 JDPRODTeEO0LYT3SJL O

DATE:

04/06/92 TIME:

14:5%6:25

14:56:25

PAGE : 6

HI-920052
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HD920053
999 JDPRODT6068TISJL O
1B HS6N

Test Number:
Test Date/Time:

AMBIENT DATA:

Barometer:
Dry Bulb Temperature:
Absolute Humidity:

EMISSION RESULTS:

HC (INTEGRATED):
Background, PPM
Exhaust +Bkg, Gms
Net, Gm/Bhp-Hr

CO (BAG):
Background, PPM
Exhaust +Bkg, Gms
Net, Gms/Bhp-Hr

NOX (INTEGRATED) :
Background, PPM
Exhaust+Bkg, Gms
Net, Gms/Bhp-Hr

C02 (BAG)
Background, PPM
Exhaust+Bkg, Gms
Net, Gms/Bhp-Hr

PARTICULATE:
Secondary Tare, Gms
Secondary Part, Gas
Primary Tare, Gas
Primary Part, Gas
Total, Gms/Bhp-Hr

FUEL CONSUMPTION:
Lbs/Carbon Balance
Lbs/Bhp-Hr
Lbs/Measured

BRAKE HORSEPOWER-HOUR:

HD-9200

HD-920053
3- 4-92 10:42

29.27 "HG
80.60 F

59.91 Gralns H20/Lbs Dry Air

Hs

4.24
10.36
.822

2.50
43.44
4.21

.26
62.12
6.185

.044
6600.19
599.7

.155375
.155432
.158355
.163954

.76

3.965
.414
4.182

9.588

ol

HEAVY DUTY DIESEL TRANSIENT TEST

Manufacturer:
Engine ID:

A ]

DIESEL SUMMARY REPORT

EXPERIMENTAL

999 JDPRODT6068T35J1. O

Lot leann v

CYCLE STATISTICS: HS
SPEED:
Number 1175
Slope . 99397
(Limit: 0.97-1.03)
Y-Intercept 9.044
(Limit: +-50 RPM)
Std Error 49.477
(Limit: 100 RPM)
R-Square .99106
(Limit: 0.97)
TORQUE :
Numbe 997
Slope .97012
(Limit: 0.77/0.83-1.03)
Y-Intercept ~9.618
(Limit: +-15 Ft-Lbs)
std Error 7.696%
(Limit: 13% Max Eng Tq)
R-Square .92010
(Limit: 0.85/0.88)
POWER:
Numbe r 997
Slope .95735
(Limit: 0.87/0.89-1.03)
Y-Intercept ~2.402
(Limit: +-S BHP)
Std Error 7.868%
(Limit: 8%)
R-Square .93551
(Limit: 0.91)
WORK :
Actual 9,588
(Limit; -15%-5% Ref Bhp-Hr)
Reference 10.230
s Difference -6.28%
Y DAEE: 07006792 T'IME

DATE: 04/06/92 TIME:

14:58:55

Lasoy:ohy

PAGE: 6
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HD920084
30 NHJ358-117-92-89V 1
1B CSs2p

Test Number: HD-92
Test Date/Time: 4-15~
AMBIENT DATA:
Barometer:

Dry Bulb Temperature:

Absolute Humidity:
EMISSION RESULTS:

HC (INTEGRATED):
Background, PPM
Exhaust +Bkg, Gms
Net, Gm/Bhp-Hr

CO (BAG):
Background, PPM
Exhaust +Bkg, Gms
Net, Gms/Bhp-Hr

NOX (INTEGRATED) :
Background, PPM
Exhaust +Bkg, Gms
Net, Gms/Bhp-Hr

CO2 (BAG)
Background, PPM
Exhaust +Bkg, Gms
Net, Gms/Bhp-Hr

PARTICULATE:
Secondary Tare, Gms
Secondary Part, Gms
Primary Tare, Gms
Primary Part, Gms
Total, Gms/Bhp-Hr

FUEL CONSUMPTION:
Lbs/Carbon Balance
Lbs/Bhp-Hr
Lbs/Measured

BRAKE HORSEPOWER-HOUR:

HD-920084 Q)

0084
92 7:45

29.32 “HG
83.00 F

HEAVY DUTY DIESEL TRANSIENT TEST DATE: 04/15/92 TIME: 16:10:31 PAGE: 6

DIESEL SUMMARY REPORT

Manufacturer: FORD
Englne ID:

30 NH358-117-92-89V 1

64.90 Grains H20/Lbs Dry Air

cs

5.25
24.56
2.313

2.36
52.36
5.33

.50
106.23
11.047

.038
6119.96
580.2

.158151
.158563
.156226
.165790

.94

3.758
.405
4.395

9.284

Cs2D

CYCLE STATISTICS: Ccs
SPEED:
Number 1175
Slope .99984
(Limic: 0.97-1.03)
Y-Intercept 3.483
(Limit: +-50 RPM)
Std Exrxor 17.146
(Limit: 100 RPM)
R-Square .99890
(Limit: 0.97)
TORQUE :
Number 994
Slope 1.00108
(Limit: 0.77/0.83-1.03)
Y-Intercept -4.640
(Limit: +-15 Ft-Lbs)
Std Error 7.810%
(Limit: 13% Max Eng Tq)
R-Square 93776
(Limit: 0.85/0.88)
POMER:
Number 994
Slope 1.00767
(Limit: 0.87/0.89-1.03)
Y-Intercept -1.294
(Limit: +-5 BHP)
Std Error 7.139%
(Limit: 8%)
R-Square . 94931
(Limit: 0.91)
WORK:
Actual 9.284
(Limit: ~15%-5% Ref Bhp-Hr)
Reference 9.603
8 Difference -3.32%
30 NHALB-117-92-8d4v 1 DATE: 04/15/92 TIME: T6:10:31  HD-970084
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30 NH358~117-92-89V 1
18 HS3D

Test Number:

AMBIENT DATA:

Barometer:
Dry Bulb Temperature:
Absolute Humidity:

EMISSION RESULTS:

HC (INTEGRATED) :
Background, PPM
Exhaust+Bkg, Gms
Net, Gm/Bhp-Hr

CO (BAG):
Background, PPM
Exhaust +Bkg, Gms
Net, Gms/Bhp-Hr

NOX (INTEGRATED) :
Background, PPM
Exhaust +Bkg, Gms
Net, Gms/Bhp-Hr

CO2 (BAG)
Background, PPM
Exhaust+Bkq, Gms
Net, Gms/Bhp-Hr

PARTICULATE:
Secondary Tare, Gms
Secondary Part, Gms
Primary Tare, Gms
Primary Part, Gms
Total, Gms/Bhp-Hr

FUEL CONSUMPTION:
Lbs/Carbon Balance
Lbs/Bhp-Hr
Lbs/Measured

BRAKE HORSEPOWER-HOUR:

HD-920085 1B

HD-920085
Test Date/Time: 4-15~

92 8:26

29.33 "HG
84.70 F

63.45 Gralns H20/Lbs Dry Alr

HS

4.50
21.25
2.040

2.58
47.57
4.87

1.00
104.55
10.927

.037
5966.19
5717.7

.152628
.152910
.155464
.164773

.92

3.665
.402
4.040

9.116

HS3D

Manufacturer:

30 NH358-117-92-89V

neavie LUt DLRESEL TRANSTENT TEST DATE:

DIESEL SUMMARY REPORT

30 NH358-117-92-89v 1

CYCLE STATISTICS:

04/15/92 ‘I'IME:

HS
SPEED:
Number 1175
Slope .99938
(Limit: 0.97-1.03)
Y-Intercept 3.063
(Limict: +-50 RPM)
std Error 17.263
(Limit: 100 RPM)
R-Square .99887
(Limit: 0.97)
TORQUE : ’
Number 995
Slope .98793
(Limit: 0.77/0.83-1.03)
Y~Intercept -5.238
{Limit: +-15 Fr-Lbs)
std Error 8.171%
(Limir: 13% Max Eng Tq)
R-Square .93078
(Limit: 0.85/0.88)
POWER:
Number 995
Slope 1.00307
(Limit: 0.87/0.89-1.03)
Y-Intercept -1.690
(Limit: +-5 BHP)
Std Error 7.434%
(Limit: 8%)
R-Square .9449¢
{Limit: 0.91)
WORK :
Actual 9.116
(Limit: -15%-5% Ref Bhp-Hr)
Reference 9.603
t Difference -5.07%

DATE: 04/15/92 TIME:

lo:le:l]

16:16:11

PAGE: :
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HD920086

HEAVY DUTY DIESEL TRANSIENT TEST

30 NH358-117-92-89V 1

1B HS4D
Test Number:
Test Date/Time:
AMBIENT DATA:
Barometer:

Dry Bulb Temperature:
Absolute Humidity:

HD-920086
4-15-92 9: 7

Engine ID:

29.34 “HG
85.10 F
65.34 Grains H20/Lbs Dry Air

EMISSION RESULTS: HS
HC (INTEGRATED) :
Background, PPM 4.80
Exhaust+Bkg, Gms 21.28
Net, Gm/Bhp-Hr 2,025
CO (BAG):
Background, PPM 2.15
Exhaust+Bkqg, Gms 46.49
Net, Gms/Bhp-Hr 4.82
NOX (INTEGRATED):
Background, PPM 1.50
Exhaust +Bkg, Gms 97.30
Net, Gms/Bhp-Hr 10.104
C0O2 (BAG)
Background, PPM .035
Exhaust +Bkg, Gms 5933.20
Net, Gms/Bhp-Hr 578.2
PARTICULATE:
Secondary Tare, Gms .154874
Secondary Part, Gms .155131
Primary Tare, Gms .156077
Primary Part, Gms .165592
Total, Gms/Bhp-Hr .94
FUEL CONSUMPTION:
Lbs/Carbon Balance 3.665
Lbs/Bhp-~Hr .402
Lbs/Measured 4.040
BRAKE HORSEPOWER-HOUR: 9.111

Hi-9.00U8y

B8 H54D

Manufacturer:

30 NHI3IL8-117-92-89V

DIESEL SUMMARY REPORT

30 NH358-117-92-89V 1

DATE .

04/15/92 TiME: 16:22:18 PAGE: O

CYCLE STATISTICS: HS
SPEED:
Number 1175
Slope .99897
(Limit: 0.97-1.03)
Y-Intercept 2.865
(Limit: +-50 RPM)
std Error 17.804
{Limit: 100 RPM)
R-Square .99880
(Limit: 0.97)
TORQUE ¢
Numbe r 995
Slope .98983
(Limit: 0.77/0.83-1.03)
Y-Intercept -5.836
(Limit: +-15 Ft-Lbs)
Std Error 8.187%
(Limit: 13% Max Eng Tq)
R-Square .93076
(Limit: 0.85/0.88)
POWER:
Number 995
Slope 1.00450
(Limit: 0.87/0.89-1.03)
Y-Intercept -1.829
(Limit: +-5 BHP)
std Error 7.458%
(Limtt: 8%)
R-Square .94478
{Limit: 0.91)
WORK:
Actual 9.111
(Limit: -15%-5% Ref Bhp-Hr)
Reference 9.603
s Difference -5.12%
1 DATE: 04/15/92 TIME: 16:22:18  HD-920086
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HD920090 HEAVY DUTY DIESEL TRANSIENT TEST DATE: 04/17/92 TIME: 07:27:42 PAGE:

30 NH358-117-92-89V 1

1B CS4D DIESEL SUMMARY REPORT
Test Number: HD-920090 Manufacturer: FORD
Test Date/Time: 4-16-92 12:57 Englne ID: 30 NH358-117-92-89v 1

AMBIENT DATA:

Barometer: 28.86 "HG
Dry Bulb Temperature: 81.70 F
Absolute Humidity: 83.35 Grains H20/Lbs Dry Alr
EMISSION RESULTS: Cs CYCLE STATISTICS: Cs
HC (INTEGRATED) : SPEED:
Background, PPM 4.05 Number : 1175
Exhaust+Bkg, Gms 25.83 Slope .99970
Net, Ga/Bhp-Hr 2.537 (Limit: 0.97-1.03)
Y-Intercept 2.87
CO (BAG): (Limic: +-50 RPM)
Background, PPM 2.79 Std Error 17.916
Exhaust+Bkg, Gms 60.31 (Limit: 100 RPM)
Net, Gms/Bhp-Hr 6.16 R-Square .99879
: (Limit: 0.97)
NOX (INTEGRATED) : TORQUE :
Background, PPM 1.00 Number 994
Exhaust+Bkg, Gms 102.90 Slope .99343
Net, Gms/Bhp-Hr 11.156 (Limit: 0.77/0.83-1.03)
Y-Intercept -4.452
CO2 (BAG) (Limit: +-15 Ft-Lbs)
Background, PPM .044 Std Error 7.910%
Exhaust+Bkg, Gms 6494.98 {Limit: 13% Max Eng Tq)
Net, Gms/Bhp-Hr 613.5 R-Square .93534
(Limit: 0.85/0.88)
PARTICULATE; POWER:
Secondary Tare, Gms .151922 Number 994
Secondary Part, Gms .152280 Slope .99904
Primary Tare, Gms .151596 (Limit: 0.87/0.89-1.03)
Primary Part, Gms .161585 Y-Intercept -1.186
Total, Gms/Bhp-Hr .99 (Limit: +-5 BHP)
Std Error 7.119%
FUEL CONSUMPTION: (Limit: 8%)
Lbs/Carbon Balance 3.967 R-Square .94875
Lbs/Bhp-Hr .429 (Limilt: 0.91)
Lbs/Measured 4.465
WORK:
BRAKE HORSEPOWER-HOUR: 9.251 Actual 9,25}
(Limit: -15%-5% Ref Bhp-Hr)
Reference 9.603
% Ditference -3.67%

e ) o (N3 «L40

0 NHSH -1 -9 -89V DATE D 6A711/92 TIME:

01/:

2
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HD920091
30 NH358-117-92-89V 1

B HS1D DIFESEL SUMMARY REPORT

Test Number:
Test Date/Time:

HD-920091
4-16-92 13:37

Manufacturer: FORD
Engine ID: 30 NH358-117-92-89v 1

AMBIENT DATA:

Barometer:
Dry Bulb Temperature:
Absolute Humidity:

28.83 "HG
83.70 F

64.81 Gralans H20/Lbs Dry Alr

EMISSION RESULTS: HS CYCLE STATISTICS:
HC (INTEGRATED) : SPEED:
Background, PPM 5.10 Number
Exhaust+Bkg, Gms 21.96 Slope
Net, Gm/Bhp-Hr 2.086 (Limit: 0.97-1.03)
Y-Intercept
CO (BAG): (Limit: +-50 RPM)
Background, PPM 2.58 Std Error
Exhaust +Bkg, Gms 53.54 (Limit: 100 RPM)
Net, Gms/Bhp-Hr - 5.55 R-Square
) (Limit: 0.97)
NOX (INTEGRATED) : TORQUE :
Background, PPM 1.50 Number
Exhaust+Bkg, Gms 97.02 Slope
Net, Gms/Bhp-Hr 10.079 (Limic: 0.77/0.83-1.03)
Y-Intercept
C02 (BAG) (Limit: +-15 Ft-Lbs)
Background, PPM .042 Std Error
Exhaust+Bkg, Gms 6184.04 (Limit: 13% Max Eng Tq)
Net, Gms/Bhp-Hr 593.0 R-Square
(Limit: 0.85/0.88)
PARTICULATE: POWER:
Secondary Tare, Gms .15837 Number
Secondary Part, Gms .158563 Slope
Primary Tare, Gms .151391 (Limit: 0.87/0.89-1.03)
Primary Part, Gms .159887 Y-Intercept
Total, Gms/Bhp-Hr .86 (Limit: +¢-5 BHP)
Std Error
FUEL CONSUMPTION: (Limtr: 8%)
Lbs/Carbon Balance 3.759 R-Square
Lbs/Bhp-Hr .413 (Limit: 0.91)
Lbs/Measured 4.182
WORK:
BRAKE HORSEPOWER-HOUR: 9.097 Actual
(Limit: -15%-5% Ret Bhp-Hr)
Reterence

% Difference

AL D LS

HEAVY DUTY DIESEL TRANSIENT TEST DATE: 04/17/92 TIME:

HS
1175
.99853
2.979
17.833
.99880
995
.98658
-5.713
7.981%
. 93357

995
.99808

-1.700

7.269%

.94675

9.097

9.6013
-5.21%

R W ¥ BT

0/:28:01

RS BRVE |

PAGE: 6
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HD920092
30 NH358-117-92-89V 1
18 HS8D

HD-920092
4-16-92 14:16

Test Number:
Test Date/Time:

AMBIENT DATA:

28.79 “HG
83.70 F

Barometer:
Dry Bulb Temperature:
Absolute Humidity:

EMISSION RESULTS: HS
HC (INTEGRATED) :

Background, PPM 4.95
Exhaust +Bkg, Gms 21.82

HEAVY DUTY DIESEL TRANSIENT TEST

DIESE]L SUMMARY REPORT

Manufacturer: FORD
Engine 1D:

62.30 Grains H20/Lbs Dry Air

30 NH358-117-92-89V 1

CYCLE STATISTICS: HS
SPEED:
Numbe r 1175
Slope .99847

DATE: 04/17/82 TIME:

Net, Gm/Bhp-Hr 2.097 (Limit: 0.97-1.03)
Y-Intercept 2.123
CO (BAG): - {Limit: +-50 RPM)
Background, PPM 1.93 Std Error 13.153
Exhaust +Bkg, Gms 51.53 (Limit: 100 RPM)
Net, Gms/Bhp-Hr 5.45 R-Square .99935
(Limit: 0.97)
NOX (INTEGRATED) : TORQUE :
Background, PPM 3.00 Number 995
Exhaust +Bkg, Gms 95.02 Slope . 98560
Net, Gms/Bhp-Hr 9.565 (Limit: 0.77/0.83-1.03)
Y-Intercept -6.397
C0O2 (BAG) {Limit: +-15 Ft-Lbs)
Background, PPM .033 Std Error 8.053%
Exhaust +Bkg, Gms 5868. 54 (Limit: 13% Max Eng Tq)
Net, Gms/Bhp-Hr 581.4 R-Square .93213)
(Limit: 0.85/0.88)
PARTICULATE : POWER:
Secondary Tare, Gms .159786 Numbe ¢ 995
Secondary Part, Gms .159900 Slope .99600
Primary Tare, Gms .157921 {Limit: 0.87/0.89-1.03)
Primary Part, Gms .167215 Y-Intercept -1.881
Total, Gms/Bhp-Hr .97 (Limit: +-5 BHP)
Std Error 7.536%
FUEL CONSUMPTION: {Limit: 8%)
Lbs/Carbon Balance 3.659 R-Square .94276
Lbs/Bhp-Hr .405 {(Limit: 0.91)
Lbs/Measured 4.111
WORK :
BRAKE HORSEPOWER-HOUR: 9.029 Actual 9.029
(Limit: -15%-5% Ref Bhp-Hr)
Reference 9.603
% Difference -5.98%
HD 9200y 18 HSBD 40 NH35B-11/7-92-84v | DATE: 04/11/92 TiMt -

07:28:25

Ol:28:2%

PAGE : 6
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HDS20107

30 NH158-117-92-89V 1

1B CS2R

Test Number:
Test Date/Time:

AMBIENT DATA:

Barometer:
Dry Bulb Temperature:
Absolute Humidity:

EMISSION RESULTS:

HC (INTEGRATED) :
Background, PPM
Exhaust+Bkg, Gms
Net, Gm/Bhp-Hr

CO (BAG):
Background, PPM
Exhaust+Bkg, Gms
Net, Gms/Bhp-Hr

NOX (INTEGRATED) :
Background, PPM
Exhaust+Bkg, Gms
Net, Gms/Bhp-Hr

C02 (BAG)
Background, PPM
Exhaust+Bkg, Gms
Net, Gms/Bhp-Hr

PARTICULATE:
Secondary Tare, Gms
Secondary Part, Gms
Primary Tare, Gms
Primary Part, Gms
Total, Gms/Bhp-Hr

FUEL CONSUMPTION:
Lbs/Carbon Balance
Lbs/Bhp-Hr
Lbs/Measured

BRAKE HORSEPOWER-HOUR:

HD-920107
4-23-92 14: 3

29.04 "HG
81.70 F

HEAVY DUTY DIESEL TRANSIENT TEST DATE: 05705792 "I'IML:

DIESEL SUMMARY REPORT

Manufacturer: FORD
Engine ID:

30 NHJI58-117-92-89V 1

53.75 Gralns H20/Lbs Dry Alr

Ccs

5.15
41.44
4.451

1.50
48.96
5.46

2.00
73.7)
7.665

.035
5274.76
534.2

157574
.158171
.157601
.168272

1.57

3.270
.38
4.465

8.642

HO 920101 I USCR

CYCLE STATISTICS:

SPEED:
Number
Slope
(Limit: 0.97-1.03)
Y-Intercept
(Limit: +-50 RPM)
std Error
(Limic: 100 RPM)
R-Square
{Limlt: 0.97)
TORQUE :
Number
Slope
(Limit: 0.71/0.83-1.03)
Y-1lntercept
(Limit: +-15 Fu-Lbs)
Std Error
(Limtt: 13% Max kng Tq)
R-Square
{Limic: 0.85/0.88)
POWER:
Number
Slope
(Limit: 0.87/0.89-1.03)
Y-Intercept
(Limlt: +-5 BHP)
Std Error
(Limit: 8%)
R-Square
(Limit: 0.91)

WORK :
Actual

(Limit: -15%-5% Ret Bhp-lir)

Reference
L Difference

JONHASB-L1 7 a2-89Y DATE D Un/ubh/ye TIME:

175
1.00016

2.789
12.329
.99944

997
.92466
.889

7.211%

.93868
997
.93431
-.072

6.727%

.94829

8.642

9.262
~6.69%

10:29:25

PAGE:
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HD920108
30 NH358-117-92-89v 1
1B HS3R

Test Number: HD-920108
Test Date/Time: 4-23-92 14:42
AMBIENT DATA:
Barometer: 29.02 "G
Dry Bulb Temperature: 83.40 F
Absolute Humidity:
EMISSION RESULTS: HS
HC (INTEGRATED) :
Background, PPM 5.45
Exhaust +Bkg, Gms 31.73
Net, Gm/Bhp-Hr 3.375
CO (BAG):
Background, PPM 1.72
Exhaust +Bkg, Gms 40.61
Net, Gms/Bhp-Hr 4.55
NOX (INTEGRATED) :
Background, PPM 1.00
Exhaust +Bkg, Gms 61.63
Net, Gms/Bhp-Hr 6.712
CO2 (BAG)
Background, PPM .035
Exhaust +Bkg, Gms 5197.19
Net, Gms/Bhp-Hr 535.8
PARTICULATE : .
Secondary Tare, Gms .159452
Secondary Part, Gms .159888
Primary Tare, Gms .158480
Primary Part, Gms .167165
Total, Gms/Bhp-Hr 1.17
FUEL CONSUMPTION:
Lbs/Carbon Balance 3.186
Lbs/Bhp-Hr .376
Lbs/Measured 4.040
BRAKE HORSEPOWER-HOUR: 8.4

itn g

HEAVY DUTY DIESEL TRANSIENT TEST

DIESEL SUMMARY REPORT

Manufacturer:
Englae 1D:

55.65 Gralns H20/Lbs Dry Alr

1O N -

FORD
30 NI358-117-92-89v |

1.

CYCLE STATISTICS:

SPEED:
Number
Slope
{Limit: 0.97-1.03)
Y-Intercept
(Limit: +-50 RPM)
Std Error
(Limit:
R-Square
(Limit: 0.97)
TORQUE. :
Number
Slope
(Limit: 0.77/0.83-1.03)
Y-Intercept
(Limic: +-15 Fu-ibs)
Std Error
(Limit:
R-Square
(Limit: 0.85/0.88)
POWER:
Numbe r
Slope
(Limit: 0.87/0.89-1.03)
Y-Intercept

100 RPM)

13% Max Eng Tq)

(Limit: +-5 BHP)
Std Error
(Limit: 8%)
R-Square
(Limit: 0.91)
WORK :
Actual
(Limie: -15%-5% Ret Bhp-Hr)
Reference

% Difterence

1 LA

DATE: 05/05/92 TIME:

HS
1175
.99943
2.563
12.247
. 99445
997
. 90935
LY
6.873%
.94218
997
. 92891
~.480
6.442%

.95185

8.471

9.262
~8.54%

un/0nh/ 9 TNk
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HD920109
30 NH158-117-92-89V
1B HS4R

Test Number: HD-920109 Manufacturer: FORD

Test Date/Time: 4-23-92 15:20 Engine ID: 30 NH358-117-92-89V 1

AMBIENT DATA:

Barometer: 29,01 *HG

Dry Bulb Temperature: 84.50 F

Absolute Humidity: 59.11 Grains H20/Lbs Dry Alr

EMISSION RESULTS: HS CYCLE STATISTICS: HS

HC (INTEGRATED) : SPEED:

" Background, PPM 5.75 Number 1175
Exhaust+Bkg, Gms 30.67 Slope .99921
Net, Gm/Bhp-Hr 3.219 (Limit: 0.97-1.03)

Y-Intercept 2.151

CO (BAG): (Limit: +-50 RPM)

Background, PPM 1.72 std Error 10.954

Exhaust+Bkg, Gms 39.79 (Limit: 100 RPM)

Net, Gms/Bhp-Hr 4.44 R-Square .99956
(Limit: 0.97)

NOX (INTEGRATED) : TORQUE:

Background, PPM .50 Number 997

Exhaust+Bkg, Gms 58.05 Slope .91148

Net, Gms/Bhp-Hr 6.452 (Limitv: 0.77/0.83-1.03)
Y-Intercept Yy

C0O2 (BAG) (Limit: +-15 Fut-Lbs)

Background, PPM .029 Std Error 6.716%

Exhaust+Bkg, Gms 5198.57 (Limit: 13% Max Eng Tq)

Net, Gms/Bhp-Hc 546.1 R-Square .94459
(Limit: 0.85/0.88)

PARTICULATE: POWER:

Secondary Tare, Gms .152335 Numbe r 997
Secondary Part, Gms .152722 Slope .93353
Primary Tare, Gms .153151 (Limit: 0.87/0.89-1.03)
Primary Part, Gms .161596 Y-Intercept -.524
Total, Gms/Bhp-Hr 1.12 (Limit: +-5 BHP)

std Error 6.095%

FUEL CONSUMPTION: (Limit: 8%)

Lbs/Carbon Balance 3.255 R-Square .95709
Lbs/Bhp-Hr .383 {(Limfit: 0.91)
Lbs/Measured 3.969
WORK:
BRAKE HORSEPOWER-HOUR: 8.497 Actual B8.497
(Limtc: -15%-5% Ref Bhp-Hr)
Reference 9.262
% Ditference -8.20%
B - 920100 i i TR S0 NSy 1/ -92 -89V DATE: 05/05/792 TIME:

1

HEAVY DUTY DIESEL TRANSIENT TEST DATE: 05/05/92 [IME:

DIESEL SUMMARY REPORT

10:39:02

10: 4900
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HD920110
30 NH358-117-92-89v 1
1B CS3R

HO-920) 10 -0

Test Number: HD-920110
Test Date/Time: 4-24-92 7:25
AMBIENT DATA:
Barometer: 28.92 ®"HG
Dry Bulb Temperature: 82.70 F
~Absolute Humidity:
EMISSION RESULTS: cs
HC (INTEGRATED):
Background, PPM 3.94
Exhaust+Bkg, Gms 44.81
Net, Gm/Bhp-Hr 4.934
CO (BAG):
Background, PPM 1.72
Exhaust+Bkg, Gms 51.70
Net, Gms/Bhp-Hr 5.76
NOX (INTEGRATED):
Background, PPM 1.00
Exhaust+Bkg, Gms 67.90
Net, Gms/Bhp-Hr 7.280
CO2 (BAG)
Background, PPM .031
Exhaust+Bkg, Gms 5190.24
Net, Gms/Bhp-Hr 534.0
PARTICULATE:
Secondary Tare, Gms .154070
Secondary Part, Gms .154732
Primary Tare, Gms .152285
Primary Part, Gms .165760
Total, Gms/Bhp-Hr 1.7
FUEL CONSUMPTION:
Lbs/Carbon Balance 3.272
Lbs/Bhp~Hr .380
Lbs/Measured 4.395
BRAKE HORSEPOWER-HOUR: 8.619

Manufacturer:
Engine ID:

HEAVY DUTY DIESEL TRANSIENT TEST

DIESEL SUMMARY REPORT

55.21 Grains H20/Lbs Dry Ailr

1 N

t'ORD
30 NH358-117-92-89v 1

ol

!

[N Y

DATE: 04/24/92 TIME:

CYCLE STATISTICS: Cs
SPEED:
Number 1175
Slope 1.00095
(Limit: 0.97-1.03)
Y-Intercept 2.721
(Limit: +~50 RPM)
Std Error 12.689
(Limit: 100 RPM)
R-Square .99941
(Limit: 0.97)
TORQUE :
Number 997
Slope .92307
(Limit: 0.77/0.83~1.03)
Y-Intercept .410
{Limit: +-15 Ft-Lbs)
Std Error 7.422%
(Limit: 13% Max Eng Tq)
R-Square .93506
(Limic: 0.85/0.88)
POWER:
Numbe r 997
Slope .93199
{Limit: 0.87/0.89-1.03)
Y-Intercept -.140
{(Limit: +-5 BHP)
std Error 6.998%
(Limit: 8%)
R-Square .94403
(Limit: 0.91)
WORK :
Actual 8.619
(Limit: -158-5% Ref Bhp-Hr)
Reference 9.262
% Difference -6.94%
1 DATE D uidzld,90 ML

14:20:24

14:20:2%
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HD920111 HEAVY DUTY DIESEL TRANSIENT TEST " DATE: 04/24/92 T'IME: 14:20:46 PAGE: "
30 NH358-117-92-89V 1
1B HSSR DI1ESEL SUMMARY REPORT
Test Number: HD-920111 Manufacturer: FORD

Test Date/Time: 4-24-92 8: 4 Englne 10: 30 NH358-117-92-89v 1

AMBIENT DATA:

Barometer:
Dry Bulb Temperature:
Absolute Humidity:

28.94 "HG
84.30 F

56.22 Gralns H20/Lbs Dry Air

EMISSION RESULTS: HS CYCLE STATISTICS: HS
HC (INTEGRATED): SPEED:
Background, PPM 4.24 Number 1175
Exhaust+Bkg, Gms 32.58 Slope . 1.00031
Net, Gm/Bhp-Hr 3.545 (Limit: 0.97-1.03)
Y-Intercept 2.3717
CO (BAG) : (Limit: +-50 RPM)
Background, PPM 1.72 std Error 11.135
Exhaust +Bkg, Gms 40.48 (Limit: 100 RPM)
Net, Gms/Bhp-Hr 4.92 R-Square .99955
{(Limit: 0.97)
NOX (INTEGRATED) : TORQUE :
Background, PPM 1.50 Number 997
Exhaust +Bkg, Gms 67.52 Slope .90929
Net, Gms/Bhp-Hr 7.256 {Limit: 0.77/0.83-1.03)
Y-Intercept . 168
C02 (BAG) (Limit: ¢+-15 Ft-Lbs)
Background, PPM .033 Std Error 6.701%
Exhaust+Bkg, Gms 5025.88 {(Limit: 13% Max Eng Tq)
Net, Gms/Bhp-Hr 518.6 R-Square .94488
(Limit: 0.85/0.88)
PARTICULATE: POWER:
Secondary Tare, Gms .157922 Number 997
Secondary Part, Gms .158327 Slope .93100
Primary Tare, Gms .1572117 (Limit: 0.87/0.89-1.03)
Primary Part, Gms .166319 Y-Intercept -.412
Total, Gms/Bhp-Hr 1.23 (Limit: +-5 BHP)
Std Error 6.024%
FUEL CONSUMPTION: (Limit: 8%)
Lbs/Carbon Balance 3.099 R-Square .95783
Lbs/Bhp-Hr .365 (Limit: 0.91)
Lbs/Measured 4.040
WORK :
BRAKE HORSEPOWER-HOUR: 8.494 Actual 8.494
(Limic: -158-5% Ref Bhp-Hr)
Reference 9.262
% Difference -8.29%

HD-4920111 18

HSHR

30 NHJISB-11/-92-849V

1

DATE: 04/24/92 TIME:

14:20: 40
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HD920112
30 NH358-117~-92-89V 1
1B HS6R
Test Number: HD-920112

Test Date/Time: 4-24-92 8:44
AMBIENT DATA:

28.94 “HG
84.10 F

Baraometer:
Dry Bulb Temperature:
Absolute Humidity:

EMISSION RESULTS: HS

HC (INTEGRATED):
Background, PPM 4.24

Exhaust +Bkq, Gms 30.37

Net, Gm/Bhp-Hr 3.315
CO (BAG):

Background, PPM 1.72

Exhaust+Bkg, Gms 38.65

Net, Gms/Bhp-Hr 4.34

NOX (INTEGRATED) :
Background, PPM 1.50

Exhaust +Bkg, Gms 60.17
Net, Gms/Bhp-Hr 6.511
CO2 (BAG)
Background, PPM .033
Exhaust +Bkg, Gms 5039.35
Net, Gms/Bhp-Hr 524.6
PARTICULATE:
Secondary Tare, Gms .158405
Secondary Part, Gms .158771
Primary Tare, Gms .157830
Primary Part, Gms .166567
Total, Gms/Bhp-Hr 1.172
FUEL CONSUMPTION:
Lbs/Carbon Balance 3.100
Lbs/Bhp-Hr .368
Lbs/Measured 4.040
BRAKE HORSEPOWER-HOUR: 8.420

HD~920112 1B HS6R

HEAVY DUTY DIESEL TRANSIENT TEST DATE: 04/24/92 TIME:

DIESEL SUMMARY REPORT

Manufacturer: FORD
Engine [D:

57.72 Grains H20/Lbs Dry Air

10 NH3L8-117-942-89V

30 NH358-117-92-89v 1

CYCLE STATISTICS:

SPEED:
Number
Slope
(Limit: 0.97-1.03)
Y-Intercept
(Limit: +-50 RPM)
Std Error
(Limit: 100 RPM)
R-Square
(Limit: 0.97)
TORQUE :
Number
Slope
(Limlt: 0.77/0.83-1.03)
Y-Intercept
(Limit: +-15 Fr-Lbs)
Std Error
(Limit: 13% Max Eng Tq)
R-Square :
(Limit: 0.85/0.88)
POMER:
Numbe r
Slope
(Limit: 0.87/0.89-1.03)
Y-Intercept
(Limit: +-5 BHP)
Std Error
(Limic: 8%)
R-Square
(Limit: 0.91)

WORK :
Actual
(Limit: -15%8-5% Ref Bhp-Hr)
Ri:ference
3 Difference

1 DATE: 04/24/92 TIME:

HsS
1175
.99968
2.451
12.042
.99947
397
.90715
-.130
6.861%
.94212
997
.92857
~-.662
6.409%

.95228

8.420

9.262
-9.09%

14:21:01

14:21:08

PAGE.: 1]
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E. Raw 8-Mode Steady-State Test Emission Data

Table E.1
John Deere 6068T Engine, Production Injection Timing,
Production Injectors 8-Mode Steady-State #1

Mode
Measurement 1 ’ 3 4 5 6 4 8
Date 8/26 1991

Speed, rpm 1300 1300 1300 2200 2200 2200 2200 960

Torque, Ft-1lb 240 360 480 335 251 168 34 0

Power, Hp 58.0 87.1 116.9 138.0 103.9 68.0 14.9 0
Water In, deg F 146.9 147.2 147.2 147.2 147.2 147.2 146.9 145.2
Water Out, deg F 172.8 177.6 178.9 179.7 177.1 174.9 171.9 168.0
0il, deg F 185.0 189.3 198.5 202.0 198.5 193.2 186.7 172.3

Inlet Air, deg F 87.1 86.8 88.2 87.5 87.8 87.8 86.5 86.1
Fuel, deg F 93.3 90.9 90.9 91.1 93.6 95.0 94.3 93.6
Fuel Return, deg F 122.2 122.2 122.2 122.6 122.6 122.6 122.6 122.2
Exhaust, deg F 564.6 729.2 880.5 786.7 703.4 604.5 393.2 199.3
Inlet Restriction in H20 2.0 2.4 2.9 9.9 8.2 6.7 5.3 1.0
Exhaust Restriction in Hg 0.2 0.4 0.6 2.4 1.8 1.3 0.8 0.1
Fuel Flow, gal/hour 3.0 4.2 5.7 7.2 5.7 3.9 1.8 0.3
Sample Zone Temp, deg F 109.1 121.0 140.9 193.5 166.9 141.6 108.4 80.3
Filter Face Temp, deg F 104.6 105.6 114.5 124.5 120.0 111.5 101.9 87.1
Total Tunnel Flow, ft’ 28040 27790 18270 17660 26990 27420 28090 38310
Exhaust HC, ppm 13.79 15.24 11.83 20.54 16.14 23.97 36.20 13.84
Exhaust NO,, ppm 139.6 217.8 276.5 290.5 175.8 94.10 27.52 10.99
Exhaust CO,, % 0.457 0.710 0.961 1.219 0.959 0.685 0.293 0.064
Exhaust CO, ppm 6.95 10.14 65.24 189.9 93.95 49.79 30.48 15.79
Background HC, ppm 3.78 4.23 4.60 4.45 4.15 4.52 4.75 4.30
Background NO,, ppm 0.50 1.50 2.00 2.00 2.00 1.50 1.50 0.50
Background CO,, % 0.037 0.037 0.039 0.041 0.039 0.037 0.037 0.035
Background CO, ppm 2.64 3.09 3.31 4.41 3.31 3.31 3.31 3.09

Stabilization Time, min 5.75 11 8.33 6.5 6 5 5 7

Collection Time, min 15 15 6.5 10 15 15 15 10




Table E.2
John Deere 6068T Engine, Production Injection Timing,
Production Injectors 8-Mode Steady-State #2

Mode
Measurement 1 2 3 4 5 s : s
Date 8/27 1991

Speed, rpm 1300 1300 1300 2200 2200 2200 2200 960

Torque, Ft-1b 240 360 480 335 251 168 34 0
Power, Hp 59.8 86.7 119.0 137.9 100.9 67.9 12.1 0.1
Water In, deg F 146.6 147.2 147.6 147.9 146.9 146.9 146.6 144.6
Water Out, deg F 172.3 176.2 178.9 179.3 176.7 174.5 171.9 168.0
Oil, deg F 193 185.0 192.8 200.9 199.3 193.7 188.0 .173.2

Inlet Air, deg F 85.8 86.1 87.0 87.1 87.5 87.5 87.1 86.4
Fuel, deg F 81.0 87.1 89.2 90.9 92.6 94.0 94.0 95.0
Fuel Return, deg F 121.8 121.8 | 121.8 121.8 122.2 122.2 121.8 122.2
Exhaust, deg F 576.3 735.6 889.3 788.8 692.7 569.9 395.4 195.4
Inlet Restriction in H20 2.1 2.35 3.0 11.8 8.2 6.6 5.4 0.95
Exhaust Restriction in Hg 0.40 0.55 0.80 2.2 1.8 1.4 0.95 0.15
Fuel Flow, gal/hour 2.7 4.2 6.0 7.2 6.0 3.9 1.8 0.4
Sample Zone Temp, deg F 115.2 118.0 141.6 194.5 170.9 145.6 111.1 83.4
Filter Face Temp, deg F 104.3 104.3 117.6 118.3 121.7 116.7 105.6 89.2
Exhaust HC, ppm 12.16 15.26 10.02 17.78 14.01 22.99 33.10 13.10
Exhaust NO,, ppm 147.1 226.3 283.4 287.4 166.7 92.57 27.99 10.49
Exhaust CO,, % 0.488 0.698 0.986 1.241 0.955 0.687 0.298 0.060
Exhaust CO, ppm 6.29 11.17 83.68 194.6 112.3 64.31 27.45 15.30
Background HC, ppm 3.93 4.52 4.30 4.52 4.67 4.52 4,38 5.19
Background NO,, ppm 0.50 .050 0.50 1.00 1.00 1.00 0.50 0.50
Background CO,, % 0.039 0.035 0.039 0.043 0.041 0.037 0.026 0.022
Background CO, ppm 2.42 1.76 2.64 3.97 2.42 1.98 1.54 0.88

Stabilization Time, min 3 5 5 5 5 5 5 5

Collection Time, min 15 15 10 10 15 15 15 20




Table E.3
John Deere 6068T Engine, Retarded Injection Timing,

Production Injectors 8-Mode Steady-State #1

Mode
Measurement 1 R 3 P 5 6 . 8
Date 2/19 1992

Speed, rpm 2200 2200 2200 2200 1300 1300 1300 960
Torque, Ft-1lb 320.0 241.0 161.5 37.0 476.0 356.0 260.0 5.0
Power, Hp 134.0 101.0 67.7 15.5 117.8 88.1 64.4 0.9
Water In, deg F 135.9 135.3 | .135.5 134.6 135.6 135.3 134.6 132.6
Water Out, deg F 164.2 162.9 161.9 160.2 164.2 164.5 162.2 156.9
0il, deg F 210.0 208.1 206.4 203.1 199.8 205.1 195.5 18%9.8

Inlet Air, deg F 84.1 82.3 81.0 81.0 82.3 82.0 81.3 80.3
Fuel, deg F 75.3 78.2 81.3 82.0 83.4 81.3 81.7 80.6
Fuel Return, deg F 117.3 121.4 117.3 115.9 115.2 113.9 110.4 106.3
Exhaust, deg F 978.3 893.1 773.8 580.2 1054 955.1 812.2 385.5
Inlet Restriction in H20 12.3 10.2 8.3 6.1 3.6 3.0 2.4 1.1
Exhaust Restriction in Hg 2.4 2.1 1.6 1.0 0.95 0.70 0.55 0.0
Fuel Flow, gal/hour 7.2 3.0 2.1 1.2 3.0 2.4 1.5 -—-
Sample Zone Temp, deg F 198.8 186.1 163.2 123.1 156.6 138.6 121.4 91.9
Filter Face Temp, deg F 110.8 134.9 132.3 114.5 122.4 118.6 107.7 97.4
Exhaust HC, ppm 21.16 20.11 28.99 248.44 13.13 17.56 14.41 16.81
Exhaust NO,, ppm 145.6 | 92.2 55.8 20.2 171.1 | 107.5 | 78.0 9.7
Exhaust CO,, % 0.990 1.025 0.802 0.375 1.135 0.830 0.608 0.105
Exhaust CO, ppm 201.6 170.1 75.3 147.1 82.7 17.7 119.6 18.3
Background HC, ppm 4.24 4.24 4.24 4.24 2.97 2.97 2.97 2.97
Background NO,, ppm 3.85 3.85 3.85 3.85 3.85 3.85 3.85 3.85%
Background CO,, % 0.050 0.050 0.050 0.050 0.039 0.039 0.039 0.039
Background CO, ppm 2.50 2.50 2.50 2.50 0.63 0.63 0.63 0.63

Stabilization Time, min S 5 5 5 5 S 5 5

Collection Time, min S5 S 5 5 5 10 15 20




Table E.4

John Deere 6068T Engine, Retarded Injection Timing,

Production Injectors 8-Mode Steady-State #2

Mode
Measurement 1 2 3 4 5 6 7 g
Date 2/26 1992

Speed, rpm 2200 2200 2200 2200 1300 1300 1300 960
Torgque, Ft-lb 320.5 244.0 163.5 32.0 475.0 352.0 243.5 0.0
Power, Hp 134.3 102.2 68.5 13.4 117.6 87.1 60.3 0.0
Water In, deg F 135.9 134.6 134.6 133.9 135.9 134.3 133.9 132.3
Water Out, deg F 164.9 163.9 162.2 159.5 164.9 164.2 162.0 157.2
0il, deg F 209.8 211.8 207.8 200.4 201.8 206.4 197.5 188.1

Inlet Air, deg F 82.0 82.0 82.0 80.3 82.7 82.0 82.0 81.3
Fuel, deg F 80.0 80.3 81.3 82.0 83.0 81.0 81.3 81.3
Fuel Return, deg F 122.4 122.4 119.0 115.6 116.6 116.6 111.8 108.7
Exhaust, deg F 956.4 888.0 778.1 604.5 1069 972.0 771.2 398.1
Inlet Restriction in H20 12.1 10.6 8.3 6.2 3.6 3.0 2.4 1.1
Exhaust Restriction in Hg 2.4 2.0 1.5 0.9 0.9 0.6 0.5 0.1
Fuel Flow, gal/hour 7.2 6.0 4.2 2.1 6.0 4.2 2.7 -——
Sample Zone Temp, deg F 207.8 186.5 162.9 123.4 144.9 140.9 125.5 96.0
Filter Face Temp, deg F 129.6 134.6 125.2 113.2 121.7 119.3 114.2 100.8
Exhaust HC, ppm 22.59 20.49 29.21 251.5 14.56 18.08 16.21 17.41
Exhaust NO,, ppm 155.0 96.6 56.8 14.9 175.3 108.8 66.8 5.9
Exhaust CO,, % 1.240 0.995 0.795 0.367 1.122 0.827 0.569 0.103
Exhaust CO, ppm 239.2 166.4 76.0 141.9 80.0 15.7 10.1 13.8
Background HC, ppm 4.69 4.69 4.69 4.69 4.69 4.69 4.69 4.69
Background NO,, ppm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Background CO,, % 0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041
Background CO, ppm 1.88 1.88 1.88 1.88 1.88 1.88 1.88 1.88

Stabilization Time, min 5 5 5 5 5 5 5 5
Collection Time, min 5 5 S 5 5 10 10 20




Table E.5
John Deere 6068T Engine, Retarded Injection Timing,

Modified Injectors 8-Mode Steady-State #1

Mode
Measurement 1 2 3 4 5 6 - 8
Date 3/9 1992

Speed, rpm 2200 2200 2200 2200 1300 1300 1300 960
Torque, Ft-1lb 331.5 250.2 165.5 37.0 485.0 364.0 245.0 3.0
Power, Hp 138.9 104.8 69.3 15.5 120.0 90.1 60.6 0.5
Water In, deg F 135.9 134.9 134.6 133.6 135.3 134.6 133.9 132.6
Water Out, deg F 165.2 164.9 163.2 162.2 167.2 163.9 133.6 153.6
0il, deg F 213.8 212.4 208.4 204.1 206.1 205.4 197.8 185.5

Inlet Air, deg F 84.4 82.3 83.4 81.7 83.4 81.7 82.7 81.0
Fuel, deg F 82.0 83.7 84.7 84.7 85.4 83.0 83.0 82.3
Fuel Return, deg F 124.8 122.8 119.3 117.6 118.6 116.6 112.1 108.0
Exhaust, deg F - 957.2 879.2 773.4 560.1 1083 957.2 758.1 344.0
Inlet Restriction in H20 12.4 10.2 8.0 6.0 3.5 2.8 2.4 1.1
Exhaust Restriction in Hg 2.4 1.8 1.3 0.8 0.8 0.0 0.0 0.0
Fuel Flow, gal/hour 7.2 5.7 3.9 1.8 5.7 4.2 2.7 -——-
Sample Zone Temp, deg F 210.1 186.1 161.9 122.1 154.6 136.9 117.6 85.4
Filter Face Temp, deg F 120.4 116.6 112.8 105.3 118.6 115.6 108.0 92.6
Exhaust HC, ppm 12.16 11.19 16.66 280.2 8.79 11.41 12.23 15.68
Exhaust NO,, ppm 179.3 | 110.3 62.8 17.1 194.7 | 132.3 79.0 4.9
Exhaust CO,, % 1.015 0.870 0.734 0.348 1.099 0.760 0.536 0.091
Exhaust CO, ppm 159.6 106.9 51.3 144.9 101.3 15.2 7.7 13.7
Background HC, ppm 3.87 3.87 3.87 3.87 3.87 3.87 3.87 3.87
Background NO,, ppm 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26
Background CO,, % » 0.037 0.037 0.037 0.037 0.037 0.037 0.037 0.037
Background CO, ppm 0.58 0.58 0.58 0.58 0.58 0.58 0.58 0.58

Stabilization Time, min 5 5 5 5 5 5 5 5

Collection Time, min 5 5 5 5 5 10 15 20




Table E.6

John Deere 6068T Engine, Retarded Injection Timing,
Modified Injectors 8-Mode Steady-State #2

Mode
Measurement 1 5 3 4 5 . - o
Date 3/11 1992

Speed, rpm 2200 2200 2200 2200 1300 1300 1300 960
Torque, Ft-1b 331.5 251.0 166.0 34.0 485.0 365.1 242.0 3.0
Power, Hp 138.9 105.1 69.5 14.2 120.1 90.4 59.9 0.6
Water In, deg F 137.3 135.9 135.3 134.6 135.9 135.6 135.3 132.9
Water Out, deg F 165.9 163.5 163.5 161.2 154.2 154.2 154.2 157.2
0il, deg F 205.8 211.1 208.8 203.1 203.4 202.8 193.1 191.1

Inlet Air, deg F 84.1 83.0 82.7 81.7 84.1 82.7 82.0 82.3
Fuel, deg F 70.4 73.6 76.4 79.2 81.3 80.0 80.0 80.0
Fuel Return, deg F 113.9 116.3 115.6 115.2 115.9 113.9 108.7 106.7
Exhaust, deg F 936.1 873.7 778.1 557.6 1074 937.4 724.5 371.9
Inlet Restriction in H20 12.5 10.3 8.3 6.1 3.5 2.8 2.4 1.1
Exhaust Restriction in Hg 2.1 1.9 1.7 0.8 0.8 0.6 0.5 0.1
Fuel Flow, gal/hour 7.2 5.7 4.2 2.1 5.7 4.2 2.7 -
Sample Zone Temp, deg F 191.8 187.1 161.9 122.4 151.6 136.9 113.5 93.6
Filter Face Temp, deg F 105.0 116.3 114.9 106.0 111.1 108.4 99.8 94.3
Exhaust HC, ppm 11.78 10.74 16.21 228.0 9.02 10.14 10.14 12.61
Exhaust NO,, ppm 185.5 112.5 65.5 17.7 199.7 130.5 79.8 8.2
Exhaust CO,, % 1.222 0.939 0.751 0.350 1.097 0.767 0.538 0.097
Exhaust CO, ppm 186.9 118.9 53.3 125.3 91.0 15.5 7.7 12.0
Background HC, ppm 2.83 2.83 2.83 2.83 2.83 2.83 2.83 2.83
Background NO,, ppm 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77
Background CO,, % 0.039 0.039 0.039 0.039 0.039 0.039 0.039 0.039
Background CO, ppm 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29

Stabilization Time, min 5 5 5 5 5 5 S 5

Collection Time, min 5 5 5 5 5 10 15 20




: Table E.7
Ford New Holland Engine, Production Injection Timing
8-Mode Steady-State #1

Mode
Measurement L ) 3 4 5 6 ] 8
Date 4/3 1992

Speed, rpm 2100 2100 2100 2100 1260 1260 1260 875
Torque, Ft-1lb 322.0 242.7 164.0 34.5 380.0 287.9 192.4 4.5
Power, Hp 128.8 97.0 65.6 13.8 91.2 69.1 46.2 0.8
Water In, deg F 137.9 136.9 136.9 136.3 137.9 136.3 136.3 138.9
Water Out, deg F 167.2 163.9 161.5 158.2 165.2 161.9 159.9 158.2
0il, deg F 197.2 199.8 191.9 182.3 174.9 174.9 167.1 150.1

Inlet Air, deg P 83.7 83.0 82.3 82.7 85.4 85.1 84.1 85.1
Fuel, deg F 61.8 60.8 60.8 65.7 66.1 67.5 68.9 68.9

Fuel Return, deg F 82.0 82.3 81.7 79.6 78.2 78.5 75.7 77.8
Exhaust, deg F 1273 997.0 772.1 504.0 1185 919.1 689.7 290.5
Inlet Restriction in H20 12.2 12.1 12.2 12.7 4.7 4.9 5.0 2.55
Exhaust Restriction in Hg 4.4 3.8 3.2 2.4 2.2 1.4 1.1 0.4
Fuel Flow, gal/hour 7.2 4.8 3.6 1.8 4.8 3.3 2.1 0.3
Sample Zone Temp, deg F 182.2 164.9 146.2 122.1 123.4 124.1 112.1 90.9
Filter Face Temp, deg F 118.0 120.0 114.5 107.7 109.1 108.0 103.6 92.6
Exhaust HC, ppm 8.13 34.19 46.00 66.53 13.79 27.63 31.28 19.32
Exhaust NO,, ppm 200.2 | 155.0 | 100.6 28.1 127.6 | 117.9 74.8 11.0
Exhaust CO,, % 1.048 0.884 0.643 0.215 1.311 0.601 0.412 0.105
Exhaust CO, ppm 359.1 59.9 27.9 35.6 298 .4 23.4 15.1 13.2
Background HC, ppm 3.59 3.59 3.59 3.59 3.59 3.59 3.59 3.59
Background NO,, ppm 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26
Background CO,, % 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035
Background CO, ppm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Stabilization Time, min 5 5 5 5 5 5 5 5

Collection Time, min 5 5 10 5 5 10 10 20




Table E.B
Ford New Holland Engine, Production Injection Timing
8-Mode Steady-State #2

Mode
Measurement
1 2 3 4 5 6 7 8
Date 4/9 1992

Speed, rpm 2100 2100 2100 2097 1260 1260 1260 890
Torque, Ft-1b 326.0 245.6 163.5 34.0 385.5 290.5 193.5 3.0
Power, Hp 130.4 98.2 65.4 13.6 92.5 69.7 46.4 0.5
Water In, deg F 138.3 137.6 137.3 137.3 137.9 137.6 137.6 136.3
Water Out, deg F 168.9 164.9 162.5 159.9 165.5 162.2 159.9 136.3
0il, deg F 216.4 216.1 211.8 197.1 190.1 189.0 180.2 164.9

Inlet Air, deg F 84.1 82.7 81.7 82.0 85.4 84.1 83.4 84.7
Fuel, deg F 68.9 68.9 68.9 68.9 68.9 70.4 70.7 70.4

Fuel Return, deg F 85.1 86.5 87.5 88.9 89.9 88.5 87.1 88.2
Exhaust, deg F 1276 985.5 768.7 476.9 1188 901.9 674.3 281.1
Inlet Restriction in H20 12.2 12.5 12.9 13.2 4.8 4.8 5.0 2.6
Exhaust Restriction in Hg 4.4 3.8 3.4 2.5 2.1 1.4 1.2 0.4
Fuel Flow, gal/hour 7.2 5.1 3.6 1.8 4.8 3.3 2.1 0.3
Sample Zone Temp, deg F 187.8 162.2 138.6 112.1 132.9 119.0 106.7 83.7
Filter Face Temp, deg F 109.4 126.2 118.3 106.3 111.5 109.1 102.9 91.9
Exhaust HC, ppm 9.16 32.47 45.25 63.43 13.20 26.36 30.98 22.21
Exhaust NO,, ppm 201.2 152.6 122.9 25.5 128.6 116.5 72.8 9.7
Exhaust CO,, % 0.811 0.762 0.649 0.225 0.848 0.587 0.433 0.096
Exhaust CO, ppm 268.3 49.3 24.7 37.6 431.0 17.7 17.3 14.4
Background HC, ppm 4.76 4.76 4.76 4.76 4.76 4.76 4.76 4.76
Background NO,, ppm 2.06 2.06 2.06 2.06 2.06 2.06 2.06 2.06
Background CO,, % 0.037 0.037 0.037 0.037 0.037 0.037 0.037 0.037
Background CO, ppm 2.03 2.03 2.03 2.03 2.03 2.03 2.03 2.03

Stabilization Time, min 5 5 5 5 5 5 5 5
Collection Time, min 5 5 10 5 5 10 10 20




Table E.9

Ford New Holland Engine, Retarded Injection Timing
8-Mode Steady-State #1
Mode
Measurement 1 s 3 4 5 6 7 8
Date 4/20 1992

Speed, rpm 2100 2100 2100 2100 1260 1260 1260 8390
Torque, Ft-lb 328.0 250.0 164.0 41.0 | 386.0 292.0 198.0 5.5
Power, Hp 131.2 100.0 65.6 16.4 92.6 70.1 47.5 0.9
Water In, deg F 137.9 137.6 137.3 136.6 137.9 137.6 137.3 135.9
Water Out, deg F 176.5 172.7 169.9 166.5 172.5 169.9 166.5 162.5
Oil, deg F 209.4 206.4 198.5 188.5 176.5 176.2 165.5 149.9

Inlet Air, deg F 88.5 87.5 86.8 87.1 89.2 88.2 87.5 89.2
Fuel, deg F 66.4 67.2 67.5 67.9 67.9 68.6 69.6 68.9

Fuel Return, deg F 83.7 . 83.4 84.1 83.7 82.7 82.7 79.6 79.2
Exhaust, deg F 1357 1041 807.1 532.5 1240 964.0 707.3 275.8
Inlet Restriction in H20 4.9 4.1 3.6 2.8 2.0 1.7 1.2 0.4
Exhaust Restriction in Hg 12.2 12.4 12.8 13.1 4.8 4.8 5.0 2.6
Fuel Flow, gal/hour 7.5 5.1 3.6 1.8 4.8 3.3 4.5 -—-
Sample Zone Temp, deg F 195.5 165.5 143.9 114.1 131.9 120.0 107.3 83.0
Filter Face Temp, deg F 120.0 132.6 121.1 109.1 112.8 109.7 104.3 93.3
Exhaust HC, ppm 7.76 34.57 50.56 300.1 11.88 27.63 33.97 32.47
Exhaust NO,, ppm 128.3 101.8 69.3 15.6 95.2 76.3 52.8 10.8
Exhaust CO,, % 1.068 0.683 0.699 0.238 0.827 0.601 0.448 0.096
Exhaust CO, ppm 270.9 57.9 40.2 158.9 303.7 17.7 22.7 20.8
Background HC, ppm 3.73 3.73 3.73 3.73 3.73 3.73 3.73 3.73
Background NO,, ppm 0.51 0.51 0.51 0.51 0.51 0.51 0.51 0.51
Background CO,, % 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040
Background CO, ppm 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25
Stabilization Time, min 5 5 5 5 5 5 5 5"

Collection Time, min 5 5 10 5 5 10 10 20




Table E.10

Ford New Holland Engine, Retarded Injection Timing
8-Mode Steady-State #2
Mode
Measurement R 5 3 4 5 s - o
Date 4/21 1992
Speed, rpm 2100 2100 2100 2100 1260 1260 1260 890
Torque, Ft-lb 328.5 249.0 165.6 37.6 386.0 290.2 194.0 5.0
Power, Hp 131.4 99.6 66.2 15.0 92.6 69.6 46.5 0.8
Water In, deg F 137.9 136.9 136.9 136.3 138.6 136.6 136.9 136.3
Water Qut, deg F 176.8 172.2 169.5 166.5 172.5 168.9 166.5 162.9
0il, deg F 209.8 205.8 196.1 188.5 175.5 176.8 169.5 148.6
Inlet Air, deg F 89.9 88.5 87.1 87.1 89.5 90.2 89.2 89.5
Fuel, deg F 68.6 68.9 68.9 68.9 68.9 69.3 70.0 69.6
Fuel Return, deg F 85.8. 84.7 84.1 84.7 84.1 86.1 85.1 85.7
Exhaust, deg F 1366 1045 797.4 524.2 1230 963.1 716.7 273.5
Inlet Restriction in H20 5.0 4.0 3.4 2.7 2.1 1.6 1.3 0.4
Exhaust Restriction in Hg 12.1 12.5 12.8 13.0 4.8 4.8 5.0 2.6
Fuel Flow, gal/hour 7.2 5.1 3.6 1.8 5.1 3.3 2.1 0.3
Sample Zone Temp, deg F 196.8 | 167.5 | 144.2 | 115.6 | 133.6 | 122.1 | 109.1 82.7
Filter Face Temp, deg F 117.3 133.9 111.8 108.0 106.3 106.3 102.2 89.9
Exhaust HC, ppm 9.38 35.61 48.50 300.1 13.42 26.74 32.10 28.00
E*haust NO,, ppm 123.6 103.1 68.8 12.8 89.2 70.0 47.0 3.3
Exhaust CO,, % 1.068 0.788 0.495 0.314 0.813 0.542 0.336 0.098
Exhaust CO, ppm 287.1 63.9 46.7 163.4 306.3 20.2 24.0 20.8
Background HC, ppm 3.22 3.22 3.22 3.22 3.22 3.22 3.22 3.22
Background NO,, ppm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Background CO,, % 0.033 0.033 0.033 0.033 0.033 0.033 0.033 0.033
Background CO, ppm 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25
Stabilization Time, min 5 5 5 5 5 5 5 5
Collection Time, min 5 5 5 S 5 5 5 5




