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I. Foreword

Under the Clean Air Act Amendments (CAAA) of 1977, the U.S.
Environmental Protection Agency was tasked to develop revised
hydrocarbon and carbon monoxide emission standards for heavy-duty
engines for the 1983 model year. The Emission Control Technology
Division (ECTD) of EPA's Office of Mobile Source Air Pollution
Control was directed to determine these revised emission standards
based on the criteria outlined 1n the Clean Air Act Amendments.
Specifically, the Emission Control Technology Division was to
measure the HC and CO emission levels of uncontrolled heavy-duty
gasoline-fueled engines (model year 1969) and determine the
emission standards based on at least a 90 percent reduction from
the average of these actually measured emissions.

Consequently, ECTD began a baseline program to procure the
engines prescribed by the CAAA (1969 MY) and test the emission
levels of these engines to determine the baseline emission levels.

The primary purpose of the 1969 baseline program was to
develop the baseline emission levels used to determine the 90
percent reduction. The 90 percent reduction directly represents
the HC and CO emission standards which should then be proposed for
heavy-duty engines beginning 1n MY 1983,

The purpose of this technical report is to present the results
of the 1969 baseline program and explain the mechodology by which
the 1983 heavy-duty HC and CO emission standards were calculated.

It includes:

1. Engine procurement and preparation information.

2. Revised cycle statistical validation criteria.

3. Transient and idle test summaries for each engine tested.

4. Derivation of the 1983 standards.

While most of che information i1n this report has previously
been placed in the public docket in various forms, this report
provides a complete 1nformation base which should facilitate

evaluation and comment on the baseline program by HD vehicle/engine
manufacturers and other i1nterested parties.
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Glossary of Acronyms

A/C - Advisory Circular

BS -~ Brake Specific

BSFC - Brake Specific Fuel Consumption

CAAA - Clean ALr Act Amendments

CFvV - Constant Flow Venturi

co - Carbon Monoxide

COq - Carbon Dioxide

Cvs - Counstant Volume Sample

EG&G - EG&G Automotive Research, San Antonio, Texas
ECTD - Emission Control Technology Division
EPA - U.S. Eavironmental Protection Agency
FTP - Federal Test Procedure

GVWR - Gross Vehicle Weight Rating

g/BHP-hr - Grams per Brake Horsepower per Hour
HC - Hydrocarbons

HD - Heavy-Duty

HDV - Heavy-Duty Vehicle

LDT = Light-Duty Truck

MVEL -~ Motor Vehicle Emissions Laboratory
MY - Model Year

NOx ~ Oxides of Nitrogen

NPRM - Notice of Proposed Rulemaking

OEM - Original Equipment Maanufacturer
OMSAPC - EPA Office of Mobirle Source Air Polluzion Control

ppaC - Parts per million Carbon
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SCI - Systems Control, Incorporated, Livonta, Michigan
SI - Spark Ignition

SwRI - Southwest Research Institute, San Antonio, Texas



ITI. Summarv

The U.S. EPA was mandated by the 1977 Clean Air Act Amendments
to determine revised HC and CO emission standards for 1983 model
year heavy-duty engines. These revised emission standards were to
be based on a 90 percent reduction from the average of actually
measured emissions from uncontrolled (1969 model year) gasoline-
fueled engines.

To comply with the provisions of the 1977 CAAA, ECTD began
a baseline testing program. Under this program, in-use 1969 model
year heavy-duty gasoline-fueled englnes were procured, brought to
manufacturer's specifications, and then were tested for emissions
using the transient test proedure and idle test procedure. Tweatv-
three engines were tested on the transient procedure to determine
the baseline emission levels. A total of 64 valid tests were
conducted on the transient procedure.

Nineteen engines were tested on the 1idle test procedure to
determine baseline. A total of 55 valid idle tests were achieved.

Based on the results of these emission tests, the average of
the actually measured emissions is:

12.74 g/BHP-hr HC
155.18 g/BHP-hr co
9706.7 ppmC HC 1idle

4.6590 % (by volume) CO 1dle

The CAAA of 1977 require that the 1983 HD emission standards
for HC and CO be at least a 90% reduction from these emission
levels, Based on this requirement, the 1983 HD emission standards
proposed are:

1.3 g/BHP-hr HC
15.5 g/BHP-hr co
970 ppmC HC 1dle

0.47 % (by volume) CO 1idle

This baseline program also served to galn experience using the
transient test procedure, ana tolerances for the test were revised
from those proposed in Vol. 44, No. 31, Part II of the Federal
Register on February 13, 1979 to allow more flexibilityv in conduc-
ting the test.



III. Introduction and Background

The 1977 Amendments to the Clean Air Act, Section 202(a)
(3)(ii) require that beginning in model year 1983, both gasoline-
fueled and diesel heavv~duty engines meet emission standards for
hydrocarbons and carbon monoxide which represent at least a 90%
reduction "from the average of the actually measured emissions from
heavy-duty gasoline-fueled vehicles or engines, [emphasis added] or
any class or category thereof, manufactured during the baseline
model year." Part (v) of the same subsection goes on to define
baseline model year as '". the model year 1mmediately preceding
the model in which Federal standards applicable to such vehicle or
engine, or class or category thereof, first applied with respect to
such pollutant.'" Using this criterion, EPA determined that 1969
was the baseline model year prescribed by law and established a
1969 baseline testing program.

The goal of this program was to measure the actual HC and
CO emission levels for a predetermined sample of 1969 heavy-
duty gasoline-fueled engines and then sales-weight the results
of these tests to determine the average emissions for model
year 1969, This technical report summarizes ECTD's efforts in
procuring and testing the 1969 engines used to establish the
proposed 1983 heavy-duty engine HC and CO emission standards.

Also included in this report is a summary of the method~-
ology used to derive the HC and CO emission standards which
are proposed for 1983 and later-model year heavy-duty engines.
Oa February 13, 1979, EPA published an NPRM (Federal Register
Vol. 44, No. 31, Part II) which included preliminary HC and CO
emission standards of 1.4 g/BHP-hr (lower limit of .76 g/BHP-hr for
HC) and 14.7 g/BHP-hr (lower limit of 11.4 g/BHP-hr for CO).
In addition, preliminary idle standards of 1400 ppmC HC (lower
limit of 530 ppmC) and 0.55% CO (lower limit of 0.302) were also
published. Preliminary levels and lower limits were proposed
because the baseline testing program used to derive the final
proposed standards was not yet completed. At the time the NPRM was
published, only 12 baseline engines had been tested. The baseline
testing program is now complete and the proposed final emission
standards have been derived. These final emission and 1dle stan-
dards are not below the lower limits initially proposed and hence
are acceptable in that respect.

Although these finalized standards were made public prior
to the Heavy Duty Hearings of May 14 and 15, 1979, this report
gives the engine manufacturers and all other interested parties the
information necessary to allow them t> comment on ECTD's selection,
procurement, and testing tecnniques as well as the method by which
the final proposed standards were derived.

This report i1s divided i1nto two mailn parts: the text and the
appendices. The text of the report discusses the vehicle/engine
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selection and procurement efforts of ECTD and its contractors,
Svstems Control Inc. and EG & G Automotive Research, as well as the
engine preparation and testing programs at EPA/MVEL, and Southwest
Research Institute. The last section of the text includes a
presentation and discussion of the 1969 emissions data used 1in
determining the 90Z%Z reduction wnich is used to determine the
proposed emission standards for 1983,

The appendices to this report, available upon request,
contain more detailed information on the procurement contracts
and specific procurement, inspection, and preparation data for
the baseline engines, as well as test by test data on the baseline
engines.



I[V. Discussion
A. Vehicle/Engine Selection and Procurement

L. 1969 Sales Data and Sampling Plan

To establish the HC and CO emission standards for 1983
heavy-duty engines, it was necessary to test the emission levels of
1969 heavy-duty engines.

To determine the average of actually measured emissions,
ECTD first gathered the sales data by engine CID for each manu-
facturer's 1969 model year sales. This sales data, shown in Table
IV-A-1, was supplied by the vehicle/engine manufacturers and MVMA
at the request of ECTD, beginning in October 1977. The market
shares for each of the manufacturer's engine lines were determined
from this data.

Using this sales information, a sampling plan was constructed
to determine which engines, and how many of each engine line, would
be statistically desirable if between twenty and fifty engines were
tested. A preliminary sample size of 25 engines was chosen to
construct this sampling plan. However, the number of engines
ultimately used in the baseline would be based primarily on the
trend of the emission results with cost, time, and engine avairl-
ability as other limiting factors. The sampling plan shown in Table
[V-A-2 was constructed by multiplying the market percentage of each
engine by twenty-five and then using the integer range around that
number. For example, (0.059) x (25) = 1.475, or a (1-2) range
for the sample. The desired sample was further constrained by
not permitting more engines from any manufacturer than the number
shown for each manufacturer in column 5 of Table IV-A-2.

Once the sampling plan was finalized, the next step was to
determine the means by which the desired engines could be procured
for testing.

In the fall of 1977, ECTD first considered testing manufac-
turer supplied 1969 heavy-duty gasoline-fueled engines. These
engines would not have been production engines but would have
been new engines built as near to 1969 specifications as possible.
However, there was no guarantee that these engines would have been
close enough to 1969 specifications to make them acceptable. Due
to the non-availability of some original eaquipment carburetors and
distributors 1t was very unlikely the 1969 specifications could
have been met, especially by all four manufacturers onm all engine
lines. This alternative was rejected by OMSAPC for the reasons
cited above and for another verv importanc reason. CEPA interpreted
the provisions of the 1977 Clean Air Act Amendments to mean actual
1969 production engines and not new engines built to 1969 specifi-
cations.
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Table IV-A-l

1969 Sales Data

Manufacturer Engine Sales % of Market
Chrysler 318-3 10,850 3.1
9.3% 318-1 10,150 2.9
361 7,000 2.0
383 2,000 0.6
413 1,500 0.4
225 1,000 0.3
Ford 330 50,200 14 .4
33.5% 360 21,300 6.1
36l 17,300 5.0
300 14,200 4.1
391 6,700 1.9
477 2,600 0.7
390 2,300 0.7
534 2,000 0.6
GM 350-2 47,000 13.5
39.37% 366 22,000 6.3
292 18,000 5.2
351¢C 12,000 3.6
250 10,000 2.9
307 9,000 2.6
305C 6,600 1.9
477 6,300 1.8
350-4 3,000 0.9
396 2,000 0.6
THC V345 20,500 5.9
14.7% V304 17,300 5.0
V392 7,600 2.2
RD4 S50 3,350 1.0
VS478 2,000 0.6
Others* 11,334 3.2
3.2%
Total 347,584 100%
* Others as shown here represents sales of small volume engines

whose 1ndividual percentages in tne 1969 market were insignificant.
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Table IV-A-2

Initial Sampling Plan

Sampling
Manufacturer Engine Sales % of Market Target Range
Chrysler 318-3 10,850 3.1 0-1
(9.3%) 318-1 10,150 2.9 0-1
361 7,000 2.0 0-1
383 2,000 0.6 0-1
413 1,500 0.4 0-1
225 1,000 0.3 0-1
Total  (2-3)
Ford 330 50,200 14.4 3-4
(33.5%) 360 21,300 6.1 1-2
361 17,300 5.0 1-2
300 14,200 4.1 1-2
391 6,700 1.9 0-1
477 2,600 0.7 0-1
390 2,300 0.7 0-1
534 2,000 0.6 0-1
Total  (8-9)
GM 350-2 47,000 13.5 3-4
(39.3%) 366 22,000 6.3 1-2
292 18,000 5.2 1-2
351cC 12,000 3.6 0-1
250 10,000 2.9 0-1
307 9,000 2.6 0-1
305¢C 6,600 1.9 0-1
477 6,300 1.8 0-1
350-4 3,000 0.9 0-1
396 2,000 0.6 0-1
Total (9-10)
IHC V345 20,500 5.9 1=2
(14.7%) V304 17,300 5.0 1-2
V392 7,600 2.2 0-1
RD4 50 3,350 1.0 0-1
Vs478 2,000 0.6 0-1
Total (3-4)
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To comply with cthis interpretation of Congressional intent, a
program was undertaken to bprocure actual 1n-use 1969 heavy-duty
engines. The engines sought for the baseline were selected based
on overall engine operating condition and closeness to OEM config-
uration but not on the vehicle body tvype, function, or usage
pattern.

2. Selection Criteria

The following criteria were established to identifv potential
baseline engines:

(1) All engines must be 1969 Model Year and should be
installed in a vehicle registered as a 1969 model year
vehicle with a GVWR greater tham 8,500 lb.

(2) The test engines must be 1n good operating condi-
tion, must be 1n their original configuration (i.e., must
have original carburetor, distributor, and engine block),
must not exhibit evidence of excessive o1l consumption,
and should not have been subjected to more than 80,000
miles of operation.

(3) The engine's original carburation and 1gnition system
should not have been modified from OEM specifications.

(4) The engines shall not have received a major overhaul
(i.e., valve grind, valve replacement, or compression rings
replacement).

EPA realized that engine selection was a critical element
ln establishing a valid baseline of 1969 model year gasoline-
fueled heavy-duty engines. The engines inspected were evalu-
ated according to the selection writeria outlined above, and
then placed into Class A, B, or C, depending upon how closely
the selection criterLa were met. Classes A, B, and C were defined
as:

Class'A" - Engine 1s 1n 1ts original configuraticn, meaning 1t
has never been overhauled, rebuilt or modified, it has
the original carburetor, disctributor, cylinder head and intake
manifold, and has never had the carburetor modified (i.e.,
rebuilt with different jet sizes, power valve, choke arrange-
ment, governor, etc.). Engine does not currently need an
overhaul or major repair and has not accumulated more than
80,000 miles;
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Class"B" - Engine has been overhauled, but is 1in good ope-
rating condition, and has 1its original carburetor, distrib-
utor, heads, and 1ntake manifold. Engine has not accumulated
more than 80,000 miles since being overhauled;

Class'"C" - Engine is i1n 1ts original configuration, as 1n
Class A, but needs major rvepairs, or has accumulated greater
than 80,000 miles.

The engine selection process used by ECTD and its contractor,
SCI, consisted of three main parts: 1initial screening, physical
inspection, and diagnostic evaluation. Initial screening, usually
by telephone, consisted of questioning the vehicle owners as to the
vehicle make and GVWR, mileage, engine displacement, past mainte-
nance history, and general operating condition of the engine. If
maintenance records were available, the owners were requested to
supply copies of these records, or at a minimum, allow inspection
of these records.

Vehicles which passed the initial screening process were
then inspected by a mechanic to verify the initial screening
information and record any pertinent information. The engine
was started and observed for proper operation in an attempt to
eliminate engines with obvious problems. A compression check
was done on many engines at this point. Finally, the distrib-
utor and carburetor found on the engine were verified as original
and proper by using part numbers. This was accomplished eicher
through direct communication with the manufacturer, or by.-.using
service manuals. If, at this point, all of the selection criteria
were met, the vehicle was procured by lease, loan, or outright
purchase.

The final step in the selection process was a major diagnostic
evaluation and tune-up of the engine. During this final phase the
engines were cleaned and given a compression check 1f this had not
been done earlier. Included 1in the engine diagnosis was an eval-
uation of the ignition system, spark plug checks, fluid level
check, compression check, etc. The engines also received a tune-up
i1n which the ignition wires, spark plugs, PCV valve, belts, and

hoses were replaced. The rotor, points, condensor and cap were
replaced and the oil, o1l filter, gas filter, and air filter were
changed. In addition, any other non-emission-related part con-

sidered defective was replaced.

Manufacturers' service manuals were used to obtain engine
tune-up specifications and in some cases the manufacturers provided
these tune-up specifications. Initially, carburetors and dis-
tributors were removed from the engines to be checked for proper
functioning and to determine 1f thev met original specificatioas.
The necessary equipment was not available at SCI or EPA/MVEL, so
the manufacturers were requested to flow the carburetors and test
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the distribuctors. If a carburetor or distributor was found to be
out of specifications, then the required overhaul or rebuild was
done by the manufacturer when possible. This distributor and
carburetor checking process was very time consuming due to tight
scheduling at manufacturer's Cfacilities. As a result of these
delays, the carburetors and distributors of all baseline engines
were not checked at the manufacturer facilities. It should be

emphasized that the operation of all carburetors and distributors
was inspected by EPA/MVEL and corrected if necessary. The carbur-
etor flow curves and distributor curves for several baselline
englnes are shown in Appendix I.

3. Procurement Actions

Several procurement actions were 1i1nstituted to obtain the
tnitial 25 baseline engines. These cousisted of actions bv
ECTD and ECTD's authorized coantractors, SCI, and EG & G.

To expedite the procurement of baseline vehicles and get
the 1969 baseline program underway, procurement actions were
started by ECTD personnel 1n October 1977. ECTD contacted State
and Federal agencies and the Armed Forces to determine the avail-
abilicy of 1969 model year venicles. The first successful procure-
ment actlon was completed on December 19, 1977, when baseline
englne number one was procured (see Table IV-A-3).

In February 1978, SCI (formerly Olson Labs) was awarded
EPA Contract No. 68-03-2412, Task Order 7, Location and Source
Search for 1969 Model Year Heavy-Duty Vehicles. The purpose
of this contract was to assess the availability of 1969 HD gas-
oline-fueled vehicles having a GVWR between 16,000 and 33,000
pounds. Availability was defined to mean that an arrangement
(i.e., lease, borrow, etc.) could be made to remove the engine for
performance testing on an englne dynamometer. The goal of Task
Order 7 was to identify 100 HD engines which met the selection
criteria outlined above. The scope of work for Contract No.
68-03-2412, Task Order 7, found 1n Appendix I, more fully outlines
the provisioans of this contract. This task order was successfully
completed and the final report was accepted by ECTD on June 15,
1978. Included i1n Appendix I to this technical report is a
copy of the final report for this contract and a copy of the
contact and 1nspection sheets for the engines ultimately :included
in the baseline.

Also 1n February 1978, EPA Contract No. 68-03-2411, Task
Order 10, Heavy-Duty Vehicle Engine Emissions Baseline Testing
Program, was awarded to SCI. The purpose of this task order
was to provide 5 qualified original equipment 1969 HD test
engines, Ldentified by ECTD, i1n the proper test confLguration
to the EPA/MVEL in Ann Arbor. The contractor was responsible
for transporting the vehicle to SCI, removing the engine from
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Table

1IV-A-3

Final 1969 Baseline Engines

Fask 10

Basel ine Selection Date Procurement
Engine No. Engine Mileage Model Body Type Category Source Procured Method
1 Dodge 225 16,271 D500 Stake Truck A MI National CGuard 12-19-77 l.oan to EPA
Camp Grayling, MI
2 1nc 392 34,611 Loadstar Van A CSA Navy Yard 2-17-78 Loan,
1800 Motor Pool, Wash. D.C.
3 Ford 391 62,746 F750 Dump Truck A Mr. J.S. Wright 4-14-78 Lease, Task 10
) Livonia, M1
4 IHC 304 30,445 Loadstar Van A GSA Navy Yard 4-12-78 Loan, Task 10
1600 Motor Pool, Wash.
5 Ford 330 68,000 B700 School Bus A Mr. L. Patrias 5-08-78 Lease, Task 10
Westland, MI
6 GM 351 53,627 5500 School Bus A Mr. L. Patrias 5-24-78 l.case, Task 10
Westland, MI
7 Ford 330 718,849 B700 School Bus A Hamilton Com. Schls. 6-27-78 Loan, Task 10
Hamilton, MI
8 Chev 350 54,721 C-50 School Bus A W. Central Schls. 7-13-78 Lean, Task 10
Anderson, IR
9 Dodge 318-3 22,224 500 School Bus A Fairlane Com. Church 6-20-78 l.case, Task 10
W. Dearborn, MI
10 IHC 345 45,000 Cc1800 Tractor A US Army 6-5-78 Loan, Task ID
Ft. Campbell, KY
11 Chev 350 40,705 C-50 Van A GSA, Cleveland, OH 3-21-78 Loan, Task 10
12 Ford 300 16,117 B-600 School Bus A State of MI 8-21-78 Loan, Task 10
Lansing, MI
13 INC 345 88,000 Loadstar School Bus C Martin Schls. 10-6-78 Purchase, SCI
1600 Martin, MI Ccff 68-03-2715
14 Chev 366 98,000 C-50 School Bus C Plymouth Schls. 10-13-78 Purchase, SCI

Plymouth, MI

cff 68-03-2715
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Table IV-A-3 (Cont'd)

Final 1969 Baseline Engines

Baseline Selection Date Procurement
kEngine No. Engine Mileage Model Body Type Category Source Procured Method
L5 Ford 361 65,537 B700 School Bus A Taylor Cen. Baptist 10-27-78 Lease, SCI
Church, Taylor, MI c# 68-03-2715
16 Ford 360 81,464 F250 Pick-up B Mr. D. Woolett 10-03-78 Lease, EG&GC
San Antonio, TX c# 68-03-2683
17 Chev 292 46,200 C-30 Pick-up A E & M Motor Sales 12-06-78 Purchase, SCI
Detroit, MI C# 68-03-2683
18 Dodge 318-1 37,526 D200 Pick-up A Mr. J. Stanley 8-24-78 Lease, EG&G
San Antonio, TX C# 68-03-2683
19 Ford 36l 93,430 B750 School Bus C Southfield Pub Schls 12-14-78 Purchase, SCI
Southfield, MI Cci## 68-03-2715
20 Ford 360 87,750 F250 Pick-up C Mr. R. Pfluger 11-16-78 Lease, EG&G
San Antonio, TX Ci# 68-03-2683
21 Chev 350 57,000 C-50 School Bus A W. Central Schls. 11-13-78 Purchase, SCI
Anderson, IN C# 68-03-2715
22 Dodge 361 85,000 Cc-700 Dump Truck C City of Huntington 1-05-79 Purchase, SCI
Woods, MI Ci# 68-03-2715
23 Chev 366 109,000 C-50 School Bus C Plymouth Schls. 10-13-78 Purchase, SCI

Plymouth, MI c# 68-03-2715
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the chassis, supplying the englne to the EPA laboratory in the
proper test configuration, reinstalling the engine into the
chassis, and returning the venicle to its owner. The scope of
work for Task Order 10, found in Appendix I more fully outlines the
provisions of this contract.

This task order was successfully completed and the final
report accepted by ECTD on November 8, 1978. 1Included in Appendix
I to this technical report 1s a copy of the final report on this
contract and a copy of the 1nspection and tune-up sheets for the
engines ultimately included 1n the baseline.

A third contract with SCI, EPA Contract No. 68-03-2715,
Procurement of Heavy-Duty Venicles and Preparation of Engines
for Baseline Emissions Testing, was awarded on September 14,
1978 for procurement of additional baseline vehicles. The purpose
of this contract, as regards the 1969 baseline, was generally
similar to Task Order 10 outlined above, except that of the re-
quired 15 engines to be procured, prepared, and delivered, 10 would
be delivered to EPA/ MVEL, and 5 to SwRI for testing at cthese
facilities. The specifics of tnis contract are in the Scope of
Work for Contract No. 68-03-2715, found 1n Appendix I. This
contract 1s not yet closead out pecause 1t also includes procurement
of 1973 engines for the HD NOx baseline program. The tune-up and
inspection sheets for the engines procured under this contract and
ultimately included 1n the baseline are found 1n Appendix 1.

4, Problems Encountered

In the period beginning October 1977 and ending January
1979, ECTD and 1its contractor made every effort to procure engines
which met all of the selection criteria outlined on page 7.
However, due to time, budget, engine availability, and sampling
plan comstraints, all engines 1included in the baseline did not
satisfy all of the selection criteria necessary to qualify as class
"A" engines.

Specifically, of the twenty-three engines included 1in the
baseline, seven had accumulated more than 80,000 miles (see
Table IV-A-3). The carburetors and/or distributors on some
engines either were replaced by new original equipment parts
supplied by the manufacturers or rebuilt to bring their performance
characteristics nearer to manufacturer's specifications.

Also, baseline engine 16, a Ford 360, had received a valve job
at 75,000 miles. This venhicle odometer read 81,464 at the time of
procurement. Although this valve job made this a class '"B" engine,
ECTD felt tnat it was 1mportant to include this engine due to 1its
high sales. As will be shown later, tnis engine's emlssions were
not unrepresentative of this engine line.
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Finally, when engines required by the sampling plan could
not be procured by the previously described method, ECTD chose
another procurement route. If a particular heavy-duty engine could
not be procured from a heavy-duty vehicle, but the same engine,
tdentical 1n all respects, was also sold in light-duty trucks, then
the engine was procured from a light-duty truck under EPA Coatract
No. 68-03-2683 with EG & G Automotive Research of San Antonio,
Texas. This method was used to procure three of the baseline
engines which then underwent the normal inspection and tune-up
procedures.

5. Result of Selection and Procurement Actions

The procurement efforts described above resulted 1n the
twenty-three baseline engines shown in Table IV~-A-3. Every
effort was made to bring these engines to as close to original
configuration as possible. Table IV-A-4 outlines the steps which
vere taken to prepare each baseline engine for testing. The
condition of these baseline engines 1s attested to by the fact that
none of the twenty-three engines experienced a mechanical breakdown
or failure during engine testing. All were in good operating
condition and tuned to manufacturer specifications.

In closing this section, 1t might be comstructive to compare
ECTD's procurement efforts to the sampling plan originally estab-
lished to guide this effort. The original sampling plan called for
ECTD to initially consider a sample of twenty-five engines which
were sold in 1969 gasoline-fueled HD vehicles. Of the 25 engines
initially desired, only 23 were included 1n this baseline program.
As will be shown 1in section C, only 23 engines were necessary to
establish dependable baseline results. The mileage criteria, less
than 80,000 miles, was met by 70% of the sample used. Figure
[V-A-1 shows the variation i1a the total miles accumulated on
the 23 baseline engines. 87% of the engines used were actu-
ally taken from heavy-duty vehicles; 13% were heavy-duty engines
taken from a light-duty truck chassis. Only one engine had under-
gone a major rebu:ild.

Finally, Table IV-A-5 compares the sampling plan (Table
IV-A-2) to the final baseline (Table IV-A-3). Table IV-A-5 shows
that the guidance of the 1nitial sampling plan was followed close-
ly. Small sales volume, large cubic inch displacement engines were
not available for this baseline program. However, the sales-
weighting used to determine the average emissions would have
minimized the impact of these larger engines on the final baseline
results. ECTD's procurement efforts were highly satisfactory 1in
light of the goals established. Over 80% of the 1969 market was
represented by the engines procured, and all engines were brought
near to OEM specifications prior to testing.
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Table IV-A-4

Baseline Engine Maintenance Summary

Engine#/Model

l. Dodge 225-1
2. IHC 392

3. Ford 391

4, IHC 304

5. Ford 330

6. GM 351

7. Ford 330

8. GM 350

9. Chrysler 318-3
10. IHC 345

L1, GM 350

12. Ford 300

Pre-Testing Restorative Maintenance

Major tune-up*; replaced intake mani-
fold gasket and 2 broken studs on
intake manifold.

Major tune-up; carburetor flow checked
and adjusted at IHC-Fort Wayne.
Distributor replaced with OEM part
supplied by IHC~-Fort Wayne.

Major tune-up; carburetor and dis-
tributor checked and adjusted by Ford.

Major tune-up; carburetor and dis-
tributor checked and adjusted by IHC.

Major tune-up; right cylinder head
gasket and right intake manifold gasket
replaced; carburetor flow checked and
ad justed by Ford.

Major tune-up; all hoses replaced;
distributor replaced with OEM part
supplied and adjusted by GMC; manual
choke 1nstalled.

Major tune-up; carburetor and dis-
ttibutor checked and adjusted by Ford.

Major tune-up; fuel pump replaced.

Major tune-up; distributor and carbur-
etor checked and adjusted at Chrysler;
Chrysler engineer assisted in pre-test
adjustment of governor.

Major tune-up; carburetor and dis-
tributor checked and adjusted at IHC.

Major tune-up; oil pan and gasket
replaced; carburetor replaced with OEM
model supplied by the manufacturer.

Major tune-up; accelerator pump re-
placea.



o PSS

T
T
= L

E

]

Jo,60p

MILEAGE RANGE

A
Il NE R e T“ i %L}ira%k;_&': R
il |
|
it i
I |
| |
I |
i |
1
;I A A A ||J | J I } |
Yse00  Semso 46,586 38,600 9¢,00 90, 080 /68,800

/Io/uo

ZTER 18 X 28 C\M

UNITED CCANVEATEAS & PRINTZAS

10 X 10 7O THE CENTI\



-17-~

Table IV-A-5

Sampling Plan vs. Baseline Engines Procured

Sampling Actual
Manufacturer Engine Target Range Procurement

Chrysler 318-3 0
318-1 0

361 0
383 0-

413 0

225 0

2

J»‘I'—-OO»—-»—-»——.

Total

Ford 330
360
361
300
391
477
390
534

OOOC])»——»-»—-L,J
1
Ofr— — ~ — NN NS

mIOOOv—-HMNN

o]
[}

Total

General Motors 350-2
366
292
351¢
250
307
305¢
477
350-4
396
Total (9-10)

OOOO(.DOOD—-D—'LJ
e = NN
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IHC V345 1-2
v304 1=2
v392 0-1
RD450 0-1
VS478 0-1
Total (3=-4)
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B. Engine Testing

l. Test Sites

The 1969 Heavy Duty Baseline Testing Program was undertaken
primarily at EPA's Motor Vehicle Emissions Laboratory in Ann Arbor,
Michigan, Twenty-three engines were tested over the course of
fifteen months; twenty-two were tested on one of ECTD's two tran-
sient dynamometers; the remaining engilne was tested under contract
by the Southwest Research Institute (SwRI) in San Antonio, Texas.

Baseline testing at EPA began in March 1978 upon the attain-
ment of transient dynamometar testing capabtlity in a single test
cell (Cell 3). The secona test cell (Cell 4) was upgraded for
transient control 1in August, 1978; following correlation testing
work, Cell 4 was brought on line into the program.

ECTD Test Cells 3 and &4 are adjacent, separated only by a
twelve-foot-wide motor generator room. Each test cell utilized its
own double-ended dynamometer, water coolant system, instrumenta-
tion, and ambient air handling/humidity conditioning systems. Both
cells were controlled by a single computer, and emissions were
measured using the same CFV-CVS unit.

Under contract by ECTD, SwRI developed both gasoline and
diesel engine dynamometer test cells capable of transient bpera—
tion. The purpose of the contract was two-fold: 1) to establish
the fact that an independent laboratory could achieve transient
capability with a minimum of ECTD guidance in a reasonable length
of time, and 2) to provide a site for future transient baseline
testing. Other engines were tested at SwRI upon achievment of
transient capabtility; these were primarily current technology
engines used for correlation attempts between EPA and SwRI.
(Correlation testing between ZPA and SWRI will be summarized 1n a
separate technical report. However, correlation for transient and
modal testing for the 1969 gasoline baseline has been satisfactor-
1ly establishea.

2. Test Procedure

Testing in the 1969 baseline program 1nvolved three separate
test procedures, the transient test procedure (keference Federal
Register Vol. 44, No. 31, February 13, 1979), cne 1979 9-mode FIP.
(Reference Federal Register Vol. 42, No. 174, September 8, 1977),
and an idle test procedure (rReference Federal Register Vol. 44, No.
31, February 13, 1979). Time was also taxen during the program for
various emission sensitivity tests, to assess the impact on transi=
ent emissions Of varirations ian the test cycle. In addition,
several current technology engines were tested for correlation and
technology assessment purposes




-19-

The transient procedure was i1dentical to that described in the
February 13, 1979 NPRM with two exceptioms:

a) Four separate bag samples were taken during each hot
and cold cycle (as opposed to the recommended one), this
was done so that emission data couid also be collected
tor the separate urban and highway segments within the
total cycle.l/

b) The regression line tolerances specified as strict criter-
1a for the validation of transient tests were judged too
restrictive based upon the experience acquired in the baseline
program, and were relaxed. (See Table IV B-i.)

The proposed criteria 1n the NPRM were derived prior to tne
accumulation of substantial transient testing data. Based upon a
comprehensive review of the baseline data, use of the stricter NPRM
criteria led to significantly higher void rates, with no apparent
gain 1n emission repeatability or test quality.

These higher void rates were due primarily to control system
limitations. The ECTD transient controller represented a first
attempt, prototype system. Statistical reduction of tests per-
formed at SwRI under a contrel system of different design (see
Section 3), indicated a somewhat better coatrol capability, especi-
ally for engines with a high degree of throttle performance aon-
linearity. There is reason to believe that as future transient
control systems are refined, ao real difficulty should be experi~
enced in meeting the statistical requirements of the February 13,
1979 NPRM. Hcwever, based upon cthe observation that emission
sensitlvity to the slightly relaxed criteria appeared to be mini-
mal, 1t 1s recommended that the statistical criteria be relaxed
prior to inclusion 1in the Final Rulemaking Action. The tolerances
presented 1n Table IV B-l are adequate to guarantee repeatable and
representative emission results. These tolerances should be
subject to future revision, however, 1f they prove inadequate due
to the effects of advanced emission coutrol technology on the
repeatabrlity of the test procedure.

1/ Brake specific emissions for each bag were combined to produce
a composite brake specific emission number for the entire hot or
cold cycle. This was mathematically and exper.mentally equivalenc
to a single bag resule.
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Table IV B-1

NPRM Regression Line Tolerances

Speed Torque Brake Horsepower
Standard Error 100 rpm 10% of max. 54 of max. brake
of Estimate engine torque horsepower
(SE) of y on x (1n ft-1bs)
Slope of the 0.970-1.020 0.350-1.020 0.900-1.020
Regression Line, m
Coefficient of 0.9700 1/ 0.8800 1/ 0.9200 1/
Determination, r
y Intercept of + 50 rpu + 10.0 fr-lbs * 5.0 BHP
the Regression
Line, b

Revised Cycle Performance Regression Line Tolerances

Speed Torque 2/ Brake Horsepower
Standard Error 100 rpm 13X of max. 7% of max. brake
of Estimate engine torque norsepower
(SE) of y on x (1a Ft-1bs.)
Slope of the 0.970-1.030 0.83-1.03 (hot) 0.89-1.03 (hot)
Regression Line, m 0.77-1.03 (cold) 0.87-1.03 (cold)
Coefficient of 0.9700 1/ 0.8800 (hot) 1/
Determination, ré 0.8500 (cold) 1/ 0.9100 1/
y Intercept of + 50 rpum * 15.0 fe-lbs + 5.0 BHP
the Regression
Line, b

1/ Minimum

2/ In addition to the torque points not included in the regression
per the February 13, 1979 NPRM, i1.e., 1) all torque points measured
during the 1initial 24 +l second idle period of the cold and hot
start cycle, and 2) all torque points where the throttle 1s wide
open and a3 negative torque error occurs, an additional exclusion
of torque points 1s permittea. These additional points are. 3)
all torque points measurea wnen negative torque (motoring) 1is
commanded and tne throttle 15 completaly closed.
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The 9-mode test procedure used was 1dentical to that specified
in the Federal Register (Vol. 42, No. 174, September 1977) with the
following exceptions:

a) Ounly a single 9-mode cycle was run; this was done with a
warm engine (Engine o1l temperature over 200°F).

b) Emission measurements were taken by the CVS-CFV bag

technique, as opposed to raw exhaust analysis. In order to
assure adequate sample volumes 1n the bags, sample modes of
five minutes length were performed, as opposed to the one
minute modes of the federal certification procedure.l/

Idle test data was taken in accordance with the February 13,
1979 NPRM, employing the CVS-CFV bag sampling technique, with the
ratio of the concentrations of raw COp to dilute sample COg used
for dilution factor determination. In addition to the idle mode,
however, three other modes were tested for emissions. An overview
of the test procedure is presented in Table IV B-2. These addi-
tional modes were sampled using the same procedure as the 1idle
mode.

Table IV B=2

Idle Test Procedure

Mode Length

Mode RPM % Max Torque @RPM (m1nutes)
1 2,500 0 S

2 Idle 0 S

3 2,200 554 @ 2,200 5

4 1,700 43% @ 1,700 5

In addition to the three primary test procedures, various
other tests were performed, primarily on current technology
engines. These tests usually involved consecutive hot starts
(hot start transient cycles with twenty-minute soak time between
runs.) A single test parameter (e.g., total integrated brake
horsepower-hour, engine temperature, throttle aggressiveness,
ambient humidity, calibration settings, etc.) would be varied and
1ts impact on engine emissions assessed. These tests were useful
1n assessing emlssion sensitivity to variations in the cycle

1/ Test results from current technology engines tested under
this modified test procedure showed negligible variation from
the manufacturers' test results, obtained using the raw exhaust,
certification method.
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performance regression statistics and to variations in other cycle
parameters. HResults of these test programs will appear in a
separate technical report.

3. Transient Engine Dynamometer Control System

The transient control system used 1n the baseline program
was a digital/analog hyorid, employing closed-loop analog speed
control and open-loop analog torque control. (See Figure I[V-B-1).
A digital cassette recorder served as a source of continual command
signals,, and also recorded speed/load feedback signals from the
engLne on a separate cassette tape. The digital command signals
from the cassette keypoard were converted to analog control vol-
tages within a Texas Instruments 960B Computer. The TI 960B was
programmed for several tasks, the most 1important of which were
transient engine control for emission testing (Task D), and manual
steady~state engine control through the keyboard for system
calibration (Task A). The analog control circuitry and the
digital/analog interfacing were designed by LABECO, Inc. of
Mooresville, Indiana.

Test cell hardware included General Electric motoring dynamo-
meters and their associated G.E. countrol circuitry, which comprised
the major portion of the speed loop of the control system. The
speed control circuitry, was a simple closed-loop system employing
proportional control (i.e., dynamometer speed was a linear function
of command voltage), with a proportional feedback loop allowxng for
the generation of compensatory error voltages.

The torque control loop was sowmewhat more complex. Torque
control was an open loop system 1n the sease that parts of the
system were not electrical, i.e., the engine and 1ts operational
characteristics were integral components of the "circuit." Figure
IV B-2 details the typical load vs. throttle position characteris-~
tics of an SI engine. (Throttle position is expressed in terms of
the voltage applied to a throttle actuator servo motor; the clutch-
driven actuator opened and closed the throttle linkage 1in propor-
tion to the applied voltage.) Actual engilne load was measuraed by a
torquemeter (torsional strain gauge type with slip rings) mounted
in line in the driveshaft between dynamometer and engine.

The ECTD control system controlled torque through three
separate analog input voltages to the servo motor (See Figure
IV B-1): 1) a "pre-position”" throttle command voltage proportional
to the commanded torque, 2) a speed correction voltage to allew for
the variations 1n load vs. cthrottle position with engine speed
(Figure IV B-2), and 3) a simple torque error (Command miaus
Feedback) voltage for fine tuning. In short, this linear ''pre-
position”" system attempted to follow nonlinear engine load/throttle
voltage characteristics with corrections for non-linearity provided
by the limited error voltages and by additional circuitry (See
Footnote 2/, Table LV B-3).
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Calibration of these three throttle input circults was per-
formed after engine preparation was completed. The calibration
procedure 1s summarized 1n Table IV B-3. With the system operating
1a Task A mode, 1.e., the engine running at chosen speeds and
torques through typed-in commands at the keyboard, calibration was
performed on the feedback ana then the throttle 1input circuits.
Specific calibration settings were unique to each engine (reflect-
ing unique throttle/load characteristics and varying impedances
between the test cells.) At any given time during productlon
testing, one calibrated engine was present 1n each test cell,
allowing two cold start transient tests per day. (The remaining
space 1in each cell was reserved for engine buildup and prepara-
tion). Calibration settings for each engine were recorded to
alleviate the need for recalibration when automatic control was
switched from one cell to the other.

Following calibration, the engine was mapped under automatic
control and a transient cycle command tape was generated. (See
Section IV B-5 - Software Support.) This tape controlled the
engine throughout the transient test; feedback data for cycle
performance statistical validation were recorded on a separate tape
and analyzed after the test.

The transient test began by manually cranking the engine with
the starter motor (dynamowmeter off). Emission sampling began
simultaneously with cranking. Upon 1ignition, the operator was
permitted to manipulate the throttle as necessary to preclude
stalling. (If stalling did occur, or the engine refused to start,
the contingency procedure of tne NPRM was followed. The few cases
where this did occur are called out 1in Appendix Il as comments on
Individual Test Reports.) S3etween 1gnition and fifteen seconds
into the test, the dynamometer, preset to run at engine 1dle speed,
was engaged. Fifteen seconds into the test (referred to as '"lag"
time), the computer took control of the engine. The first non-idle
point 1n the test occured at the twenty-four second mark and the
transient portion of the cycle began. At the conclusion of
the cold cycle the computer automatically returned control to the
operator console, at which point the engine was shut down for the
soak period. The hot cycle procedure was 1dentical to the cold.
(The emissions were sampled according to the schedule presented 1in
Table IV B-8.)

During the analysis of the transient feedback tape, 9-mode and
1dle testing were performed urder completely manual control.
Following final validation of all test results, the engine was
removed from the test cell.

Throughout the baseline program the engines were rtun 10
"speed control" mode, as described apove. This was in contrast to
"torque control" mode, 1n which the dynamometer directly controlled
engine torque, while the throttle contrel equipment controlled
engine speed. The ECTD svstem was capable of operating in either
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Table IV B-3

Transient Controller Calibration Procedure

Task A

Step Calibration Potentiometer 1/ (Figure 4 B-1) Purpose (Figure &4 B-2)

A. Torque and Speed Feedback Calibrates load and speed
Feedback (TFB and SFB) feedback signals so that the
engiLne's performance may be
accurately recorded.

B. Midspeed/Zero Torque Sets zero point for speed
(MSZT) compensating voltage (Throttle
Input 2)
C. Midspeed/Mid Torque Sets mird-span point for
(MSMT) throctle command voltage

{(Throttle Input 1)

D. Midspeed/Max Torque Sets maximum span point
(MSMXT)2/ for additional Throttle voltage
(Throttle Input 1)

E. Low-Speed Offset (LSO) Spans speed compensation
voltage (Throttle Input 2).

1/ Named for speed/load at which calibration occurs. In general, midspeed

Rated (or governed) RPM-Idle RPM + Idle RPM, midtorque as
2

1s defined as

Maximum torque @ Midspeed RPM. These were not rigid parameters, however,
X

and the calibrations occured wherever necessary to achieve satisfactory

results.

2/ In reality, the Midspeed/Max Torque (MSMXT) 1is not only a potentiometer,
but also additional circuitry located aLn Figure IV B 1. This
circultry was designed to provide on additional linear voltage boost at
higher loads, so that the analog system could more closely approximate the
load/throttle characteristics La the operating range between half and full

throttle (See Figure IV B-2).
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mode, and early 1n the baseline program, controller performance in
each mode was analyzed. Basea upon the high void rates associated
with '"torque control" mode due to the lack of cold engine drivea-
bility 1n the early moments of a cold start (resulting in stallea
engines and voided tests) the decision was made Lo operate in
"speed control" for the baseline program. The dynamometer control-
led engine speed during momentary stumbles at the cold start,
precluding stalling of the engine and substanctially reducing the
likelihood of a void :est.

When compared with tne ECTD control system, the control system
at SwRI differed in support instrumentation, and in the case of the
torque-control loop, in basic design. The torque control input to
the throttle servo motor was entirely error-based, i.e., the torque
command and feedback voltages were fed into a differencing ampli-
fier; the amplifier output drove the servo motor. SwRI also ran 1n
speed control mode, and 1in compliance with the revised regression
statistics.

The ECTD "Pre-position' type system was originally selected to
guarantee sufficiently rapid throttle response to widely varying
torque commands. During the baseline program, however, frequent
calibration difficulties resulted i1n regularly deficient controller
performance, due to both the non-linearity of the engine's throt-
tle-position function and the insufficient voltage achievable
from the torque error amplifier. (Above a certain amplifier gain,
considerable oscillatory motion of the throttle actuator was
encountered. The point of excessive oscillation represented the
maximum gain allowable; in some cases this gain was too low to
overcome the non-linear characteristics.) Based upon the perform-
ance of the system at SwRI, a torque controller utilizing torque
error as the major controlling 1input s equally responsive as a
"pre-position" system, does not suffer from engine-to-engine
variations in non-linear throttle operational characteristics, and
1s significantly easier to calibrate.

In general the ECTD control svstem proauced repeatable results
within the revised cycle performance criteria. Enough difficulty
in calibration was experienced, nowever, to warrant wmodification
of the controller to one wnose primary torque controlling input 1is
error-based. An alternative solution 1s to use a pre-position type
control system with sufficient memory capacity to allow calibration
through a comprehensive matrix wmapping of the engine's throttle
voltage characteristics, i.e., record the throttle voltage neces-
sary for any combination of speed and torque. These matrix values
could be stored 1nto memory directly, or used to determine con-
stants of higher-orger polynomial algorithms (pre-programmed into
the computer) to allow closer iollowing of the non-linear throttle

11/ SwRI operated without ambient humidity controls,but this had no
significant effect on HC and CO emission levels.



-28-

voltage curves. A small torque error compensatory voltage would
then be sufficient to account for variation in engine performance
(e.g., a cold engine vs. a hot engine). EPA plans to implement one
of these alternmatives in the near future. Furthermore, based upon
testing experience co date, addicional capabilities of a transient
dynamometer controller are desirable. These include:

1) The engine should be capable of being "uncoupled" from the
dynamoweter, either electrically or mechanically, during idle
portions of the transient test. This allows for a free 1idle,
especially important during a cold start iLf the engine 1ts
equipped with an automatic choke.

2) The controller's data reduction capability should be
sufficient to allow rapid calculation of a test's cycle
performance statistics. This allows much prompter trouble-
shooting of controller calibration settings, resulting 1n
higher system reliability and lower void rates.

4. Engine Preparation and Instrumentation
Engines tested at MVEL arrived from two sources: private
contractors and 1in~house procurements. Engines obtained through

in-house procurements were removed from the vehicles and assembled
upon test stands; those engines originating from contractors
arrived in test-ready configuration. In both cases, the engines
were set up for testing according to MSAPC Advisory Circular 22A
(april 3, 1973).1/

The standard engine test configuration consisted of the
engine's flywheel bolted to a torquemeter-equipped rubber-softened
3/ driveshaft (Dana-Spicer) coupled tc the dynamometer. The englne
was 1solated from 1ts mountings by shock-absorbing rubber wmounts

(usually OEM vehicle mounts). The throttle actuator stands were
bolted to the dynamometer bea oiate and to the engine itself by
means of a rigid cross vpar. (Accurate transient control of the

chrottle was difficult unless the actuator motor and the engine
were rigidly fixed to one another.) The throttle servo motors were
clutch driven with internal position feedback potentiometers. The
actuator arms were connected to the throttle linkages by either
ball chain or wire cable such that full travel of the actuator arm
(approximately 60°) resulted in wide-open throttle.

1/ The only exception to A/C 22A procedure was that engines were
not equipped with clutcn assemdblies, driveshafts were bolted
directly to the flywheel by means of an adapter plate. A/C 22A is
tncluded i1n Appendix II.

2/ Driveshafts used at EPA were rubber-softened to alleviate the
possibility of resomant torsionai vibrations. SwRI used solid
steel shafts with no apparent difficulties.
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The engine coolant water was circulated through a heat-
exchanging water cooling system; the system temperature control was
set such that coolant water to the engine was a minimum of 20°F
below engine thermostat temperature. Portable fans were directed
at each side of the engine during the test, but were shut off
during the hot soak.

Exact duplication of the 1in-vehicle exhaust system involved
practical difficulties arising from the location of the dynamome-
ter. Where necessary, the standard exhaust systems were bent to
clear the dyno and other obstructions (e.g., the control instru-
mentation boom). Bends were kept to a minlmum to eliminace back-
pressure variations. Marmon flanges were welded to the end of the
exhaust system for attacnment of flexible convoluted piping for
transport of the raw exhaust to the CVS 1inlet, to which the pLping
was rigidly attached. 1Inlet depression at the CVS was kept within
NPRM specifications.

In addition to the tune-ups performed by the procurement
contractor, all engines were tuned and adjusted by ECTD personnel
to manufacturer's recommended specifications prior to mapping and
testing. The tune-up specifications used were those published 1n
the manufacturer's applicable service manuals, obtained directly
from the manufacturers. 1In the 1interest of accuracy, a number of
carburetors and distributors were checked and adjusted by the
manufacturers at their own faciiities. Every attempt was made to
meet the recommended specifications, and this was accomplished 1n
the vast majority of cases. In a few cases (called out 1in Appendix
II) both engineering Judgment and manufacturer's advice, were used
when specifications were unacnievable.

The tuneup procedure 1involved verification of engine perform-
ance. Distributor advance curves and dwell variation were checked
on a Sun Model 500 distributor tester (distributor removed from the
engine). With the engine running on the dynamometer, a Sun Moael
947 engine performance tester was used to cneck mechanical and
vacuum advance curves and awell variations. The same i1nstrument
was used 1n the adjustment of idle HC and CO, along with the
carburetor/cylinder balancing aajustment and the carburetor power
valve check.

After all mechanical specifications were checked, calibration
of the engine/control system was performed, and the engine mapplng
procedure began.

A summary of the equipment used 1s presented in Table IV B-4.
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Table 1V B-4

Instrumentation Summary

Instrument

General Electric Direct
Current Dynamometer

Lebow Torquemeter

Lebow Torque Signal
Conditioner and Indicator

CVS Unit (Philco-Ford)

Texas Instrument 960B
Computer with Silent 700
ASR Data Terminal

LABECO Control Console,
Control Equipment

Purpose/Specifications

Absorbing, 380 HP, 400 ft.
360 HP, 375 ft.

Motoring:
Base Speed: 5,000 RPM
Frame Size: TLF 3644-F

Model #1228H(5,000 in-lbs,
0 - 5,000 RPM)

Model #7535

Ib.
lb.

CFV Type, 1,500 SCFM Capacity
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5. Software Support/Data Reduction

Considerable amounts of software support were utilized in the
baseline program, both 1n evaluating the engine's performance over
the cycle and 1n the actual emission calculations.

The vast computaticnal and memory resources of the Michigan
Terminal System's (MTS) AMDAHL V/7 Computer were made avairlable
to the TI Controller through a standard phone communications
link (1200 BAUD). The MTS system served as a central processor
(host computer) which stored the numerous support programs used in
day-to-day baseline operations. These support programs and their
functions are summarized below.

Cycle Support System Function List

GENCYC - Generate a normalizedl/ cycle or mapping reference2/ file.

EDCYC - Edit opcodes3/ on normalized cycle or engine referenceh/ file.

INPMFB -~ Input mapping feedback3/ cassette into a file.

MANIPCYC - Manipulate normalized cycles and unnormalize them

MAKECAS - Make a mapping or engine reference cassette (command tape).
Test Processing System Function List

INPEFC - Input engine feeaback cassette 1nto a file.

CYCPERF -~ Monitor performance of engine feedback file (perform

statistical regression).
STOREDS =~ Store HD data sneets 1n the HD data base (emission data).
STOREEL - Store HD engine information.

PROCTEST - Process HD tests (perform emission calculations).
REPORT - Generate HD reports (output emission data).
RETRVDS - Retrieve HD data sheets to make changes.

1/ To normalize a cycle 1s to express each cycle parameter (RPM or
fr 1bs) as a percentage of the maximum achievable.

2/ A mapping reference file 1s used to control on engine during the
automatic maximum load curve generation. It consists of iLncremen~
tal step speed commands and wide-open throttle commands.

3/ Opcodes (Operational Codes) are aaditional data recorded on the
feedback tape, or present on the reference tape. They allow
monitoring of certain conditions (e.g., closed or wide-open tnrot-
tle), and can be used for additional control capabilities.
4/ Engine reference file 1s an engine-specific command tape used to
tun the engine through the entire transient test.

5/ Feedback 1s the recorded speed and torque performance of an
engine, either during mapping or a transient test.
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Table IV B-5

1969 Baseline Void Rates

Total

Void Tests Void

Engine Total Testsl/ Statistical2/ Experimental3/ Rate
(1) Chrysler 225 8 6 75%
(2) IHC 392 S 3 3 67%
(3) Ford 391 5 2 1 60%
(4) THC 304 8 3 37%
(5) Ford 330 5 0%
(6) GM 351cC 8 4 2 15%
(7) Ford 330 8 1 4 63%
(8) GM 350-2 3 1 33%
(9) Chrysler 318-3 4 1 25%
(10) IHC 345 4 2 50%
(11) GM 350-2 9 4 2 67%
(12) Ford 300 6 3 50%
(13) IHC 345 7 4 57%
(14) GM 366 3 0%
(15) Ford 361 8 6 75%
(16) Ford 360 6 3% 50%
(17) GM 292 11 9 82%
(18) Chrysler3l18-1 4 1 257%
(19) Ford 361 4 1 25%
(20) Ford 360 4 2* 50%
(21) GM 350-2 5 2 40%
(22) Chrysler 361 3 1 33%
(23) GM 366 4 1 25%
Total 136 (100%) 54 (40%) 18 (13%) 53%

*See Appendix [I, Baseline Engines 16 and 20.

L/ Cold start transient tests intended for baseline data (excluding
all correlation and parameter sensitivity tests).

2/ Statistically Vouid. exceeding the revised cvcle performance
regression tolerances given in this report.

3/ Experimentally Void engine or equipment malfunction, operactor
error, etc.
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Table IV B-=6

1969 Transient Baseline Repeatability

Coefficients of Variationl/ (%)
Engine Valid Tests BSHC BSCO

(1) Chrysler 225
(2) IHC 392

(3) Ford 391

(4) LHC 304

(5) Ford 330

{(6) GM 351cC

{7) Ford 330

(8) GM 350-2

(9) Chrysler 318-3
(10) IHC 345

(L1} GM 350-2
(12) Ford 300
(13) IHC 345

(14) GM 366

(15) Ford 361
(16) Ford 360
(17) GM 292

(18) Chrysler 318-1
(19) Ford 361
(20) Ford 360
(21) GM 350-2
(22) Chrysler 361
(23) GM 366

— gt —
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&
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Mean Baseline Coefficient
of Variation: (C. of V.) 5.9 5.8

l/ C. of V. = 100% x standard deviation of all valid tests/mean of
all valid ctests.
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Following preparation and calibration of an engine, a mapplng
reference tape was created by tne MAKECAS function. The wmapping
reference tape served as tne command tape during the automatlic
mapping procedure. It consisted of wide open throttle commanas at
100 RPM speed 1ncrements over the entire speed range of engine
operation (1.e., approximately 200 RPM below 1dle to 30U RPM above

rated or governed RPM). Each 1i1ncrement lasted fifteen seconds,
torque feedback measured over the last five seconds of each incre-
ment were averaged to arrive at a maxlimum torque value. Thuis

feedback data was stored on a separate cassette tape.

The mapping feedback tape was then loaded into MTS data files
by means of INPMFB, at wnich point GENCYC created a normalized
cycle reference file, wnich was then recorded on a blank cassette
by means of MAKECAS. This cassette became the command tape for
controlling the engine during the entire transient cycle.

The feedback data from a transient test was recorded on a

blank cassette during the test. The data from the feedback cas-
sette was stored into MTS by INPEFC, at which time the regression
analysis was performed by CYCPERF. Following the regression

analysis, 1t was then possible to input the emission data into the
master file (STOREDS), process the tests (PROCTEST), and generate a
complete transient test report (see Appendix II).

During the baseline program, the actual process of loading
data from the cassettes to the MTS files was time consuming;
primarily because a time sharing system (MTS) was being used which
was not under direct ECTD control. This delayed cycle performance
results and tied up the keyboard terminal. EPA plans to substitute
disc memory for the cassettes in a future transient test cell, 1in
an effort to substantially reduce turnaround time.

1
6. Void Rates/Test Repeatability

A summary of the baseline program's void rates and the emis-~
sion repeatability of valid transient tests Ls presented below in
Tables IV B-5 and IV B-6. Statistical validation was accom-
plished using the revised statistics within this report.

Void rates during the baseline program were somewhat high.
The voiding of tests due to experimental error (e.g., equipment
malfunction, operator error) was initially high; as more experience
with the test procedure and the equipment was gained, however,
tests voided for this reason were virtually eliminated. Statisti-
cally-void tests were present throughout the program. In most
cases, these high statistical void rates were a result of one
of three causes:

a) the statistical criteria were not available (i.e., had not
been developed) for calibration or validation when the engine was
tested. A later applicacion of the statistical criteria Lndicated
that additional tests (as 1n engine No. 1) would not have been
needed. g
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b) cowmmunicatlion service with the host computer (MTS) was
interruptad sucn that statistical validation of the test was not
possible prior to the running of the next test. (Normally tf the
first test was void, the system would be recalibrated before the
next test, however, many times the i1nterruption was so long that
the normal procedure was precluded.);

¢} «calibration difficulties with the EPA/MVEL system control-
ler, which was highly engine dependent.

Once the statistical criteria were developed, the 1last two
causes were the most prevalent, ECTD plans to improve both the
communication and controlling capabilities of 1ts sytem in the near
future to reduce the 1incidence of statistically void tests.

Of those tests determined to be valid, however, the emission
repeatability was good. The average coefficient of emission
variation for the entire baseline program was less than 6%. When
compared to the thirteen baseline engines for which data from more
than a single 9-mode FTP 1s available, model emission variability
over the baseline program was 5.0 percent for BSHC and 4.3 percent
for BSCO. (See Table IV B-7.) The prototype ECTD Controller
achieved comparable repeatabpility. It 1s anticipated that the
closer future control systems come to achieving the ideal regres-
sion statistlcs, emission variability as measured over the transi-
ent test will be reduced. )
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Table IV B-7

Modal Baseline Emission Variability 1/

Coefficients of Variationm 2/(%)

Engine Valid Tests 3SHC BSCO
(4) 1IHC 304 3 4.0 6.0
(9) Chrysler 318-3 2 2.0 18.0
(11) GM 350-2 3 2.0 7.0
(12) Ford 300 2 1.0 1.0
(13) IHC 345 2 7.0 .10
(14) GM 366 2 1.0 2.0
(15) Ford 361 2 18.0 1.0
(16) Ford 360 3 5.0 7.0
(17) GM 292 2 10.0 5.0
(19) Ford 36l 2 6.0 2.0
(20) Ford 360 2 2.7 1.7
(21) GM 350-2¢ 2 5.2 2.1
(22) Chrysler 361 2 .50 3.0
(23) GM 1366 3 1.8 4.4
Mean Modal C. of V.(%): 5.0 4.3

1/ Based upon the modified 9-mode test procedure.

2/ Modal data for engines 1-8 were voided due to a test procedure
error. Engine #4 was retested. Remaining baseline engines not
i1ncluded here have only one valid 9-mode test.
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7. Emission Sampling System

Emissions were sampled using the CFV-CVS bag technique.
Dilution factors for the transient and 9-mode FTP's were deter-
mined using an average air/fuel ratio of 13.4, dilution factor for
the 1dle test by using a raw CO, analyzer. (The calculations
were performed according to the appropriate Federal Register).

Sample bags were analyzed at an analyzer site using the
following equipment:

Gas Instrument EPA No.

HC Beckman Model 400 (40% H2/6OZ He Fuel) 086985
C0(0-1000 ppm) Bendix Model 8501-5MB 109724
CO0 (0-50,000 ppm) MSA Model 202 109961
CO2 MSA Model 202 109952
NOx TECO Serial #CT-M-1063-29 109723
CHA Bendix Model 8205 038333

Raw CO, measurements for the 1dle test were taken on an
MSA Model 202 (EPA #109949) analyzer (0-14%, with 1ce bath).

Maintenance and calibration checks of the equipment were
performed regularly. Both propane injections and an Easttech
Vortex shedding flowmeter were used on a weekly basis to check
calibration on the CFV-CVS flow.

Emissions collected in the test cells were analyzed at EPA
analyzer train A009, located 200 feet down cthe hall. The maximum
delay between sample collection and sample analysis was Ctwenty
minutes.

The sampling timetable used during a transient test 1s pre-
sented in Table IV B-8.

Series 10
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Table LV B-8

Transient Emission Sampling Schedule (Cold Cycle) 1/

Time After
Ignition
(seconds) 2/

1 - 14
15
25

272
579
895
1167

1169 +2

Event
Cranking of engine/Begin Bag | Sampling
Ignition (Times Started)

Dynamometer Engaged

Automatic Control Engaged

Just Non-Idle Cycle Command

Bag 1 Ends/Bag 2 Begins
Bag 2 Ends/Bag 3 Begins
Bag 3 Ends/Bag 4 Begins
Bag 4 Ends

Twenty-Minute Soak Begins

1/ Hot cycle 1s 1dentical, following twenty-minute soak.
2/ As denoted 1in the NPRM speed/Torque schedule.
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C. Baseline Compilation and Standards Computation

The results of the testing efforts at EPA/MVEL and SwRI for
all twenty-three of the baseline engines are summarized 1n the test
results fouad in this section.

This section is divided 1nto three main sub-sections:

l. Transient Cycle: Emission Test Summaries and Results
2. Idle Test: Emission Test Summaries and Results
3. Standards Computation and Discussion

l. Transient Cycle: Emission Test Summaries and Results

The data tabulacions in this sub-section give a summary of all
emission data for the 23 baseline engines tested on the transient
test procedure. Data 1s 1included for valid and 1nvalid tests.
Appendix II coantains more detailed 1nformation omn each test con-
ducted.

Before presenting the actual data, a discussion of the less
obvious headings and codes used in the computer printout will aid
1n using this information:

a) Manufacturer Code (MFG)

20 Chrysler

30 Ford

40 General Motors

270 International Harvester

b) Actual BHP-hr: The 1ntegracted brake-horsepower-hour
calculated from the actual speed and torque performance of an
engine run over the transient cycle.

c) 4 Error: The percent deviation of the integrated brake-
horsepower-hour over the actual transient test as compared to the
reference cycle integrated brake-horsepower-hour. (Based on the
sum of BHP from cold and hot cycle. Validation was determined
based on the 1ndividual value for each cold cycle and hot cycle.)

d) Grams/mile: Weignted grams (cold and hot start) of each
pollutant over the test cycle by miles instead of BHP-hr. The
mileage represented by the cycle 1s 6.47 miles.

e) Disposition Code (DISP)

B = Valid baseline test



M = Marginally valid test
X = Invalid test

The test data on pages 49-70, summarize the test results for
each of the 23 baseline engines tested. Using the descriptions
above and basic engineering knowledge, the data should be self-
explanatory.

The four tables following the test data sheets, (Computer
Tables 1-4) summarize the results shown for each of the twenty-
three bagselire engines. Although the data in chese tables shoula
be easily understood using the short descriptions below, one
important factor should be discussed.

The Clean Air Act Amendments prescribed that tne 1983 HC and
CO emission standards should be determined from the average of the
actually measured emissions from heavy-duty gasoline-fueled ve-
hicles or engines. ECTD interpreted average to mean the average of
the entire 1969 fleet of HD gasoline-fueled vehicles and not just a
simple average of the engine lines sold which would give equal
weighting to each engine line sold. Thus, ECTD has sales-weighted
the emission results according to the market share each engine line
actually held correctea to 100 percent. This correction to 100
percent was necessary pecause not all engine lines are repre-
sented in the baseline. These market shares and their correction
to 100 percent are shown in Computer Table 2. In the final analy-
si1s, using a simple average of the engine lines tested yxelded only
slightly more stringent emlssion standards.

For the reader's use, a short description of each table 1s
provided below:

(1) Computer Table 1: Sales-Weighted Brake Specific Emis-
s1ons. This table gives the average brake specific emissions
g/BHP-hr) of HC, CO, and NOx for each baseline engine, sales-
weighting fractions and sales-welignted emissions plus the number of
valid tests on each engine ("Sample Size"). Figures representing a
90 percent reduction are aiso shown. The NOx data 1s not needed
for any of the proposed standards and 1s 1included solely for
informational purposes.

(2) Computer Table 2. Sales-Welighted Percentages Data. This
table lists the percent of torai 1969 sales represented by each
baseline engine ("percent ctoral"), as well as the percentage
corresponding to the fraction of total sales representea by each
engine using the cowbined sales of ouly the baseline engines as a
base ("Corrected percent”). The latter figure yields the weighting
factors.

(3) Table 3: Brake Specific Tmissions. This table lists the
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average brake specific HC, CO, and NOx emissions for each baseline
engine, along with the sample size.

(4 Table 4: Sales~-Weighted Transient Engine Emissions.
This table is the same as Table |, with the exception that ail
emission results are expressed in terms of grams per mile.

2. Idle Test: Emission Summaries and Results

EPA has also proposed 1idle emlssion standards for HC and CO.
I[dle test data to determine the 90 percent reduction 1s shown for
19 baseline engines which were tested. These 19 engines represent
79 percent of the 1969 sales of gasoline-fueled HD engines.

The results of the 1dle tests for these 19 engines are shown
on pages 78 to 96. The four test modes listed on these 1individual
summary sheets are:

Mode 1: 2500 rpm - no load.

Mode 2: Idle - no load (this mode used for standard setting).
Mode 3: 2200 rpm - 55 percent of maximum torque.
Mode 4. 1700 rpm - 43 percent of maximum torque.

Computer Tables 5, 6, and 7 summarize the 1dle emissions data
for the 19 baseline engines. These tables are sim:ilar to Tables
1-3 shown earlier and are described briefly as:

(1) Computer Table 5. Sales-Weighted Idle Emissions. This
table is the same as the Computer Table I listed above, except that
1t lists iwdle test data. -

(2) Computer Table 6: Sales-weighted Percentages Data. Thuis
table is the same as Computer Taple 2 listed above, except that it
1s for engines having 1dle ctest data (19 engines 1instead of 23).

(3) Computer Table 7. Iale Emissions. This table is the
same as Computer Table 3 listed above, except that i1t is for

engines having idle test data.

Grams per mile caca for the 1dle test 1s not 1incluaea for
obvious reasons. These tables are found on pages v8-100.

3. Standards Computation and Discussion

The 1969 heavy-duty paseline program began in tne fall of 1977
with the first procurement actions and Ls concluded with this
report.
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During this program, ECTD procured and tested 23 heavy-duty
gasoline-fueled engines representing 81.5 percent of the 1969
fleet. Of these 23 engines, 16 were class A, | was class B, 6 were
class C (high mileage). One engine included in this baseline had
undergone a major rebuild. No other engine needed one at the time
of procurement.

To determine the emission levels, these englnes were tested
using the new transient test procedure. OUf the 137 transient
tests, 64 were considered valid and are 1included. No engine had
less than two valid tests with the maximum per engine being five.

The fact that ECTD ceased baseline tescing at 23 engines was
based primarily on the fact that baseline emission levels were
insensitive to further testing. This 1s shown 1in Figures IV-C-1
and IV-C-2 wnich demoustrate that as the number of engines tested
approached 25, the effect of 1ncluding more engines in the baseline
was insignificant. This 1s true for both HC and CO.

Based on the fact that:

1) Only 1969 model year heavy-duty gasoline-~fueled engines
were tested;

2) Over 81 percent of the 1969 fleet is represented; and
3) 64 valid emission tests were accomplished on. these
engines;

ECTD concludes that the 1969 baseline shown here 1s representative
of the HC and CO emission levels of 1969 HD gasoline-fueled en-
gines. The following values are considered as a 90 percent reduc-
tron from the average of actuaily measured emissions based on the
results of the test program:

HC 1.3 g/BHP-anr
CO 15.5 g/BHP=-hr

The above values are the emissions standard which are proposed
for heavy-duty engines beginning 1n 1983.

In addition, EPA has proposed 1dle emission standards based
on Mode 2 of the four modes described above,

Mode 2: 1Idle - no load.

The 19 engines 1ncluaed in the i1dle test baseline give a
representative depiction of the fleet-wide 1969 1dle emissions.
Figures IV-C-3 and IV-C-4 snow tne decreasing seasitivity of the nC
and CO 1dle emissions as the anumber of baseline engines 1increased.
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Each of the 19 engines included in the baseline received act least
one valid 1dle test with a maximum of 6.
Based on the fact that:

1) Only 1969 model year heavy-duty gasoline-fueled engines
were tested;

2) Over 79 percent of the 1969 fleet 1s represented; and
3) 55 valid idle emission tests were accomplished on these
englnes,;

ECTD concludes that the 1969 baseline data for the idle emission
standard 1s representative cof the HC and CO emissions levels of
1969 gasoline-fueled HD engines. Tne following values are con-
sidered as a 90 percent reduction from actually measured emissions
of 1969 HD gasoline-fueled engines and are the proposed 1983
heavy~-duty 1dle emission standards:

HC 970 ppmC

Cco 477
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BASELINE ENGINE TRANSIENT

EMISSION TEST DATA SHEETS

23 ENGINES



HEAVY  DUTY  ENGINE  THANSTEMT  EMISSINNS  SUMMLKY  -- 1969 BASELINE ENGINE (S)

MAY 24, 979

ME Gt 20 Clut:  <&7Y EMGIDE FW 229K 29494 (32 RATED BHPST N/A RATED RPMI  H/A
C(0OMM NI 1969 HLTY a0
NUMBF R GRAMS 7 8HP -NR B/7AHP - ACTUAL » GRAMS / MILL WEIGHIED GRAMS/LB FUEL 01SP CODE
-------------------------------------------------------------------------------- ~-=  H= VALID
TeEsT cdDInG He co MU X HSF C HiP - R ExROR HC co NOX HC co NOX M= VvaLl0
T90A3L HL o}l 6.1) 95.69 IRV IY) 0.819 10.767 -)9.0 S.11 46,5) 8.35 T.ub 67.99 12.20 X
190R40 oL 6102 ol &Y, )0 .15 0.666 10.8:4 <=}49.,0 5.3 41,52 B.24 9.5¢ T3.73 14.64 X
741626 L w0l N w8, 11 9.19 V.640 11.106 =1¢.3 $.35 4),47 T.92 9,69 15,17 14.136 X
191421 HL1 )04 6.RZ 91,01 Vo2 0e.6%] 10.967 =~} 3.4 5.8} 43,42 T.86 10,48 78,35 {u.lY ]
191457 L v}l0S 7.97 93,40 7.68 0.027 1115 =-11.9 6.51 45.90 6.60 12.08 85.16 )2.25 3}
T91aSy L n) 06 .l S1.74 Ye 3t 0.61R 11.110  ~-)2.3 5.87 44,28 8.00 11,11 83.79 15.14 X
191491 v 0108 Y76 46,35 .00 0.575 l4.488 16.4 4.17 51.35 9.97 6,954 80.61 15.65 X
791500 ot 1 0)o? Y.l 90,07 alu 0.600 13.55]) 1.0 S.41 952,58 9.56 8,56 83.44 15.117 X
91417 v w10 helhH 49,79 9.14 0.592 14,191 11.H 4.64 54,39 10.04 T.18 84.04 15.59) X
19150 MLt D109 G.08 45,49 H.58 0.5%¢4 14,011 1u.6 4.39 48,98 9,24 7.3 B82.11 15.48 X
I'Nises v nyil well S).21 H.15 0.5717 13.936 fu.d 4.42 54,99 8.76 T.13 88.75 14.11) x
M ANt 1.20 52,20 8.606 0.619 11.060 =1<2.7 6.16 44,66 1.2} 11.28 8).76 13.22 N= 2
SIN.Ov v, .5 1.60 .10 0.017 0.133 1.0 0.49 1.75 0.89 1.13 4.81 1.37
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HEAVY DUITY FHAINE  TRANSIENT  ENISSIONS SUMMARY -« 1969 HASELINF  ENGIME(S)

MF (e 210 (& 111 e ENATD: vIF2 wSiay RATED BHpt  Nza RATLL RPM! N/
{OMMI NTG ! 1969 HLT MHo2
N UM E P GRAMS /7 AP -1l */RHP-HR  ACTUAL h GRAMS / MILL WEIGHTED GRAMS/LH FUEL pDISP CODFf
---------------------------------------------------------------------------------- - B= vaLlp
1¢S7T CopIMG M co Hox NSFC HWHP- HR  FHROR HC co NO X HC co HOoX M3 VALID
791530 'L+ 020) 16,03 202,040 .63 0.176 2l.15% J.0 25.21 1180.29 S.71 20.19 254.28 4.56 X
TY1A3L NI 9202 9.0 172.59 G4.0) 0.75R 19.005 -1.5 13.78 262.42 6.11 11.v6 227.69 5.32 X
7913, B w203 3.2y 718,76 1.95 0.J3%1 19.193 -6.5 5.0 116,73 2+Rh9 11,14 223.05 5.51 X
191633 HL  npp4 R.57 265,66 4,19 0.880 17.a4Hn -5.1 12.9) 400.29 6.62 9.66 29H.92 4,94 X
7191034 I n20S5 )12.15 192.07 4,20 0.826 18,9¢6] -T1.7 17.87 282.33 6.18 16,71 232.47 5.09 X
THIRIS LY 0206 H.44 194,06 6.29 0.01R8 19.099 -1.0 12.46 286.4) 6.3 10.32 237.22 5.24 X
790A36 HLY 0207 9.00 206.17 4.04 0.420 1A.954 -71.7 13.23 300.10 S.94 10,97 248.94 4.9) x
791137 K. 0p0R 10.31 228.HH J.vo 0.08n9 1R.50nA -~9.9 14.70 326.21) 5.56 11.87 263.38 6,49 X
T92301 B 9210 6.69 1B6,.40 .71 0.802 18.917 ~1.9 9.82 27)3.61 S.49 B,36 232.41 6,63 8
792307 BL 021} 6,07 171,67 6,78 n.715A8 18.998 -1.5 8.98 2s52.81 7.05 .04 226.21 6.31 R
79210 RL - 0212 6.720 177.50 [ | 0.7711 1A.A00 -f.6 9.12 257,89 6.12 A. 12 229.62 5.45 A
ML AN 6.35 17R,a47 Ge26 g.77R 18.9n3 ~7.9 9.31 261,44 6.21 A, 17 229.464 S5.66 Nz ]
SID.NEV. ¢ Helt 71.54 0,54 0.022 0.099 .5 0.45 10,85 0.80 0.16 3.14a 0.84
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HEAVY  DUTY  tHGHLEL THANSTENT  EMISSTUNS  SUMMARY -- 1969 UASLLINF  ENGINE 15)

MFL? 30 cl: 391 FHGEBD 191 ~Uw RATED BHP: N/A RATED RPM) N/A
COMMr NTY 3 TYAaY HLT #0)
HuHKBF P GHAHS /7 HHP-HR #t/AHP -HR  ACTUAL » GRAMS 7 MILE WEIGHTIED GRAMS/LH FutL DISP COLt
----------------------------------------------------------------------------------- A= VAL L
1FST Cap MG nC co Hux HSFC HHP- HBE  FRHOR HC co NOX neC co NOX M= VALID
192304 BL)Y 0301 (9.1% 178,99 4 .H6 n.039 2h.6B] 1.6 J6.18 3138.63 9.20 29.94 ?280.1) T.6} X
726471 L b3L3  11.50 178,88 St D.bha) 24.608 1.3 26.12 Jub. 18 M1.}0 21.06 2719.07 8.9 [}
T92473 st w304 | 2.9 177,55 SeTY 0.633 26 .8bH 23 24.05 339,94 11.08 20,51 280.49 9.14 X
1926474 . 4305 1 3.%9 §79.5¢ S.9¢ D.645 244,815 2.2 25.96 342,92 }31.32 21.07 278,30 J.18 3]
192637 BT 4302 1Z2.98 93,04 9.5% 0.658 24 +HBS l.6 24.73 367,75 10.57 19.7) 29).38 H.43 X
ME AN 11.%0 179,19 5.8 0.6413 26.721 1.7 26.04 344,59 1l.2) 21.06 278,64 9.0/ NE 2
SID.0tv.e B N.07 0.44 0.13 0.0013 0.162 0.7 0.11 2,33 0.16 0.0 0.66 0.17
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HEAVY  0OUTY  FNGIHNE  TRANSIFNT  FMISSTOMS  SUMMARY  -- 1969 HASELINE  FNLINT(S)

MAY PG, ]9T790

MF (b2 270 CIh:  3ub EMNRTD: V0L AGHOWR RATFD BHP: N/a RATEL RPMP N/
COMM NI 19A9 IILT #Qa
NUMBF R GRAMS /7 BHP-HIR H/AHP-HR A( TUAL & GRAMS /7 MILE WEIGHTED GRAMS/LB FutL 01sP COUE
-------------------------------- -- ——————- it e e el e B= VALIJD
L LXS copisg HC co 1O x ASt C IHP- HH | HROR HC co NOX HC Cco NOX M= VALID
793002 BL) 0601 10.9%  76.91] 1.02 0.677 17.6H88 ~let 16.66 116.85 ]0.67 l6.18 313.61 10.38 X
T93IN0 I -t (X1 11.06 98,09 70 0D.6497 19.52) -1.2 16.02 149.18 10.19 17.06 }S1.13 10.32 H
793004 11t H603 10.70 136,26 [ K0} 0.601 19.60R ~U.R 16.40 208,79 P.6] 16,10 205,49 9.26 1]
TV 29 M 1Heaoh 1%.13 167,82 S5.34 N.6nA 1v.450 -1.5 12.15 222.25 A.09 20,27 P2H.12 8.30 3]
796236 BLY 4ana 11.72) 127.65 Tl 0.7 19.837 ~4es0 17.11 199.85 11.8% 14,95 J14.6) 10.35 2]
T9nann Hi a0 jn.3? 125.45 7.606 0.719 20.051 ~3el 16.47 198,78 12.)6 16,66 [T4.48 Jp.66 X
796239 ML an9 193 123,00 Tetrty n.721 19.046 ~-3.6 16.33 196,54 12.05 16,37 17)1.10S 10.60 X
T4A2V¥6 ML 4T 10..2« 128,99 7.7} n.7°0 19.A92 -J.8 16.11 202,40 12.1) 164.25 179.15 10.74 H
Mt ANT 11.772 127.1h (.70 0.6A7 17.6Rr2 ~2e) 17.20 196,649 10.3) 16.53 187,70 9.R0 N= &
STD.NDry. 1.1t 18,472 n.98 0.040 0.1 1.5 l.sb 27,84 1.69 2.5 ?29,.71 1.00

__.55 :1.—



pFavyY UIY  ENGIHE  THANSLIFNMT  EnlSSHidin SUMMAKY -- 1969 UASELINE ENGINF (5)

MAY 24 1919

[ AT Ju Clh: 3w ENGIDE FIYO A S04, RATED BHPE  N/A HATED RPME  N/a
COMMYy €3 1969 LT #0S
N UMBHBIF R CHAMS / BHP-HK H/7BHEP-HR  ACTUAL [ GRAMS /7 MLt WwEIGHTEN GRAMS/LB FuLL DISP Cout
------------------------------------------------------------- teeeavec—mec—ma_-=ca==  B= VALID
TESTY ConlnG nC cn Nid X ASFC AHP - Mt FHROR HC co NOX HC co NOX M= vaLlO
193245 'L 0801 2H.63 163,89 7T.08 0. 145 16.4% 4 -1.8 16.52 20%9.0) 9.79 38,44 219,99 ju.3) 3}
IviZzin LT 9502 29.2A 1S56.1) Haelbd D.726 16.198 -8.0 37.21 198.52 10.36 40,92 215,65 J1.26 3]
T9¥2 01 v N1S03 27.4n 155.26 .17 0724 j6.4d2 ~Te9 J4.93 197.9]) 9.9} 37,85 214,44 10,73 3]
193200 v uS04  2h.29 15].69 R.10 D.71S 16.554 -1.1 33.76 197.36 10.40 36,18 2)4.96 jl1.3)
T93479 L w809 29.0% 156,17 T.7% p.72A 16.511 ~T.4 37.12 200.29 9.9) 39,91 215.34 10.65 B
ML AN 2.1 197,15 7.49 a.l121 f6.400 -f.6 35.91 200,62 10.07 Ja,68 216,08 10.86 N= 5
S10.Ntw, 3 1.25 3,.9% 0.22 0.011 0,00% el 1.51 4,84 0.28 1,49 2.25 Q.43

_'E;:B -



WEAVY DALY Fre gnt TWANSITNT  FNISSEONY SUMMARY -~ 1969  HASELLMF FNGINE ES)

HAY P4 1919

MF L2 w0 (@1 H 191 ENGIUI GMAS| 2ulia s RAIFD BHP NsA RATED HPHL N/a
COMME M S 169 LT 404
N1l MM H P GHAMS /7 AP -1n L /7RHP - aClyhy, 3 GHAKS / MiLL WEIGHTFD OGRAMS/LB Furt DISP Cuy
----------------------------------------------------------------------------------- H- ovai th
1F ST Copiro e co tox RSFC BHP - W FRHOA HC (o V] HOX HC co ta H- val LD
TUYSO0N ML k02 Je.30 101,09 6.67 0.6131 18.1336 5.4 20.69 146,29 9.65 22.66 160,21 J0.57 ’
T9I.01 HLY 1603 w.Al 112,713 T.92 0.651% 16.5179 -a,7 11.AhR 69,47 10.50 13,49 1 72.66 2.13 "
191502 1 W04 1 V.10 06,28 20.30 0.450 1R.092 Y] 18.18 142.51 21.715 29.95 231,13 ab.le x
7901 iy nAadS walY 213027 .45 0.650 16.721) -39 10.68 148,42 12.34 12.60 175,03  Ju.dhS 1
Trinna i 06 P.0)0 TR .54 9.30 0.609 16.6H5 ~4,.1 11.80 103.01 12.95 lo,?8 129.00 16.72¢ |3
I9¥0% L 06DT  1w.1s 82,78 H.oh N.641 16.655 4.2 13.55 108.36 11.36 16.09 128.74 ) ¥.50 x
TG 16N I+ 0608 fu.he 11028 Y.t 0.651 15.0872 -8.9 {3.18 136.64 11.99 16,34 169,41 (4.8 1"
MEANTE 9.12 111,51 A, A0 0.6%2 16.27S -6.8 12.63 143.0S 11.24 Ve .92 171.02 13.5%0 [TE Y
Sin.DEve 8 1.2 1.113 1.025 0.001 0.500 J.0 1.06 9.07 1,05 7.0l 2430 b.9%

_~Sl/._



HEAVY  DOUTY  EHNGIME TRANSTEMNT  ENISSIONL SUMMYARY -- 1969 1aSELINE  ENUINE (S)

MF L 1T Cli: 130 FHNATDS FA30 s iHe%S RATED BHP1  N/A RATEL RPM: N/a
(OMM plse Lung HLT #n?
NUOUMBE K OGBHAMS /7 BHP -HK B8P -HR AL TyAl @ GRAMS / MILE WEIGHIED GRAMS/LHB FutL DLISP CODE
----------------------------------------------------------------------------------- B= VALIOD
TESY Con I nG nC co HU L ASFC HHP -~ HFH ) RROR HC co NOX HC co NOX M= vaLl0D
T9644) LY 0708 V1.7 260,67 5.50 g.767 18.039 4,) S52.56 334.18 T.65 49,24 313,78 T.17 X
194444 BL 0705 36.46 219,067 be04 a.7711 17.965 -4.8 S0.50 311.99 8.37 47.10 310.06 7.81 %]
TO0G6Y 11} w706 3. 40 201.26 h,73 Q.7164 1A.174 3.6 46.70 282.21 9.43 46,50 28)1.09 Y.40 (3]
1446t HL 0707 372,014 232,117 6.00 0.767 l8.080 EXTI | 45,76 324,35 8.38 42.96 304.69 T.67 2]
Mt at: Je.th 224,37 625 0.750 18,0066 ~4.2 4T.65 12,87 8.73 45,54 298.,6) 8.36 N= )
Sibh.ty, 3 2.01 20.136 0.4l 0.010 0.117 Ueb 2.52 26,117 0.61 2.26  15.4] V.90

ASS..



HIAVY

MG

TEST CNpiInG

796101 BLT 27103

T9uhQ4u HL nnoe

T9ah/05 L uAol
Ml AN

STD.DF V. ¢

PUTY  ENGIMNE

THANSTIEMNT

EMISSIONS

SUMMARY

1969 HASLLINME

cIn: IRY)]
1960 HLT #0R

GRAMS /7 AP 1R

nC co tOx

.90 167,42 S.06
2.39 170.61 .93
Wetr] 170,927 [ A |
Y.60 170,77 4.H2
We 02 0.3% 015

[ RY[e8 [V

#/7RHP _HH

MAY Pu, 919

(FURETVERTTLS IS |

ACTUAL

IHP- 1R+ HROR
P2.00% 2.6

21.75) =92

21.731 -5.3

21.742 -5.3

0.0 .l

RATED BHP: N/A
GRAMS /7 MILE
HC co NOX
17.26 291.68 8.82
16.02 291.10 B.4]
15.94 289,58 1.98
15.98 290.36 8.19
0.06 1.03 0.30

EMGINF (S)

RATED

WEIGHIED GRAMS/LH FUEL

HC

15.48
13.64
16,52
la,.08

0.62

PPM1

co

261.59
2h7.98
263,717
°55.087

11.17

N/a

DISP COOE

B=
M=

VALID
VALID

N DI x



MEAVY  GUTY  ENGLHE IRAQRSTENMT  ENISSIONS  SUHMARY -- 1969 UOASELINE ENUINE(S)

MF G 2n Clu: 18 ENGID: D318 'R ) aR RATED BHP: N/a RATLL RPMI  N/A
LOMM Nt 1909 BT POV
HNUMBEF W GHAMS / BHP-HH a/BHP -HR  ACTUAL IS GRAMS / MILE WEIGHTED GRAMS/LB FUEL DISP CUDL

------------------------------- --- —————— b L L T L E R LR e el D i 8= VALID
TE ST CoDING e co NUx ASFC NHP- ML F RROR HC co HOX HC co NOX Mz vaLlD
19514l LT 1904 1.70 68,56 o2l 0591 16.754 -4.8 10.13 90.13 10.83 12.99 115.62 113.89 H
795169 1L 10902 7.70 100,91 7.69 0.61? }B.3%1 -0l 11.11 145.5¢ 11.09 12,58 164.89 12.56 (%]
19S150 L 0901} H.4h 91,45 6.7 0.5991 17.574 ~4.b 11.63 125.60 Yol 16,27 154.2¢ 11.59 n

MEANS T.96 B86.97 7.60 0.999 17.544 45 10.96 120,42 10.45 13,28 144.9) 12.68 N= 3

[ 4

S10.Dtv. ¢ vehis 16,671 0.69 0.011 0.797 “el 0.76 28,07 0.89 0.88 25.92 1.15

~.S7.—



HF AVY

MF G 21n
COMMY e

NUMBF PR

795284 ML Jonl
795286 HL 1002
TYS2RT B 100D
795332 BUT 1004

Mt AN

SI0.0DFV, ¢

17«9 uLT #)n

Mty  EHGINY

ciD:

JuS

GRAMS / AHP-HR

7.1R0
T.0%

Y.h4

THANSTIFMT

[ IO I TN

f/7RHP -HR

Er]SSInt,

MAY Pu,

HUMMARY - -

1919

V3Ias 3198an

ACTUAL

HHIP - MR

17.927
17.966
?1.834
71.76H

17.944

0.0J35

1969

HRASEL IMF

RATEID) Bhp* N/

GRAMS s M(LF

f HROR HC
=113 10.00
-11.1 10.02

nl 11.14
5.1 9.68
-11.2 10.01
n.2 0.02

109.27
105.91
156.10
132.29

107.59

2.38

-8 E; -

ENGINEtS)

RATEY HPM!

WEIGHTED GRAMS/LB FUtLL

10.02
10.01
9.87
A.9v

10.01

0.01

109.07
105.78
138.31
121.59

107.62

2.61

H/A

8.89
9.30
9.26
10.02

9.09

pISP COUEK
A= VALID
M= vaLID
B
8
X
X
N= 2



HEAVY  DUTY  FwNGInF TRADSTENTY ENISSION > SUMMARY - 1969 BASELINE  ENUGINF (5)

Ay 24 1919

MF G 4 Cli: ELY1] tNGIDS K4 35S0 2 1 JPN RAITED BHPI  N/za RATLL, HPM: Nsa
COMM: NTS: 19ny HLT &1
NUMBEF R GHAMS / HHP=-HR #/7AHP -1 ACTUAL 5 GRAMS / MILLE WEIGHIEN GRAMS/LbB FUttL DISP COLF
----------------------------------------------------------------------------------- 8= vaLlD
TesT CoD NG e co HUX RSF C HHP - HI | KROR HC co NOX HC co NUX M= VALID
TG4 ML 110D T.47 109,22 S.34 0.649 1R. 399 ] l.% 10.74 156,95 7T.68 11.51 168,29 H,23 ;]
T9%642 ML 1)02 H.8% 1019.22 Hetthy 0.626 17.276 -15.9 11.50 146,83 7.87 13,67 (| T4w.4b 9.39 X
19964 4 HL 1ol 4.647 121.30 4.93 0.621 20.222 -1.5 6$.98 189.51 1.7) T7.19% 195,31 Te95
T9S564 ML 1104 9.22 93.6R 6.93  0.616 19.4 41 ~5.4 7.90 141.88 10.49 8,47 152.07 11.24 X
795545 oL 1105 T.19 114,175 S.91? 0.627 17.12}) -16.6 9.6) 1%3.306 7.948 11,47 183,01 9.9 X
195946 311 1106 L./6 131,001 S.4% 0.601 19.874 .Je2 B.21 204.4) 8.50 B,15 217.99 9.07 3}
798547 L1 L1107 5.9) 1318.16 .29 0.5917 19.216 -6 B.81 205.86 T.88 9.90 231.43 8.86 3]
TuHaH 1L 1108 Y.55 107,29 T.04 0.654 17374 -19.4 13.64 153.15 10.11 14,52 163.05 10.76 X
Mp AN h.2) 126,13 5.306 0.616 19.16) -6.7 9.25 189,08 8.02 10,06 205,90 8.72 N=E 3
ST0.DtvV,. 8 t.14 15.08 0.08 0.029 0.7349 3.6 1.32 27.84 0.4) 1.39 33,26 V.44

—_ ES 61 —



HEAVY  NUTY  tnnihe THANSIEHT  EH[SSTIONS  SUMMalty -- 1969 HASEUINE  ENGIME (S)

HF e n (16 oy sl Finp 1 HATED HMDy N/A RATE DPPMYy N/n
COtMe TS laro 1 842
MY MAF tPAMS 7/ BHP - F/RUP-HR ACTUA)Y 3 GRAMS /7 MItL WEIGHTEN GRAMS/LH FUuFL DlsSP COUF
B e e L T T TP P B B i I, = vaLlo
(R § connc " cn Fit) g ASFr WHP - HE | RROR HC Cco NOX HC cn NOX M= vaLlo
748551 11 10t nolh 230.A81 5.7 n.6RY 17,174 -6.B 11.03 12,16 7.29 12.8) 1171,9) 7.H9 R
ISSS,s W1 | 202 1.S7 264 .9 5.50 g.Iny 17.70n ~1.8 10.47 Y6k, 12 7T-66 10,64 368,37 1.82 X
75551 ol 10200 B.25 225.55 S.26 0.6 11,6060 1.8 8.76 316,17 7237 8.9% 323.1) 7.5 X
195554 1| JPna nehfy 202 3P a.nl D710 {6,420 -9t 11.27 316,10 6.28 2.0 337,49 6. 70 [
T9UGSRY (L 1205 S 224 40 662 N.6AG 8. 1Hn -1.3 A.52 121.61 6.3) A,94 337,449 fr.hh X
TASHSS Y HLE 1206 6.0 227,02 a .52 0N.60) 1R, 244 0eh A.AL I27.5) 6t} .90 13).37 feba fA
M} AN fe) 231,30 4.9} DI 17.2Mn ~5,.2 10.57 116.9) 6.67 11,24 336.2n 1.nn N= 2

CTL.DLY, ¢ .52 T.97 LUPXA] a.071 a.917 5.2 1.72 5.26 055 2.07 251 .10



HEAVY  OUTY  treiie TwaAnSEFNT EMISSToNS  SUMMARY - 1969 HASELINE ENGINFILS)

MayY 2fhe §9T9

b LS FRAQ CID: Iqh taGlUs v36s 71 /40 RATLD BrP:  N/sa RATLH RPM)  Khsa
COMHI NI G E9a9 Ll #)d
NUMBL W HRAMS / HHP-}IR 0 7ANP-HR Al TUAL “ GRAMS 7 MILL HEIGHIER GRAML/LD FURL DISP CouDL
——————————————————————————————— s mems—mse——-msscsssoo eeee—oe-e-e--e—-~am- H= VALID
Ttsl Cab g 18 (o] HO & RSF P - it HROR HC co NO» H( co NOX M= vALID
19007t sl 1303 A4 124,117 S5.72 Q.0R2 J18.995 -] J.b 14.50 187,28 8.0} 13.12 142,00 .79 A
1960 > il 1301 .09 111,61 6.2V 0.6H5 20,32 -1.3 9.78 }79.23 9.99 A HY 162,94 Y09 X
19964520 M 1 ane 631 115045 Sahb 0.6H5 20,191 -H.0 10.16 JRS.TS 8.9 9,48 173.6) B.36 X
196607 BLI 11709 6.79 8),01 Seay 0.670 20.603 -0l 1le1) 133.49 ?.05 10.4% 130,65 8.806 H
196603 L 1304 6.17 101,69 5.549 0.611 2l. 172 -J.5 10.37 170.71 .49 10,10 166,43 .05 H
196A0: HL 11306 6,79 98,15 S.6H D.603 21.1109 ~-3.7 10.60 167.43 9.57 10,33 16304 9.2 2]
Ht AN Lafil YL 0P S.9Y .01 720.9065 bk 10.70 157.2) Y34 10,44 153,41 Y.l N 3
SID.DFV. 1 [T ) R Y A s | NeQu g.006 0,314 1.4 0.319 20,61 0.206 D.40 19,74 0.2

\

—~6 |



TRADSIFME

HFAVY YTY  FHGTHNE
A A &0 clo: Yt
oMM NISE 1969 T Hl6

TFaY coning
ANNYIAA HL T 1an2
Hgntoy B 1001
ADOLO/ L 1403

ME AN

Sy, ¢

GRAMS 7 RHP-MR

HL co 10X

R,S1 I1N9,.15 5,12
W.h J96 PR S. 37
H.%0 180,92 5.66
.t 1AT.92 S,
Haeft A, AR n. )}y

FNAID?

A /7HHE 1R

Nelhita
(LAY
D.7ts
0.717

D.0NA

1SS N SUMMaRY - - 1967 BASELINF
MAY Dby i;;; --------
MIGH ARHNCKRLEF HATED RHP:  N/sa
ACIDAL . GRAMS / MiLE
WP~ (I FRRNR --‘;; ----- EG ----- ;6;
20.507 ~A.B 13.79 104,35 B.240
20930 -he® 14.26 120.09 8.08n
2n.n2\ -A.] 13,78 291,87 8.90
20.6M4 -H.90 16.01 Y06.37 .67
nN.222 1.0 0.7 3.62 Q.38

G2 -

FMELINF IS)
RATED PDPM:

H/a

wWEIGHTED GRAMS/LH FURL

He < MK
11.5¢ 2%a.26 6.8}
1175 264,41 1.232
11,79 265.93 7.45
11.60H 254,010 T.22
"‘la 902') D-?q

DISE COm
A= vALID
M= VALID
u
l
n
N= 3



HEavY NDUIY tnoint TRagS el EISSIONS  SUMMAKYE  -- 1969 HBAaSELINE  ENOINF ()

[N 30 CTip:  Jel ENGID: F Ing SitoF HATFO BHPE  N/ZA RATt L HPME  N/A
LOMM. 3TS3 1949 HLT #)-
N UMHER GRAMS /7 BHP -1k s/AHP-HR  aCTual GRAMS / MILE WwEIGHIEN GRAMS/LB FUEL 015P CODF
----------------------------------------------------------------------------------- H= vaLlD
Ies1 € 0Ipn HL cn [FLV RS ASHC HHP = b ItROR HC (1] NOX HC Cu NOX M= VALID
Pankpy st §500 J2.4%4 221.06 Haedl 0.78H) Vlaale - lao 17.12 Jo0l.67 T.10 lh.U0 2H3.05 v.61 X
96000 i, 1506 | L.ha 220,78 S.07 0.7H6 184,311 -1z.8 17.07 318.¢24 T.31 15.46 284,23 6.62 X
6601 M 1S3 |2.89 212.6R S NeIH7 12.760  -)b.) 17.8) 296.06 a.21 16,92 26U0.95 7.85 X
futnds LT 1502 1S 211,95 Q.60 0754 lo.9bs  =-19.1 15.23 284,36 Tot) 15.27 2?81.11 1.4} X
anaat L 1505 Qadnl 21,75 4.H) u.129 22171 Sele 24,95 3B4%.9¢0 8.43 19,22 301.44 b.60 A
HOONO0 1 BLT 1508 4.2 267,06 4.6 n.1!6 P7.u61 -ju.t 20,47 150.05 6.99 18,34 313.61 b.217 3
ngates 1807 1487 240.9) Yelh .29 1Rs703 -~ 21437 150.96 T.64 18.50 303.42 b.6] H
Haole] m 1506 3.5 215,489 Genrd 0. 166 TR.HYY - 1u0.0 20.10 1)19.48 8.31 17,712 2B1.719 7.33 b
ME ARS 1417 228,149 H.63 0. 719 IR AR = Jl.% 20.731 319.22 T.91 1B.11 292.8]) 6.9/ N= 2
SI.Or v, PO LI T S | .20 0.0 0.119 Va6 0.90 22.26 0.47 0.5% 15.5u 0.51



MEPVY  DUTY FHGIHL TRAHNSTIFNT  FU]SSTONS SUMMARY - 1969 0ASELIME  ENGINF (S)

ME L 30 Clipe 14,0 EHGIDY F Yo [ Lol RATED BMP:  N/a RATLD RPM: N/
COoMM NTe 190 LT 8]~
N R NRAMG 7 HHEP MR H/7RHO-HR ACTUAL » ARAMS s MILL WEIGHIED GRAMS/LH FURL DISP COLF
----------------------------------------------------------------------------------- B= vaLID
1FaY copinG e [of}) A X ASf C NHP- 1 1 RROR HC (o)) NO X HC co NOX K= vaLlD
AQOLYL N IR0l e 16 169,05 ~.00 06N ?2¥. 787 Ve? 18.67T 269.06 10.R3 14.99 216.01 4.70 X
HOQ110 5L 102 Tk 1V .09 te]O 0+hS0G 21.5HH 20 13473 24R8.29 11.30 11.4]1 206.206 9.139 H
AQODLDT N k06 r.79 120.07 7.01 0.62R 2263484 -3.0 13.71 211,29 2.3 12,40 191.11 11l1.16 L
AQ013H” HIL 1605 4.45 137,31 Neal nN.612 ?1.h96 -5.8 14,34 233,10 9.18 12.38 201.3) 1.93 X
A0 MY 1AO6 Aoah 14],606 .7 n.60An 23.33% 1.3 15.,A1 259,12 12.32 12.64 207.08 9.85 (]
MEAMS 7.94 132,19 frehr) 0.65% 23.0A9 0.2 14,62 239.57 11.99 12.15 201.48 10-1)3 N= 3

CIp.DFy,. ¢ h.nl 11,07 N.tb 0.0°A 0.H/51 2.9 1.21 25.08 0.59 0.65 9.00 0.92



HEAVY  DUTY  F G T HE TRANSTENT  ENISSIONY SUMMARY  -- 1969 HASLLINF ENUINE (S)

MAY P4y | 9TY

MFG: G (In: <oy LHOLIDE GM292 1al ¢l RAVTED HHP: N/za RATEIT KPM:  N/A
COMM NTS 19n9 HLT #)7
NUMBHEF K GRAMS /7 Hitb-nn d/HHP =R ACTUAL I GRAMS 7 MILE WEITGHIED GRAMS/LH FUEL DISP CuDL
------------------------------- - e —- e it dd ke e D R e X 8= VALID
tary C TG [ co NU» AsFC DR = 1 RROK He co NOX HC Cco NOX M2 VALID
HOOL4 BT YT70) 1] 209,46 T.60 0.H859 15.5H8 -1l 12.96 250.95 9.11 12,99 243.8¢ 8.H8S X
HOOQGT L 3702 22.47 285,06 5.6l 1.080 13.662 -13.3 23.36 796,45 S. 84 20,80 263,94 5.20 X
HOOJue s 703 Y02 217,87 4,90 Hebb) 1b. A1 6.9 12.79 283.%¢6 bbb Fl.60 252.70 5.76 X
HOOl& 4 oLt V704 8.65 197,05 S5.17 0.b64 la.618 -6.9 9.98 227,19 6.65 10,02 228.06 6. 68 A
HOOJ4an 0 1705 H.21 221.73 S0 0.9048 G ER] -HS.H 9.22 249,006 6.25 9.07 245,00 6.l X
HuDl6Y HY 1706 S.24 159,135 3.69 0.6S8% 17.945 14.8 1.27 212.917 5.54 7.99 234.1) 6.10 13
HOO0170 m v 1207 1.1 161.00 j4.63 0.578 13805 -)2.2 T.74 174.9) 15.86 12.35 2768.54 25,3} X
A00YTY L 1708 Y.01 td0.60 L A1 0.774 15. 315 2.5 10.8) 214.89 S.65 11.73 233.33 6.14 a8
B00 )88 1710 d.60 179,43 660 0.784 15.0249 Y | 9.95 207.52 5.16 10.97 228.817 5.69 X
BOOL7¢ ML 1709 7.99 l65,)2 9 e54 0.750 15.1¢H -4.0 9.139 1913.9) 6.50 10,66 220.1% 7.38 8
B0019%> L }71) 1.0% 102,71 4.h4 0.7132 16,204 1. 8.79 20Jd.44 5.80 9.61 222.31 6.33 X
Mt At a.%4 172 .H6 Selt V. 162 15.25]) T | 10.10 204.61 6.07 11.20 226.74 6.76 N= 2
STV, u. 11 10.95 096 0.017 0.17% 1.1 .00 l14.82 0.60 0.76 9,132 0.88

~6LS -



HEAVY  DTY  ENGIMM TRANSTFHT  FO[CSIONSY SUMHARY -- 1969  HASEL THE  FNGLIHF (S)

MF G en Clo: 3N ENGID: DI Fane RATED BHP:  N/A MATEL. RPME H/a
(OMM T ce 1749 HLT ¥R
NIt MHE D GHAMS /7 RHP-HR #/RHP-HR ACTUA)} GRAMS 7 MIULE WETOHIEH GSRANS/LR FUFL DISP CUDF
___________________________________________________________________________________ A= VALID
TF.1 Capirn g cn 1Ux NSk NHEP- M FHROR HC (H) NO X HC cu N0 X M= VALID
8O0 AR MY 1An) T AT 1Hha 66 6Ny 0.65R 2l.920 1. 13.3 2719.607  10.3n 11.95 250.25 REY-L] X
BOO)R7 LT tnQ2 H.9}) 145,90 T.05 0.660 17.8%4 /2.9 12.36 202,34 9.78 13.51 221.05 10.68 8
ANnYn ML 1RDJD N.RY 152,908 T.69 n.6A2 1R. 156 ST | 12.61 215.17 10.82 12.94 22h.2n 11.20 an
ANOL9) Yl Lnpe He7l 113.96 1.1k 0.660 tn.122 -1.4 12.23 18A,.09 11.04 13.61 209.28 12.29 n
ME AN Y. N2 164,72k TeHn N.661 IR.111 -1.5 12.33 201.87 10.55 17,39 218.20 1162 N= ]

SIN.Dry, ¢ neln 9.61 0.4) n.071 0.251 1.4 0.09 113.55 0.67 0.0 1.R9 v.81



MEAWY  DBTY B tite it YRAUSTEMT  EMISSTIONS SUMMARY —-- J96Y  HASLL Nt ENUGINE L)

Mb G 30 Cin: [T} tanll: F36) HWIE L RATED HHp: N/A RATLL WPMZI  N/A
CUMME 11 S I9nY HLT d#)4
U MBE P Getants /7 Bk -nn d/7AHP-Hie  acluaj s GRANS 7 MILL WEIGHIEND GRAMS/ZLDB FUEL 0l1SP CODF
---------------------------------------------------------------------------------- - A= VALID
1487 (oninG 1( co MO X ASHC HHI = HI{ f (KRR 11 cu NOX HC co NOZ M= VALID
HOO ) ) I 1901 Y2 203.50 L.40 0.6H0 Zi.0f3 -2.8 16,20 335,60 7.35 14  Lb 299,26 6.56 X
Haol2n 1902 Deha 204,97 Gatl 0.681 20.5K7 -Y.0 15.40 330.82 T.ab 13,91 300.10 6.75 5]
AOLZ2Y i 1903 Y.56 190.21 S.5%2 G.09) 201116 -9 15.10 3i00.31 8.72 13.84 275.26 7.99 B8
BOO Y0 1904 Y.6) 197,68 S.la (}e6Yn 19.747 —-t5.9 14.83 304.73 .54 13.81 283.74 7.39 H
Mt AN 157 19T hh H.09 atsvin 20.117) -b.9 1S 311.95 8.04 13,87 286.37 7.38 N= 3
SfL.Ovv.e V.08 T7.349 Gas4b 0.007 G.620 1.9 0.29 16,49 0.64 0,08 J2.03 U.62

—( 7~



HEAVY nyTYy F G e IRAISIF N Fragnsiont UL RL A -- 1909 BASHLENE FNGINE (S)

DISTY 30 cin: 10 EMnth: F 360 FOn) RATED PHP:  N/A RATED RPN N/A
LCOMME NT 1vna PLT #29
NUOUMBEFDP LRAMS / RHP-HR H/7RNP-HR  ACTUA GRAMS /7 MILE WEIGHTED GRAMS/(LH FURL U1SP CUUE
e Temie TG T T hen TR e e pawon e ce moxm e mox | e valiv
ROO/01 KL 200l 5.70 73,81 6,97 0,615 21.626 1.2 9.0} 125.26 11.8) 9.10 116,27 10.98 M
ROOZ LY L 002 6.0 76.80 e l9 n.617 ?r.121 ~1.2 10.03 127.28 11.26 9.50 120.56 (0.617 M
ME AR S.9, 715,132 6.08 N.613A 21312 ne0 9.92 126.27 11.54 9.30 11R.42 10.H2 N= 2

CIN.DFV, ¢ 0.0 2.10 0-13 0.002 0.1%% 1.7 0.16 1.4) 0.40 0.7°8 3.03 0.22



MFAvY  DUTY  ENGIEIE THANSTENT  EMISSEHIL SUMMARY  -- 196% HASELINC  ENGIMF (S}

MAY P4, 919

HF G 40 ClO: a0 EnnIN: GMnG TENHS RATFU BUP: N/ZA RAJEL PPME /A
LOMM NTC o9 LT 821
NIUJMHEF W (RAMS 7 HEP-t1i¢ n/7RHP-HR  aCluAL t GHAMS 7 MILL WE LGHIED GRAMS/LH fUl L 0L1SP Cunt
----------------------------------------------------------- f mmeeemeacccscmem---ae= A= vaLlD
-
sy CoNING v co Uy 35t HHP~ > FHHDRK "ne cu NOX HC co NOX H= VALID
Hoo S . 21010 .70 JLb6.HT S.td n.61R JH.58) =~12.0 14.03 211,94 B.15 be,3) 2¥6,.19 8.31 X
HOOZIB 101 2102 .50 161.07 “.bb 0.679 18.2494 -1 1.4 13.56 201,29 8.06 13,99 207.76 H.32 )
HOO0 2 MUY 2103 o2l 149,34 PN 0.67% 19.071 ~9.9 12.11 221.33 8.09 12,07 22).24 H.0Y H
Hullge s v 210% 8.59 150,37 b ? 0.627 cd.7¢8 -1.8 13.82 241,93 6.70 13.7Tv 23)9.82 6,065 o
Bo0D2272 ML 2105 el 1 151,38 ol 6.6711 20.90) LD [4.89 P46 .92 6. T0 14,42 219,15 G 49 , 7]
M} AN H.64 JS0,36 [N ] 0,665 A2l -4.3 13.63 236.73 T.16 13.44 233.40 7.08 N= 3
SIDev. t PN 1.06 n. 76 0.0¢6 Y1.040 4.9 1.37  13.57 0.80 .15 10.54 .84



HEAVY  DUTY  FNGTHE  TRANSIFMT  FHISSTONS  SUMMARY - 196Y  HASELINF  ENGINE(S)

HMAY Q6. 979

MFOE 20 clos  Isi ENGIIE DIR1=-3 SLO- RATED BHP: N/a RATLLY RPME N/
CoNM NTc: 1949 HLT #27
NIlMHE R GRAMS /7 RHP-HR H/RHP_HH  ACTUAL “ GRAMS s MILE WEIGHIED GPAMS/LH FUEL DISP COUE
ST coptus e co mox  msfe meee e rwror e co mon e Teo T Twex T B2 valo
B0022V HLT 2201 1).6% 139,72 (o063 0.60 16.38% H.1 17.50 179,41 8.5} 21.43 219.68 10.62 X
80022) ML+ 2202 1V.1A 169,02 S.7T0 0.657 16.192 -J.2 16.64 2)13.68 7.21 20.00 2S57.21 H.68 2]
00228 NI 2203 12.10 168,30 f.32 0.711% 16.05R -9.9 15.16 211,04 7.9) 16.96 236,10 .87 1]
MEAN? }7.613) 168,6R 6.01 0.6A5 16.125 -9.5 15.90 212.36 7.57 19,50 246,69 A.78 N= 2
ST1D.0f v, Nel6 0.50 0.44 0.060 0.096 0.5 1.05 1.87 0.51 2. 17T 14,96 0¢1)

—70 -



HEAVY  OUYlY  ENGIRE TRONSIFNT  E01]15STOHRY  SUMMAKY - 1969 BASLL INE  ENOGINE (S)

b G 440 cin: 366 ENGIN: GMi66 Sk RATED OHPI  Nza RATEL RPMI  N/ZA
CUMM- NI 1959 LT #2Y
HUMBLE P GRAMS /7 BiP-HR a/AP-HR  aCcTual GRAMS / HILL WEIGHTEND GRAMS/LH FUEL DISP COLF
---------------------------------------------------------------------------------- - A= VvaLID
1£ 417 cCabinG ne co nux RSEC HHP - HH FRROR HC co NOX H( co NOX M= vapLid
HooCde nlv 2301 H.o4h 129,10 6,23 0.640 2U0.520 5.0 13.60 205.13 6.72 13,11 200.47 0.57 R
BO023/ BL 2102 .71 138.80 4.0 0.66R8 19.790 -b.4 0.0 0.0 0.0 13,06 207,178 6.05 X
800234 AL 2703 d.45 16l 00 4,96 0.679 20.280 ~-6.1 13,24 220.53 7.13 12.44 207,66 6.72 H
HOO023Y ALY 2304 H.71 134.50 5.19 0.611 2. 100 -2.3 13.51 2008.66 8.05 12,94 199.85 7.171 8
Ml AN .51 134,47 4,066 0.665 20.633 —4,5 13.45 211 .44 7.30 12.83 202.66 7.00 N= 3
SID.Orv. 3 0.15 5.96 0,49 0.019 0.427 2.0 0.19 0,07 0-68 0,34 4,434 0.62

— 7 / -



BASELINE ENGINE TRANSIENT
EMISSION TEST SUMMARY TABLES

4 TABLES



0l
0
03
0
0%
06
o/
oH
09
10
11
12
(N
14
B
le

In
1y
20
2)
22
e ]

1Al ) SALES-WE JTONTED bant SPECIFIC ENISSTOMNS (G/BHP-HR)
1900 BASELINE  ENGIHE (S)
MAY 24 1919

ENLIOE WETOHIING  STZ2¢ HC wt TGHTLD (a1

FACTONRS HC
Fw 224K 2994 032 0 0.0036H P 7.20 0,076 52.20
VU2 ~504) T 0 0.02699 3 6.35 0,171 178,47
Iz-J 0 0.0233) 2 131.5¢ 0,116 179,19
Vi0e 64048 0 0.0m13% S 1.2 0,648 127,76
b330 2an405s 0 0.0AKY S 2R.13 FTS-) 157,15
GM3%) 24834734 0 0.04417 2 9.72 0,630 111,51
t 130 Ny 15058 0 0.0H8 3 34.16 J.n18 224,137
GMIL0 vas)2xg N 0.05%21 2 Q.40 0.519 176,72
Dl M Y8R 0 0.013804 3 7.906 0,303 86,917
ViIsh 1 lYHOC 0 0.03620 2 7.12 0.2%48 76.53
GM IS0 72 LJPN 0 0.08%2) 3 6.2) 0.343 120,13
t 100 ) 0 0.0503) 3 7.81 0,393 233,48
ViaH I1] /456 0 0.0%620 3 6.4 0,232 94,02
GMING ARNUCRLF 0 0.03H6% 3 A,S9 0,332 187,92
FI61 g 0 0.03067 2 la.12 0,633 228,39
fF l6u » GG) 0 0.03742 3 7.96 0N.2498 132.19
GH2Y92 ACRET 0 0.06380 7 A.54 0,545 172,486
018 1 GL2 0 0.0355H4 3 A.82 0.314 l4a . 26
f a6l 1t 19 0 0.03U67 3 9.57 0,2%4 197.55
F 60 t GO 0N 0.03142 2 5.92 0.221 75.3¢2
6GHAS0 Tr uNIS 0 0.0%57) 3 R.64 0,477 150, 36
Di6l-3 U6 0 0.02454 2 12.63 0.310 168,68
G1dbs Sapl 0 0.038s8 ] 8.53 0.330 134,87

Satt S-wr toHTRED GAS NAG TOVYALS: 12. T4

909 wEODUCTION FROM HASEL [MF @ 1.27

_73\

fait

WEIGHTED
co

0.192
4.818
4.178
1.818
13.8R3
4.976
19.822
9.429
3.308
2.710
6.764
11.741
3,403
1.263
7.006
4947
11.029
S.133
6.060
2.819
8.302
4.139
5.213

155.18

, 15.52

NO.

rOX

8.406
4.24
5.843
6,70
7.89
8.80
6.25
4.H2
71.60
6.46
5.6
4.91
5.5Y9
5.32
5.43
6.64
S5.14
7.54
S.0Y9
6.88
4.58
6.01
4.66

wEIGHILD
NOX

0.031
0.114
0.130
0.411
0.697
0.38Y9
0.553
0.266
0.289
0.236
0.2906
0.247
0.202
0.2006
0.161
0.248
0.32n8
0.2648
0.156
0.254
0.253
0.1448
0.180



ni
ne
na
(11
0%

TARLF ’:

NG L0

saLbs-wl IGHTFD

| 109

Fw 22%P 29494 0372 0

vV i19/ ¢« SHuL] 7
-

VIDG HGHRAGLA

F 30 A IS09S
GM ST ZaRn)6en
F 130 4R IS505S
GrMIse vosgent
Nl oM LHR
vie 11uaonc
G S0 2 LJPN
f 300 1

V3IeS 11170456
GMIRA AVINICKLF
Finl [X1RY

F 60 + G

(M2 1?7 RACKET
[AR N LN C1R4
Fyel o+ 19
FI60 1+ GO
oMY50 T HNES
Hiel-yv 1L UG
oMIn6 Sq Pl

UM ToTAaL S

VERLTNTAGES

BASFLIME  ENGINE (S)

pPEReFny
TO1 AL

0.0
2.2n0
L.0n0
S.n00
7.200
J . A00
71.200
4,500
.00
2.0
4,500
Hh, 100
2.0
.10
2,500
1,050
5.200
2.Q00
2.500
3,060
4,500
2.000
¥, 190

Al .c00

MAY

Pl

DATA

1979

COvRRECIFN
PFUCFHT

[ o}
2.hHUI
2.331
Kl 1N
AR
h,6l?
B8.A
5.521
Y. A0L
Y. H2N
5571
Se.0 1
Ye62N
1. 865
.07
3. 102
A4.3R0
].<c|v\
3.0 7
J. 1462
S.571
2.454
3.86s

100.00

PAGH

W TONTING
FACTOR

0.0018
0.02699
0.02111
0.0611S
0.0RA 3}
0.0061L7
n.08AR 3G
0.05%21
0.031000
0.03n20
0.05%21
0.050131
0.03n20
0.03IRNS
0.0]Ohl
0.0VI62
0.06100
0.071558
n.030A7
0.0)742
0.05%21
0.02056
0.031965

1.000

Ho,

I

e e ——————



b NG TN

Fa 2250 7994 0132

VIY2 nbrg )l
EE I RN

Vs anpat

F 13D 2 AS058

G iht 24A34734
b 430 a9 as05S
GMIH0 vosEZxd
DY M LBR
Ve 1) yROC

G 350 2 | JPN
Fiau )

ViIa4h /] 1a56
Gradnb A HUCK F

F el 1ol
F 160 ' GW)
OMZA? RACKL Y
Dhilb FGOe

[ BRY N S L]
F60 + GO
Gib0 T NNTS
Disl-3 o
GHMAnG Sl

SO0 SOSETTOSODODOSC

S
LYeat's

nanC

.20
6.5
13.%4
11.2¢
en.1J
W, 1
L
i
T.9¢
7.1«
LYY
7.41
Aot )
H_oRY
la.t2
7.0
H,.54
A, ne
9.t
5.9¢
R, b4
12,63
R.%3

[ 3 178

MAY 24, 1919

nsCo

52.20
1TH.67
WA L]
127,76
157.1%
111,51
2246317
110,77

86,97

14.53
L2613
233.938

94,02
187,92
221,39
132,19
1712.¢10
144,26
191,59

715.32"
150, 16
[ Y]
134.87

- AGE
HALEY INE ENGINE (S)

1SN0 X

Hebb
4,24
S.H)
6.70
7.89
B.HO
6.25
L.bB2
7.60
6.46
5,36
4.91
S.59
5.3/
S.6)
6.61
S.14
T7.54
S.09
6.08
4.5H
6.01
4.66

_.'7 ES —_

SIZE

whoflbehheNuwwie NN NVNY R LR



0l

nj
Do
ns

(104
[11]
[t
10
1
|
1)
1o
IS5
16
17
14
19
20
21
2’
2

TAHL

FNG T

Fe 22
vioe
Joi-9
vine
F 30
Gnast
F 30
(IR Y]
Nty
ViaY
GM )5
F 0
vIas
CMANHA
st
F 160
LM29I2
DilK
[T |
Finhon
GHISO
nnt -
G ILG

SAaLfFS-v

Q0%

. [ SALES-WEIGHTFD THANSTENT ENGINE FMESSTONS (GRAMS/M]) PAGE
1941 HASELINE  ENGIME (S)
MAY P4, 1979
SATES SALFS
NE wFIGHTING 5178 e WEIGHTED (1) WwEIGHIED
FACTONS He co
WP 2996 012 n 0.0013168 ? ALl6 0,001 ah N6 Nelbho
ASHGLT 0 0.02099 ] .31 0.1 G s 1.057
0 0.02331) ’ 2h.0n n,h0? Jaa  HhS A.01Y2
~arnLg M 0.06]11% 5 17.2¢6 1.0SA8 196,69 12.05S
VA ISNSS 0 0.08HVG 3 35.171 A 700 .~2 17.723
206Nn3634 0 0.04646107 2 12.64) 0,569 161,05 G.319
CRIFLY L3S 0 0.0RH36 ) Hr,65 6,209 t1e.nv 271.660
vosiext 0 0.055¢21 2l 15.98 n."n2 290,34 16,011
M AR 0 0.03¥h04 L) 1n.96 0.61? 120,62 4,5A1
HRanc 0 0.01620 2 1In.ol 0.2 107,59 J.A9%
n 2 1LJen 0 0.05521 ) 9.2% 0,511 L89,0M 10.000
1 0 0.05031 1 10,57 n, <32 M6hH,2) 15.946
Tl 1656 0 0.0162°0 3 10.70 0,317 Isr.21 5.670
A ACK|F 0 0.010KS 3 164,01 0,541 ne6,. 37 11.041
“HOF 0 0.01077 2 20.7) N.hVh 3is,.2¢ 10.2R8)
GGy 0 0.01762 3 1a.02 0D 239,517 8.9nS
PACKE T 00,0610 g 10.19 Qotitan 206 .40 13.042
£G 2 N 0.03I55n a 12,34 0,699 201 .17 7.1
apr 19 0 0.03¥0h7 ) 1s.11 0,601 Iy ,95 9.509
€ G 0 0.0v74p 2 9.92 0,371 126,27 4,125
THMNIS 0 0.05%7] 3 13.6) 0.752 236.71 13.071
T UG 0 0.024%4 2 15.90 0.390 °l2. 16 S.211
G e | N 0.0WHAS 3 13.465 0,%20 2ll .60 8.17?
FIGHTED 6AS NAG TOTALS! 10,74 2271.61
PEDUCTION FROM HASEI [NE ¢ 1.8 22.14

N‘,l

NOX

1.23
6.21
11.21
10.3)
10.07
1. 20
R.7)
R.19
10.645
Q,09
.02
6'6’
9.3
B.67
71.97
11.99
6.07
10.5%
8.06
11.56
71.16
1.57
7T.30

[

SALES
wWFIGHTIED
NO X

0.027
n.l68
n.?bl
D.A34
0.890
0.097
0.771
0.45¢
0.394
0.329
0.0ty 3
0.335
0.33R
0.735
0.245
[\ IN(Y/S
0.389
0.375
Q0.2n7
0.032
0.396
0.186
0.282



-77=

BASELINE ENGINE IDLE
TEST DATA SHEETS

19 ENGINES



Hf

HFG? wn

COMHM ni<:

N IF Mo PR

90017 I'Rp
manin I w
190019 [rn
790020 1R
190071 1k

0Ing
n10p
0303
004
0305

MEAN?

SIhFv, 1

AVY DTy

TP

’vafl,
2hRT.
2104 .
2992.
ITTh,

260,

4o,k

FNGIME

319s51.
29603,
296N,
JJQ!!‘_
Su9RA,

35944,

107TAH.D

INLE TEST ENISSINNY SUMMARY -~ 1909 HASELIMNE  FHGIME (S)
nn; 244 979
FUGINY 91 -4 RATED AP M/A RATED RPM!  N/A
MODE Ny, 2 MNOpE NO, HMDDE
NOQX HC ()] NO X HC co0 NUX 2198
1sh, 15009, 15HM, 69. 167, pn27). InBA, 20604,
1A, 15546, 16 1h4, 66 . 1679, 12297. 2620, 27H6.
18R, 15594, 10164, 66. 1619. 12297. 2624, 27206,
111, 18302, 129913, Tt. 1548, 11546, SIn0. 2156.
120. 1n968, 6717, [ 2260, 20646, 115, Jony.
167, 1469). 23,171, S4.,. 1807, 16213, 2514, 244613,
27.7 2132.3 246%51.9 0.7 278.¢0 3737.81631.3 Ita, 6

o, 6

21563,
1776,
1774},
17204,
6375,

22125,

BI55,4

1R},
1962,
1962
1RRY.,
1232.

17465,

jon.9

015P CULE

B=
M=

VAL D
VAL

"1} TR T



Havry DUy FNGITNE IDLE TEST  Ln]SSIodS SUMMARY -- 1969 HASELINE ENUINF (S5)

MAY P4o {919

MEGS 70 CIn: Iue LMOID: vI04 AGROan RAVED BuPE  N/A RATED RPM: NzA
COMM NI S 1969 HLT AOY
NUM bR MODE  NO. | MOIE N, 2 HONE NO, 3 MODE NOU,. ¢ DISP COLE
----------------------------- e R e et T R TR E 8= vapLlL
st Cune He Cco HBox HC (0 NOX HC co NOX HL co NOX M= VALID
190001 [ 0401} 2209, 2MiKe. 146, 19935, 9Iuil. 3¢0. 2045, I826. 1767, 23ls, 17865, 894, f
T900ue 1R 04602 RN 2IN26. 1463, 44B25. 110554, 72. 1382, 8036, 8la, 2269, 17349. 9HS. B8
190307 18 0601 1847, 2LHYSS, e, 1A)60. 7365, 4y, 1936. 6654, 2100, 2317, 14796. 1J3806. H
Mt AHE 1966. PSPHA, 158, 34307, 9711y, “y. 1787, 7507, 1560, 2340, 16670, 1089. N= )
Sty ¢ 210.3 1719.6 23,3 14195.6 12028.2 21,7 355.8 T42.5 667.2 61,6 1643,3 260,2

_7C'_



HEAVY  PUTY  ENGIHL HHE TFST FRIaSEaNS  sUMMally oo 1949  HASELINE  ENOINE (S)

“MAY Sa. 19D
MEGe 0 civr 1 FNGID: FI30 9ahignge, RATED RUPP:  N/A RATED RPM: N/A
COMM. T loro vy v enn
N M R MODF NO. ] HONE  NO. 2 MODE  NO. 1 MODE NO. & DISP COLE
----------------------------- e m e m e e e et e et m e e e ————— 8= vatLln
112 ] CNF HC Co MO X HC co NO X HC co NOX H( co NUX M= VALID
1900,2 Jr'H nsSO) J>ee. 150, 127, 1773). 6HS G, 18. 1517. 3398. 1719. 2212. 1943, 167, R
7900724 Imit 0S02Q RLYL N 16626, 212. 29995, ARIRZ2 ., 35. 2132, 3900. 2255. 2714, BHa73y, 187, )
T9002R 1 't 0502 INan, 16128, 281, 1ALN2. Tyal, 106. 2055, 3793, 2621. 25%0. 8364. 19¢9. 8
ME AN oo, 1107« 220. 2194), 141495, Si. 1901. 3667, 219A, 2512, 8262, 1Ru1, N= )]
STD.Otv, 1t1.6 659,85 27.6 6975.) 6681.5 46,4 335.) 315.5 45).9 223,.n 2717.2 149,

~ %0 -



Mt avY  POly  FNG TN Ty TEST Fr]SSlany SUMMARY -— 1969 HASLL INE ENGINE (S)

MAY F4e 1919

MF G 0 cro: 35y ENOID: 6MIST 24834 34 RATEN UBHPE  N/a HATEDL RPHI  N/a

COMM: RIS J9ng HLT #06A
Hnu#Mn bR MODE  NO. ) MODE N}, 2 HODE NO, 3 MODE NU. & DIsP COuLE
----------------------------------------------------------------------------------------------- -——— 8= vapLlu
TFSt Cot HC co R HC co NOX HC co NOK MO o NOX M= vaLlui
190040 [+ 060} 2412, 19548, 201, 4556, 3lI1s5t. 3s. 1053. 2060. 1976, 1670, Tabhy, )40, 3]
1900 1] [ 0607 1690, 2334, 168, “261. 1hT]o. 34, 1055, 1657, 1747, 1744, 7T3l6. 1117, 8
790032 I'H 060D 217t 2a0720. 236, £920. 23504, 62. 1249, 16719, 2487. 206}, 8ol0. 1130, 8
1900133 1 H d6O4 1687, 20029, 248, S6HS ., aHS05, 0. 1376, 26493, <2483, 2239, 9527. 1645, 2]
1900 16 [ 060 ?569. 209K7. 246, 5632, S0h> Y, SS. 1480, 2054. 2546, 1912, 6619, 1500. 8
ME AN 2104, 21994, pz2, s011. 3822n, 37. 1243, 1949, 2248, 1925, 1903, laH2, N= S
SIh.OEv, ¢ 487,7 261%.0 136.8 635.9 114el1d.) 24,1 190.7 394.¢ J62.6 231,.9 1155,6 237.%

~g| -



HEAVY  DUTY  FNOTMHE
"t o V0 cin: 1)
COMMENTR: 1969 HLY #07
N 1P M bR MOOE MO, 1
TFST CunE H( co
ronnegd 196 n7Ql 1~h6, 175175,
1025 1 W 0702 1901. 20A10,
90076 18 Q703 1. 9206,
1900727 1H 0704 1A, 11016,
1900729 I»H 0705 1516, 19921,
1900139 A n706 2108, ARG
MF At 1.76. 1Y 16,
STN.OkV, @ AT T Ta0R,.)

IDLE ¥FQY

ErIssioN,

LUMMAR Y --

EMGLDY

100,
1973,

65.
111%,
14,
174,

0],

20en

F310 ABNGDS

HMODE

1606,
1126,
6902-
nRB20.
A956.
5118,

1521.

1411.0

NO. 2

Q“"ﬂ-
Jvonl.
H6enau s,
Janlnh.
46801,
16050,

40251,

S217.8

J2.
J6.
21.
1.
20.
er.

6.8

1537,
1874,
1674,
1562.
16137.
2599,

18106,

w02.7

1969

HASELL INE

N/A

NO, 1)

co NOX
23755, G466,
217115, 5712.
19317,  9)6.
23098. looa.
206650, 526.
IBINN. 965,
?2612h. T45,

6492, 3 2L9.5

ENGINGE (S)

RAIFOD RPM?

1966,
1792,
}1B40.
1 771.
1887,
2311,

1936,

192.)

NO, &

(WY NOX
23IhL9.,  Hul.
20132, Sn,
19235 T12.
14409, 760.
26365, Si6.
2169, su1.
2224}, 609,
LEV2,T 1214V

VISP (NDF
A= vALID
M= valLlo

3]

B

3]

A

8

2]
N= 6



HEAVY  OUYY  ENGIMNE TOLE TEST  LHMISSTONY  SUMMARY -- 1969  BASLUIMNE  EHUINF (S)

Mb G 40 clD: IS0 ENOGIDT HWMIS0 VOS)2K] RATED pBIwPs  N/Aa RATED RPMI N/A
COMM NI 1969 HLT son
Ny MR MODF  NO. | MODE NO, ¢ MOOE NO, 4 MODE NO, & VISP Cout
-------------------------------------------------------------------------------------------------- - B= vaLlu
TH ST ConE HC co nox HC O NOX HC co NOX HC co NUX M= vaLlD
T9G0I6 14 QHO) 929, 10561 . 97. ST92. ANAR N 4. 10286, FH86. H58. 1319, 18260. 492, B
190015 1.4 0802 911. 10972, 84, 1749, veri. 27. 1053, 9940, 885, 1276, 171230. 470, 8
190016 1 1 0HO 148, 9014, 16, 9800. 49143, 2S. 1019, 9740. 911, 1299, 16746, 520, B8
Ml AN H& Y. 9941, 8%, ALyl 43373, 28. 1033, 9I69., b8S, 1298, V7412, 494, N= ]
SIbh.Dby, 8 99,6 A4¥.4 0.6 1I078.5 Sigl.0 4,7 17.4 8l.6 26.4 21,5 173.1 25.0

—_ 8'25 —~



HEAVY DUTY FHGINE  IDLF TFST EMISSTONS  SUMMAYY  -- 1969 BASELINE  ENGINF (S)

MEY 2L 1910

MFE (2 20 cion: R FNGIDS DIIA ¢4 b RATED HMmpt  N/A RATED RPHT N/A
COMM: MI 2 o HLTY ¥09
N LMo PR MODF NO. | MOOE N, 2 MODE  NU, ) MODE  NO, 4 VISP COLE
----------------------------------------------------------------------------------- QA= VALILID
fest CDE HC co MO X H(. co NUX MC co NOX HC Lo NOX M= vALID
4
190066 1R 0701 92. aa00, AS51, 1844, 100, 46. 190. 3175. 26Ra, 1927. 5201. 2578. A

ME ALY 92, sa0p. 1S1, 18446, 104, 46, 190, I71S. 2684, 1927, 5201, 251786, N= 1



HEAVY  DUTY  Fanitg TOLE TE ST ERISSIVND SUMMAHY -- 1969 BASELINF ENUGINF §9)

Mk G 40 o 1) I VY ENGID: GM 350 2 | PN RATED QIPT N/ZA HATLU RPMT N/A
COMM! NT S 1949 HILI #1}

HUM | R MORF O, ) . MONE  NO. 2 . HOBE NO. 3 MODE  NU. & ¢ DISp Cobt
------------------------------ e e i bt ittt dale b b Dbt bt B= valLll
IFel CHbE e co HUX HL o NOX MC cu HOX HL i NOX M= valLlu
71490040 Lo 1 V0O) 19y, 14109, 170, 3231, Judol. Su. Ji64, 9989, 16137, laty, 2u498. UHeB. H
1900473 1+ 1102 906. 13564, 156, S&lé. 5341 1. L6, 1341, 1497, 14606, jall, 2l167). Hdal. B
19n0«2 1 B 1103 94, 130AR, 174, a2, alinla. Sl. V105, 9uptl. 169, 1946, 20011, 90D, 3]
MEANG 952, 13510, 167, 4106. Lanil, S0. 1203, 1le7d,. V07V, 1443, 20721. 883, N= )
STO.DHY, 8 X% S20.7 10.0 11361.3 gl04.3 3.6 122.8 2704.7 789,17 25,9 853.1 60,9

_85._



HFL: 10

(OMMEMNTC

rangael [ 'k 201
20066 J0H 1202
TunQaS I 1200
ME AN

STh.OtY, ¢

FMGINE

EMISSTIOM

clv:

5191,
56406,
LARGL,
“|RT7,

6IN.S

srnz,
66aln?,
62011,
61612,

1563.1

g TFST
FHGIDI F300 1
MONF

MOX HC
127, 5527,
107, 9577,
131. hoa2.
121, ~38).
12.9 2A6H .4

N0, 2

12660,
77164,
6122u.
T176d,

Bgllu.S

HGUMMARY -

0.
J9.

°’°9.

1969

N/A

HASLL IME

RATED RPHM:

2519,
2R45,
2T26.
2697,

166.0

56615,
6333).
60859,
602n9.

3397.4

ENGINFLS)

N/A

2noy
lRe.
290!
298],

158,)

59419,
63912,
60815,
614602,

2332.7

DISP COOLE
A= vaAlLly
M= vaLlD
B
8
B
N= 3



HE AVY DUTY  FGIHNL oee TEST EMESS LD SUMMARY -- 1909  HASEL FHit ENGINE (5)

MEGE 270 ClDs s ENGLO: VIS 719484 RATED BHPS: N/a HATED HPM:  N/A
COMM IS 1969 LT #1171
N UM F R HODF 1o, | MODF  No. 2 MODE NU., 3 MODE NU, 4 DISP COLL
e e il e e meimemsemmemct— e  eecme e emmammmasm—er S e e eCeSSosSsSoaecs  soCCaoosSSSCSoSSSesss B= vaLID
1651 coht ne co 1o x HC (" NO X HC co NOX HL co NOUX M= vALID
1905319 1R 10} LY HIS?, 200, 5627. 20925, 63, 23133, 14204. 1783, 201713, 1392, 1320. B
190540 1w 1307 Ans. Yals. |91, 2102, 24202, 15. 2418, 14956. 1696, 21396, 1493ne 1693 1)
1o6n5ns 11 1303 93 . 9423, 203, £SR6. 2 W80, 6]. 21306, 19467. 1587, 2ur9, lote0,. 10069, B
Mt AN HO4 . QUAS. YK, 4,912, 2272492¢. 66. 2152. 16542, 1689. 2109, 11823. 1360, N= 3
Stbh.0tv, ¢ 3.7 629, 6 6.1 2n23.2 jTed.2 7.6 58.5 381.7 94.) 161.9 2699.2 313.9

%)~



HFAVY DUTY  FNGINE TOLE TEST  ENISSIONSY  SUMMARY  -- 1969 BASLLINE  ENGINF (5)

_______________________________________________________ F

MAY Phe (4T9

MF e a0 cin: LY FNGID: GMIG6A AMAUCKLE RAYFD g1Pt  N/A RATLD HPM: H/A
LOMM NTS? 19,9 BT #la
LUNEY e L MOOF N0, 1} MONtE  NO. /2 MONF  NO, 3 MODE NOU. & O1SP COUE
BT T T R R R
HONY11? T 160? 126A, iy, 112, 3991 . 360 %y, S1. 1R4gQ, 16467, 10607, 2049, 2?2251, 9ul. 3]
1ao)lsS [k j60y% 10A1. 1A126. 188, 706, 212n8. 297, 1626. 10341. 17¢08. 1875, 20¢4S5. 1020. X
Booalles 1w 1716, 199, 174, IR06. Jeenn, 59. 1603, 11127. 1517, 1787. 19170, Yo3, n
ME AN 1262. 2nens, 173, 3A9R. 335138, 5S. 1721, 13797. a2, 191n, 20711, 952. N= 2
SYh,DbvV, @ J6.A 10M.0 .0 131.0 18217,.1 S.6 167.7 A77=,9 78,1 185.3 217A.5 4.9
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HEAVY  (UTY  Enelhe TIFE TEST EMISSTONS SUMMARY —- 1969 UASEL INE  ENGINE (5)

QI 30 cle: ) EHOIDS F361 SHOE RATFD NP MN/A RATLD RPMS  N/A
COMM NI 1OAG 1LY m)s
N UM PR MUDF  NO. ) HONE  HU. 2 HMONE NO, 4 MODE NO, & DISP cone

----------------------------------------------------- e et R i Rt P PR F YIS 1))
a1 CDE g Lo HUX HC (o)) NOX ne co NOX Mt cu NUX M= VALIU
196638 I+ 1S01% N2, %P0, 14), ALY, S6713). 36, 2686, 278490, L4670, 2915, Jusb6. 1337, B
96619 v e 1SU2 62, IN6S. 158, ALl uhlie, 59, 2610, 27019, 1434, 2819, Ju823. 10948, 8
fus6 s [0 1503 Yaus?, ILKH9, 62, R347T, SH4hG, Je. 2528, 26162, )STs, 2159, 29vL85. 1096, B
ME AN 4133, Janas, 154, 7641, 53949, 42, 2608, 27024, 1492, 281, 3029). J}110. N= )
S10.0bv, 45,0 1HRAH . H 9.6 1332.2 6ind.8 14,4 719.7 B874.5 T3.1} 78,6 638,.0 23.)

_8?-



HEAVY  DPUTY FNGIME INLE TEST  EMISSIONS SyMMaRY -- 1969 HASELIMF  ENGINF (S)

MAY Phe 1919

MF e an cin:  3an ENGIDE FI160 FOLG) RATED OHP:  N/A RATFD RpM: N/A
CUMMI NIt 19,9 RLT #)n
N MR HOOF N, | MONE  No, ? MONE NO, ) MODE  NU, & ISP CONE
............................. It i e B= VALIUD
TFST ConF He co HIO X HC tn NO X HMc co NOX 1 co NUX M= vALID
AQLLZ I 1RO 1559. 297241, 194, nY e, abn i, 65, 492, 1517. 2101, 255G, 13917, 11714, 2]
RONYIQ -1t 1A0G 662, 2159, 21. 505. so6l, 1. P4, 215. 2V, jvo. 1648y, 1-7. A
Ho011Y I ' 1602 65046, 26206,  JRG, s1e7. nwhh2, St. 2634, T9142. 2062. 2681. 14208. 1353, A
ADNIAG T+ 160) 2157, 16290. 95, 4350. Ghhy, 45, 2350, 1995, 2166, PuBp, 13767. 1340, a
ME AN " YI6S. V9IS,  Jal, 17Vl . IH6sY, an., 13RO, 6In2. t6aup, 2005, 1045, 101n,. N= &
STD.OLy, ¢ 2717%.3  11AR1S.Y AS.4 2175.8 20610.1 21.6 1165.9 3465, 938,4 1139.1 62600,72 ST19.7

-\?O.—.



HEAVY  BUTY  ENOINE  JDLE TEST  €MISSEONS SUMMaKY  -- 1969 UHASELIME ENGINF(S)

MFOLS «0 Clbs 24? ENGID: AM292 RACKF I KATED HHP3 N/A RAVED RPMI  N/A
COMM- NI 1969 HLT #}7
N UM+t R MODE  NO. ) MODF  NO. ¢ MODE  NO. 3 MODE  NO., 4 0lsP CuuE
--------------------------------------------------------------------------------------------------- 8= vaLlD
TH st CubE HC co NOX MC co HOX HC co NOX HL (4] NOX M= vatlo
HOD 46 Js i 1701} Jubo. 1525, 06, 2845, 49n18., 66 . 492, 4838, 1179, l67, 1042, Lk, (3]
HOOLKY T © 1702 7. 4624, 1303, 4819, 54161, SS. 21is. 2169. 982, 416, 1196, 81J2. 8
ME AN 3716, 3075, 304, 1852, S1490., 60. jas, 3504. 10BN, 292, 1119. 634, N= 2
SIN.htv, 3 It .S 2191 .3 1.8 1367.]) 3212.1 1.4 150.5 18687, 139,7 176,13 luB,9 274.4

/

— ‘1 | —



HEAVY  NDUTY

[ A TH rdil

tOMM M

Aan)9l 1~ft 1RO
Aaal#2 1h 1RO,

tF AN

IOV, 2

cin:

1A KLY

19218,
yna®?,

19,

RPALT

FNATHE

PuTy.
252467

caRIA,

R2K,S

Immge TFST

Flu e

EMTSSIans

MAY 26

NIt EL6G2

HonF

15686,
4222

9854,

71965.5

Ny, 2

e0bhuth .
1137,

164§,

904%5,9

SUMMAHY == 1969

|+

15,6

HATED nnp:

MONE

230.
2400,

2312,

59.%

—~— 97—

RASELLLNF  ENGLENF (S)
N/A RATED RPHI N/A
ND, 1 MODE
co NOX H(
11560. 2108, 2616,
12659, 19469, Fa LV
12000. 2026, 2724,
649.7 18,7 S4.n

NO, «

13528,
j6299.

13714,

565,72

2166.
1917,

2072.

133.5

01sSP CONE
8= VALIl
M= vALID



HF Ay

MF o 30
COMM, NFC S

MM bR

HO0213) 1ol
nonlls Ivh

1901
1902

Mr At}

STb.btv, i

Y DUTY EtNGIHE

Clir: 61

lwa9 LY #)19
HODF  nNO, ]

HC co
2190, AHGL9.
INK9., 306n2.
2924, PU6 Y],
190.3 1430,

TOLF TEST  EMISSEMIL SUMMARY -- 1969 UASELINE ENuUINE (S)
MEY Ple 1979
ENGIN: F36) HLE L2 RATED HHPT  N/A RATFO RPM: N/A
MONE  HNO, ¢ MODE  NO, o MODE  NU, &

NURX He o HOX HC co NOX HL cv NUX

228. S321. 21494, 59, 260, 22120, 1744, 2750, 2bus B, 1Z6l.
220, 705S. 28 .28, Se. 2704, 2251719. 6848, 2887, 31321. 1140,
224, 6188, 24ulJd. 5S5. 2654, 22350. 1716, 261ls, 29870. 1200.
.9 1226.5 5né6.H 5.1 T1.6 324,84 39.7 96,9 2ub2,., ! 85.6

DIsP COLE
8= valLlID
M= vALID
B
8
N= 2



HEAVY Y FunuE IOLE TEST EMISSTAONY SUMMARY - 1969 HaASEL LME FNULINT (S)

HMAY D4, 179

F Gt 10 rip: g ENGIND: FIAP FLGY RATED BHPY  N/A RATED RPIE H/A
COMM BTt 169 HLT M/0
NotE o B R nonr - wo, | MO ND, P HODE  NO. J MODE  NOL 4 DISP COLE
st cone we o wox me o wox wme o mox W Thex e vaio
RODPUS 144 200) a9, T°6. l4f, 4027, alretl. 4H. 1h4, 9719. Jo12. 258 . j494, 665, n
Ronje §* it 2002 177, 9. 1521, 4312. RLR PO 4}, 166. 4. 1054. 287, 1Sa8. 678, L)
MEANY 3. A, 150, 6199, a0n2b. Gu. 165. 957. 1033, 269, 1921. 67}, N> 2

STD.DEV, ! 91.0 16135 3.4 LY 2006,3 0.8 1.9 3.0 29.9 2Y.?7 Ja,2 8.7



M avY  DUTY  EnGIOL Tl E ST ERISSTONS SUMMaRY - 1969 HASEL INE  ENOINFIS)

“AY AL ey

HEf LS “wl Ccrp: G0 FHGIO: rMI50 TENNES RATED HHPE  Nra RAYED RPH: N/A
COMME NI taeq LY agl
NUDB bR MODF NG} HOUE  NU. 2 MOLE  NO, 3 MODE NO, o DIsy Cyut
-------------------------------------------------------------------------------------------------- Bz vallu
1St (31113 1C (1] MUK HO cn NOrx HC co NUX H( co NUX M= vaiLlu
Hon2eT It 21014 495, 11639, jas, 11784, 63769, 32. 1841, 17782, 1318, 2416, 22689, 1019. a8
ME AsEs 99%, 1inidv. iab, 11784, 6 II6Y, 32. 1Bal. 17?782, 1318, 236, 22689, 1019. N= )

_N‘q S —



TOLF ¥

HFAVY DUTY FNOIMNE
X1 P 2n clib: ALY
COMM: NTq? 1960 BT #pp2
MUy M R MODE NO, ]
TF<I CONE HC (o))
HONZ2NK [ 2201 3169, j9IR),
nool07 I R 2202 I, Ioo1t.
ME AN S 3150, 1937,
STD. DLV, 1 %19,.2 S3t.6

FHNGID:

FST  ErIsstinM,  SUMMARY  -- 1967 BASELINF  FNGIME (S)
MAY P, 1919
NIGL=-1 S U RATED DHP!  N/A RATFD ApPME  N/A
MONE N}, 7 , HODE NO, HNDE NO, 64

HC Co NOX HC co NOX HC o NOX
17667, 56554, 3s5. 2044, 171772, 1916, 22vl. 11233, lboa,
t7estr. Shley, RIS 2062, 17306, 2000, 2le9, 173, s,
12462, 55193, 3S. 2051, 17238, 19s5n, 217s. 11703, 1681,
290.7 1126.8 0.7 12.7 93.3 59,1 3. 42.3) Sle4

DisP COptE

= vALID
M= val 10
)
Gl
N= 2
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