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Preface 

The National Renewable Energy Laboratory {NREL), as the field program manager for the U.S. 
Dep_artment of Energy (DOE) Alternative Fuels Utilization Program, seeks. to assist -and promote the 
development of teclmology required to facilitate the use of alternative fuels for transportation applications. 
Alternative fuels include compressed natural gas (CNG) and liquefied petroleum gas (LPG). 
There are two major reasons for advancing these fuels. The first is the potential for reducing harmful 
vehicle emissions. Much has been published on the emissions of eNG-fueled vehicles, but not nearly as 
much published on the subject of LPG emissions. The second reason for advancing the use of CNG and 
LPG is that their use could displace a portion of the imported petroleum required by the transportation 
sector. 

The conversion of existing vehicles. to allow the utilization of alternative fuels is one means of facilitating 
a commercial market. Several manufacturers and conversion facilities are already in this market It is 
essential that the commercial conversion technology provide acceptable safety, power, fuel economy, and 
emissions. This project was conducted to provide precise, independent evaluations of current-technology 
LPG fuel conversion systems in a light-duty vehicle. The evaluation focused on fuel economy and 
emissions, using three current conversion systems. 

The author would like to thank the sponsors and their representatives who were responsible for funding 
this project: Brent Bailey of NREL, and Steve Jaeger of the Texas Railroad Commission's Alternative 
Fuels Research and Education Division (TRRC-AFRED). The project also would not have been possible 
without the dedicated and efficient laboratory staff at· Southwest Research Institute (SwRI), including 
Wayne Costello, Rudy Guerra, Sharon Tondre, Andy Maldonado, Lisa Swaim, and Sylvia Nliio. 
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. Introduction 

SwRI was contracted by NREL to evaluate three LPG conversion kits on a. Chevrolet Ltnnina. · The 
objective of the project was to measure the Federal Test Procedure (FI'P) emissions and .fuel economy of 
these kits, and compare their·perfonnance to gasoline-fueled operation and to each other. Varying LPG 
fuel blends allowed a preliminary look at the potential for fuel system disturbance. The project required 
kit installation and adjusttnent according to manufacturer's instructions. A limited amount of trouble 
diagnosis was also perfonned on the fuel systems. 

A simultaneous contract from the Texas Railroad Commission, in cooperation with NREL, provided funds 
for additional testing with market fuels (HD5 propane and industry average gasoline) and hydrocarbon 
(HC) emissions speciation to detennine the ozone-forming potential of LPG HC emissions. 
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Test Program 

The approach was designed to evaluate cunent LPG conversion kits, with a range of fuel compositions 
on a late model light-duty vehicle. To meet NREL 's requirements (and emissions speciation for the Texas 
Railroad Commission), SwRI developed a.project based on the following elements. 

Test Vehicle: 

Test Kits: 

Test Fuels: 

Evaluations: 

1992 Chevrolet Lumina, 3.1 L, with part fuel injection 

(1) IMPCO ADP adaptive digital processor 
(2) IMPCO AFCP-1 automated fuel control processor 
(3) MOGAS ECOLO feedback- control system 

(1) 98% propane, 2% butane 
(2) 92% propane, 8% butane 
(3) 85% propane, 5% propylene, 10% butane 
(4) 96% propane, HD5 market LPG (procured by TRRC-AFRED) 

FfP emissions and fuel economy 
Baseline gasoline and LPG conversions with fuel blends 
HC emissions speciation sponsored by the TRRC-AFRED 

Task 1: Test Vehicle Procurement 

The test vehicle- configuration prescribed by NREL was analogous to a variable-fuel vehicle (VFV 
M85/E85) Chevrolet Lumina. The first test vehicle selected was a 1991 Lumina, which was purchased 

. new by SwRI for use in an intake valve deposit (IVD) test This test is an industry standard procedure 
that consists of 10% city driving, 20% suburban driving, and 70% highway driving; All mainte� 
during the 41,600 miles of testing was logged by SwRI staff. Based on the known history of the vehicle, 
(which was commuter service), inspection of engine and emissions control components, a preliminary 
tailpipe emissions check, and the reasonable results of the first FfP baseline test, the vehicle was believed 
to be a good test bed to represent typical late model vehicles that could be converted to LPG fuel. 

At the request of the sponsor, an alternate test vehicle was rented from Avis. This was necessary to meet 
an objective that results be compared to other data collected in the DOE Alternative Fuels Utilization 
Program� The vehicle was a 1992 Chevrolet Lumina two-door with 17,800 miles. Some of the vehicle 
assembly codes are listed in Table 1. The SwRI staff performed a computer diagnostic check, inspected 
the engine and . emission control� components, and compared the engine identification codes with 
Environmental Protection Agency (EPA) certification data prior to accepting the vehicle. Average results 
of the FfP baseline tests on this vehicle with "EEE" reference gasoline are presented in Table 2. 
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Table 1. Test. Vehicle Assembly Codes 

I Option I Code I Description I 
Engine LHO 3.1 L port fuel injection 

Emission System NA5 not available 

· Exhaust System NC6 not available 

Transmission MD9 three-speed automatic 

Transaxle Ratio F17 2.84:1 

Wheels PH3 15-inch diame.ter 

Tires DIN P205nOR15 

Plant Code OSH not available 

Table 2. Chevrolet Lumina Emission Test Data Comparison (FTP Cycle) 

HC co NOx 
Test Results g/mlle g/mlle g/mlle 

EPA Standard 0.41 3.4 1.0 

EPA '91-'92 Certification Data 0.22 2.5 0.53 

NREL '92 Published Data 0.15 1.00 0.12 
•. 

NREL '92 M-85 Lumina 0.11 1.70 0.07 

SwRI '91-'92 Luminas (range of 6 cars) 0.17-0.73 2.11-6.14 0.27-0.51 

'91 Test Car Baseline (Test 1) 0.38 4.06 0.55 

'92 Test car Baseline (EEE) Average 0.32 4.25 0.40 

NREL Lumina Data Base (average of 9 runs on 0.26 3.10 0.33 
4 cars) 

The project vehicle can be compared to previous data in Table 2. These data illustrate how results vary 
between vehicles sampled. Even within one laboratory, CO varied about 4 g/mile among 6 identically 
configured Luminas with less than 10,000 miles on the odometers. The '91 test car exhibited emissions 

· slightly above normal. The '92 test car (employed for the conversion project) was closer to expected 
levels, but still slightly above the CO standard. 
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Task 2: LPG Conversion Kit Procurement 
' 

Kit Availability/Procurement 

LPG conversion kits were not as readily available as reported by manufacturers and suppliers. SwRI 
found that there were very few organizations ready to supply conversion kits (without adaptation) for 
the Chevrolet Lumina. 

Stewart artd Stevenson GFI could not deliver a kit until "sometime in January 1993." Evidently, the 
system was not yet commercially available� Century Products (affiliated with Vialle Autogas Systems 
and also known as Pacer Industries) has "never developed this specific kit" either. 'This was confirmed 
by both Vialle and Pacer company representatives. Garretson (which was taken over by MESA, Inc.) 
was originally planned as the second kit supplier, but there was negative response to our purchase 
order. :MESA- reponed that the Garretson conversion system would not be a · good candidate for 
evaluation, and that some parts would have required custom fabrication SwRI did not believe this 
was the intent. of the project, so did not pursue this source. MOGAS Fuel Systems Inc. was selected 
as an alternative kit supplier because this group had a kit readily available for the Lumina. 

Other kit suppliers, not listed in the NREL statement of work, were also investigated. Eagle Propane 
(which supplies OHG, Inc. systems) responded negatively. SLP Engineering is a company that has 
publicized a kit for the. Lumina that achieves California's low emission vehicle (LEV) standard; 
however, the SLP product will not be available until late 1993. S. Jaeger of the Texas Railroad 
Commission (sponsor of the HC speciation), procured an additional electronic closed-loop control 
system from Autotronics, Inc. 1bis system utilizes IMPCO hardware with the exception of the fuel 
control valve. Interestingly, it specifies an adjustment for vehicles with DIS (direct ignition system) 
spark control such as the Lumina. 

The Autotronics kit was not included in the evaluation because three kits had already been selected. 
The three kits selected for evaluation were the IMPCO ADP, IMPCO AFCP-1, and the MOGAS 
ECOLO systems; and they are discussed in detail below. 

IMPCO ADP Kit 

The ADP is IMPCO's best offering for the Lumina. As received from the IMPCO supplier, L.E. 
Klein, Inc., the package included paper packing material; but only the electronic components were 
enclosed in individual boxes. The outer box was badly crushed near the bottom, but no parts were 
visibly damaged. Components in�entoried by SwRI were as follows. 

• Autotronics 8690 dual curve ignition accessories (instruction sheet indicates it monitors 
"Service Engine" codes) 

• IMPCO AH3-14209 ADP module 
• IMPCO VFF30-2 (SN290911) fuel lock/filter including hoses and fittings 
• IMPCO JB (SN290114) regulator 
• IMPCO 225 fuel mixer 
• 350 psi weathemead hose 
• Heater hose 
• Wire reinforced l-in Hose 
• Instructions (IMPCO 23600-71 ADP) 
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The IMPCO ADP and AFCP-1 fuel systems use "air valve" (or above throttle) vacuum as the signal to 
actuate both the fuel lock and the converter (or regulator). Closed-loop control actuation is perfonned by 
a "fuel control valve." Tills is a solenoid valve installed in the air valve vacuum line. It limits the 
response of the converter diaphragm by restricting the vent when the fuel processor sends a pulsed signal 
to open and close the valve. The ADP system uses a speed-density control algorithm and an original 
equipment manufacturer (OEM) exhaust oxygen sensor to control the solenoid valve. It reportedly has 
16 "cells" in a non-volatile memory table to store learned responses. The AFCP-1 does not have the 
learning feature, nor does it use manifold pressure as a control signal. Both systems are limited in their 
range of control because the solenoid valve can only be used to restrict the converter diaphragm. Tills 
gives only a lean control mode. 

IMPCO AFCP-1 Kit 

The IMPCO AFCP-1 was the second IMPCO kit selected for evaluation It was the predecessor of the 
ADP kit. The AFCP-1 used the same fuel lock, converter, and mixer as the ADP system. 

MOGAS ECOLO Kit 

MOGAS Sales' of Canada "ECOLO Feedback" propane conversion system (Kit No. 3 of this project) was 
received on December 28 in good condition The inventory of the MOGAS kit is shown below. 

• 

• 

. .  

• 

• 

• 

• 

• 

• 

• 

• 

• 

16.100.100 ECOLO feedback control (small) 
09.01.505/5 regulator LPG R90/1/E (product of Italy) 
16.40.031 kit mixer OM 3.1L M.P.F.I. 
09.02.142 lock off and filterLP gas (AFC) 
05.50.146 kit computer support, 8690 CARB approved-OM Autotronics 
05.00.111 electric shut-off (E.S.O.) programmable 
07.70.601 hose assy. 3/8-in. x 1-ft high pressure hose 
Mounting bracket -1 in x 12 in. x 0.25 in witQ. 2 holes and a mounted stud 
Low pressure hose .. 1 in. x 4 ft 
Heater hose - 5/8 in x 6 ft 
2 miscellaneous bags of hose fittings, clamps, ties, and fasteners 
MOGAS systems diagrams and Autotronic Controls instructions 

The MOGAS ECOLO closed-loop control system uses only the exhaust oxygen sensor to regulate its 
control valve. The fuel control valve in this case is installed between the regulator and the mixer. It has 
a diaphragm with a vacuum source regulated by a solenoid valve. Manual adjustments are possible on 
the fuel control valve, the regulator, and the fuel lock solenoid. The fuel lock solenoid is controlled by 
the ESO, which is signaled by the ignition switch and spark plug ignition. 

One observation about the kits was that the Autotronic Controls Corp. N� 8690 computer-code module 
is a common component for each. Another observation was that all three used engine coolant in the 
regulator to control fuel temperature. The hardware of the kits was photographed for further 
documentation of the components (see Figure 1). Photographs were also taken of the engine before and 
after IMPCO and MOGAS hardware was installed on the test vehicle, as shown in F� _ure 2. 
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a; IMPCO ADP 

b. IMPCO AFCP-1 
� 

c. MOGAS ECOLO 

Figure 1. LPG Conversion Kit Components 
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a. Original Lumina 3.1 L Engine Compartment 

b. IMPCO ADP and AFCP-1 Installations . 

---------

c. MOGAS ECOLO Installation 

Figure 2. LPG Kit Installation 
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Task 3: Test Fuel Procurement 

The effect of CNG composition on emissions has been documented (King 1992). The current project 
included multiple LPG fuel blends to study the effects on vehicle emissions. Liquid Carbonic Specialty 
Gas Corporation delivered three test fuels in December 1992. The Railroad Commission also procured 
a market grade fuel, designed to meet the HDS specification, from Petrolane Gas Company. This HDS 
fuel, unlike the three blends, is a typical refinery product. The following compositions were obtained by 
SwRI using a Varian 1700 FID Gas Chromatograph with 10-ft x 1/8-in. Hayesep D Column and Valco 
10-port injection valve. Results are shown in Tab!e 3. The test fuels were within 1% of the NREL 
specifications for this project, which were an average composition LPG (approximately 92% propane), a 
low propane composition LPG (approximately 85% propane, 5% propylene), and a high propane 
composition LPG (approximately 98%). 

Table 3. LPG Fuel Analysis by SWRI 

Fuel Cylinder Propane Butane Propylene Ethane Other Hydrogen/ 
Code Code Mole% Mole% Mole o/o Mole% Mole% Cerbon Ratio 

P98 R249933 98.0 2.0 0.0 ' 0.0 0.0 2.66 

P92 80059036 91.6 8.4 0.0 0.0 0.0 2.65 

P85 A0146845 84.7 10.3 5.0 0.0 0.0 2.62 

HD5 A55393 95.5 0.3 0.1 4.0 0.1 2.68 

Task 4: COnversion Kit Installation 

We observed several installation discrepancies on the IMPCO ADP system. These comments also apply 
to the AFCP system (Kit No. 2). 

• The kit did not include duct hoses to connect the mixer to the air cleaner and the mixer 
to the throttle body. The OEM hose could not be adapted for these uses. 

• The mixer (or carburetor) could not fit between the air cleaner and the throttle body. To 
accommodate the mixer, the air cleaner had to be relocated. 

• Instructions were incomplete. This is particularly true with regard to the mixer (the 
· direction of air flow is not labeled), the filter/fuel lock (the air valve vacuum port was not 
described), and the plumbing (connections for the components, the fuel tank, and the 
coolant). 

• The initial adjustments coUld not be performed as described by the manual. The idle fuel 
mixture was monitored with a calibrated portable CO instrument A jumper wire must 
be connected, but the terminals are not clearly identified. An incorrect connection (on the 
first attempt) caused very lean operation. 
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• The IMPCO FSA (fuel system analyzer) was essential for adjustment and diagnosis of the 
system, but it was not included in the kits. 

The MOGAS system was installed more easily than the IMPCO because it had fewer sensor wires and 
vacuum hoses. There were, however,_ several discrepancies in the installiition process. · 

• Flow direction is not shown on the fuel mixer or feedback valves, nor in the instructions. 

• A "Hydrostatic Relief Valve" called for in the diagram was not in the kit. This valve is 
a safety to prevent fuel line explosion in the event overheating occurs in the high pressure 
line. 

• The wiring diagram appears to show several wires connected together. A ctually, they 
must not be connected. · For example, the Computer Support (Autotronics) Module has 
a yellow wire to indicate if the vehicle has been switched to gasoline operation. It is 
shoWn connected to the MOGAS LPG fuel activation relay, but this contradicts the 
A utotronics instructions. 

• A manual control valve (apparently for use in a mechanical system) was received in 
addition to the feedback control valve. The manual control valve should not be used. 

• A small screw on the feedback valve was used to trim the response of the system at the 
advice of the MOGAS service representative, but this screw was not described in the 
MOGAS information. 

We resolved the discrepancies noted above by contacting the supplier and/or the manufacturer. Clearly, 
some field installers might use their own judgment where the instructions are unclear or incomplete. The . 
result could be poor emissions or safety hazards, even if driveability is acceptable. 

Discussion of Results L 

Several steps were taken to ensure precision of the FfP tests. All tests other than the gasoline baselines 
were performed by the same driver and CVS operator, on the same dynamometer, and with the same · 

emissions analyzers. Furthermore, all conversion installations were performed by one technician. Some 
bi-fuel conversion systems are normally started on gasoline. However, the engine was started with LPG 
in every test to eliminate this variable during this project. · 

Temperature Effects 

The effect of fuel temperature on gaseous fuel management and resulting emissions and performance has 
been documented in previous studies at SwRI. For example, according to (King 1992), a 25°F change 
in fuel temperature; relative to intake air temperature, will cause about 2.5% variation in equivalence ratio. 
A 0.5% variation in equivalence ratio around stoichiometric opei:ation can cause significant differences 
in exhaust emissions. The effect is particularly importartt on mechanical systems, which normally have 
no provision for direct temperature change compensation. Pressure regulators cause temperature changes, 
dependent on tank pressure and engine demand. Of course, ambient temperature can influence the results. 
Since the vehicle was always soaked overnight in the lab before tests, and the temperature did not vary 
more than five degrees; ambien� temperature was well controlled. SwRI measured fuel temperature at 
approximately the same position (regulator outlet) for each installation. 
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The IMPCO AFCP and ADP tests showed an average fuel temperature change of 137°F (from cold start 
to hot test) during the FTP. The MOGAS results appeared slightly better, with an average change of 
ll7°F. Catalytic converter inlet and outlet temperatures were also measured for information about the 
performance of the converter. As discussed for each kit below, catalyst outlet temperature did confirm 
our _observations about the fuel control of the kits. 

Fuel Composition Effects 

Figure 3 shows the average total hydrocarbons detennined by flame ionization detector (FID) (a), carbon 
monoxide (b), and nitrogen oxides (c) emissions as a function of LPG fuel propane mole percent for each 
of the three kits. The fuel composition changes apparently are an air/fuel ratio disturbance. In general, 
the decrease in propane content caused increases in HC and CO, and a decrease in NOx, indicating a 
richer mixture. These effects were minimal for the MOGAS system, showing that in feedback control, 
fuel mixture variation can be tolerated. More study is needed to determine if it is the propane, butane, 
or hydrogen-to-carbon ratio which is most significant in the fuel composition. 

IMPCO ADP Kit 

As shown in Table 4, the IMPCO 1\DP system produced consistently high NOx results. On the Chevrolet 
Lumina, this could be caused by EGR malfunction or lean operation. The vehicle's on-board diagnostic 
codes revealed only an intennittent air cleaner temperature signal. When this was corrected, no difference 
in results was observed. Because .the EGR wiring was not disturbed by the kit installation, we surmised 
that the IMPCO kit was probably operating slightly lean. This was confinned with an� analyzer, the 
indicator light on the IMPCO ADP module, and the catalyst outlet temperature (which was an average of 
l28°F lower than that measured with gasoline). 

The IMPCO supplier (in Dallas, Texas) and the service representatives (California) were consulted about 
the lean operation of the ADP system. Two different mixer diaphragms were then delivered to SwRI for 
comparison. Apparently the diaphragms are flow tested after production, then assigned a rating. IMPCO 
stated that pemaps the system under evaluation may have a #88 diaphragm; however, the original 
diaphragm in the mixer was a #93 rating. The alternatives were #88 and #92. These two are reported 
to run leaner than the #93, although even at IMPCO, there was no consensus about what the overall effect 
of the different diaphragms would be. 

IMPCO AFCP-1 Kit 

The second kit evaluated (IMPCO AFCP-1) produced high CO and HC emissions (see Figure 3). 
Diagnostics with the IMPCO FSA, which was sent on request, revealed that the processor was not 
regulating the fuel control valve at all. In this mode, the electronic fuel control was inactive, and the 
system operated only with mechanical feedback. Catalyst outlet temperature showed lower activity 
compared to gasoline as a result of low oxygen in the· exhaust This measurement along with the near 
constant "rich" indication of the IMPCO FSA instrument confinned the hypothesis that the high CO and 
HC were caused by rich air/fuel mixtures. By comparison, the ADP (Kit No. 1) switched the fuel control 
valve at about 30% duty cycle, producing lean results. A second AFCP processor was shipped to SwRI 
and produced the same indications. 

One hypothesis for the problems with both IMPCO systems is that the direct (distributor-less) ignition 
system (DIS) on the Lumina fires each cylinder twice per revolution. This �uld cause a false high speed 
indication for the processor. The IMPCO documents do not offer instructions for a vehicle with this 
system. 
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Date 

12/11/92 
12/29/92 
12/30/92 

Average 

12/31/92 
1/06/93 
1/07/93 

Average 

: .
. ·· 

1/20/93 
1/21/93 

1/22/93 
1/26/93 

1/28/93 
1/29/93 

Average 

2/2/93 

2113/93 

2114/93 

2115/93 

Average 

2122193 

2123/93 

2124/93 

2125/93 

Average 

2126/93 

3/3/93 

3/5/93 

Average 

Table 4. Evaluation· of Aftennarket LPG Conversion Kits In Light-Duty Vehicle, 
1 992 Chevrolet Lumina 

Emission Results, .g/mlle Fuel 

HC co NOx C02 
Economy, 

Test ID. Fuel mpg 

Baseline Tests: Original Vehicle Condition 

L2-00-EEE1 . EM 1540 · Baseline 0.27 3.15 0.41 427.4 20.47 
L2-00-EEE2 EM 1540 Baseline 0.37 5.26 0.41 475.8 18.28 
L2-00-EEE3 EM 1540 Baseline 0.33 4.33 0.36 469.0 18.60 

0.32 4.25 0.40 457.4 1 9.12 

L2-00-RFA1 EM1215 TRC Base 0.37 6.76 0.46 454.4 19.02 
L2-00-RFA2 EM1215 TRC Base 0.42 5.71 0.43 430.4 20.39 
L2-00-RFA3 EM 1215 TRC Base 0.45 6.32 0.44 43.1.1 20.31 

·0.41 6.26 0.44 438.6 1 9.91 
' •" 

_;:: :: } ·
:�: ���:: . . ··· :· ··· ···.;: 

) :: : : \�(L:. �;:<:;_: ·.·:·:·:.:· 

IMPCO ADP LPG Conversion Tests {Kit #1 ) 

L2-01-P85 85% Propane 0.32 2.34 1.53 388.1 14.56 
RUN 2 85% Propane 0.33 2.18 1.73 391.3 14.45 

L2-01-P92 92% Propane 0.37 3.06 1.47 386.6 14.48 
RUN 2 92% Propane 0.36 2.23 1.69 390.9 14.38 

L2-01-P98 98% Propane 0.30 0.83 1.72 394.1 14.19 
RUN 2 98% Propane 0.28 0.79 1.57 387.9 14.42 

0.33 1 .90 1 .62 389.8 14.41 

Additional Test Sponsored by TRRC 

L2-Q1-HD5 Market HD5 0.27 0.78 1.71 388.1 14.10 

IMPCO AFCP·1 LPG Conversion Tests {Kit #2) 
L2-02-P92 92% Propane 0.58 10.85 0.51 385.6 14.07 

L2-02-P98 98% Propane 0.43 6.69 0.88 390.2 14.00 

L2-02-P85 85% Propane 0.70 13.16 0.33 384.1 14.07 

0.57 1 0.23 0.57 386.6 '1 4.08 

MOGAS ECOLO LPG Conversion Tests {Kit #3) 
L2-03-P92 92% Propane 0.22 2.30 0.63 397.7 14.14 

L2-03-P98 98% Propane 0.20 1.98 0.76 393.4 14.16 

L2-03-P98 98% Propane 0.21 2.61 0.68 389.2 14.30 

L2-03-P85 85% Propane 0.22 3.32 0.60 401.3 14.05 

0.21 2.55 0.67 395.4 1 4.1 6  

Additional Test Sponsored by TRRC 

L2-03-HD5 Market HD5 0.21 2.40 0.90 389.3 . 13.97 

Final Baseline Tests: Restored Vehicle Condition 

L2-00-EEE4 EM1540 0.39 6.67 0.53 448.7 19.27 

l2-00-EEE5 EM1540 0.28 3.15 0.43 468.2 18.71 

0.34 4.91 0.48 458.5 1 8.99 
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MOGAS ECOLO Kit 

Driveability of the converted Lumina was generally excellent. Two observations were made on the 
MOGAS system. Starting required at least 10 seconds of cranking. It was suspected that the inductive 
winding on the spalk plug or the ESO (electronic shut-off) caused the delay in de-activating the fuel lock. 
Also, the engine appeared to oscillate under certain high speed and load conditions. The MOGAS monitor 
indicated that the engine was slightly lean. This condition occurred during the Hot 505 portion of the FI'P 
test. Under most operating conditions, the MOGAS monitor showed that the air-fuel ratio was oscillating 
at about stoichiometry. This is ideal for the catalytic converter so that it receives oxygen periodically to 
oxidize CO and HC, and it was typically imperceptible to the driver. As expected, catalyst outlet 
temperatures were close to gasoline measurements. 

Hydrocarbon Emissions Speciation 

Emissions of non-methane hydrocarbons (NMHC) from mobile
' 
sources have traditionally been given in 

terms of total mass. This approach fails to account for the highly variable reactivity of the different 
hydrocarbon species, which actually controls their ability to contribute to the formation of ozone. With 
the introduction of Carter's maximum incremental reactivity (MIR) scale and the ability of researchers to 
speciate hydrocarbon emissions from light-duty gasoline, natural gas and alcohol-fueled vehicles, 
regulators have been able to apply (and incorporate into law) reactivity adjustment factors to the 
hydrocarbon mass emissions of these vehicles. 

HC speciation was·conducted for the TRRC-AFRED as part of the NREL project. The Texas Railroad 
Commission test plan called for a baseline test on industry-average gasoline. Three tests were actually 
conducted to check vehicle and test repeatability, but only one included speciation of exhaust HC. The 
speciation process is shown in generalized form in Figure 4. A summary of the results (gasoline and 
LPG Kits No. 1 and No.3) of the speciation are shown in Table 5. Maximum incremental reactivity 
factors used in the table are from the California Air Resources Board's most recent proposed regulations 
(California ARB, 1992). The first four species are the toxics, and the .remainder are listed in order of 
increasing carbon number. Mass rates of toxic emissions are listed separately in Table 6. These data 
show that, compared to industry average gasoline, the ozone formation potential and the level of toxics 
were reduced with LPG. 

A combined three-GC method was used to obtain the hydrocarbon emissions speciation because it gives 
the lowest overall detection limits. This three-GC method and the aldeJ:Iyde and ketone techniques are 
described below: 

• GC # 1 - c1 - c3 Hydrocarbons. Benzene. and Toluene - For measurement of selected 
individual hydrocarbons; methane, ethane, ethylene, acetylene, propane, propylene, 
benzene, and toluene; a sample of CVS-diluted exhaust is collected in a Tedlar bag. This 
bagged sample is then analyzed for individual hydrocarbons using a gas chromatographic 
system containing four separate columns and a flame ionization detector. The peak areas 
are compared to an external calibration blend, and the individual hydrocarbon 
concentrations are obtained using a networked PE Nelson Model 2600 data acquisition 
system. 

• GC #2 • 1.3-Butadiene - The procedure was developed to measure 1,3-butadiene in dilute 
vehicle exhaust from CVS bag samples. It also provides separation and measurement for 
six other c4 hydrocarbons including: isobutane, butane, 1-butene, isobutylene, cis-2-
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Figure 4. Exhaust Organic Speciation Flow Chart 
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Hydi'C)Ctlrbon 
Species 

Formaldehyde 

Benzene 
1,3-Butadiene 
Acetaldehyde 

Ethylene 

Ethane 

Propane 
Propylene 

1-Butene 

lsobutylene 

cis-2-Butene 
trans-2-Butene 

Toluene 

lsopentane 

2,2,4-Trimethylpentane 
2,3,4-Trim ethyl pentane 

2,3,3-Trimethylpentane 

4-Methyi-2-Pentene 

3-Methyi-Pentane 
2,3-Dimethylpentane/2-Methylhexane 

Ethylbenzene 

Xylenesa 

1,2,4-TrimethyJbenzene 
1,3,5-Trimethylbenzene 
TOTAL FOR ALL SPECIES 
a xylenes (p-,m-,o-) 
b MIR for (p-,m-) 
c MIR for (o-) 

Table 5. Selected HC Species Contribution to Potential Ozone 

Gasoline Baseline Data IMPCO ADP Kit ' 

Industry Average Fuel (RFA) 9SO.k Propane HDS (96% Propane) 

Average Average Average 
Ozona Ozone Ozone 

Maximum Formation Average Formation Average Formation Average 
Incremental Potential Weight% Potential Weight% Potential Weight% 
Reactivity (mg/mlle) Ozone (mglmlle) Ozone (mglmlle) Ozone 

7.15 22.34 2.43 11.07 3.78 0.58 0.19 

0.42 7.03 0.76 0.91 0.31 0.27 0.09 

10.89 26.92 2.93 0.00 0.00 0.00 0.00 
5.52 8,21 0.89 3.53 1.20 1.27 0.41 
7.29 194.9 21.18 124.79 42.56 165.90 53.08 

0.25 2.22 0.24 1.53 0.52 2.75 0.88 
0.48 0.33 0.04 92.05 31.39 99.60 31.87 
9.40 104.87 11.40 34.46 11.75 38.59 12.35 

8.91 15.09 1.64 1.61 0.55 1.59 0.51 
5.31 19.63 2.13 0.00 0.00 0.47 0.15 
9.94 6.39 0.69 0.00 0.00 . 0.00 0.00 
9.94 7;09 . 0.77 . 0.00 0.00 0.00 0.00 

2.73 71.93 7.82 0.00 0.00 0.00 0.00 

1.38 4.26 0.46 0.00 0.00 1.50 0.48 
0.93 7.30 0.79 0.00 0.00 0.00 0.00 
1.60 0.74 0.08 0.00 0.00 0.00 0.00 

1.20 0.55 0.06 0.00 0.00 0.00 0.00 
6.69 57.81 6.28 0.00 0.00 0.00 0.00 
1.52 10.28 1.12 0.00 0.00 0.00 0.00 
1.30 8.95 0.97 0.00 . 0.00 0.00 0.00 
2.70 24.23 2.63 0.00 0.00 0.00 0.00 

7.380/6.46° 211.94 23.04 8.13 2.77 0.00 0.00 
8.83 19.36 2.10 15.15 5.17 0.00 0.00 

10.12 87.67 9.53 0.00 0.00 0.00 0.00 
--- 920.0 100.0 293.2 100.0 312.5 100.0 
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Table 5. Selected HC Species Contribution to Potential Ozone (Concluded) 

Gasoline Baseline Data MOGAS ECOLO Kit 
Industry Average Fuel (RFA) 98% Propane HDS (96% Propane) 

Average Average Average 
Ozone Ozone Ozone 

Maximum Formation Aver�ge Formation Average Formation Average 
Hydrocarbon Incremental Potential Weight% Potential Weight% Potential Weight% 

Species Reactivity (mglmlle) Ozone (mg/mlle) Ozone (mgtmlle) Ozone 

Formaldehyde 7.15 22.34 2.43 10.89 5.21 8.86 5.01 

Benzene 0.42 7.03 0.76 0.31 0.15 0.00 0.00 

1 ,3-Butadiene 10.89 26.92 2.93 1.41 0.67 0.00 0.00 

Acetaldehyde 5.52 8.21 0.89 2.55 1.22 1.77 1.00 

Ethylene 7.29 194.9 21.18 55.98 26.77 54.05 30.57 

Ethane 0.25 2.22 0.24 1.65 0.79 2.97 1.68 

Propane 0.48 0.33 0.04 57.63 27.56 55.14 31.19 

Propylene 9.40 104.87 11.40 39.44 18.86 36.42 20.60 

,1-Butene 8.91 15.09 1.64 1.99 0.95 1.21 0.68 

lsobutylene 5.31 19.63 2.13 0.48 0.23 0.24 0.14 

cis-2-Butene 9.94 6.39 0.69 1.07 0.51 0.00 0.00 

trans-2-Butene I 9.94 7.09 0.77 0.00 0.00 0.00 0.00 

Toluene 2.73 71.93 7.82 1.65 0.79 0.00 0.00 

lsopentane 1.38 4.26 0.46 0.42 0.20 0.00 0.00 

2,2,4-T rimethylpentane 0.93 7.30 0.79 0.00 0.00 0.00 0.00 

2,3,4-Trimethylpentane 1.60 0.74 0.08 0.00 0.00 0.00 0.00 

2,3,3-Trimethylpentane 1.20 0.55 0.06 0.00 0.00 0.00 0.00 

4-Methyi-2-Pentene 6.69 57.81 6.28 1.63 0.78 0.00 0.00 

· 3-Methyi-Pentane 1.52 10.28 1.12 0.47 0.22 0.00 0.00 

2,3-Dimethylpentane/2-Methylhexane 1.30 8.95 0.97 0.00 0.00 0.00 0.00 

Ethylbenzene 2.70 24.23 2.63 0.76 0.36 0.00 0.00 

Xylenesa 7.38D/6.46c 211.94 23.04 10.06 4.81 3.61 2.04 

1 ,2,4-Trimethylbenzene 8.83 19.36 2.10 20.72 ·9.91 12.52 7.08 

1,3,5-Trimethylbenzene 10.12 87.67 9.53 0.00 0.00 0.00 0.00 

TOTAL FOR ALL SPECIES --- 920.0 100.0 209.1 100.0 176.8 100.0 
a xylenes (p-,m-,o-) 
b MIR for (p-,m-) 
c MIR for (o-) 



Table 6. Toxic Emissions Measured In FTP Tests 

Form- Acet- 1,3-
aldehyde aldehyde Benzene Butadiene Total 

System Fuel mg/mlle mglmlle mglmlle mglmlle mglmlle 

Baseline RF·A 3.1 1.5 16.7 2.5 23.8 

IMPCO ADP 98% 1.5 0.6 0.1 0.0 2.2 
Prolj>Bne 

IMPCOADP HD5 0.1 0.2 0.6 0.0 0.9 

MOGAS ECOLO 98% 1.5 0.5 0.7 0.1 2.8 
Propane 

MOGAS ECOLO HD5 1.2 0.3 0.0 0.0 1.5 

butene, and trans-2-butene. The gas chromatograph system is a Perkin-Elmer Model 3920B gas ' ' 

chromatograph with an FID, two pneumatically-operated and electrically-controlled Seiscor valves, 
and an analytical column. The analytical column is a 9 ft. x l/8-in. stainless steel column 
containiilg 80/100 Carbopack C with 0.19% picric acid. Carrier gas is helium, which flows 
through the column at a rate of 27 mL/min. The column temperature is maintained at 40"C for 
analysis. External 1,3-butadiene standards in zero air are used to quantify the resUlts via a P.E. 
Nelson 2600 data acquisition system. This system was developed and validated under an EPA 

· contract, and has been used in two programs for CARB. 

• GC #3 - Cs.-:.-£10 Hydrocarbons Including MTBE - This procedure permits the 
quantitative determination of more than 80 individual hydrocarbon species in CVS-diluted 
exhaust The gas chromatograph system utilizes a Perkin-Elmer Model 3920B gas 
chromatograph with subambient oven temperature capability. The capillary coltiinn used 
in the system is a Perkin-Elmer F-50 Versilube, 150ft x 0.02-in. WCOT stainless steel 
column. FID response is integrated using the P.E. Nelson 2600 data acquisition system. 

• Aldehyde and Ketone Emissions - The aldehydes and ketones that were included in this 
analysis are: formaldehyde, acetaldehyde, acrolein, acetone, propionaldehyde, 
crotonaldehyde, isobutyraldehyde/methylethylketone (not resolved from each other under 
normal operating conditions and so reported together), benzaldehyde, and hexanaldehyde. 
Measurement of the aldehydes and ketones in exhaust is accomplished by bubbling dilute 
exhaust at 4 L/min. through chilled glass impingers containing an acetonitrile solution of 
2,4-dinitrophenylhydrazine (DNPH) and perchloric acid. The exhaust sample is collected 
continuously during the test cycle. For analysis, a portion of the acetonitrile solution is 
injected into a liquid chromatograph equipped with a UV detector. External standards of 
the aldehyde and ketone DNPH derivatives are used to quantify .the resUlts. Detection 
limits for this procedure are on the order of 0._005 ppm aldehyde or ketone in dilute 
exhaust 
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Discussion of HC Speciation· Results 

The California Air Resources Board (CARB) uses speciation data on a specific fuel and vehicle 
combination to calculate non-methane organic gases (NMOG) for the TLEV category. Hydrocarbon 
emissions with low reactivity (or ozone formation potential, as defined by CARB) can reduce the effective 
NMOG by an adjustment factor. This factor is the reaCtivity adjustment factor (RAF). For example, a 
light duty vehicle using M-85 fuel may use the RAF determined by CARB (multiplying by 0.41 for M-85) 
to reduce the effective NMOG result. In 1991, California published data on LPG (and other alternative 
fuels) based on two IMPCO-equipped GM 1989 vehicles. The RAF reported at that time was 0.50 for 
LPG (California ARB 9{27/91). Speciation of emissions from the LPG-fueled Chevrolet Lumina in this 
project illustrated the potential for LPG to produce emissions of lower reactivity than gasoline, i.e. a low 
RAF. 

CARB has determined an industry average gasoline value for the potential grams of ozone formed per 
gram ofNMOG emissions for specific emissions categories (e.g. TLEV) of vehicles. This value (3.42 for 
TLEV) is used to compare any specific fuel and vehicle combination. From the speciation data, the 
calculated value of gram of ozone per gram of NMOG is divided by 3.42 to determine the RAF. Table 
7 shows the RAPs for the IMPCO and MOGAS kits tested with HD5 LPG and 98% propane fuels. The· 
FfP hydrocarbon data arid RAF for RF-A (industry average) gasoline on the Lumina in its as-received 
condition is also shown for comparison. Since this value was 1.15 (rather than 1.0), this particular Lumina 
produced hydrocarbons with slightly more reactivity than the California ARB average for TLEV. Total 
hydrocarbons obtained by the FID instrument (THC by FID - the standard instrument for bulk HC 
measurement) are shown along with the total hydrocarbons by the gas chromatograph speciation (THC 
by GC - summed from the individual species contributions) so that the agreement of the two 
measurements can be seen. The difference between the two measurements was s 14% for the five tests 
shown. The lowestRAF (0.292) was obtained with the MOGA S LPG system and the HD5 propane·fuel. 

. This is as expected, since the air-fuel ratio was controlled near stoichiometry, and the catalyst appeared 
to be more active with the MOGAS kit. 

Table 7. Comparison of Reactivity Adjustment Factors 

NMO G Ozone THCby GC THC by FID 
System Fuel g/mlle g/mlle RAF g/mlle g/mlle 

Baseline RF-A 0.27 1.06 1.15 0.32 0.37 

IMPCOADP 98% 0.23 0.30 0.377 0.28 0.30 
Propane 

IMPCOADP HD5 0.25 0.33 0.374 0.29 0.27 

MOGAS ECOLO 98% 0.15 0.22 0.336 0.19 0.20 
Propane 

MOGAS ECOLO HD5 0.15 0.18 0.292 0.18 0.21 
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Related Work and Recommendations 

- Work related to this project at SwRI includes .a catalyst study for the Gas Research Institute (GRI) on the 
evaluation of existing and developmental precious metal catalysts for stoichiometric and lean-bum natural 
gas fueled engines; multiple projects on the development and emissions certification of upstream, multi­
point and lean-bum CNG engine management systems; and modal/transient evaluation of LPG conversion 
systems. However, much work remains to be done to evaluate the potential of LPG for engine emissions, 
performance, and durability, particularly on dedicated engines. 

IMPCO and MOGAS systems had no spark timing adjusttnent built into their control systems. This may 
be important because LPG has a higher octane rating than gasoline, allowing ignition timing to be 
advanced for more complete combustion. The Autotronic Controls "Dual-Curve" ignition system, which 
has gasoline and LPG timing curves, was not tested. 

A simple electronic fuel management system, the DAI Translator, . is suggested as a system for further 
evaluation. Under a contract with the GRI, SwRI patented this new gaseous fuel system concept, which 
requires almost no engine mapping. It was designed specifically for the conversion of modem gasoline 
light-duty vehicles that already have electronic fuel injection systems. Engine mapping is nearly 
eliminated because the. OEM engine control unit (ECU) logic remains in this system. The "Translator" 
converts the output of the ECU to a control signal for a continuous-flow gas control valve. Production 
versions of the system will be built by DAI Technologies, Inc. of Lisle, Illinois. 

The fuel effects observed in this project bear further investigation. Keys to a clean LPG fuel specification 
may be obtained with additional work. The problems with IMPCO kits should also be researched. It is 
likely that there is something about the Chevrolet Lumina's electronic systems or sensors which defeats 
the IMPCO processor. 
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Conclusions 

This project allowed a comparison of LPG kits; and emissions, drivability, and fuel economy using LPG 
relative to gasoline. · Remarks concerning installation and diagnosis are included because of their 
importance to acceptable operation. 

· 

• Although the MOGAS system excelled in ease of installation and emissions, the IMPCO systems 
had better starting and driveability, despite rich or lean operation. Neither IMPCO system gave 
acceptable emissions results, but the ADP system was better than the older AFCP system 
(Table 4). 

• One problem with all kits was poor (or even incorrect) documentation. Important details, such 
as direction of flow on gas valves, were not found in any of the documentation. Better photos 
(specific to the application) would be helpful. The IMPCO AFCP instructions were perhaps the 
most complete, but even this older system document (1 990) had an error, acknowledged by 
IMPCO service personnel, in the wiring schematic infonnation. One electrical connection was 
incorrect on the MOGAS wiring diagram, also. Except for the MOGAS and Autotronics 
(computer support module used in each conversion) diagram, the documentation of installation 
procedures was not specifically for the Chevrolet Lumina, or even for General Motors vehicles. 

Tuning instructions were generally hard to follow and incomplete. These instructionS are very 
important because the initial mechanical settings of the regulator (MOGAS) and mixer (MOGAS 
and IMPCO) detennine the default and limiting conditions of the fuel system. For example, on 
the IMPCO systems, the fuel control valve acts on the vacuum signal to the regulator, limiting its 
response to engine vacuum. If the mechanical mixture screws are set lean, or even near lean, the 
fuel control system can not enrich the fuel mixture. 

• The installer must have diagnostic equipment, such as the IMPCO FSA or another frequency 
instrument to monitor the fuel control actuator, and at least a 4-gas analyzer to check the settings 
and verify the oxygen sensor voltage. MOGAS did provide oxygen sensor voltages (from CNG 
experience) to target for mechanical adjustment of the system. 

The kit suppliers are aware of undocumented techniques of modifying the response of the LPG 
equipment that may improve the tuning. Examples are the diaphragms from IMPCO and the trim 
screw in the MOGAS control valve. Again, the problem is lack of good documentation. Installers 
will not necessarily be aware of or concerned about emissions, so documentation of installation 
and tuning are critical to obtaining acceptable operation. 

• Off-the-shelf conversion kits did demonstrate good driveability, making the LPG conversion 
transparent to the vehicle operator. 

• HC and CO emissions were better with LPG than gasoline using the MOGAS and the IMPCO 
ADP LPG systems, but worse with the IMPCO AFCP-1 system (Table 4). 
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• In all cases, CO:z (a greenhouse gas) emissions were significantly lower with LPG, but NOx was 
higher than with gasoline (fable 4). 

• Fuel composition did influence emissions results (Figure 3). The effect of fuel composition 
diminished under good AFR control as shown using the MOGAS system. 

• HC speciation revealed that the reactivity of the LPG-fueled engine HC emissions was much lower 
than that of the gasoline emissions. It appears that LPG can be one approach to reducing ozone 
in Southern California and other non-attainment areas. 

• The volumetric fuel economy reduction ( -27%) was consistent with the energy content difference 
between LPG and gasoline. 

• Most of the problems observed with LPG conversion kits could be overcome with minor hardware 
and documentation changes. Pemaps the manufacturers should document a conversion and 
conduct an FfP emissions test for one example of an engine family for which the kit is intended, 
before offering it commercially for that engine. 
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APPENDIX A 

CONVERSION KIT INSTRUCTIONS AND 
ORIGINAL DOCUMENTATION 

IMPCO ADP 
IMPCO AFCP-1 
MOGAS ECOLO 



IMPCO ADP 



Introduction 

Adapt ive Dig ital Processor 
Clean Fuel 

Management System 

· The areas covered are: 
• Before you beg in 
• G lossary of terms 

23600..71 
ADP 

The IM PCO® Adaptive Digital Processor 
(AD P)rM is an electronic closed loop fuel control 
system which adapts to each individual vehicle 
and the alternate fuel components instal led on 

• Understanding the OEM " Feedback" system 

. the veh icle. The memory of the A D P  is non­
volat i le and wi l l  remain stored until the memory 
is cleared by the instal l ing technician. 

The A D P  is mechan ically and electrically 
i nterchangable with the AFCP-1 GREEN STRIPE 
processor. The addition of an intake man ifold 
vacuum l i ne i s  al l that is required to upgrade the 
vehicle to the A D P. 

• Pri nci pals of Operation 
Cold start/Open loop . 
Stabi l ized Engine Operation/Closed loop 

• A D P  Theory and Operation 
•- Typical Instal lation Information 
• Adj ustment Procedures 

· • Tech Tips on the A D P  
• M aintenance Schedule 
• IM PC� " Feedback" carburetion parts l ist 

ALTERNATIVE FUEL SYSTEMS 



Before You Begi n  

WARNI NG 
The ADP engine management system is 
intended to be used with volatile gaseous fuels 
and ·if improperly instal led may create a 
hazardous condition leading to a fire and/or 
explosion. Engine emissions and performance 
may also be affected by improper installation . 
Accordingly, the system and associated 
equipment should be installed only by duly 
trained and qualified personnel in accordance 
with the instructions in this manual . Failure to 
install the system in accordance with this 
manual voids system warranty. 

This entire manual should be carefully studied 
and understood BEFORE you convert your 
vehicle. Some instal lations may require 
additional parts . Also, you must be qualified 
on, or have access to, specialized testing 
equipement. 

It is important to be thoroughly familiar with all 
of the warnings and precautions we have 
provided you. 

The internatinally accepted warning symbol 
it is in our manual for your protection. 

This symbol means: ATTE�TION! BECOME 
ALERT! YOUR SAFETY IS INVOLVED! If you 
come across an unfamil iar or potentially 
hazardous condition , call our technical 
representative for c l arif ication before 
proceeding. 

The symbol � is to call your attention to 
special notes or features. This is to alert you 
as to unique tools, cond ition,  parts or 
exceptions you may encounter while installing 
our system on your vehicle. 

& To prevent ignition of leaking gaseous fuels 
which may cause a fire and/or explosion, avoid 
open sparks, flames, and operation of electrical 
devices in or about the engine compartment 
and always perform wiring modifications with 
battery cables disconnected. 

& Always follow instal lation regulations that 
apply to you.  These requirements are found in 
NFPA-52 for natural gas and NFPA-58 for LPG . 
These are U.S. standards. For Canadian codes 
see National Standards CANADA. Additionally, 
some states or province may also have certain 
requirements you must be aware of. 

WARNING: IMPROPER INSTALLATION OR USE OF THIS PRODUCT MAY CAUSE SERIOUS INJURY AND/OR PROPERTY DAMAGE. 

SERVICE TECHNICIANS AND USERS 

SHOULD CAREFULLY READ AND ABIDE BY THE PROVISIONS SET FORTH IN NATIONAL FIRE PROTECTION ASSOCIATION PAMPHLET 
#37 FOR STATIONARY ENGINES, #52 FOR CNG VEHICULAR FUEL SYSTEMS OR #58 FOR LPG SYSTEMS. 

INSTALLERS 

LPG INSTALLATIONS IN THE UNITED STATES MUST BE DONE IN ACCORDANCE WITH FEDERAL, STATE, OR LOCAL LAW, WHICHEVER 
IS APPLICABLE AND NATIONAL FIRE PROTECTION ASSOCIATION PAMPHLET #58, STANDARD FOR STORAGE AND HANDLING OF 
LIOUIFIED PETROLEUM GASES TO THE EXTENT THESE STANDARDS ARE NOT IN VIOLATION WITH FEDERAL, STATE OR LOCAL LAW. 

IN CANADA REFER TO CAN/CGA-B149.2, PROPANE INSTALLATION CODES. 

CNG INSTALLATIONS IN THE UNITED STATES MUST BE DONE IN ACCORDANCE WITH FEDERAL, STATE OR LOCAL LAW AND NATIONAL 
FIRE PROTECTION ASSOCIATION PAMPHLET #52, COMPRESSED NATURAL GAS (CNG) VEHICULAR FUEL SYSTEMS TO THE EXTENT 
THESE STANDARDS ARE NOT IN VIOLATION WITH FEDERAL, STATE OR LOCAL LAW. 

. ' 
IN CANADA REFER TO CAN/CGA-B149.1 CNG INSTALLATION CODES. · 

LPG AND/OR NATURAL GAS INSTALLATIONS ON STATIONARY ENGINES MUST Bt.. DONE IN ACCORDANCE WITH FEDERAL, STATE 
OR LOCAL LAW AND NATIOf'I(AL FIRE . PROTECTION ASSOCIATION PAMPHLET #37, STATIONARY COMBUSTION ENGINES AND GAS 
TURBINE ENGINES, TO THE EXTENT THESE STANDARDS ARE NOT IN VIOLATION WITH FEDERAL, STATE OR LOCAL LAW. 

FAILURE TO ABIDE BY THE ABOVE WILL VOID ANY IMPCO WARRANTY ON THE PRODUCTS AND MAY CAUSE SERIOUS INJURY OR 
PROPERTY DAMAGE. 

· . 

DUE TO THE INHERANT DANGER OF GASEOUS FUELS THE IMPCO PRODUCTS SHOULD Nor BE INSTALLED OR USED BY PERSONS 
NOT KNOWLEDGEABLE OF THE HAZARDS ASSOCIATED WITH THE USE OF GASEOUS FUELS. 
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Glossary Of Terms 
Exhaust Gas Oxygen Sensor. Located in the 

exhaust gas stream, it monitors the c:lmount of oxygen 
present. The computer uses this information to 
control the air/fuel ratio for most engine operating 
modes. 

Manifold Absoute Pressure Sensors. The M.A.P. 
sensor monitors intake manifold vacuum. Manifold 
absolute pressure if defined as barometric pressure 
minus man ifold vacuum. With .this signal the ADP wil l  
change the control strategy of the air fuel mixture 
related to engine load and speed. 

Engine Coolant Temperature Sensor. Inputs 
information about engine temperature which is used 
to process E G A  flow, ignition timing and open-or 
closed-loop logic. 

Knock Sensor. Normally mounted on the intake 
manifold. Its signal is used to retard ignition timing 
during spark knock. � 

Understanding the OEM Feedbadk System 
The OEM Feedback System is based on the functions 
of the onboard computer which mon itors and controls 
critical engine functions. The computer is dependent 
on a system of engine sensors that feed information it 
uses to control engine operation functions. 

The input signals are processed and the correct 
computation for each operating mode is relayed 
through the computer drivers to the various engine 
controls. 
The engine controls normally include: 

Air fuel .ratio control 
Ignition timing 
EG A control 
Air i njection control 
Canister purge 
Throttle solenoid or automatic idle speed 
control 
The computer itself is a logic switching .device 

that has non-volatile memory. This al lows it to act 
rather than just react. It has two basic methods of 
operation, open loop and closed loop. In the open­
loop mode, the computer ignores most of the sensors 
and uti l izes various predetermined operating 
conditions estabished by the program in its memory. 
"Special" conditions such as cold start or wide-open 
throttle can cause the computer to switch to the 
open-loop modes. The computer selects the correct 
open loop conditions to operation from. 

In closed loop, the computer processes the signals 
of all sensors. It uti lizes this information to determi ne 
how to set the fuel, ignition and other engine­
controllable functions for routine conditions. With a 
wide range of control in closed loop, the computer 
can optimize engine performance. It is the 
computer's abil ity to quickly and correctly react that 
allows for the most efficient use of the fuel. 

Principle of Operation 
Cold Start/Open Loop Oeration. The cold start 

operation mode is activated by the engine coolant 
temperature sensor tel l ing the computer a cold engine 
condition exists. .. . 
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On some OEM vehicles, during cold start, "fresh" 
air from the air i njection pump or thermactor pump is 
directed i nto the engine exhaust manifold. The fresh 
air provides additional oxygen in the exhaust manifold 
to promote continued burnoff of excess fuel and a 
further reduction in HC (hydro-carbon) and CO (carbon 
monoxide) emission levels unti l  the catalytic converter 
reaches operating temperatures. During the cold-start 
operating mode, the engine is metered a pre­
determined rich fuel mixture, yia computer command 
to the fuel injector. The oxygen sens.or is -
automatically " locked out" since it would sense an 
excess of oxygen and send a lean-mixture signal to 
the computer. Once the oxygen sensor temperature 
reachers a specified temperature (above 600F), the 
computer switches from an "open loop" condition to 
a "closed loop" stabil ized engine operating condition. 
Fuel enrichment is then control led with i nput from 

the oxygen sensor. Also, the "fresh" air from the air 
injection pump or thermactor pump is dircted to the 
catalytic converter or vented to the atmosphere 
depending on how the computer is programmed. 

Stabilized Engine Operation/Closed Loop. Th� 
oxygen sensor lo.cated in the exhaust system ahead 
of the catalytic converter is the reference control for · 

"stabi l ized engine" closed loop operation. The 
oxygen sensor i nteracts with the computer via 
electrical signals. · When oxygen is sensed in the 
exhaust gases (lean mixture) the oxygen sensor 
generates a voltage signal of .5 or less to the 
computer. The level of voltage transmitted i s  
dependent o n  t h e  amount o f  oxygen detected. An 
absence of oxygen i n  the exhaust (rich mixture), 
genreates a voltage from .5 to 1 .0 depending on the 
richness of the mixture. The computer processes this 
information arid reacts to the voltage transmitted, 
commanding the Fuel Injector to assume a richer or 
leaner cycle. 

ADP Theory and Operation 
The IMPCO Technologies, ADP is an Adaptive 

Digital Processor that is interchangeable with the 
AFCP-1 . The only addition is the use of a vacuum l ine 
that is connected to the ADP MAP sensor. 

The additional features that the ADP has is the 
ability to store in non volatile memory the changes 
that occur during normal operation of the vehicle as 
mileage increases. 

The ADP contains 16 "cells" that al low the non 
volatile memory to change or update the air fuel 
mixtures, related to the wear of the mixer, the engine 
and OEM emission components. 

The cells wil l  begin with a value of 50% duty cycle 
when the ADP is first installed. 

When the i nstaller adjusts the idle base m ixture 
and the ADP enters into the quick learn stage of 

_ operation, the Jlls wil l  be updated within a very short 
period of t ime. After the ADP passes the 3 timed 
quick learn stages, the ADP enters i nto continuous 
update. During this operational mode, the ADP 
updates the cel ls in a much slower rate. 



I n stal l at ion o n  Fuel - I nject ion Eng i nes 
Using the Adapt ive Dig ital  Process 
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1. The ADP is designed for installation inside the passenger 
compartment, away form engine heat and road splash. 
Mount the ADP securely using the provided screws and 
mounting holes. Pass the wiring harness through a con· 
venient knockout in the firewall. 

Connect all wiring for the ADP as described in the 
schematic on page 6. All electrical connections must be 
soldered and sealed to prevent corrosion. 
Also install a %" vacuum line from ·a manifold vacuum 
source on the engine of the vehicle. Route the vacuum 
line along the path of the wiring harness inside the 
vehicle to the location of the mounting of the ADP. 

Install the supplied 3/16" vacuum line to the vacuum port 
of the ADP, use the tubing adapter to connect the 3/16" 

·. vacuum line to the Y• " vacuum line from the engine. 

2. 1;r Install the required I MPCO® adapter assembly between 
OEM EFI throttle body and the IMPCO® m ixer. 
Preset the wide open fuel adjustment at the middle mark 
of the. rich/lean scale. 
On the CA425, Adjust the Hex Head Bolt to a 
measurement of 1 Y• " from the body to the outside edge 
of the Hex Head Bolt. 

3. & An alternate method of installation, using a CA300A-1 
mixer, util izes an optional 3-way vacuum control solenoid 
(part #VCS) to control VFF30 operation. In this 
installation, the Boden cable and CA300A l ifter cam are 
not required. Insert the solenoid into the vacuum line, 
between the vacuum source and the VFF30. Connect one 
electrical lead to secure ground, the other to the 
alternate fuel side of the fuel selector switch located 
inside the driver's compartment. Fuel selection is made 
with this switch, rather than a Boden wire. See: 23600-50 
in the ISM for correct wiring of the VCS. 

4. �.r on vehicles equiped with air pumps: 
Chevrolet: Connect the gray wire from the ADP to the 
brown wire at the air pump diverter valve on the air pump. 
This is on pre-1992 vehicles. 

Ford: Locate the thermactor air pump diveter solenoid 
(TAD). Using a co' "tinuity light or meter, locate the power 
to the TAD. Splict� the gray wire into the power wire for 
the TAD. 

Chrysler: Use the V5-2A vacuum switch. Cut off the red 
wire and insulate the cut. Solder the yellow wire from the 
VS-2A to the gray wire in the ADP wiring harness. Locate 
the vacuum line to the air pump diverter valve on the air 
pump. Splice in a vacuum line to the vacuum line to the 
diverter valve, connect the vacuum line to the vacuum 
port on the VS-2A. Attach the black wire to ground. 



FUEL CONTROL VALVE WITH BALANCE LINE 

FCV 

TO CAAB. AlA VALVE VACUUM 

F4-12 ELIDW 

TO BALANCE LINE 
PORT ON CARl. 
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5. Install IMPCO® Fuel Control Valve (FCV) and fitting in· 
to the cover of the converter (see #6). If an air valve 
vacuum source is not avai lable for the FCV, tap into 
the adapter under the m ixer. Install an F4-8 fitting in 
the adapter and connect a vacuum hose from the fit· 
ting to the FCV. NOTE: The FCV must have an in· 
dependent air valve vacuum source. Install the FCV 
so the vacuum connection is in the down position. 

6. Install the ADP wire harness as indicated. See 
complete typical schematic on page 6. 

Installation is simple. It is done in the following 
sequence:(Note: Only procedures that involve the 
computer feedpack system are l isted below. Other 
standard conversion steps are not described.) � 1. Check to ensure that all computer sensors 

and control.s are connected and working. 
2. Install lmpco alternate fuel feedback carburetor. 
3. Remove screen from converter cover vent and screw 

in 1/8" nipple (part #F4-33) and 1/8" tee (part #F4-32), 
as shown. 

4. Screw Fuel Control Valve (part #FCV) into one side 
of tee fitting. 

5. Install F4-12 elbow and J1·21 restrictor as shown. 
The F4-12 must be used to provide 
adequate flow. 

6. Connect fuel control valve to air valve vacuum port 
at the carburetor/mixer. 



PIN NO. 
6 
8 
3 
4 
9 
1 
7 
5 

2 

CLEAN FUEL 
SELECTOR SWITCH + 

EGO 

FCV 12V 
FCV ACT. 

IGNmON 

GNO. 
GNO. 

GRAY TO AIR 
PUMP ONLY 

MONITOR 
CIRCUITS 

THE COLOR·CODED WIRES ON THE ADP KEYED CON NECTOR: 

COLOR FUNCTION CONNECTION 
Black Signal Ground To Vehicle Ground 
Brown Solenoid Ground To Vehicle Ground 
Red ADP Power To Fused LPG Switch plus 1 2  volts 
Violet Solenoid Power To FCV on Converter 
Yellow Solenoid Active to FCV on Converter 
White Ignition Tach (RPM) Input To Ignition Coil Tach Side 
Green EGO Sensor Signal To EGO Sensor 
Gray Open loop with Air Pump On or To Air Pump 

Air Pump Signal (See Page 4, Photo-4) 
Orange Non-Functional 

TYPICAL ADP FUEL CONTROL PROCESSOR WIRING SCH EMATIC 

7 

4 

9 

1 

6 
8 

5 

2 

GREEN 

VIOLET 
YELLOW 

r::::.-- TO AIR 
VALVE VACUUM 

CENTER OFF DPDT SWITCH 

EGO SENSOR 
(EXISTING) 

TO FUEL PUMP -

' - BREAK EXISTING 
rt------1 CONNECTION 

FUEL PUMP RELAY TO OEM ....--12+-V--------.,COMPUTER 
•- BREAK 

EXISTING 
CONNECTION 

l 

FUEL CONTROL VALVE 

WHITE 

BLACK 

IGNmON COIL 
(EXISTING) 

BROWN 

GRAY 

�.:.=.::.;.;...--.:=t""""tl'Sa ENGINE GROUND 

���--- GROUND FOR AIR 
PUMP OPERATION 

ORANGE 

TO OEM COMPUTER 
DO NOT BREAK THIS. SIDE! 

------ VACUUM HOSE 

ELECTRICAL WIRE j-.=.:=:=-- NON-FUNCTIONAL VACUUMAND ELEC�CAL SCHEMATIC 
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7. If  CO analyzer is available, drill a 21/64" hole in the ex· 
haust pipe before the catalytic converter and near the ex­
haust manifold, if possible. Tap with a 1/8"x27 N PT  for 
installation of probe to measure CO. 

NOTE: When using a CO Meter, you must be assured of. 
no air induction into the exhaust ahead of the probe for 
correct readings. Check exhaust system for leaks before 
the EGO sensor. 

8. Install exhaust gas probe and connect to CO meter. 

9. Connect the IMPCO® Fuel System Analyzer (FSA·1) to 
the FCV. Refer to 23800-27 " Fuel System Analyzer In· 
structions." If a tach/dwell  meter is used, it should be 
attached to the post connected to the yellow wire. Set 
Dwell meter to dwell position and 6-cylinder mode, 
regardless of the number of engine cylinders. 

1 0. r;r To Set Idle Mixture . 
(ON AIR PUMP VEHICLES ONLY) 
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Disconnect the gray wire from the air pump, prevent the 
wire from grounding. Divert the air to atmosphere or 
away from the exhaust manifold. 

BEFORE STARTING THE ENGINE: 
Inside the vehicle: 
Ensure that the jumper/shorting clip is installed on the 4 
pin header on the Jeft side of the ADF 

NOTE: There are a total of 4 pins on the header. The two 
right pins are the connections that must be made to 
initialize the ADP. The left two pins are not used in the 
field. 

(;r Turn the key to the run position, DO NOT START THE 
ENGINE. 

On the right side of the ADP you will see a green and a 
red LED. 



1 1 . With the key on and the engine off, the green LED will 
flash, this is the duty cycle of the ADP. Check the FCV. 
It should be operational and clicking. 

· 

If the green LED is not lit, or the FCV is not clicking. 
Check the wiring to the FCV valve on the converter. 
The red LED should be on. This is the oxygen sensor 
voltage light, when this LED is lit the oxygen sensor 
voltage is low , below .5 volts (lean mixture). 

If the red LED is not lit, check that the green oxygen 
sensor wire in the wiring loom of the ADP is properly 
connected to the oxygen sensor signal wire to the OEM 
computer. Confirm the wire color and location of the 
OEM oxygen sensor wire in an OEM or �qual type service 
manual. If the engine and oxygen sensor are hot, it may 

. show a high voltage temporarily and the red LED will not 
be lit. 

' 1 2. START THE ENGINE 1r Allow the engine to come up to operational temperature. 

With no load on the engine, air conditioning off, lights 
off, fans off, adjust the idle mixture screw on the IMPCO 
mixer/carburetor so a smooth transition is noted on the 
FSA-1 oxygen sensor voltage lights. 

In photo 12 we have blocked the duty cycle window. 
During this adjustment procedure, IGNORE THE 
READING ON THE DUTY CYCLE OF THE FSA·1. The 
duty cycle reading on the FSA-1 will remain fixed 
between 45% and 55% reading on the FSA-1 regardless 
of the adjustment. The duty cycle reading wil l . not 
change until the jumper/shorting clip is removed in the 
next step. 

If you are not using the FSA-1 , monitor the red LED on 
the ADP. A smooth transition of the red LED turning on 
and off should be achieved. The transition time should 
be 2 seconds or less between rich to lean and back to 
rich. 

NOTE: The adjustment may become somewhat difficult 
on engines equipped with the CA300 series of mixers. To 
lessen ·the effect of this, support the weight of the 
screwdriver with your hand. Do not press down on the 
idle adjustment screw of the CA300 series mixer as this 
will tend to lean the mixture and give a false reading to 
the FSA·1 and the ADP. 

1 3. After achieving a smooth transition. Allow the engine to 
idle for 60 seconds, monitor the oxygn sensor lights on · 
the FSA-1 or the ADP for smooth transitions. Ignore the 
duty cycle reading during review. 
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1 4. Remove the jumper/shorting clip from It's installed 
position. Retain the jumper/shorting clip. 

You will notice a change in engine operation and a 
change in the duty cycle reading on the FSA·1 and the 
transjtion of the oxygen sensor voltage lights on the 
FSA·1 and the ADP. THIS IS NORMAL. 

Allow the engine to operate for a minimum of 60 seconds 
after the jumper/shorting clip has been removed. 

NOTE: During this 60 second period, the ADP is counting 
the number of engine revoltJtions, determining the 

number of cylinders of the engine and reading the MAP 
sensor in the ADP to determine the operational condition 
of the engine. 
Turn the engine off and check to see that the key is in 
the OFF position. 
NOTE: By removing the jumper/shorting clip and allowing 
the engine to idle and then stopping the engine. This 
porcedure presets the ADP to enter into the fast learn 
mode. 

15. t;r Prior to drive cycle disconnect CO Meter Probe and plug 
opening with 1/8�' pipe plug. . 

Using a stop watch or other timing. device. Start the 
vehicle and drive the vehicle in as many different driving 
modes as possible during the first 24 minutes of 
operation. 

NOTE: The drive cycle should include, stop and go traffic, 
long accelerations and decelerations, Wide Open 
Throttle, and steady speed cruise operations. 

During this operation, the duty cycle readings on the 
FSA·1 will .be slow. This operational speed wil l  change 
as the ADP establishes each cells operational value. 

NOTE: During this phase of the installation, the ADP 
stores correction factors in a calibration table in the 
Random Access Memory (RAM). This is a short term 
memory. Every 8 minutes after the start up the ADP wil l  

. copy this data into the Read Only Memory (ROM). This i s  
the long term memory. After the third 8 minute update 
period, the ADP switches to normal operation. 

IMPORTANT: If the vehicle is turned off and power is 
removed from the ADP during the first 10 minutes of 
operation. The short term memory in the ADP is lost and 
will begin again when the vehicle is restarted. 

If a cell is not filled during the drive cycle. The non 
updated cell wm be updated during normal driving. 

1 6. Install decals as necessary. 



·"TECH TI P'S" ON THE IMPCO ADAPTIVE DIG ITAL PROCESSOR 

The ADP is  designed to be an i ndependent fuel control processor. It is very i mportant to check the 
OEM system fi rst to confirm that the OEM system is operating properly before checking the 
I M PCO ADP alternate fuel system. 

Required tool :  

IMPCO FSA-1 
Digital Volt-Ohm Meter 
Tachometer 
General shop tools 

1 .0 Normal duty cycle reading of the ADP w i l l  range from 30% to 70% .  This  range wil l  vary as 
the vehicle changes engine speed and load.  The oxygen sensor l ights w i l l  be showing a lean 
reading during start up.  When the engine and oxygen sensor are at operational temperatures. 
The oxygen sensor l ights wi l l  be in a constant transition once the vehicle is in c losed loop 
operation. 

2.0 No reading on the oxygen sensor l ights or duty cycle of the FSA-1 or LED's of the ADP: 

2.1 No power to the ADP: 

2.1 .1 Inspect the brown and black ground wires for proper connect ion to an engine 
ground. If a fau lty ground is suspected, move the wires to the negat ive side 
of the battery to confirm that a proper ground has been achieved. 

2.1 .2 Also use a continuity meter to confirm continuity between the wiring 
connector at the ADP and the engine ground of the brown and black wires. 
Ensure the use of properly sized wiring l ugs to attach the brown and black 
grounding wires. 

2.2 The red power wire should be attached to the fuel selection switch, on dual fuel 
installations. 

2.2.1 Place the switch in the altarnate fuel position, and the ign ition key in the on 
position. 

2.2.2 Check the switch with a cont inuity l ight for power to the alternate fuel 
terminal. If none is found troubleshoot the wiring harness and the 

connections to the fuel selection/switch. 

2.2.3 Check the wiring connector to the ADP with a volt meter or cont inuity meter, 
for 1 2  volt power at. the red wire connector. 

2.2.4 Inspect the in-l ine 3 amp quick blow fuse. 
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NOTE: Preform. the above t.st prior to starting this seCtion. 

3.0 · Reading of 00 duty cycle on the FSA�1 or no flashing of the green LED on the ADP. 

3.1 Check the white wire In the ADP harness for· connection to the negative side of the 
Ignition coil. 

3.1.1 Use a tachometer attached to the white wire to read engine RPM • .  

3.1.1.1 1f no RPM is seen, the white wire Is connected to the wrong side 
of the coil or an Improper tachometer lead: 

3.2 Check the wiring connections to the Fuel Control Valve (FCV). 
3.2.1 With the key on: 

3.2.1.1 Use a volt meter to check for 12 volt reading on the violet wire at 
the Fuel Control Valve (FCV). 

3.2:.1.2 If no voltage is found, check the wiring connector at the ADP. 

S.2.1.3 Check the wiring route for cut or shorted wiring. 

3.2.2 Check the yellow wire for 12 volts. 

3.2.2.1 If no voltage is found, replace the FCV. 

3.2.2.2 1f voltage found, check the ground wires. (See 2.1 :1)  

4.0 After start up a 99 duty cycle reading is shown and the rich light is lit on the FSA-1 . 

NOTE: It is not possible to view this condition by viewing the LED's on the ADP. 

4.1 With the key on the engine off: 

4.1.1 Check the green wire in the ADP wiring harness with DVOM, if the voltage is 
above 2.0 volts, the green ADP wire has heen attached to an OEM wire other 
than the oxygen sensor wire. 

4.2 With the engine running: 

4.2.1 Check the route of the green wire from the oxygen sensor wire to the ADP 
connector. It is possible that two wires have been crossed or connected 
together. 

4.2.2 Check to see that no ignition wire is located next to the green ADP wire. 

1 1  



5.0 After start up a 00 duty cycle reading is shown and the lean l ight is l it  on the FSA-1 ., 

5.1 Check the intake system for vacuum leaks. 

5.1.1 Check Jhe air management system for constant air i nto the exhaust 
manifold. 

· 

5.1.1.1 lffound, service the OEM air management system according to 
OEM service_ manuals and technic. 

· · · 

5.1 .2 Check the IMPCO adapter for proper fit 'aiid tightne·ss. 

5.2 Check the green oxygen sensor wire for s,horting to ground. 

6.0 During normal driving one of the fol lowing occur: 

6.1 Duty cycle remains at or near 50%,  oxygen sensor voltage l ights transition. 

6.1 .1 Check the gray wire connection, the wire maybe attached to the wrong 
control solenoid. · 

·6.1 .2 If using the VS-2A vacuum switch, check to see that the gray wire is 
connected to the yel low wire of the VS-2A. 

6.1 .3 Instal lation jumper is sti l l  instal led in the in itial ization mode. Restart the 
intial ization proced_ures in this manual. 

6.2 Duty cycle varies between 30% and 70%, the oxygen sensor l ights do not l i te. 

6.2.1 Check connections of the FSA-1 . 

6.3 Duty cycle remains very low (below 30%) or very h igh (above 70%) during a cruise 
mode. 

6.3.1 The wide open throttle adjustment is not proper. Readjust the ·wor 
adjustment to the middle of the WOT scale. 

6.4 Duty cycle during WOT is at or near 00: 
6.4.1 Check the intake system for vacuum leaks. 

6.4.2 Check the exhaust system for leaks before the oxygen sensor. 

NOTE: Preform the above checks before attempting the fol lowing. 

6.4.3 WOT Adjustment is adjusted too lean, readjust the WOT 1 mark richer on the 
WOT scale. · · 

6.4.4 Recheck WOT operation, and continue adjusting the mixture rich until a 
reading above 50% duty cycle is achieved. 

1 2  
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RECOMMENDED SERVICE INTERVALS 
I CONVERSION MILEAGE 

CARBURETION SECTION DATE 1K 5K � � � � � � � � l � � � � � � � � � � � 
Adlust idle · mixture Note 1 X X X 
Adjust wide open throttle mixture Note 1 X X X 
Check air I aas valve diaphragm X X 
RePlace air 1 gas valve assy Note 3 

. Chec.k idle diaphragm CA425 X x ·  
Replace CA425 Idle diaphragm 

If needed 
Check for vacuum leaks on complete X X 

intake SYStem includina adapters 
Check aas orifice for wear X 
Service open air cleaner: 

• Normal conditions X 
• Dirty conditions X X X 

REGULAlOR SECTION 

Check FCV for proper OHM reading X X 
Note 5 

RePlace FCV 
lnsoect secondarv dlaohraam Note 4 X X 
Test secondary pressures Note 2 X X 
Test· orlmarv pressures Note 2 X X 

. Rebuild reaulator 

LOCKOFF SECTION 

. Reolace filter X 
GENERAL MAINTENANCE 

_Check all vacuum lines and fittings X X 
(RePlace as needed) 

Check an fuel fittings and hoses X � 
(ReDface as needed) 

I NOTES: 

1. See air fuel ratio adjustment procedures 
2. See ITK-1 test procedures 
3. Side draft CA426 • Inspect each 10,000 miles for wear. 
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4. If oil appears on djaphragm, disasSemble and 
clean regulator of all oil and contaminants. 

6. No less than 22 OHM 
--- ------- ��-----

X 
X 
X 
X 
X 
X 

· x  

X 

X 
X X 

I I 
X 

. 

X 
X 
X 
X 
X 

I 
I I X 

- . ' j  

I . I  
X 

. X  

I 



FU EL MANAG EM ENT SYSTEM PARTS LIST 

AIR GAS VALVE ASSEMBLY 

PART NO. APPLICATION 

AV1 -1 447 
AV1-1 447·2 
AV1 · 1 447·4 
AV1 ·1 447·4·2 
AV1 - 1 245 
AV1 - 1 245·2 
AV1 - 1 651 

Model 1 25 
Model 1 25 Silicone 
Model 1 25M· 1 0  Vacuum lift 
Model 1 25M·1 0 Vacuum lift Silicone 
Model 225 
Model 225 Silicone 
Model 425 

Gas Valve Only Required 
V2-49 Model 300A·1 , CA300A·20 
V2·50 Modei 300A·50, CA300A·70 
V2-58 Model 1 75A·2, 

PART NO. 

FCV 
FEV 
sv 
VPV 

J 1 -21  
J 1 ·20 
J 1 ·20·1 
J1 ·20·2 
J1 ·20·3 
J 1 ·20·4 
F4·2 
F4- 1 2  
F4·32 
F4·33 
T 1 - 1 3  

Optional for CA1 75·1 (Anodized red) 

FUEL CONTROL PARTS 

APPLICATION 

Fuel Control Valve, all feedback 
Fuel enrichment Valve (Use SV w/specified jet) 
Starting Valve, used as Fuel Enrichment Valve 
Vacuum Power Valve, l ight-duty Chrysler feed· 
back installation 
Jet .1 00, Balance line Restrictor 
Jet .062, SV 
Jet .032, Starting Valve for FEV application 
jet .050, Vacuum Power Valve 
jet .075, Vacuum Power Valve 
Jet .1 00, Vacuum Power Valve 
Tube fitting, 1 14" x 1 /4" I .D. Hose 
1 18" NPT to 318" Hose elbow, balance line 
1 18" tee, balance line 
1 18" nipple, balance line 
Tube connector 
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PART NO. APPLICATION 

D-1 051 
D-1 052 

Decal for LPG Only and dual fuel LPGIGasoline 
Decal for CNG only and dual fuel CNG/Gasoline 

SPECIAL PARTS NOT SUPPLIED BY IMPC� 

PART NO. SOURCE 

TPS Ford #EOAE9B989AB 
Description: Position Sensor; replaces OEM T.P.S. where · 

necessary. 
DPDP 
Description:. Double pole double throw switch for Ford feed· 

back installation: 



Notes 
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COMPUTER SUPPORT 1 
PIN 8690 

PARTS INCLUDED IN THIS KIT 

1 -Computer Support 1 
6-Wire Tap Devices 
6-FastOn Receptacles 

1 -lnstallatlon Instructions 
4-Wire Ties 
4-No. 6x3/4 Screws 

The Computer Support 1 Is designed to work In conjunci10n with 'lll n� rer.>.rlback Fuel Control System 
In m der to correctly mon!tor "Ser vlc9 F.nglne" cortes whll<> "" "''�• ""'n rur-1�. 

1 . 8trpplles a conf>ct n?. reedlmck �lgnnl lo ! 1 •0. r�M ('�ftJL:J.E t�Z...:-�··:<>.or nmlfnncllon codes 
( 1 3,44,45) while allowing TRUE lailtne conditions t1.1 be recognized an<.l tllspl�ye<.l by the factory 
compt lter. 

2. Monl1 ::1rs t=CM signals related to exhaust g::ts ro.drculnll�n (rr.m), ::mtl lhl"!n r er.pond<; with the correcl 
s�nsnr signnls . Prr:!venls f/1/ SE "EGn" nmiflll lr.lion t ;< U '· ) ( X') , •. : ,a., ; tljn,••in(J 7 nur: TGrr f�i!t i!O 
conditions to bn t tJC(lgniz.ed and fm;lory velllch.� dic;pi : t," . . ;_ 

3. Monitors "ECM" signals related to the "knock sensor.", and then responds with the correct sensor 

signals. Prevents FALSE "knock sensor" malfunction code (-1::l) nnd computer "llmp-mocte" spark 

liming retard on allemate fuels, which leads to poor dr iving chm :1delist'r.s, low milag9, and biqh 
exhaust temperatures. 

4. Monitors 02 sensor signals related to RICH/LEAN conditions in the exhaust, verifying that the 02 
Feedback Fuel Control being used Is effectively maintaining the correct AIR/FUEL ratios. 

rqrJIII-f:T I O I.IIIIr O::f'IIO::< Il l WI U"Pl" 
1 1 1r  1 i\': tonv GRI?HJ r;oNNF.� l on 

WI\!'; IJISCONNF.GTFD 

BLUE WIRE TO 
( Dcc.f} 

KNOCK SENSOR 

�......,��� fsp l;� i r\+o) 
����-��� e�� �h�1· 

BROWN WlflE: CONNECT TO TPS 
BLUE .!!!G�_.&.L WIRE. , L M:JNITORS ft-lROiTlE POSmON .. ' 

CONNECT 02 SENSOR 
ON THE EXIli\UST SYSTEM 

Y�llow 

Vfo1to1 Cl,..pnrt�tnll 
Ca"'pul .. r G•nuntl 

CONNECT FACTORY GREEN 
CONNECTOR I IERE 

WIRE CONTAINS 02 SENSOR S!GNAL 

HOOK TO AFTER-MARKET FEEDBACK AT 
02 AIR FUEL MIXTURE CONTROL OR THE 

IMPCO -FUEl PROCESSoR'" 

.. 1 2  VOC. SWITCHES UNIT 
TO GASOLINE M:JDE 

12 VDC ONIOFF KEY 
(TERMINAL A) 

EGR CONPUTER SIGNAL 
(TERMINAL B) 

l-. . 

CONNECT TO FACTORY"S 02 
COMPUTER CONNECTOR 

CORPORATION 
1 4 9 0  H E N RY B R E N N A N  O R ., E L  PAS O ,  T E X A S  7 9 9 3 6 � ( 9 1 5 1  8 5 7 - 5 2 0 0 

.-, 1 :  



MOUNTING AND.WIRE HOOK-UP 

Mount the unit In a location where the cables will reach the exflaust 02 sensor, the EGR �ntrol 
solenoid, the knock sensor, and the MAP sensor. Do not mount on the engine or near the exhaust 
manifold. The extreme temperatures at these locations could cause damage to the unit. Use the sheet 
metal screws provided In the parts kit. 

WIRE CONNECTIONS 

PINK WIRE: 

GREY WIRE: 

BLUE WIRE: 

YELLOW WIRE: 

GREEN WIRE: 

BROWN WIRE: 

Connect to the EGA pink Wtre or coil + wire for keyed 12 VDC supply. 

Connect to the EGA control signal wire. (Grey wire at EGR solenoid.) 

Connect to blue wire at knock sensor found by starter (350 eng.) or by oil filter 
(454 & 366 Eng.) 

· · 

Connect to a 1 2  VDC source that Is HOT only while on gasoline. 12 VDC on 
yeRow 'wire Indicates gasoline mode. 

Connect to 02 Feedback Fuel Control Processor (FCP-1 ). Green wire contains 
actual 02 sensor signal for FCP-1 . 

Connect to throttle position sensor (TPS) signal wire. Wire wRI be either brown 
(early model TPS) or blue (late model TPS) at TPS sensor. 

02 SENSOR CONNECTORS: Connect to factory 02 sensor wire connectors with the violet wire 
going to computer and the brown wire going to factory 02 sensor. 

3 PIN MAP CONNECTORS: Connect to factory MAP sensor. Connect factory green connector 
Into black female shroud, and connect the 8690's green connector 
where the factory green connector was disconnected. 

WHIT IE 

CS 1 • Compul0< Suppool 1 PIN 8690 
TPS - Thronle PosiUon Sensor 
MAF' • ManHold Absolute Pres"ttfe (VAC'IJUfft Sons(')r) 
ESC • Eleclronlc Sp•k Conlr .. 
EOR .. E•h;tt,f Gas R..ctrr.ufAIIrtn 

·;?: .. s:,��L =-====f' Connect ·cs t• Green 3�Pin MAP Connector here. 

AUTOTRONIC CONTROLS CORPORATION 1 4 9 0  H E N RY B R E N N A N  O R . ,  E L  PA S O ,  T E X A S  7 9 9 3 G ..--. t 9 1 S ) B S 7 · S 2 0 0 

FORM NO. 1 501 01/91 PRINTED IN U.S.A. 
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23600.26-1 
. Amendment 

FUEL MGM 'T 

Alternate Fuel 
Management System 

Introduction . 
The intent of this service bulletin is to provide an 

overview of Computerized Engine Control (CEC) 
systems, IMPCO® 's Alternate Fuel Management 
System including the AFCP-1 Fuel Control Pro­
cessor, and Typical Installation Information. 

The areas covered are: 
• Glossary of terms 
• Understanding the "Feedback" system 
• Principals of Operation 

Cold start/Open loop 
Stabilized Engine Operation/Closed loop 

•. Checking out the on-board computerized 
engine control system 

• Typical Alternate Fuel Management 
components 

• AFCP-1 Fuel Control Processor 
• Typical lnstall.ation Information 
• Adjustment Procedures 
• Tech Tips on the AFCP-1 
• IMPCO "Feedback" carburetion parts l ist. 

Balance Line Hose 

IMPCO Carburetor 
with Feedback 

gas valve 

Glossary Of Terms 
Exhaust Gas Oxygen Sensor, Located in the exhaust 

gas stream, it monitors the amount of oxygen pre­
sent. The computer uses this infor"Tlation to control 
the air/fuel ratio for most engine operating modes. 

Barometric and Manifold Absolute Pressure 
(B.M.A.P.) Sensors. The Barometric Pressure Sen­
sor measures barometer pressure of the approximate 
altitude the vehicle is operating. The M.A.P. sensor 
monitors intake manifold vacuum. Manifold absolute 
pressure is defined as barometric pressure minus 
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IMPCO 

manifold vacuum. With these two signals, the com­
puter will know which mode the engine is operating 
in and adjust fuel and spark to meet the requirements. 

Throttle Position Sensor. Connected to the throttle 
shaft, it registers closed, part, and wide open throttle 
positions. This permits the computer to determine 
the proper amount of spark, fuel and EGR flow • 

. · Engine Coolant Temperature Sensor. Inputs in� 
formation about engine temperature which is used to 
process EGR flow, ignition timing and open- or closed­
loop logic. 



Air Charge Temperature Sensor. Provides mix­
ture temperature information . This input is used as a 
density corrector for air flow calculations and to pro­
portion the cold enrichment fuel flow. 

Knock Sensor. Normally mounted on the intake 
manifold. Its signal is used to retard ignition timing 
during spark knock. 

Crankshaft Position Sensors. The computer uses 
input from this sensor as a reference point to imple­
ment the spark table in the program. 

All of these signals must be received or the com­
puter will switch to a default mode. If the computer 
does not have all the input needed to operate the 
engine properly, it switches to a preset control of fuel 
and spark. This is intended to permit the engine to 
continue running with the least possible risk of engine 
or catalyst damage until repairs can be made. This 
condition is not optimum for fuel economy or power. 

Understanding the Feedback System 
The IMPCO system operates almost exactly the 

same as the computer-controlled gasoline feed 
back system. Both systems are based on the func­
tions of the onboard computer which monitors and 
controls critical engine functions. The computer is 
dependent on a system of engine sensors that feed 
information it uses to control engine operating 
functions. 

The input signals are processed and the correct 
computation for each operating mode is relayed through 
the computer drivers to the various engine controls. 
The engine controls normally include: 

Feedback carburetion control 
(Fuel Control Valve adjusts air/fuel ratio) 

Ignition timing 
EGR control 
Air injection control 
Canister purge 
Throttle solenoid or automatic idle speed control 
IMPCO's Propane Feedback System is 

engineered to use the existing gasoline onboard 
computer and sensors without modification. 

The computer itself is a logic switching device 
that retains some memory. This allows it to act 
rather than j ust react. It has two basic methods of 
operation, open loop and closed loop. In the open­
loop mode, the computer ignores most of the sen­
sors and util izes various predetermined operating 
conditions establ ished by the program in its 
memory. "Special" conditions such as cold start or 
wide-open throttle cause the computer to switch in 
the open-loop modes; The computer selects the 
correct open loop conditions to operatf' from. The 
"default" mode of operation is another example of 
open loop operation. In closed loop, the computer 
processes the signals of all sensors. It util izes this 
information to determine how to set the fuel, igni­
tion and other engine-controllable functions for 
routine conditions. With a wide range of control i n  
closed loop, the computer can optimize engine per-
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formance. It is the computer's abil ity to quickly and 
correctly react that is employed by the IM PCO Pro­
pane Feedback System for the most efficient use 
of the fuel. 

Principle of Operation 
Cold Start/Open Loop Operation. The cold start 

operating mode is activated by the engine coolant 
temperature sensor tell ing the computer a cold engine 
condition exists. 

During cold start, "fresh" air from the air i njection 
pump or thermactor pump is directed into the engine 
exhaust manifold. The fresh air provides additional 
oxygen in the exhaust manifold to prompt continued 
burnoff of excess fuel and a further reduction in HC 
(hydro-carbon) and CO (carbon monoxide) emission 
levels until the catalytic converter reaches operating 
temperatures. During the cold-start operating mode, 
the engine is metered a pre-determined rich fuel mixture 
via computer command to the Fuel Control Valve. 
The oxygen sensor is automatically "locked out" since 
it would sense an excess of fuel and send a lean­
mixture signal to the computer. Once the oxygen sensor 
temperature reaches a specified temperature 
(above 600F), the computer switches from an "open 
loop" condition to a "closed loop" stabil ized 
engine operating condition. Fuel enrichment is then 
reduced by the fuel enrichment valve via computer 
command and input from the oxygen sensor. Also, 
the "fresh" air from the air injection pump or ther­
mactor pump is directed to the catalytic converter 
or vented to the atmosphere depending on how the 
computer is programmed. 

The computer is capable of controlling the Fuel 
Control Valve from full rich to full lean operation. Dur­
ing cold start operation, a rich fuel mixture is normally 
pre-set in the computer and used for engine operation. 

Stabilized Engine Operation/Closed Loop. The 
oxygen sensor located in the exhaust system ahead 
of the catalytic converter is the reference control for 
"stabilized engine" closed loop operation. The oxygen 
sensor interacts with the computer via electrical sig­
nals. When oxygen Is sensed in the exhaust gases 
(lean mixture) the oxygen sensor generates a voltage 
of .5 or less to the computer. The level of voltage 
transmitted is dependent on the amount of oxygen 
detected. An absence of oxygen in the exhaust (rich 
mixture), generates a voltage from .5 to 1 .0 depend­
ing on the richness of the mixture. The computer pro­
cesses this information and reacts to the voltage 
transmitted, commanding the Fuel Control Valve to 
assume a richer or leaner cycle. 

The Fuel Control Valve in the IM PCO Fuel 
Management System is used · to control fuel 
delivery in a u nique fashion. Because the 
diaphragm .of the IM PCO converter is very l arge, l it­
tle movement is required to control any amount of 
fuel change. The IM PCO Fuel Control Valve is con­
nected between the atmospheric side of the con-



verter secondary diaphragm and the air valve ven­
turi of the carburetor. This applies a very low 
vacuum signal to the atmospheric side of the con­
verter secondary diaphragm. 

Any signal less than atmospheric results in a reduction 
in fuel delivery. This assures extremely accurate fuel 
delivery and rapid response time. 

With the engine at operating temperature and the 
computer in closed loop, there is a wide range of 
control . This permits the computer to optimize the 
·air/fuel mixture to varying engine requirements. For 
wide-open throttle, the computer will switch back to 
open-loop to meet the incr�ased fuel demand. 

Checking Out The Onboarcl Computer Feedback·  
System For Proper Operation 
The vehicle computer feedback system should always 

be checked first for proper operation, before engine 
tuning is conducted. The lmpco Fuel System Analyzer 
can be used to isolate and identify problem areas 
due to computer feedback system malfunction or car­
buretion system problems. 

The onboard computer system can be checked for 
proper function by following this procedure: 
1. Warm up engine. 
2. Connect the FSA-1 Fuel System Analyzer as 

described in  the FSA-1 instruction booklet (or 
23800-27) . 

3. Drive vehicle at a steady road speed. The "RICH/ 
LEAN" l ights should switch, and the "COMPUTER 
COMMAND" display will read a varying number if 
the computer feedback system is operating properly. 
NOTE: Some vehicle manufacturers have chosen 
"RICH/LEAN" switch points at a level that may 
cause only the " RICH:' (red) l ight and the "transi­
tion" (green) l ight to flash. The l ights may flash so 
fast that it appears only one l ight is on . If the feed­
back system is working properly, close examination 
will show a second light is switching on. 

4. During a W.O.T. test, the l ights should con­
tinue to change from rich to lean at a constant 
rate. If either the lean or rich l ight is on and 
the duty cycle is a fixed number, the W.O.T. 
adjustment on the carburetor is improperly 
adjusted. 

THE VEHICLE ONBOARD FUEL CONTROL COM­
PUTER SYSTEM SHOULD ALWAYS BE CHECKED 
OUT FOR PROPER OPERATION BEFORE INSTALL­
ING AND/OR ADJUSTING THE CARBURETION 
SYSTEM FOR OPTIMUM ENGINE PERFORMANCE. 
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Typical Propane Fuel Management Component 
Installation 
Installation is simple. It is done ih the fol lowing 

sequence: (Note: Only procedures that involve the 
computer feedback system are l isted below. Other 
standard conversion steps are not described.) 
1 .  Check t o  ensure that all computer sensors and 

controls are connected and working (see 
"Checking Out The Onboard Computer Feed� 
back System For Proper Operation"). 

2. I nstall lmpco propane feedback carburetor. 
3. Remove screen from converter cover vent and 

screw in 1 /8"  nipple (part #F4-33) and 1/8 "  tee 
(Part #F4-32), as shown i n  Figure 1 .  

/ 
4. Screw Fuel Control Valve (Part #FCV) i nto one 

side of tee fitting. 
5. I nstall F4-1 2 elbow and J 1 -21 restrictor as 

shown in Figure 1 .  
6. Connect fuel control valve to air valve vacuum 

at carburetor. 
7. Connect .3/8" J .D. balance l i ne vacuum hose to 

hose end of F4-1 2 fitt ing and balance l ine port 
on carburetor (refer to Figure 1 ). 
Note: The F4-12 must be used to provide ade­
quate air flow. 

FIGURE 1. 

FUEL CONTROL VALVE WITH BALANCE LINE 

TO CARl. AIR VALVE VACUUM 

TO BALANCE LINE 
PORT ON CAAB. 

8. For straight  fuel convers ions, con nect the 
two electrical leads from the or ig i nal 
g asol i ne m i xt u re contro l  solenoid to the F uel  
Control Valve. I f  the convers ion is  dual fuel ,  
connect the g asol i ne fuel contro l  solenoid 
and the pro pane Fuel Control Valve as 
shown i n  Figu re 2. 



FIGU RE 2. 

Dual Fuel 
Feedback 

Mlxiure Control Solenoid (MCl Fuel Control Valwe (FCV)� 

Electrlc Loaott r - - --T-----1-< 

- e  DPDTSwiiCh 

+ 
Toe..-

9. Start engine and set curb idle speed. 
10. Stop engine and adjust voltage of throttle posi­

tion sensor to manufacturer's specifications 
with key . on. 
Note: This step is for straig ht fuel  conversions 
on GM when the gasoline carburetor has been 
removed and a TPS has been instal led on the 
LPG carQuretor. 

I ndustrial 
Keyed Wiring 

Loom Connector 
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NOTE: When an electric lockoff is used for 
the alternate fuel, an approved oil pressure 
or vacuum switch must be used to interrupt 
the electrical signal when the engine is not 
runnng and the ignition is on. 

11. Set mixtures according to FSA-1 instructions. 

MODEL AFCP·1 FUEL CONTROL PROCESSOR 

The AFCP-1 is IMPCO's control system that 
util izes state-of-the-art electronics technology to 
adjust air/fuel ratio for optimum performance. It 
monitors engine operating conditions sensing ex­
haust gas oxygen and RPM. It provides precise 
fuel control for increased fuel efficiency and lower 
emissions. 

One of the best canididates for conversion to 
propane fuel is the fuel-injected engine. Spark ad­
vance on these engines is aggressive and fuel 
control is precise, as, almost without exception, 
these engines are computer-controlled. In fuel· 
injected models, the FCP-1 operates with the fac­
tory installed onboard computer without causing a 
default condition or increasing emissions. On non-

� computer-controlled applicaiton, the system re­
quires that an exhaust gas oxygen sensor (IM P· 
CO® part #FOS) be installed in the exhaust 
manifold. The AFCP-1 is designed to be compati­
ble with most engine systems. 



Instructions for Typical CA300A 
Installation on Fuel-Injected Engines 

Using Model AFCP-1 -Fuel Control Processor 
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1 .  The FCP-1 box (photo A) is designed for installation inside 
the passenger compartment, away from engine heat and 
road splash. An ideal iocation is on the passenger side 
kick panel or under the dashboard. Mount the FCP-1 
securely using the 4 mounting holes provided. Thread the 
wiring harn!;!ss (photo B) through a convenient knockout in 
the firewall. 

2. Install the required I M PCO® adapter assembly between 
the OEM carburetor or EFI throttle body and the IMPCQ® 
mixer. 

3. An alternate method of installation, using a CA300A-1 mix­
er, utilizes an optional 3-way vacuum control solenoid (part 
#VCS) to control VFF30 operation. In this insta.llation, the 
Boden cable and CA300A lifter cam are not required. In­
sert the solenoid into the vacuum line, between the 
vacuum source and the VFF30. Connect one electrical 
lead to secure ground, the other to the alternate fuel side 
of the fuel selector switch located inside the driver's com­
partment. Fuel selection is made with this switch ,  rather 
than a Boden wire. 

4. Air Pump Vehicles: Chevrolet: Connect g ray wire from 
FCP to brown wire at air pump diverter valve. Ford & 
Chrysler: Use a VS-2A vacuum switch. When air is 
diverted into the exhaust manifold prior to the Q2 sensor, 
the VS-2A closes to ground causing open loop operation 
at/or near 50 % duty cycle. Cut and remove the red wire. 
Solder the yellow wire to the g ray wire. Attach the black . 
wire to ground. 

5. Install IMPCQ® Fuel Control Valve (FCV) in the cover of 
the converter (also Fig. 1 ,  page 3). If an air valve vacuum 
source is not available for the FCV, tap into the adapter 
under the mixer. Install an F4-8 fitting in the adapter and 
connect a vacuum hose from the fitting to the FCV. NOTE: 
The FCV must have an independent air valve vacuum 
source. Install the FCV so the vacuum connection is in the 
down position. 



FUEL CONTROL VALVE WITH BALANCE LINE 6. Install the FCP-1 wire harness (part #A W2-3) as indicated. 
See complete typical schematic below. 

FCY 

TO BALANCE LINE 
PORT ON CARB. 

TO CARB. AIR VALVE VACUUM 

PIN NO. 
6 
8 
3 
4 
9 

7 
5 

2 

PROPANE SW. + 

EGO � 7 

�<;) . V) "  
FCV 12V '{!9 
FCV ACT. 4 

IGNffiON 1 

GND. 6 
GND. 8 

GRAY TO AIR 5 PUMP ONLY 

MONITOR 
CIRCUITS 

2 

THE COlOR-CODED WIRES ON TH E AFCP·1 KEYED CON NECTOR: 

COLOR FUNCTION CONNECTION 
Black Signal Ground To Vehicle Ground 
Brown Solenoid Ground To Vehicle Ground 
Red FCP-1 Power To Fused LPG Switch + 12 volts 
Violet Solenoid Active To FCV on Converter 

Yellow Solenoid Active To FCV on Converter 
White Ignition Tach To Ignition Coil Tach Side 
Green EGO Mixture To EGO Sensor 
Gray open Loop with Air Pump On OR To Air Pump 

Air Pump Signal (See Page 5, Photo #4) 
Orange Fai l/Safe To Optional Dashboard Fail/Safe Lamp 

TYPICAL AFCP-1 FUEL CONTROL PROCESSOR WIRING SCHEMATIC 

":' A. 
() ... 

GREEN 

VIOLET 
YELLOW 

WHITE 

BLACK 

J:::!=--.., TO AIR 
VALVE VACUUM 

CENTER OFF DPDT SWITCH 

EGO SENSOR 
(EXISTING) 

FUEL CONTROL VALVE 

IGNffiON COIL 
(EXISTING) 

BROWN 1--.....;_---'t::)(Q)o ENGINE GROUND 

GRAY !-=..;;..;.; ____ GROUND FOR AIR 
PUMP OPERATION 

ORANGE 

TO FUEL PUMP 

•- BREAK 
EXISTING 
CONNECTION 

I 

TO OEM COMPUTER 
DO NOT BREAK THIS SIDE I 

VACUUM HOSE 

ELECTRICAL WIRE 1-"'�c.:..=:::..__ OPTIONAL FAIL�SAFE 
INDICATOR UGHT VACUUM AND ELECTRICAL SCHEMATIC 

6 
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7. If a CO analyzer is available, dirll a 21/64" hole in the ex­
haust pipe before the catalytic converter and near the ex- · 
haust manifold, if possible. Tap with a 1 /8" x 27 NPT for 
installation of probe to meas·ure CO. 
NOTE: Wheri using a CO Meter. you must be assured of 
no air induction into the exhaust ahead of the probe for 
correct readings. 

8. Install exhaust gas probe and connect to CO meter. 

9. Connect the IMPCO® Fuel System Analyzer (FSA-1 )  
yellow lead t o  the yellow wire from the Fuel Control Valve 
(FCV). Refer to 23800-27 "Fuel System Analyzer Instruc­
tions." If a tach/dwell  meter is used, it should be attached 
to the post connected to the yellow wire. Set dwel l  meter 
to dwell position and 6-cylinder mode, regardless of the 
number of engine cylinders. 

10. To Set Idle Mixture 
(ON AIR PUMP VEHICLES ONLY) 
Disconnect the gray wire from the processor, prevent the 
wire from grounding. Divert the air to atmosphere or away 
from the exhaust manifold. Allow the engine to warm up to 
operational temperatures. Apply a load to the engine 
(automatic transmission, place in drive, block wheels and 
set parking brake). 

To Set Idle Mixture 
Set idle mixtures to 40 - 50% duty cycle. If there is any 
reason to believe that the FCP-1 is not in closed loop 
operation, depress the primer button on the regulator. If 
the engine is in closed loop, the duty cycle reading will in­
crease toward 1 00. Release the primer button and.the du­
ty cycle will decrease toward 00. NOTE: It is possible to 
adjust idle a.i r fuel mixtures too lean to prevent the AFCP-1 
from going into closed loop operation. In order for the 
AFCP-1 to go into closed loop, a ricti 02 sensor voltage 
signal must be received by the AFCP- 1 . 

1 1 .  If analyze or dwell meter reading remains in a fixed "00" or 
50% or 1 00 %  position after warm up: 

A. Fuel mixture setting is wrong or all connections were 
not properly made or: 

B. Open loop (gray wire) is grounded or vacuum switch is 
defective. Gray wire fixed duty cycle is 50 % .  If gray 
wire is grounded, it is in open loop at 50% duty cycle 
or if a vacuum switch is used, the switch may be bad. 
Gray wire is for air pump use only. 
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12. After engine start, the FSA·1 's "Computer Command" 
number or dwell reading will stay at a fixed duty cycle at 
or near 50 % for 30 to 60 seconds. With the engine warm­
ed to operating temperatures, readings should vary within 
the "30 to 70" range while the vehicle is being driven. 

1 3. Disconnect CO meter probe and plug opening with a 1 /8" 
pipe plug. · 

14. Install decals as necessary. 

15. NOTE: An optional fail/safe indicator light for the AFCP-1 
(part #FS-1 ,  ordered separately) may be installed inside · 
driver's compartment. See appropriate schematic diagram 
for correct wiring connections. 



ADJUSTMENT PROCEDURES 

Feedback Adjustment: 

With IMPCO® Fuel System Analyzer: 

The Analyzer can be used to adjust the I M P­
CO® Alternate Fuel Management System or a 
gasoline feedback system if you do not have a 
dyne and CO meter: Hook up the unit's black lead 
to ground, red to 1 2  volts, g reen tci the oxygen 
sensor and yel low to the vehicle computer side of 
the Fuel Control Valve as explained under "Con­
necting the IMPCO® Fuel System Analyzer" in 
analyzer instruction booklef. WARNING: Do not 
disconnect ground wire while engine is runn· 
ing. Vehicle must be at operational 

. temperature. 
Determine if the vehicle has feedback control 

during idle by observing the "COMPUTER COM­
MAN D" display. If the number displayed is cons­
tant, there is no feedback control during idle. 
NOTE: Some vehicles wi l l  revert to "open loop" 
operation if engine idle is prolonged and the ox­
ygen sensor cools to below its operational 
temperature. . 

Check to determine if the I M PCO® · Fuel Control 
System has been installed according to the recom- . 
mended I M PCO® installation instructions as 
described in this bu l letin. ·  

If the vehicle has feedback control at idle, ad­
just the I MPCO® carbu retor idle mixture adjust­
ment screw until the "COMPUTER COMMAN D" 
reading is approximately at 50. By setting the 
reading as close to 50 as possible, the onboard 
vehicle computer has ful l  range to go rich or lean. 
NOTE: A vehicle with feedback control at idle wi l l  
show a significant change in the "COMPUTER 
COMMAN D" number upon turning the idle mixture 
adjustment screw. 

For vehicles with no feedback control at ·idle, 
the following procedure should be used: (NOTE: 
Some manufacturers choose to add air from the 
air pump to the exhaust manifold at idle. Because 
of this, it is advisable to disconnect and plug the 
hose from the air pump to the manifold while idle 
mixture is· being set. If this step is not followed, 
the extra air causes the oxygen sensor to con­
tinually sense oxygen. This, in turn ,  wi l l  cause the 
" LEAN " l ight to come on even though the actual 
fuel/air ratio may be correct. As a result, the mix­
tures might be adjusted too rich in an effort to 
compensate for the injected air. After idle mixture 
is properly set, remove plug and reconnect hose 
to exhaust manifold). Connect the analyzer as in­
structed above. Watch the "RICH/LEAN" l ights as 
you adjust the idle screw. If the "RICH " l ight is 
on, adjust the screw toward lean until the oxygen 
sensor l ight just switches from "RICH" to 
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" LEAN ' ' .  Slowly turn the screw back until "RICH" 
appears again. l f . the " LEAN "  l ight was on when 
you started the adjustment, richen the idle mixture 
just to the point the "RICH " appears. The final ad­
justment should have the " RICH " mixture lignt-on. 
NOTE: A vehicle with no feedback control at idle 
wi l l  show no change in the "COMPUTER COM­
MAN D" number upon turning the idle mixture ad­
justment screw. 

A CO meter is not ·normally needed when the 
I M PCO® Fuel System Analyzer is used. 

Power Mixture Adjustment of IMPCO® 
Feedback Carburetion System. 

To adjust the W.O.T. power mixture using a 
dynamometer, set the power adjustment to 
60-65 % duty cycle reading on . the FSA at 3000 
RPM, W.O.T. 

W.O.T. power mixture can be adjusted without a 
dynamometer by road testing and setting the 
power mixture control to 55-65 % duty cycle 
reading on th.e FSA at W.O.T. NOTE: Due to the 
fast response of the FSA at W.O.T. excessive road 
speeds are not necessary for this test. 

Adjusting Gasoline Fuel Mixtures for 
Optimum Engine Operation 

The Analyzer can be used to adjust gasoline 
feedback carburetor systems. Adjustment pro­
cedures and specifications provided in commercial 
engine manuals shOuld be fol lowed. In most 
cases, special adjustment tools are required. 

·� . :  

Final Road Check: . 

During the road test the "COMPUTER COM­
MAN D" should remain between 30 and 70 under 
normal "closed loop " driving operation. This 
verifies that the computer has the amount of con­
trol necessary to keep the fuel mixtu re correct. 

During road test with alternate fuel ,  if the 
"RICH" or " LEAN " indicator l ight stays on with no 
flashing between them when driving at a steady 
speed under closed loop, there is a problem. If the 
" LEAN" l ight remains on, you probably do not 
have the correct gas valv-e for feedback, or a 
balance l ine needs to be installed to counteract 
the effect of high RAM air pressure. If the " RICH " 
l ight remains on, check to see if a . 1  00" restrictor 
(J 1 -2 1 )  is instal led ir the elbow assembly attached 
to the I MPCO® converter. 

ON ALL VEH ICLES, THE KEY MUST BE ON 
AN D THE ENGI NE RUNNING TO GET THE 
DESIRED READINGS. 



Feedback Adjustment 
With Dynamometer and CO · Meter 

1 .  All exhaust gas samples must be  taken ahead 
of the catalytic converter by dri l l ing a sample 
hole in the exahust pipe. 

2. Warm engine up to normal operating 
temperature. 

3. Check and adjust idle (RPM) to manufactu rer' 
specification. 

4. Disconnect the vacuum hose from the Fuel 
Control Valve and plug hose. This will cause 
the Fuel Control Valve to be inoperative. The 
carburetor wi l l  then be at maximum rich .  

5. Adjust carburetor idle mixture to 1 to 2% CO. 
(Use "drive" if equipped with an automatic 
transmission) 

6. Set the wide open throttle carburetor power 
adjustment to obtain a .2 to 1 .0 %  CO reading, 
without loss of power. 

1 0  

7. Run the vehicle at road load speeds of 
20-30-40 and 50 mph. with dynamometer 
horsepower load as fol lows:. 

4 cylinder 25 HP at 50 mph 
6 cylinder - 40 HP at 50 mph 
8 cylinder - 50 HP at 50 mph 

The CO reading should read between .2 to 
1 .0 % . If the CO reading is considerably higher 
than that, check to be sure the specified 
gas/air valve assembly for the I M PCO® Feed­
back System is installed: 

8. Reconnect the vacuum hose to the Fuel Con­
trol Valve. The fuel m ixture is now being con­
trolled by the computer, which wil l  result in a 
leaner mixture. 

9. Adjust idle speed to manufacturer's recom­
mendations. 



"TECH TIPS" ON JMPCO'S AFCP·1 INSTALLATION AND CHECK-OUT 

Even though the FCP-1 is designed as an indepen­
dent fuel control processor, it is very important 
that all existing onboard controls and sensors are 
working properly. Most trouble calls are due to 
malfunctions in the OEM system .  Often the owners 
are unaware of these fai lures since mileage and 
performance usually are better than pre-computer 
vehicles. After verifying the OEM system is func­
tioning properly, determine that the propane fuel 
system is also operating correctly. Refer to 
23800-27 FSA-1 , "Fuel System Analyzer Instruc­
tion ."  It offers information on checking out the I M­
PCO® Closed Loop Feedback Systems. 

Util izing the I M PCO® FSA-1 Fuel System 
Analyzer, a tachometer or a good volt meter, per­
form system checks in the following order: 

1. The black and brown ground wi res must be at­
tached securely to a chassis ground. Ter­
minating each wire with suitable lugs, these 
two wires may be attached to a common 
chassis ground using a #8 or larger screw. 

2� The red power wire should be attached to the 
propane/gasol ine switch on dual-fuel models 
(see current model wiring diagram.) On pro­
pane only and FCP-1 stand-alone systems, be 
sure that + 1 2V DC is supplied in the "on" 
position . This wire must be equipped with a 
suitable fast-blow fuse rated at 3 amps. 

3. Determine that the white ignition wire is at­
tached to the tachometer side of the ignition 
coil .  This can be verified by connecting a shop 
tachometer to this lead. With the engine 
operating, RPM will be i ndicated on the 
tachometer. 

4. The violet wire is attached to the Fuel Control 
Valve (FCV) and should have a constant + 1 2  
volts during operation. 

5. The yellow wire is connected to the FCV. It 
varies the on-to-off duty cycle of the FCV up to 
a rate of 1 0  times per second. This controls air 
fuel ratio's under all conditions. Connect the 
Fuel System Analyzer (FSA-1 )  and adjust idle 
mixture so that 50 is showing on the FSA-1 . 
This indicates that the FCP-1 is close to the 
center of its " range of authority" and able to 
properly control fuel mixtures under all condi-
tions. 

· 

1 1  

6. The green exhaust-gas oxygen (EGO) sensor 
connector wire of the FCP-1 should be spliced 
in paral lel to the wire coming from the EGO 
sensor located in the exhaust manifold. The 
EGO sensor looks very s imi lar to a spark plug. 
(On non-computer-cor�trol led stand alone ap­
plications, the system requires that an EGO 
sensor be instal led.). Connect the FSA-1 follow­
ing instructions in  23800-27) "Fuel System 
Analyzer Instructions ."  Correct operation of 
the EGO sensor is indicated by flashing of the 
FSA-1 ' ' Rich , "  OK, and " Lean" l ights. I f  only 
the " Lean" l ight is lit, richen the mixture by 
momentarily pressing the manual primer but­
ton of the converter. If no change is indicated 
by the FSA-1 ,  the EGO sensor is faulty or the 
FSA-1 is connected to the wrong wire if only 
the " Rich" light is lit, increase engine speed at 
no load. Then lean out fuel mixture unti l the 
engine starts to stumble indicating lean condi­
tions. If no change is indicated by the FSA-1 
lights, check for vacuum leaks. 

7. The orange "fai l/safe" indicator wire should be 
connected di rectly to the optional "fail/safe" 
indicator l ight available from I M PCO® . I nstall 
the "fai l/safe" l ight on dashboard in a location 
visible to the driver. This l ight is only an indica­
tion that the FCP-1 is incapable of maintaining 
correct fuel mixtures. The FCP-1 wil l  continue 
to try to control m ixtures whether rich or lean 
while the l ight is on . The "fai l/safe" l ight being 
on does not necessarily mean the FCP-1 is 
bad. You should verify all other component 
operations before replacing the FCP-1 . 

8. See page 5, photo #4 for instal lation of the 
gray wire.  



PART NO. 

AV1-1447 
AV1 -1 447-2 
AV1 -1 447-4 
AV1 -1 447-4-2 
AV1 - 1 245 
AV1 -1 245-2 
AV1 -1 65 1  

FUEL MANAGEMENT SYSTEM PARTS LIST 

AIR GAS VALVE ASSEMBLY 

APPLICATION 

Model 1 25 
Model 1 25 Silicone 
Model 1 35M- 1 0  Vacuum Lift 
Model 1 25M-10 Vacuum Lift Silicone 
Model 225 
Model 225 Silicone 
Model-425 

PART NO. APPLICATION 

0-1 05 1  
0-1 052 

Decal for LPG Only and dual fuel LPG/Gasoline 
.Decal for CNG only and dual fuel CNG/Gasoline 

SPECIAL PARTS NOT SUPPLIED BY IMPCO® 

PART NO. SOURCE 

TPS Ford #EOAE98989AB 

Gas Valve Only Required 
Description: Position Sensor; replaces OEM T.P.S. where 

necessary. 
V2-49 Model 300A-1 , CA300A-20 

DPDP V2-50 Model 300A-50, CA300A-70. 
Dexcription: Double pole double throw switch for Ford feed­

back installation. 
V2-58 Model 1 75A-2, 

PART NO. 

FCV 
FEV 
sv 
VPV 

J 1 -21 
J 1 -20 
J 1 -20-1 
J 1 -20-2 
J1 -20-3 
J1 -20-4 
F4-2 
F4-1 2  
F4-32 
F4-33 
T1 - 1 3  

Optional for CA175-1 (Anodized red) 

FUEL CONTROL PARTS 

APPLICATJON 

Fuel Control Valve, all feedback 
Fuel enrichment Valve (Use SV wlspecified jet) 
Starting Valve, used as Fuel Enrichment Valve 
Vacuum Power Valve, light-duty Chrysler feed­
back installation 
Jet .1 00, Balance Line Restrictor 
Jet .062, SV 
Jet .032, Starting Valve for FEV application 
jet .050, vacuum Power Valve 
jet .075, Vacuum Power Valve 
Jet .1 00, Vacuum Power Valve 
Tube fitting, 1 14" x 1 14" I .D.  Hose 
1 18" N PT to 318" Hose elbow, balance line 
1 /8" tee, balance line 
1 18" nipple, balance line 
Tube connector 

WARNING: IMPROPER INSTALLATION OR USE OF THIS PRODUCT MAY CAUSE SERIOUS INJURY AND/OR PROPERTY DAMAGE. 

SERVICE TECHNICIANS AND USERS 
SHOULD CAREFUllY RfAD AND ABIDE BY THE PROVISIONS SET FORTH IN NATIONAl. FIRE PROTECTION ASSOCIATION PAMPHLET 137 FOR STATIONARY ENGINES, I52 FOR CNG VEHICUlAR FUB. SYSTEMS OR 
158 FOR li'G SYSTEMS. 
tiSTAU.BIS 
LPG INSTALlATIONS 111 111£ UNIIBl STAlfS MUST BE OONE IN ACCORDANCE WITH FEDERAL. STATE. OR LOCAL lAW. WHICHEVER IS APA.JCABLE AND NATIONAL FIRE PROTECTION ASSOCIATION PAMPHLET 
158, STANDARD FOR STORAGE AND HANOUNG OF UQUIFIED PETROLEUM GASES TO THE EXTENT THESE STANDARDS ARE NOT IN VIOlATION WITH FEDERAL. STATE OR LOCAL lAW. 
Ill CANADA REFER TO CAN/CGA-8149.2, PRJPANE INSTAllATION CODES. 
Clll iNSTALIATIONS IN THE UIITBl STAlfS MUST BE OONE IN ACCORDANCE WITH FEDERAL. STATE OR LOCAL lAW AND NATIONAl. FIRE PROTECTION ASSOCIATION PAMPHLET 152, COMPRESSED NATURA!. 
GAS (CNG) VEHICUlAR FUB. SYSTEMS TO THE EXTENT THESE STANDARDS ARE NOT IN VIOlATION WITH FEDERAL, STATE OR LOCAL lAW. 
IN CANADA REFER TO CAN/CGA·B149.1 CNG INSTAllATION CODES. 
LPG AIII/DR NATURAl. GAS INSTAllATIONS ON STATIONARY ENGINES MUST BE OONE IN ACCORDANCE WITH FEDERAL. STATE OR LOCAL lAW AND NATIONAl. FIRE PROTECTION ASSOCIATION PAMPHLET 137, 
STATIONARY COMBUSTION ENGINES AND GAS TURBINE ENGINES, TO THE EXTENT THESE STANDARDS ARE NOT IN VIOlATION WITH FEDERAL. STATE OR LOCAL lAW. 
FAILURE TO ABIDE BY THE ABOVE Will VOID. ANY IMPCO WARAANTY ON THE PRODUCTS ANO MAY CAUSE SERIOUS INJURY OR PROPERTY DAMAGE. 
DUE TO THE INHERANT DANGER OF GASEOUS FUB.S THE IMPCO PRODUCTS SHOULD NOT BE INSTAllED OR USED BY PERSONS NOT KNOWLEOGEABLE OF THE HAZARDS ASSOCIATED WITH THE USE OF GASEOUS 
FUB.S. 

. 

ATTENTION: RISQUE DE DEGATS MATERIELS ET/OU DE LEsiONS CORPORELLES GRAVES EN CAS D'INSTALLATION DU D'USAGE INADEoUAT. 

lECHNICIENS D'ENTRETIEN ET UTIUSATEURS • . . , 
�J

R
A�����= ���0: �:�f �-��=�:A� ����N ASSOCIATIONAMERICAINE (I.ANFPA) POUR LES MOTEURS FIXES. N°S2 

=��:.SLES INSTALlATIONS AU GAZ OE PEmoLE UQUEFIE OOIVENT ErRE CONFORMES AUX LOIS FS:Ew.ES. D'ETAT OU LOCALES APPI.ICABI.ES. AINSI OU'AUX NORMES ErABUES AU TITRE DE lA 
BljO(fHURE N •. 58 DE lA NFPA, RElATIVE AU STOCI<AGE ET AU MANIEMENT DES GAZ DE PEmoLE UOUEAEs. DANS lA MESURE OU CES NORMES SONT EUES-MEMES CONFORMES A lA tiGistATIDN 
FEDERALE. D'ETAT OU LOCALE. 
AU CANADA. S'EN REFERER A lA  REGLEMENTATION CAN/CGA-8149.2 RElATIVE AUX INSTAllATIONS AU PROPANE. 
AUX ErATS-IJNIS, LES INSTALIA110NS AU GAZ NAlURB. COMPRIME OOIVENT ErRE CONFORMES AUX >OIS FEo8w.ES. D'ErAT OU LOCALES APPUCABI.ES. AINSI au·AUX NORMES ErABUES AU TITRE DE LA 
BR!JCHURE N° S2 DE lA NFPA. RElATIVE AUX SYSTEMES vEHICUI.AIRES AU GAZ NAlURB. COMPRIME. DANS lA MESURE OU CES NORMES SONT EUES-MEMES CONFORMES AlA LEGJSI.AllON FEDERALE. 
D'ETAT au LOCALE. 
AU CANADA. S'EN ROOER A lA  REGLEMENTATION CAN/CGA-8149.1 RB.AnVE AUX. INSTAllATIONS AU GAZ NAlUREL COMPRIME . 

• LES INSTALIATIINS AU GAZ DE I'Enlol£ UQUERE ET/OU AU W NATURB. COMPRIME SUR MOTEURS FIXES OOIVENT ErRE coNFORMES AUX LOIS ffiiERALEs. D'ETAT OU lOCALES APPUCABLES, AINSI 
QU'AUX NORMES ETP,BUES AU TITRE DE lA BROCHURE N • 37 DE lA NFPA, RElATIVE AUX MOTEURS FIXES A COMBUSTION ET AUX TURBINES A GAZ. DANS lA MESURE OU CES NORMES SONT EUI MEMES 
CONFORMES A lA LEGISlATION FEoERALE. D'ETAT OU LOCALE. 
LE NIJil-RESPECT DES DISPOSITlONS ErABUES CI·OESSUS RENDRA NUllES TOUlfS LES GARANTIES IMPCO RElATIVES AUX PRODUITS CONCERN6 ET POURRA OONNER UEU A DE SERIEUX oEGATS MATERIB.S 
au LESIONS CORPOREllES. 
EN RAI5pN,DU DANGER INHERENT AUX COMBUSTIBLES GAZEUX. LES PRJDUITS IMPCO NE DEVRAIENT EN AUCUN CAS ErRE INSTALL£5 OU UTIUSEs PAR DES PERSONNES NON CONSCIENTES OES RISOUES . 
ASSOCIES A DE TELS COMBUSTIBLES. 

1 2  
© 1990 IMPCO TECHNOLOGIES, INC. 23600-26-1 591 {492) TIL 1 M  PRINTED I N  U.S.A. 

"' Reg. U.S. Pat. & Tm. Off. 



COMPUTER SUP�ORT 1 
PIN 8690 

PARTS INCLUDED IN THIS KIT 

1 -Computer Support 1 ·  
6-Wire Tap Devices 
6-FastOn Receptacles 

1 -h1stallation Instructions 
4-Wire Ties 
4-No. 6x3/4 Screws 

The Computer Support 1 is designed to work in conjunction with an 02 Feedback Fuel Control System 
in order to correctly monitor "Service Engine" codes while on alternate fuels. 

· 

1 .Supplies a correct 02 Feedback signal to the ECM. Prevents FALSE 02 sensor malfunction codes 
(1 3,44,45) while allowing TRUE failure conditions to be recognized and displayed by the factory 
computer. 

2. Monitors ECM signals related to exhaust gas recirculation (EGR), and then responds with the correct 
sensor signals. Prevents FALSE "EGR" malfunction code (32) while allowing TRUE "EGR" failure 
conditions to be recognized . and .factory vehicle displayed. 

3. Monitors ;,ECM" signals related to the "knock sensor", and then responds with the correct sensor 
signals. Prevents FALSE "knock sensor" malfunction code (43) and computer "limp-mode" spark 
timing retard on alternate fuels, which leads to poor driving characteristics, low milag'e, and high 
exhaust temperatures. 

4. Monitors 02 sensor signals related to RICH/LEAN conditions in the exhaust, verifying that the 02 
Feedback Fuel Control being used is effectively maintaining the correct AIR/FUEL ratios. 

CONNECT TO MAP SENSOR WHERE 
THE FACTORY GREEN CONNECTOR :::::::.1'111-� 

WAS DISCONNECTED 

BROWN WIRE: CONNECT TO TPS 
BLUE SIGNAL WIRE. 

MONITORS THROTTLE POSITION. 

CONNECT 02 SENSOR 
ON THE EXHAUST SYSTEM 

Green 

Yellow 

s Volt Reference 
Light Green (M8p SigMI) 

Violet (Important) 
Computer G�und 

CONNECT FACTORY GREEN 
CONNECTOR HERE 

WIRE CONTAINS 02 SENSOR SIGNAL 
HOOK TO AFTERMARKET FEEDBACK AT 
02 AIR FUEL MIXTURE CONTROL OR THE 

IMPCO "FUEL PROCESSOR" 

+ 12 VDC SWITCHES UNIT 
TO GASOLINE MODE 

12 VDC ON/OFF KEY 
(TERMINAL A) 

EGR COMPUTER SIGNAL 
(TERMINAL B) 

CONNECT TO FACTORY'S 02 
COMPUTER CONNECTOR 

AUTOTRONIC CONTROLS CORPORATION 
1 4 9 0  H E N RY B R E N NAN OR., E L  PASO, T E X AS 7 9 9 3 6 � (9 1 5 1  8 5 7 - 5 2 0 0  



MOUNTING AND WIRE HOOK-UP 

Mount the unit in a location where the cables will reach the exhaust 02 sensor, the EGR control 
solenoid, the knock sensor, and the MAP sensor. Do not mount on the engine or near the exhaust 
manifold. The extreme temperatures at these locations eould cause damage to the unit. Use the sheet · 
metal screws provided In the parts kit. 

WIRE CONNECTIONS 

PINK WIRE: 

GREY WIRE: 

BLUE WIRE: 

YELLOW WIRE: 

GREEN WIRE: 

BROWN WIRE: 

Connect to the EGR pink wire or coil + wire for keyed 12 VDC supply. 

Connect to the EGR control signal wire. (Grey wire at EGR solenoid.) 

Connect to blue wire at knock sensor found by starter (350 eng.) or by oil filter 
{454 & 366 Eng.) 

Connect to a 1 2  VDC source that is HOT only while on gasoline. 1 2  VDC on 
yellow wire Indicates gasoline mode. 

· 

Connect to 02 Feedback Fuel Control Processor (FCP-1 ). Green wire contains 
actual 02 sensor signal for FCP-1 . 

Connect to throttle position sensor (TPS) signal wire. Wire will be either brown 
(early model TPS) or blue (late model TPS) at TPS sensor. 

02 SENSOR CO�NECTORS: Connect to factory 02 sensor wire connectors with the violet wire 
going to computer ahd the brown wire going to factory 02 sensor. 

3 PIN MAP CONNECTORS: Connect to factory MAP sensor. Connect factory green connector 
into black female shroud, and connect the 8690's green connector 
where the factory green connector was disconnected. 

WHITE 

CS1 • Computor Support 1 PIN 8690 
TPS - Throttle Positton Sensor 
MAP - ManHold Absolute Pressure (Vacuum Sensor) 
ESC • Electronic Spark Control 
EGR - Exhaust Gas Recirculation 

AUTOTRONIC CONTROLS CORPORATION 
1 4 9 0  H E N RY B R E N NAN O R ., E L  PASO, T E X A S  7 9 9 3 6  .._...( 9 1 5 )  8 5 7 - 5 2 0 0  

FORM NO. 1 501 10/92 PRINTED IN U.S.A. 
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System Diagram © 1992 Part #: 
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OEM 
Connector 

. 02 Monitor Green 

Computer 
Support 

Blue 

From Good Manifold 
Vacuum Source 

To Feedback 
Power Valve 

02 Signal 
to Computer 

+ 12 V 

* 
to Injectors 

Pink i Bik �1 

Injectors 

Knock 
Sensor 

� MAP Sensor 

Knock Signal 
to Computer 

TPS Signal 

Blue 

Feedback 
Power Valve 

Inductive Wrap 
Around One or 

More Spark Plug 
Wire(s) 

15 - 20 Turns (light) 

Air I Gas Mixer 

I �:a5® Phone: (604) 294-3383 ' � Fax: (604) 291 -7331 
Vehicle: GM 
Year: 1 992 / 93 

Details: MPI 
Dedicated LPG 
02 Fix Eliminated I 4467 Juneau Street Burnaby BC Canada VSC 4C4 Size: 3.1 L 

I This material is the legal property of Mogas Sales Inc. 
It may not be copied or used without wntten permission. Any violation will be prosecuted. 
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The intent of this manual is to facilitate the installation of a Natural Gas Mogas Fuel System 
and to assist the technician in taking advantage of the system features to produce the best 
possible emissions, performance, and durability. 

The suggestions contained herein are not intended to replace any applicable regulations in force 
at the time and place where the installation takes place or is destined to be in use. 

The conversion technician MUST be thoroughly familiar with the regulations governing the 
installation of Compressed Natural Gas components on motor vehicles in the region(s) involved. 

These regulations are usually issued and I or enforced by the State and I or Federal authorities 
having Jurisdiction, i.e. the Fire Department, Gas Safety Branch, Highway Patrol, Federal or 
Local Department of Transport, etc. 

The local natural gas Utility or the American Gas Association I Canadian Gas Association can 
best assist in learning which authority and regulations are in force in the specific territory. 

The technician is ultimately responsible to obtain a copy of these regulations and adhere to 
them when converting vehicles to run on Compressed Natural Gas. 

Disclaimer 

This manual is a guideline for qualified Automotive Technicians. MOO AS SALES Inc. declines 
any liability directly or indirectly related and I or caused by the interpretation or the execution of 
any part of this manual. 

The technician will be a qualified, knowledgeable, responsible person. The interpretation, 
conclusions, final decisions and the quality of execution rest within his I her control. 
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Pre-Conversion 
Evaluation 

VIrtually any vehicle can be converted to natural gas, no matter how rare it is or how difficult it 
is to install the cylinder(s) or the equipment. Therefore, very little will be said about technical 
feasibility. Emphasis.,. however, should be placed on the worthiness of converting-..a_y..ehicle. 

The vehicle should be taken for a test drive in order to establish its good working condition, any 
possible computer codes and the rate of road performance on gasoline. 

There are many factors that affect the final performance of natural gas vehicle conversion. 
A sound pre-conversion evaluation can prevent embarrassment and customer dissatisfaction. 

• Perform a vehicle inspection for the purpose of: 

- Locating available space for the components and cylinder(s). 

- Identifying: • the engine size; ignition type and inodel; fuel system type, 
configuration and size of air intake I induction system. 

• transmission type and gearing. 
• differential gearing. 
• vehicle load and service . .  
• towing habits 
• driving habits. 

Once you have gathered all the information above, we suggest that you consult with our sales 
personnel for availability of a system that will suit the vehicle you intend to convert. 

Pre-Conversion 
Inspection 

Prior to conversion, the vehicle should be taken for a test drive in order to establish its good 
working condition, any possible computer codes and the rate of road performance on gasoline. 

Computer codes that affect the engine and transmission should be resolved before attempting 
conversion. An engine that does not run well on gasoline may run worse on natural gas. 
Compression and ignition must also be in top condition for an engine to run well on natural gas. 

This is also a good time to assess the driver's habits and expectations. If the vehicle is under­
powered on gasoline, because of a small engine or a poor choice of transmission I differential 
gear ratio, performance on natural gas may not be acceptable . 

. Prior to conversk il, the engine should be thoroughly inspected. The inspection must include a 
compression test. A Conversion Report form is provided for your convenience. 

All of the above may be time consuming, but trying to correct or explain engine problems after 
conversion is much more time consuming, costly and embarrassing. 
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Conversion Report 

CUS1011ER 

--

- ��-.  l _ _  .... 

- I - I  """ l I 1 - 1  I I t - 1 .J I J •• 

-

-

--

��---------------�--------- -�� ---+.:=:--------'---------------··· .. ---·,;;;:;;.,_:=-----1 

- _ .. --

�- -· Cylinder 
------------�p�.�&� .. =---------+---��· . 

- ... 

._ .. 

��------------------�---------

PRE-coNVERSION CHECK 
l. _fliS_ 

BalterY Vollage ·••··•···· ..•.. ·················•······ ·····················' 

. CrarUI!I Volts ...........•.•......•...••............ � ......•.••..• : .••....•.. 

Slartet Dfaw Te&l (amps)....................... . ....... ........... . 

2. CotiiLeecMII'Iu 
Coil lnl)ul  Ctanlcing. · · · · · ·  ...............•.......... ................... 

· Coil Input. Running ... ,.: .. . .. ......... . . . . .  : ......... c •.•••• ..•••••••••••. 

Coil Output - ............. ... . . . . .....•........•...•••..•.....••••.. 

Coil Polarily Com!CI ......•...••....•.......•............•..•.•.....•..... 

Spark Plug Condilion ..................................................... . 

High Tension Lead Conclilion. •......•.....•.•.•.•.••.•..........••. 

C� Numller 
Compoession OoyiWel 
Compression. Test ..... .. 

2 

Pess Fail 

0 0 
0 0 
0 0 

Pus Fail 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

3 

0 0 

4. Cetbure-.... � Pass Fail 
Air Fit"' Choick........................ . . ................................ 0 0 
Fuel Filer Check............... ....... ... ......... ... ................. 0 0 
Carburelor Conciloon . .... ... ... ... ............. ................. 0 0 
Carbure10r ()peraloon....... ....... .... ..... .. ..... ................. 0 0 
EFI Fauft Codes Readout . . . .. ............. .. ... .... ............ · 0 0 

POST-CONVERSION TEST . 
1. flnlll Engine �  

Base timing yascline ·------ deg. 0 ---- rpm 
Base liming narurat gas __ deg. o rpm 
Tolal centrifugal .......... act;ance: 
On gasoline_ .. ----- <leg. 0 -'---- rpm 

.. dag. 0 ---- rpm On nalural gas --------:--
2. Road TeM  Pess Fail 

AI an idle " hg a1 rpm 
MerMaid .... Check.................................................... 

. 0 
Exhausl SyaMt Cheek. .••...•.........•.. ,............................ 0 

& Dlelllllueor "-
�'Dot Condilion ...................................................... -.... .[j 
Cap Condilion. ................................. :............................ 0 
vacuum Advance Opetation......................................... 0 
Shaft Conclilion. ..................................................... -... 0 
Cenlriluglll Adwnce Operalio/1 .............. : ........ :............ 0 
Timing Olain Slack. ............... "..................................... 0 

7. e..,. Cooling .,_ 
-· l·-· 

- I -· 
I I 4 5 6 7 

- ·  I I I _ ......... ..,.., 

0 
0 
Fail 

8 

0 
0 
0 
0 
0 
0 

a ...,.._ .. � .._ No 
Repairs or Upgrade Required...................................... 0 0 

c... - ........ ; · · ·  

3. """' s,.e.... - Englrw "' ... at OpeNihle ............... 
Idle rpm on gascline -------------------------
Idle rpm on natural �  ----------------------­
HC 0 idle ----------- CO 0 idle --------
HC 0 2500 rpm --------------·-

CO 0 2500 rpm ------------------------'--
Swilichmg fuels............................................................ 0 0 Pass Fail. 
Idle at Emergency Slop........ ....................................... 0 0 Fuel leal<s  on � ................................................ 0 0 
General Engine ResponSe ............................................ 

· 

0 0 Fuel ........,. on N8turaJ Ga. ................ ............ : ...... :...... 0 0 
Aa:t!lerabOn .................... . . .. o........ . ............ . . . . .  ... ..... ... D 0 �- l.eat.s.................................................................. 0 0 
Deceleration. .... ....... .... .... ...... .................................... 0 0 ThiOIGe Sllaft................................................................. 0 0 
er ................ .. .... ,.. ............. ................... .................... 0 0 Cariluraor (lnkage cv.-,.......................................... 0 

0
0 1 

G-al. Vl!hicle Hi.nding.......... ... ............. .................. 0 0 Chol<e Operation (Visual).............................................. 0 J ------------------.,--------------------·-

1 deClare thai the abcM! ll8hcle has been corwerled to "'" on 
natural gas and thai t has passed al r:J the required IIISIS. 
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Mogas Fuel System Layout 

1 • Natural gas storage cylinder(s); store high pressure natural gas (3000 psi). 
2 • Master Shut-off;_ arrests the gas flow, when in the closed position. 
3 • Pressure Regulator; regulates the Natural Gas pressure from storage to supply pressure. 
4 • ECOLO Closed-loop Feed-back system's gas flow control valve. 
5 • Mixer; draws and inixes the gas with the air in the the engine intake system. ·- - ---
6 • Injector Intercept Relay; interrupts the current to the injector(s), when energized 

(dual fuel systems). 
7 • Selector switch assembly; switches from fuel to fuel (dual fuel systems). It controls the 

Injector Intercept Relay and the natural gas shut-off solenoid by monitoring the ignition 
system High tension pulsing. It interrupts the current to the gas shut-off solenoid which is a 
normally closed device, allowing gas flow only when the engine is revolving and the ignition 
is operative. It also displays the fraction of fuel pressure left in the storage cylinder and the 
current fuel selection. 

8 • ECOLO Closed-loop Feed-back system's fuel control microprocessor; receives input from 
the EGR control, the Gear Select Switch and the 02 sensor. It turns 9 • Fuel control vacuum 
actuator on/off, in logic response to the processed Input data. 

9 • ECOLO Closed-loop Feed-back system's fuel control vacuum actuator; receives input from 
the 8 • microprocessor and in turn controls the opening of the 4 • gas flow control valve. 

<__,___1 _
Cy)Pn

_
der ��) 

Q) "'· .. Pressure ·· .. 
Regulator ·- ·- {...._·) ____ """0 ·-

Fig. 1 

Brown 
•I Ycllow /Green 

Red 

�1 
Selector 
Switch 

Exhaust 
� Sensor 

Typical Mogas ECOLO Closed-loop System 
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Component Installation 
Procedures 
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Revised January 16, 1993 . 

A general examination of the vehicle is necessary in order to efficiently pre-select the location 
and position of components. See page 4, Pre-Conversion Inspection. 

More specifically: 

• Read this manual prior to attempting the installation. 

• Make sure that the correct conversion System is on hand. 

• Establish the position the of the cylinder(s) in clear compliance with local installation 
regulations. 

• Locate a handy spot on the driver side for the Gas Master Shut-off valve. Ideally the 
cylinder valve(s) should be on the same side of the vehicle. as the Master Shut-off valve. 

• Plan the routing of the high pressure line and its support to conform with local 
. regulations and safe practices. The shortest route is not necessarily the best route. 

• Ensure that the location of the master shut-off valve and the filler assembly will be well 
protected and easily accessible. 

• Identify the ideal place for heater hose connections to insure good coolant circulation for 
the pressure regulator. Caution: On Air Conditioned vehicles the connection must be 
made before the temperature control valve. 

• Select the location for the pressure regulator. Ideally it should be installed in a clear 
location, near the heater coolant hoses, away from the exhaust manifold and below the 
radiator coolant level. Consult the regulator installation section for more information. 

• Ensure that the mixer or any other component, once installed, will remain clear of the 
engine hood and its hinges and will not interfere adversely with the function of any other ' 
device under the hood. 

Important note: 

In computerized v�hicles make extra sure that you know beforehand where to find and 
intercept the wires for the fuel injectors and other sensors, because a mistake in this area 
may disarm some devices and I or may cause irreparable damage to the OEM computer. 
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Cylinder Size and Location 

Select a suitable size and location for the cylinder(s) keeping in mind: 

• The size of the cylinder(s) is determined by the available space, after allowance for easy 
access to the cylinder valve(s) for installation and operation. 

• The valve areas must be well protected from road hazards. Design, make.ahdinstall a 
deflector or a shield if necessary. 

· 

• Avoid positioning the cylinder valve(s) close to vehicle extremities unless they are well 
behind a protective device i.e. a good solid bumper. 

• Transverse mounting is safer .than longitudinal. Cylinders mounted longitudinally should 
be provided with end brackets to absorb thrust forces. 

• The location of the cylinder(s) should be 6 inches away from the exhaust system, or a 
heat shield should be provided, in accordance with jurisdictional authorities' regulations. 

• The mounting area must be rigid, solid, able. to take 20G longitudinally, 8G laterally. 
• Whenever possible, the cylinder valve(s) should be on the same side of the vehicle as 

the master shut-off valve. 
• Cylinders located under the vehicle carriage must ideally maintain the original clearance 

from the ground, not protruding below the original ground clearance line, or as specified 
by the local jurisdictional authorities. 

• Cylinders installed under the rear over-hang must be contained within an imaginary line 
that starts at rear of the rear wheel print and extends to the lowest protrusion of the rear 
end body panel or member, Fig. 2, or as specified by the local jurisdictional authorities. 

0 
. Ground Une 

----------------���---------.J 

Fig. 2 
Maintaining Clearance from the Ground 

Note: If the weight of the cylinder(s) affects the suspension trim noticeably, it may also affect 
the vehicle driveability. Suspension servicing and I or modification may be required. 
Consult local regulations; a vehicle should not be loaded beyond the manufacturer's 
specifications and tolerance. 

· 
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Cylinder Installation 
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Cylinders can .be mounted inside the vehic(e or outside, under the carriage. 
Steel cylinder(s) should be primed and painted with rust-proof and chip-proof p;tint before 
installation, even if they are destined inside the vehicle. The changes in gas . temperature cause 
condensation, therefore cylinders are often wet. 

Cylinder valves: 

The MOGAS' OMVL Vented Valve is the most sensibl� choice for cylinders that are destined to 
be installed inside the vehicle passenger compartment or inside a closed-in space. It vents itself 
and all relative attached fittings to the exterior of the vehicle. · 

The vented valve is more efficient and slick than its alternative: a plastic bag. 

· See details and Installation Instructions on the following pages • 

Cylinders that · are destined to be installed to the outside or under the carriage of the vehicle can 
be fitted with a regular, non vented valve, as venting is not required when· a cylinder is installed 
in an open well ventilated area; 
Non xentect valves are available in different brands and configurations i.e. straight or angled 
at 90 � Each valve series requires a special wrench. · 

Valve wrenches are available from our stockroom, individually or in q complete set. 

Taper Threaded Valves : 

When installing a valve on a taper. threadect.(steel) cylinder, follow the valve manufacturer's 
instructions and your. local Gas safety enforcement regulation as published and enforced by the 
jurisdictional authorities. 

In the absence of directives or regulations as mentioned above, follow this procedure: 

• Initially thread-in the cylinder valve, slightly lubricated, into the cylinder. Tighten it by 
hand until snug and mark the position of the valve in relation to the cylinder neck. 

• With its appropriate wrench tighten, loosen and retighten the valve a few times until it 
has completed 1 to 1 .5 revolutions, clockwise. Make a new mark to identify this new 
position of the valve in relation to the cylinder neck. 

• Remove the valve and clean-up the tank and valve threads. 
• Apply a thin coating of approved thread compound, only to the valve threads. Thread 

jamming is the real cause for sealing; the compound protects the threads from galling. 
• Reinstall and tighten the valve 1/2 tum past the second mark, to 160 Mbs. 

Important Note : 

No matter what, DO NOT use an impact wrench to tighten the valve. 
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Parallel ( straight ) Thread Valves : 

When installing a valve on parallel threaded cylinders, follow the valve manufacturer's 
instructions and your local Gas safety enforcement regulations as published and enforced by 
the jurisdictional authorities; 

In the absence of �ectives or regulations as mentioned above, follow this proc�dure: 

Most aluminum composite cylinders have two threaded openings, one at each end. 

• Install the chosen cylinder valve with its 0-ring and torque to 45 I 50 ft/lbs. 

• Install the end cap with 0-ring, with or without PRD* at the other end, and torque 

to 45 I 50 ft/lbs. 

*A composite cylinder of 60" or more will have l1fQ. PRDs, one at each end. 

Consult the installation regulations issued I enforced by the local jurisdictional authorities. 

Important Note : 

No matter what, DO NOT use an impact wrench to tighten the valve. 

Cylinder fastening: 

Cylinders must be permanently well secured to the vehicle, to prevent them from breaking 
loose in case of collision or upset. 

• Use good quality brackets. They are available from our stockroom in a variety of shapes 
and configurations to suit most reoccurring installation configurations. 

• Avoid positioning the cylinder(s) close to vehicle extremities. Transverse mounting is 
safer than longitudinal. Cylinders mounted longitudinally should be provided with end 
brackets to absorb thrust forces. 

• The mounting area must be rigid, solid, able to take 200 longitudinally, 80 laterally. 
• Whenever possible, the cylinder valve(s) should be mounted on the same side as the 

master shut-off valve. 
• Fasten the mounting bracket securely to the body of the vehicle. Use reinforcing and 

back plates, especially when fastening to sheet metal panels. 
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Self Vented Valve 

· 
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for CNG / NGV Cylinders 

This cylinder valve was designed to offer a ne�t and reliable cylinder installation within the 
passenger compartment of a motor vehicle. 

Finished Installation Sectioned View 

Main Features: 

• Integrated positive flush-through venting system. 

• Easy manual cylinder shut-off. 

• Standard Pipe-away Pressure Relief Device. 

• Easy Installation. 

• Universal mounting ability. 

1 1 '  
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Integrated Flush-Through Venting System: 

This revolutionary feature is built into the valve body which, when connect@J.O_ 
· the permanent ventilation flanges (installed in the compartment floor or sides 

with the ribbed rubber hoses), yrovides excellent venting of all tubing and related 
fittings, as well as threaded joints and connections. 

Easy Manual Cylinder Shut OtT: 

The large, well.designed knob stands free for easy access and operation as it 
does not require a plastic venting (bag) envelope I seal . .  

Standard Pipe-Away Safety Pressure Relief: 

· This valve is fitted to accept a standard pipe-away pressure relief device in 
compliance with National and /or Local Regulations. -

Easy Installation: 

This feature makes this valve unquestionably better than any other system 
currently in use worldwide. It makes venting bags and aprons of any kind 
obsolete ! ! !  

Universal Mounting Ability: 

This valve is available with threads to suit either steel or aluminum CNG I NOV 
Cylinders. 
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Va�ve Operating Principles 
(diagram on the following page Fig. 3) 

The valve bOdy has Venting Poits: ( 2 ), ( 3 ), ( 4 ) and ( 5) which vent any possible gas leak to 
the exterior. This is how it works: 

· 

Vent Port ( 2 )  will expel any leak contained by hose ( I  ) that may occur at.the valve to cylinder 
connection. Hose ( I ) will fit on cylinder necks ranging from I .45" ( 37.0 mm )  to 1 .80" 
( 45.0 mijl ) and is sealed by clamps ( I5 ). The above is unique to tapered threads 
cylinders. 

On parallel (straight ) Threaded cylinders the valve is sealed with an 0-ring at the valve-to­
cylinder connection; therefore it does not have vent port (2), hose ( I ) and clamps (15). 

Vent Port ( 3 ) will expel any leak that may occur at seal ( 6 ) and that would be contained 
inside the knob ( 7 ) which is sealed by the 0-Ring ( 8 ) and clamping ring ( 9 ). -

Vent Port ( 4 ) will expel any leak that may occur at the threaded ends of the-mounting adapter 
( 16 ) which is contained by hose ( 18 ) sealed by clamps ( 19 ). 

All Vent Ports are connected to Venting Manifold port ( 5 ) . 

Beside each end of Venting Manifold ( 5 )  there is a High Pressure Gas Inlet I Outlet ( 10 ). 

Each end of the venting manifold ( 5 ) and the Gas Inlet I Outlet tubing ( 12 ) will be ducted 
inside the venting hose ( 13 ) which, when sealed by clamps ( I5 ) will vent valve(s) to the 
outside of the vehicle via flanges ( 25 ). This will form a positive venting loop. Fresh air entering 
the leading flange will exhaust by the trailing flange, page I7. 

The P.R.D. ( 17 ) is vented outside the vehicle via port ( 23 ) fitting ( 26 ) and tubing ( 27 ). 
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Side View 

Top View 
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Installation Instructions 

1 .  CLEAN-UP the cylinder and valve threads and proceed as follows: 

For Taper Threaded Cylinders : 

• Initially thread-in the cylinder valve, slightly lubricated, into the cylinder. Tighten it by 
hand until snug. Mark the position of the valve in relation to the cylinder neck. 

• With the special wrench # 09.22.111 (see page 1 8) tighten, loosen and retighten the 
valve a few times until the valve has completed 1 to 1 .5 revolutions, clockwise. Make a 
new mark to identify this new position of the valve in relation to the cylinder neck. 

• Remove the valve and clean-up the tank and valve threads. 
• Apply a thin coating of approved thread compound, only to the valve threads. Thread 

jamming is the real cause for sealing; the compound protects the threads from galling. 
• Slide the special rubber hose (1) between the valve and the neck of the cylinder, without 

clamps (25). SEE NOTE : 1 
• Reinstall the valve onto the cylinder and with the special wrench # 09.22.111 torque as 

per the cylinder manufacturer's specifications, in compliance to local regulations on Gas 
Tapered Thread joints. 
In absence of the above tighten the valve 1/2 tum past the second mark, to 160 ft/lbs. 
DO NOT USE AN IMPACT WRENCH. 

• Install fittings and plugs into the valve(s) as required for the desired tUbing configuration. 

For Parallel Threaded Cylinders : 

• Clean the threads on the cylinder and on the valve. 
• Slide the 0-ring onto the valve sl;tank. 
• Install the valve into the cylinder by hand. 

· • With the special wrench # 09.22.111 (see page 1 8) torque to the cylinder 
manufacturer's specifications. In absence_of the above torque to 45 I 50 ft lb. 
DO NOT USE AN IMPACT WRENCH. 

• Install fittings and plugs into the valve(s) as required for the desired tubing configuration. 

2. Position the cylinder(s) in the bracket(s), in the designated place on the vehicle, with the 
valve pointing in the chosen direction. 
DO NOT STRAP THE CYLINDER(S) DOWN YET. 

• Determine the safest well sheltered tubing route, and chalk mark the chosen location of 
the pressure relief tubing exit(s) and vent flanges ( 25 ). 

• BE SURE the venting flanges and tubes will vent to the OPEN AIR through and to 
the outside of boxed frame structures, away from closed pockets. 

• Move the cylinders aside, as you see fit, for working comfort. 
• Drill two 1 .2511 ( 32.0 mm ) holes in the locations dP-stined for the vent flanges (25). 
• Drill one hole for each· and to the size Of the rubber grommet(s) assigned to the PRD(s) 

vent-down tube(s). 
· 

Note: 1) Special hose (1) can be rolled onto itself and the ribbed hose (13) can be backed, 
compressed onto itself, to make room for leak testing. 
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3. • Install the rubber grommet(s) in the hole(s) designated for the PRD(s) venting tube(s). 
• Apply a thin coat of caulking compound to the lower lip of flanges ( 25 ) and position 

the'm with leading edges opposed as shown on page . 17. 
• Fasten the two flanges ( 25 )_to the floorboard (22) with self-tapping screws ( 24 ). · 

4. • Reposition the cylinder(s) and fasten into place. 
• Prepare the tubing as to planned routing. REMEMBER: the engine supply and the fuelling 

valve line if separate will be ducted.or run through flanges ( 25 ) to the outsiae or 
the vehicle. 

5. • Install the pressure relief tubing ( 27 ) and route it through the grommeted hole. 
• Cut the vent hose ( 13 ) to lengths for smooth and compact routing. 
• Install all high pressure tubing and vent hoses ( 13 ) at the same time. 

DO NOT FASTEN TilE VENT HOSE ENDS AT TillS TIME. SEE NOTE :1, page 15. 

6. Leak test all joints, tubing and connectiops as per lo�al regulation. · In the absence of the 
above proceed as follows: 

• Close the cylinder valve(s) completely and pressurize, with caution, the high pressure 
system tubing. Input the pressure test gas from the refuelling receptacle. This test will 
take very little gas and will not pose a hazard. Depending on local ruling an inert gas like 
nitrogen may have to be used instead. 

• Make use of a good gas leak detector and a good leak testing fluid. At times the fluid is 
more helpful in spotting the exact leak location. 

• If a. compression joint leaks: discharge the pressure out of the system, tighten the fitting 
nut by 1/8 of a tum, repressurize the system and retest for leaks. Repeat this operation if 
needed. If the leak persists after tightening the fitting 1/4 turn past the original correct 
installation procedure, discharge the pressure from the system and replace that fitting. 
Tightening the fitting further may stress it beyond safe acceptability. Check the 
tubing portion near the joint sealing surfaces for scratches. It may be a good idea at this 
time to cut the tube tail end off and to install a new fitting nut and ferrules. 

• Note: The built-in compression fittings on the vented valve(s) and Pressure Regulator, 
identified by their male nut, require 2 turns to seal as opposed to 1 1/4 tum required for 
fittings with a female nut. Nut and ferrules need to be replaced after 3/4 tum over-torque. 

• If an NPT connection is leaking: discharge the pressure from the system, loosen the 
compression fitting side of that fitting or joint to allow rotation, tighten the fitting NPT 
joint, and retighten the compression fitting no more than 1/4 tum past the snug point. 

• After correcting all leaks in the system, pressurize it to the full 3600 PSI. If the system is 
leak-free open one cylinder valve at a time and proceed to refuelling, one cylinder at a 
time, with caution. Check the cylinder-to-valve threaded connection for leaks; STOP if a 
leak comes to your attention. Keep the cylinder(s) that are leak-free shut. Empty the 
cylinder that has a leak in compliance with safety rules /regulations, repair --he leak and. 
repeat the procedure until leak:-free. 

7. • Once cylinder-to;.,valve threaded connection(s) are leak-free: slip hose (1), ( tapered 
threaded cylinder(s) ONLY) and tubes (13) onto their collets; fasten with clamps (15). 
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1 .  

2. 

Exploded View 

Vented Valve Wrench 
Assembly Instructions 

Side View 
- -

Top View 
Fig. 6 

Views of Vented Valve 

Part #: 09.22.111 

B 

Slide the two side_ pieces (A) as in the Exploded View onto the Vented Valve and as 
completed in the Side View. 
Slide the top piece (B) so that the post from each side piece (A) fits neatly into the holes 
of the top piece (B) as shown in the Top View with the nut offset away frorri the handle. 

Torque Specs: 

Cylinders with NPT threads: As per cylinder manufacturer's specifications and local 
regulations on Gas tapered threaded joints. In the absence of the above refer to page 15. 

Cylinders with Straight threads and 0-Ring: As per cylinder manufacturer's 
specifications and local regulations. In the absence of the above refer to page 1 5. 

DO NOT USE IMPACT WRENCHES 
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Fill Valve and Master Shut-Off Assembly · 

The method of refuelling, quick versus slow fill, will determine where the fill valve should be 
located. The master shut-off valve will be in a location that is practical, easy for the driver to 
access and in compliance with local regulations. 

Fig. 7 
Fill Valve and Master Shut-Off Valve 

For a "Quick Fill" refuelling system, the most common location for the fuel receptacle is under 
the hood. Since the hood must be opened in order to refuel, it is much less likely for the driver to 
drive away while the refuelling drop hose is still attached to the vehicle. 

For a "Slow Fill" system, the front grills or the rear end panels are commonly selected locations. 
Exercise care to ensure that the fill valve is well protected from possible collision. Include a 
back-check valve with your refuelling valve, located as far from the refuelling receptacle as 
possible, to prevent undesirable fueldischarge in the unfortunate event that the refuelling valve 
or its tubing may be damaged or severed by collision. 

The fill valve mounting bracket must be fastened to a rigid metal surface and be easily 
accessible with the refuelling nozzle (drop line). It should be located as far aw? ., from electrical 
and heat sources as is practically possible. 

If the location chosen for the installation does not offer sufficient protection from the weather 
and other road hazards the assembly should be enclosed in a protective box. 
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Regulator Installation 

· • Ideally, the regulator should be placed near the heater coolant hoses, below the radiator coolant level, 
if possible within three feet of the mixer, and in a spacious area to avoid having to remove it when 
servicing the engine. 

• The coolant hoses for the regulator should be slightly longer than needed The extra lengtlliSto be 
formed into a U shape to prevent heat transfer from the engine to the regulator thennostat as this will 
cause a false temperature reading. The extra hose length is also handy when perfonning maintenance 
tasks, as disconnecting the regulator from the bracket, the high pressure tubing and the wiring to it, 
will allow it to move out of the way without having to disconnect the hoses. 

• The regulator should be. well fastened. preferably to the vehicle body, in the engine compartmeiit in a 
vertical p<Htion (as shown here below) and in longitude with the driving direction of the vehicle. 
If the regulator must be mounted in an angle, it can be rotated up to 90° ( transversely ), provided the 
support cover is mounted towards the front of the vehicle. 

Nar to exceed 10° 

• WARNING!! 

Fig. 8 
Regulator Mounting 

Nar to exceed 10° 

- Install the regulator away from the exhaust rnanifold(s), to avoid uncontrolled overheating of 
GAS output 

- Install the regulator below the radiator coolant level Whenever the regulator must be mounted 
above the radiator coolant level, bleed the regulator coolant circuit before sealing the radiator cap. 
Air pockets within the water jacket will disrupt the coolant temperature exchange� 

. . 

- Installing the regulator on the engine may cause uncontrolled behavior, caused by the engine . 
torque moment and vibrations. 

- Protect the regulator support cover VENT from the radiator fan(s) direct air ram as it may alter 
the regulator's accurate perfonnance. 

20 
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Advantages of a Regulator 
with a Thermostat 

Stable Carburetion 
The regulator's thermostat will maintain the regulator coolimt temperatute flow in the region of 
l22°F (50°C), while engine ninning at operating temperature, regardless of fuel storage pressure. 
Thus keeping the Gas output temperature .and density stable and the air I fuel ratio consistent 

Energy Efficiency . As the gas temperature is kept reasonably constant in the regulator, the engine enjoys accurate 
fuelling thus optimizing energy efficiency and pezfonnanee. 

Longer Regulator Life 

. All regulator parts last longer because its temperature is moderate and remains reasonably 
constant 

Caution: 

Coolant H<RS lnstaDation . . 
Since the thermoStat: is incorporated in one of the regulator coolarit connectors (elbow)· attention 
must be given to the COOLANI' CIROJLATION DIRECTION. 
The hot coolant from the engine must enter the. regulator via the open port connector. The cooled 
coolant must exit the regulator through the port housing the thermostat, on its way to the coolant 
pwnp suction.or rennn to the radiator, in that order of preference. 

· ·  

Optional Thermostat Location 
The thennostat may be located at either the upper or the lower coolant connector socket of the 
regulator. When installed in the upper coolant connector socket, however, it makes air 
bleeding much easier. 

. .  Fig. 9 
Regulator Parts 

21 

Part # Part Name 

1 Gas lnlet ' 
2 Gas Oudet or Plug 
3 Water Inlet (open port) 
4 Water Oudet- orifice 
5 Thermostat 
6 ·Solenoid Valve 
7 Electric Priming -optioJ'I 1 
8. SensitivitY Adjustinent Screw 
9 Positive Idle Adjustment Screw · 
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Fig. 1 0  

Regulator Cross Section 

Regulator Operations 
(See Fig. 10 for items referred to on this page.) 

c 

The CNG /NOV enters the regulator at the gas inlet connector (1 ). A filter (2) stops any solid impurities from 
entering the regulator. 

Stage 1: The high-pressure valve (3) is controlled by the diaphragm (5) mechanism and spring (6) ; it regulates 
the gas flow into chamber (4 ), (7) and (8) to working pressure: 24 PSIG +/- 4. 

Stage 2: Diaphragm (12) is controlled by pressure differential of chamber (8) & (11) and spring (13) ; it regulates 
the gas flow into chamber (20), to delivery pressure: 0 PSIG +/- 0.01. 

Stage 3: Item (22) is not detailed in fig. 9. It regulates the gas flow into port (14) and Pilot port (16) to 
19 PSIG +/- 1. 

Shut-Off solenoid (15) intercepts the gas flow froin port (14) to Pilot port (16). This solenoid is nonnally closed; 
it stops the gas flow altogether; it must be energized to allow gas flow throughout the pressure regulator. 

Stage 4: When solenoid valve (15) is open gas flows to the positive idle adjustment screw (17) and to the low­
pressure valve (18). Valve (18) is controlled by the diaphragm (21) mechanism which is connected to the 
mixer through port (C) and responds to the engine I mixer gas demand, in the form of vacuum 

Oosed-loop: Vacuum from the Mixer will cause valve (18) to open; this in tum will lower gas pressure in 
chamber (11). Thus diaphragm (12) will compress spring (13) allowing gas flow into chamber (20) 
through main gas port (19). Gas discharge into chamber (20) will also make up the pressure differential 
of chamber (8) & (11) through Pilot port (16) causing a smooth arid irrunediate response tO engine 
Mixer varying gas demands. 

The decompression of natural gas, depending on supply pressure, causes the temperature of the gas to drop 
considerably. To prevent freezing, the regulator is connected to the engine cooling system Hot coolant enters the 
regulator through port (A), passes through water jacket (WJ) and exits through port (B). A special thermostat 
lodged inside port (B) maintains the regulator's working temperature of approximately 122°F ( 50° C), thus 
maintaining a stable gas density throughout the working range and conditions. 
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Regulator Maintenance 

Fig. 1 1  

E D C B A 

Fig. 1 2  Fig. 1 3  

When re-assembling the plate (2, Fig. 13), take care with the diaphragm centering ring. 

The nut(l, Fig. 13) must be screwed, without force, until flush with the stem. 
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1 

Fig 1-4 

Regulator Maintenance 

6 7 

I .. 
� 

£h(2 � 

3 . •  1 

Fig 15 

The diaphragm (1, Fig. 15) must be secured to the plate with the proper Ogiva screw 
(3, Fig. 15) using a drop of LOCKTIIE. Tighten the diaphragm enough that it does not 
spin on the plate, but be careful not to over-tighten causing swelling of the diaphragm 

Make sure that the diaphragm (1, Fig. 15) is centered with respect to the sleeve 
(4, Fig. 15) and align<::d with.the tube (5, Fig. 15). 

Replace the 0-ring on the solenoid piston (I, Fig. 15). When re-assembling the cap 
(1, Fig. 14) make sure that the spring enters the guide properly. 
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To reassemble the low pressure valve leaf spring use the centering tool (1) Fig. 17. 
Tighten the holding screw (2) Fig. 17 while holding the pad inside the· tool. 

Check that the leaf spring pad is perfectly centered. It should be going in and out 
of the centering tool freely, after the hold screw has been tightened. 
Also check that the Pad is closing on its seat evenly, by pushing it at its center 
dimple toward the seat. Bend the leaf spring (3, Fig. 17) gently, if needed, to 
obtain good alignment. 

2--tf 3 

Fig. 1 6  Fig. 1 7  . 
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Regulator Maintenance 

Re-assemble the low pressure lever and then check the height as indicated below. 

If the approp� gauges are not available comply with the measurement in Fig. 19.: ____ _ 

Fig. 1 8  Fig. 1 9  

To re-assemble the low pressure diaphragm. fasten it with the appropriate spring to the 
low pressure lever, take care in placing the curved part of the spring at the deep end 

Fig. 20 
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Steel Lines and Fittings · 

At this point, you should have all your major components installed. The next steps are routing, 
preparation, and assembly of lines and fittings. 

· 

All CNG fuel lines between the cylinder and the high pressure side of the regulator, as well as 
the branches to other fittings must be made from approved high-pressure steel. The line must 
withstand a pressure of four times the working pressure and each connection in the line must 
positively lock the tubing in the union by means of a bite type steel compressio!l fitting. 

The tubing is annealed and can be shaped with a proper bending tool. Because however, it will 
harden as it is worked, you must obtain the correct shape with the least amount of bending. 

Be careful that the fuel line alignment is exact at the unions before making the connections. 

Do not rely on the union nut to pull the line into correct alignment, ·as this will put stress on the 
joint. To check the alignment as you make the connections, make sure that the union nut runs 
freely, by hand. 

-

You must be able to visually inspect the line along its whole length, as well as all the 
connections used in the line. Use the fewest connectors possible, to reduce potential leak 
sources. 

The natural gas line must be taken from the cylinder to the regulator by a route that does not 
pass through the driver or the passenger space. Usually the route is under the floor pan or along 
the chassis. If the cylinder is fitted inside the vehicle body, the line should take the shortest 
convenient route to the outside. Keep the line away from body protrusions to prevent it from 
being damaged by impact Construct a guard to protect any section of the line that is particularly 
vulnerable to mechanical and road damage. 

If you must run the line close to the exhaust, shield it from dir�t radiated heat. 

Do not run the line through boxed body sections or through the inside of the vehicle. Whenever 
the fuel line passes through a panel make an oversized hole and protect it with a grommet, 
centering the line in the hole. Clearance should allow good visual inspection throughout the 
passage. 

Route the steel tube from one component to the next to determine the length required. For a 
short line, include enough material for one vibration loop of approximately 2 1/2" in diameter. 
(6.5 em). Add to the total measurement of the line about 8" per loop, Fig. 2 1 .  

A longer 'tube which requires securing at approximately 24" (60 em) intervals needs vibration 
loops at both ends. Remember that vibration loops are needed to absorb vibrations, and are not 
just for appearance . 

. If the length of the line or the surrounding space does not allow for a loop, a 180° curve in the 
line will serve the same purpose. Before bending the tube allow at least 1.5" (32 em) of straight 
ends for the compression fitting. Cut the ends of the tube at a right angle, and if the edges· are 
rough file them smooth. Be careful not to scratch the tubing; as this will cause a leak. 
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Deburr the ends of the tube with a debwring tool, being careful that the tool does not leave the 
wall of the tube too thin. Do not mark, scratch or twist the tubing. Use compressed air to clear 
the tube of chips and filings� 

Fig. 21 
Expansion Loop Illustrated 

Fittings 

As you know, the purpose of any tube fitting is to form a reliable tube/line connection which will . 
seal the fluid media being used in the system or application. 

Each fitting manufacturer has its own recommendations for fitting installation. You should 
follow their instructions. 

As a general rule, tube fittings come to you completely assembled, finger tight They are ready 
for immediate use. Disassembly before use can result in dirt or other foreign material getting 
into the fitting and this will cause undesirable leaks. 

Most fittings are installed in three easy steps: 
/ 

1 .  Simply insert the tubing into the fitting nut and ferrules and into the fitting; make sure 
that the tubing rests firmly on the shoulder of the fitting and that the nut is finger tight. 

2. Before tightening the fitting, scribe I mark the mit at the 12:00 o;clock position. 

· 3. Now, while holding the fitting body steady with a wrench, tighten the nut t 1/4 turns. 
Watch the scribe mark make one complete revolution and continue to the 3:00 o'clock . 
position. In this way, the fitting has been properly installed. 
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Mixers and Fuel Flow Control Valve 

The purpose of the mixer is to d.raw fuel from the pressure regulator and to mix it, in the right 
proportion with air, for the best p_ossible results in emissions, performance and economy. 

Mogas offers many models of mixer, the most popular type being: 

1. In-Line 
2. Lift Plate 
3. Fix Gap 
4. Special Application 

The type of mixer to be used is determined by engine displacement, air intake configuration, 
type of fuel delivery system and under-the-hood clearance. 

All MOGAS mixers are of modular design. Many interchangeable mounting flanges and 
adapters are available. Please consult our main catalog. 

Our stockroom staff will be happy to assist in .choosing the right fit, size and calibration. 

The mixer must be well secured to the air intake system, in a leak-free manner. When the mixer 
is installed inside the air cleaner assembly� a longer fastening stud is often required� 

• Make sure to install it well inside the anchor threads and use th.e lock nut to prevent 
the stud from coming loose during use or at the time of service. 

• Make sure the air hom gasket is in good service shape. 
• Fasten the air filter base to the throttle body with the lock nut and large washer so that .the 

mixer seal will not have to be disturbed every time the air filter is replaced. 

When installing vacuum lift mixers, ensure that: 

·. The three way vacuum solenoidjs installed in a reasonably cool spot away from the 
frrewall to prevent the clicking noise being heard from inside the vehicle. 

• The three way vacuum solenoid is properly connected so that it is energized during CNG 
operation only. 

• The vacuum source for the above is intake manifold vacuum. 

For more details on availability please consult a ctirrent copy of our main catalog. Technical 
information is included in the Mogas Natural Gas Fuel System Description and Operation 
Manual. · 

Appendix A contains a fair representation of the most frequently used mixers. 
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MOGAS ECOLO 
Closed-loop Feed-back 

Fuel Flow Control 

The ECOLO fuel flo� control valve is installed between ·the pressure regulator and the mixer, as 
near as possible to the mixer assembly. It is supplied with an assembly diagram, as .. Sliown below. 

The Mogas ECOLO closed-loop Feed-back fuel control will increase and decrease the fuel flow 
in response to the 02 signal and other input data. It is designed to maintain ideal air I fuel ratio 
and to fulfill the expectations of the O.E.M. computer diagnostics. 

Engine Intake 
Manifold 

Vacuum -=­
Control 

• @) 8 

Fuel 
Control 

Gaseous Fuel 
Control Valve 

Fig. 22 

Yellow I Green 

Natural Gas Power 

Exhaust 
02 Sensor 

· ECOLO Closed-Loop Feed-Back System 

If the engine tuning deteriorates beyond the ECOLO System control, or if the ECOLO itself is 
temporarily out of order, the O.E.M. computer diagnostics will turn on the "check engine" light 
and record the associated trouble code. 
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In modern computerized vehicles, wiring is the most critical phase of the installation. At this 
stage of the installation: 

• Be careful in interfacing with computer sensors. There is little or no room for error. 
• Do not use temporary connections, electric tape, "crimp-on" connectors. 
• Route your wiring so that it is not in the way of parts that need routine maintenance or 

may need replacement. Make it easy for the next technician; use the wire harnesses 
supplied and follow the colour coding throughout the whole installation, if a wire(s) 
need be extended. 
In our experience many electrical malfunctions on natural gas systems occur after the 
engine has been seiViced or repaired. Poor connection will likely loose conductivity 
when the wires are disturbed by the repairer. 

• Soldering all connections is a must. Use good quality resin core solder, not acid core. 
Acid core will corrode the wires and in due time will create resistance and generate 
trouble codes in the computer. These malfunctions are difficult and expensive to trace. 

• All wiring should be well routed and well protected; use a loom wherever possible. 
• Secure the loom so that it is held tightly away from high voltage wires and heat sources. 
• When wiring must run close to the engine (or on top of the engine itself), consider that 
· the engine will be very hot when running, and that wires, hoses, nylon ties, and other 

objects that appear to be secure will relax and tend to fall down. If wires fall on hot 
surfaces they melt and ground, resulting in devastating consequences for the on-board 
computer and all other electronic devices. 

Fuel Selector Switch and Gauge 

The installation of the fuel selector switch and gauge is a straightforward operation. 
However, there are certain points which should be emphasized. 
These points are: 

• Ask where .the customer prefers the fuel switch and gauge. 
• Place the switch where the driver can reach it comfortably without being 

distracted from driving. � 

• Place the fuel gauge where it can be easily read even in full light. 
• Place both units out of the way of other controls, and of the driver's knees while 

entering the vehicle. 

! Iogas offers a variety of switch and gauge configurations to suit customer operation. 
Consult our main catalog or better yet, ask our staff for assistance. 

Appendix B contains a fair representation of most frequently used Switches and Gauges. 
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Injector Disconnect Relay Kit 

Fuel injec�ed.vehicles are fitted with an injector disconnect relay kit. Each kit is supplied with 
the appropriate relay kit or harness as is best for simplicity and reliability. .All injector control 
systems are designed to fail-safe into gasoline mode, but can be easily modified to achieve the 
opposite function. Please consult our technical staff for a particular vehicle requirement. 

Appendix C contains a fair representation of injector control wiring diagram. Each kit is 
supplied with its relative wiring instructions. 

Gasoline Fuel Lock-off Solenoid 

Carburetted vehicles are fitted with a gasoline lock-off solenoid valve, to stop the flow of 
gasoline while operating on natural gas. When installing this valve, we recommend that: 

• The valve be installed away from the fuel pump, as close as possible to the carburetor. 
This will allow the gasoline line downstream of the lock-off valve to drain completely 
and thus prevent the gasoline from sitting in a vertical column, slowly evaporating 
because of engine heat. ·The fumes from this evaporation mix with the natural gas - air 
mixture and affect the vehicle's idle stability and emissions. The closer the gasoline lock­
off is to the carburetor, the shorter is the Gasoline to Natural Gas switch-over time. 

• The valve be installed well clear of the engine or any other source of intense heat. 
Excess heat will cause deterioration of the valve internal components. 

• Metal tubing be used downstream from the valve to the carburetor. Neoprene hose when 
empty will dry, deteriorate, and cause hazardous gasoline leaks. 

• Good electrical ground be established, along with solid wiring connections. Like most 
lock-off solenoids this valve is normally closed; failure to open will not allow the engine 
to operate on gasoline. 

Timing Advance Processors 

Most computer controlled vehicles do not need a timing advance processor. 

Occasionally, a particular vehicle may require the installation of such a device to enhance its 
performance. Our experience suggests that the reason for poor performance lies elsewhere. 

However, if you need a timing advance processor consult our our main catalog, making sure the 
addition of a spark advance device is not in violation of emission certification. Our technical .

. 
staff will be happy to .. .,sist as to which unit to install or NOT to install. 

Each unit is supplied with ample documentation on installation, wiring diagrams and set-:up 
procedures. 
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Leak Testing Procedures 

Carburetted Engines Only . 

Before checking the system for natural gas leaks, it is necessary to ensure that there are no leaks 
in the gasoline delivery system Disable the ignition by disconnecting the power wire to the coil, 
and crank the engine long enough to bring the fuel pressure up to working pressure.· The use of 
a pressure gauge at this time will confmn fuel pump efficiency . 
. Check the whole gasoline fuel system for leaks, especially at the gasoline solenoid valve and at 
all areas where work was done. 

- · · 

The entire natural gas system must be thoroughly tested for leaks, before the first fill-up. 
The vent kit on intem;;tlly mounted cylinders is not supposed to be completely fitted until after 
the system has been tested and found to be well sealed (leak free). 
Before filling the cylinders, double check every connection on the vehicle system, then: 

• Close the cylinder valve(s) completely and pressurize, with caution, the high pressure 
system tubing. Input the pressure test gas from the refuelling receptacle. This test will 
take very little gas and will not pose a hazard. Depending on local ruling an inert gas like 
nitrogen may have to be used instead. 

· · 

• Make use of a good gas leak detector and a good leak t�sting fluid. At times the fluid is 
more helpful in spotting the exact leak location. 

• If a compression joint leaks: discharge the pressure out of the system, tighten the fitting 
nut by 1/8 of a turn, repressurize the system and retest for leaks. Repeat this operation if 
needed. If the leak persists after tightening the fitting a 1/4 turri past the original correct 
installation procedure, discharge the pressure from the system and replace that fitting. 
Tightening the fitting further may stress it beyond safe ·acceptability. Check the · 
tubing portion near the joint sealing surfaces for scratches. It may be a good idea at this 
time to cut the tube tail end off and to install new fitting nut and ferrules. 

• Note: The built-in compression fittings on the vented valve(s) and Pressure Regulator, 
identified by their male nut, require 2 turns to seal as opposed to 1 1/4 turn required for 
fittings with a female nut Nut and ferrules need to be replaced after 3/4 turn over-torque. 

• If an NPT connection is leaking: discharge the pressure from the system, loosen the 
compression fitting side of that fitting or joint to allow rotation, tighten the fitting NPT 
joint, and retighten the compression fitting no more than 1/4 tum past the snug point. 

• After correcting all leaks in the system, pressurize it to the full 3600 PSI. If the system is 
leak-free open one cylinder valve at a time and proceed to refuelling, one cylinder at a 
time, .with caution. Check cylinder-to-valve threaded connection for leaks; STOP if a leak 
comes to your attention. Keep the cylinder(s) that are leak-free shut, empty the cylinder 
that has a leak in compliance with safety rules /regulations, repair the leak and repeat the 
procedure until leak-free. 

Set-Up Procedures 

The set-up of a natural gas system is the key to optimum performance and_customer satisfaction. 
This section covers set-up procedures for the following systems: 

I .  Carburetted Engines Open Loop & Closed Loop Systems 
2. Fuel Injected Engines Open Loop & Closed Loop Systems 
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Carburetted ·Engines 
Regulator and Fuel ·Set-Up 

1) Start the engine on gasoline. Position the fuel selector switch to the "empty carburetor" 
function, making sure to pump the acceleratox: pedal when the carburetor bowl is nearly 
empty to completely drain the accelerator pump of fuel. 
Turn the engine OFF, set the fuel selector to Natural Gas and fully OPEN the Nat Gas 
cylinder(s) and Master Shut-Offs. 

" 

Note: Each and every Regulator is tested and tuned at the plant before being released for 
sale. Do not tamper with it unless there is a strong possibility that it may not be set 
correctly. To reset the pressure regulator to base setting, proceed from point 2) and 
there after. If the regulator is believed to be in good order proceed from point 6) and 
there after. · 

2) CLOSE gently and completely the Positive idle screw (8mm hex) & the Sensitivity 
screw (lOmm hex) on the side of the pressure regulator. 
Disconnect the Gas vapor hose and the regulator run I shut-off solenoid power wire. 

3) Energize the regulator's run I shut off solenoid with a jumper wire (constant battery 
. power). There should be NO gas output from the regulator I vapor hose or very little. 

4) OPEN the sensitivity screw (10 mm hex) gently until Gas starts or increases flowing 
from the regulator I vapor hose. Leave it at this setting if the screw is equipped with a 
stay spring. Lock the lock nut when provided. 

5) Remove the jumper wire and reconnect all systems to running condition. 

6) While cranking to start the engine, OPEN the Positive idle screw. Continue opening 
and adjusting it, until the engine frres well, starts· and idles well. 

7) Wrre-in a HIGH IMPEDENCE milli-volt-meter to the exhaust's 02 sensor. 
Start and run the engine until the operating temperature is stable. 
Bring engine RPM to 3,000 and hold steady. 
Adjust the Gas Flow control valve for the best air I Gas mixture. The Volt meter should 
read Oz sensor output of 0.950 volts +1- 0.025 volts. 
Return the engine to Idle. While monitoring the milli-volt meter, set the positive Idle 
screw to read toggling 0.400 to 0.700 volts. 

Note: Be aware of the fuel tank fumes purging canister; it may be saturated and need 
servicing. 

8) ONLY IF NEEDED, fme tune the Sensitivity screw for best idle and exhaust emission; 
it should read toggling 0.;.;.00 to 0.700 volts with the transmission in Drive and the air 
conditioning ON. Also ch�k for engine stalling while operating the power steering. 

Proceed to Set-Up Instructions on page 36 & 37 
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Computerized Engines 
Regulator and Fuel Set-Up 

1) Set the fuel selector to Gasoline, start the engine and bring it to operating tempera,ture. 
Set the curb idle speed to the higher limit of the manufacturer's specifications. 
Turn the engine OFF, set the fuel selector to Natural Gas and fully OPEN the Nat Gas 
cylinder(s) and Master Shut-Off(s). 

Note: Each and every Regulator is tested and tuned at the plant before being released 
for sale. Do not tamper with it unless there is a strong possibility that it may not 
be set correctly. To reset the pressure regulator to base setting, proceed from 
point 2) and there after. If the regulator is believed to be in good order proceed · 
from point 6) and there after. 

-

2) CLOSE gently and completely the positive idle screw (8mm hex) & the Sensitivity 
screw (10 mm hex) on the side of the pressure regulator. 
Disconnect the Gas vapor hose and the regulator run I shut off solenoid power wire. 

3) . Energize the regulator's run I shut-off solenoid with a jumper wire (constant battery 
power). There should be NO gas output from the regulator I vapor hose or very little. 

4) OPEN the sensitivity screw (10 mm Hex) gently until Gas starts or increases flowing 
from the regulator I vapor hose. Leave it at this setting if the screw is equipped with a 
stay spring or lock the lock nut when provided. 

5) Remove the jumper wire and reconnect all systems to running condition. 

6) Open the Idle screw ( 8mm Hex. )  one half a tum for initial setting. 

_7) Wrre-in a HIGH IMPEDENCE milli-volt-meter to the exhaust's 02 sensor. 
Start and run the engine until the operating temperature is stable. 
Bring engine RPM to 3,000 and hold steady. . 
Adjust the Gas Flow control valve for the best air I Gas mixture. The Volt meter should 
read 02 sensor output of 0.950 volts +1- 0.025 volts. _ 

Return the engine to Idle. While monitoring the milli-volt meter, set the positive Idle 
screw to read toggling 0.400 to 0.700 volts. 

· 

Note: Be aware of the fuel tank fumes purging canister, it may be saturated and need 
servicing. 

8) ONLY IF NEEDED, fmetune the. Sensitivity screw for best idle and exhaust emission; 
it should read _ )ggling 0.400 to 0. 700 volts with the transmission in Drive and the air 
conditioning ON. Als� check for engine stalling while operating the power steering. 

Proceed to Set-Up Instructions on page 36 & 37 
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Closed Loop Fuel . System 
Set-Up Instructions 

Before conversion: -

Set and connect a good quality High impedence digital MilliY'olt meter to the 02 sea:asor-signal 
wire. Take the vehicle for a test run. 

On the Dynamometer: 

If a dynamometer is available drive the vehicle ON Gasoline fuel selection and take notice of the 
. general 02 sensor volt pattern; record it if necessary. Pay particular attention to the toggling 

voltages when at part load (cruising speeds) and the maximum voltage when loaded and at full 
throttl� acceleration. · A second person to read and record the voltmeter readings may be helpful. 
Make sure that the engine is running as well as expected and that there are no trouble codes 
recorded in the diagnostic system. 

On the Road: 

Find a road where you· are familiar with the traffic pattern and paying attention to the traffic 
signals and the traffic around you, drive the vehicle ON Gasoline fuel selection; take notice of 
the general 02 sensor volt pattern and record it Pay particular attention to the toggling voltages 
when at-part load ( cruising speeds) and the maximum voltage when loaded and at full throttle 
acceleration. A second person to read and record the voltmeter readings is a must. _ _ 

Make sure that the engine is running as well as expected and that there are no trouble codes 
recorded in the diagnostic system. 

After conversion: 

Once the MOGAS Fuel System installation has been completed, as per this manual suggestions 
and within its guidelines, start the engine ON .Gasoline and bring it to working temperature. 

• Switch the fuel selector to Nat Gas operation. 
• Remove the vacuum line from the fuel flow control valve bellow; plug it to avoid air 

leaking into the intake manifold; bring the engine to 3500 RPM and hold steady. 
• Adjust the fuel control screw to read the full throttle voltage recorded earlier, when test 

running the vehicle ON Gasoline fuel on the Dyno or the Road, or 0.950 volts +/- 0.025 
volts� 

• Reconnect the vacuum line to the fuel flow control valve bellow. 

The vehicle is now ready for the final test drive and fine tuning-. 
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• Bring the engine under full load at 3500 RPM and look for the highest voltage; it should be 
near the value recorded during gasoline testing. This may very well be .900 to .950 volts. 
If too far from the above: 

• Remove the vacuum line from the Fuel control bellow; plug it to avoid air leaking into the 
intake manifold; bring the engine to 3500 RPM and hold steady. 

• Adjust the fuel control screw to read the full throttle voltage recorded earlier, when test 
running the vehicle ON Gasoline fuel on the Dyno or the Road, or 0.950 volts +/- 0.025 
volts. 

• Reconnect the vacuum line to the fuel flow control valve bellow. 
• Relieve the load; reconnect the vacuum line to the fuel flow control valve; bring the engine 

to part load and simulate a cruising condition, 2000 to 2500 RPM. The voltmeter will now 
toggle in or near the range noted during the Gasoline part load condition test run. 

• Increase the load until you are at full throttle; the voltmeter now should read the full voltage 
as per the earlier pass. You are ready for.the final road test. 

On the Road: 

If a dynamometer is not available use caution in tuning the system on the road; fmd a road where 
you are familiar with the traffic pattern and pay attention to the traffic around you. A second 
person to read the voltmeter is a must 

• Bring the engine under full load at 2500 RPM and look for the highest voltage; it should be 
near the value recorded during gasoline testing. This may .very well be .900 to .950 volts. 
If too far from the above: 

• Adjust the fuel control screw in quarter tum increments in the desired direction, anti­
clockwise for richer mixture, clockwise for leaner mixture. 

• Repeat the full load test until the correct voltage is obtained; once the reading is near the 
desired value the adjustments can be moderated to one eighth of a tum or even less. 

• Now, bring the engine to part load, cruising condition, 2000 to 2500 RPM. The voltmeter 
will now toggle in or near the range noted during the Gasoline part load condition test run. 

• Increase the load for acceleration; the voltmeter now should read high in the .800 volt 
region. 

• Slow down, then accelerate fully for a fast departure. Maximum voltage should reappear as 
per the earlier set-up test. The vehicle is ready for delivery. 
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SOUTHWEST RESEARCH INSTITUTE - DEPARTMENT OF EMISSIONS RESEARCH 
FTP - VEHICLE EMISSIONS RESULTS -

PROJECT_ 08-5343-001 

TEST NO. L1-00-EEE1 RON 
VEHICLE MODEL 91 CHEVY LUMINA 
ENGINE 3.1  L(192. CID) V-6 
TRANSMISSION A4 

BAROMETER 747.01 MM HG(29 .41 IN HG) 
RELATIVE HUMIDITY 24 . PCT 
BAG RESULTS 

BAG HUMBER 
DESCRIPTION 

BLOWER DIF P MM. H20(IH. H20) 
BLOWER INLET P MM. H20(IH. H20) 
BLOWER INLET TEMP. DEG. C(DEG. F) 
BLOWER REVOLUTIONS 
TOT FLOW STD. CU. METRES(SCF) 
THC SAMPLE METER/RANGE/PPM 
THC BCKGRD METER/RANGE/PPM 
CO SAMPLE METER/RANGE/PPM 
CO BCKGRD METER/RANGE/PPM 
C02 SAMPLE METER/RAHGE/PCT 
C02 BCKGRD METER/RANGE/PCT 
HOX SAMPLE METER/RANGE/PPM 
HOX BCKGRD METER/RANGE/PPM 
DILUTION FACTOR 
THC CONCENTRATION PPM 
CO CONCENTRATION PPM 
C02 CONCENTRATION PCT 
NOX CONCENTRATION PPM 
THC MASS GRAMS 
CO MASS GRAMS 
C02 MASS GRAMS 
NOX MASS GRAMS 

THC GRAMS/MI 
CO GRAMS/MI 
C02 GRAMS/MI 
NOX GRAMS/MI 
FUEL ECONOMY IN MPG 
RON TIME SECONDS 
MEASURED DISTANCE MI 
SCF, DRY 

COMPOSITE RESULTS 
TEST HUMBER 
BAROMETER 
HUMIDITY 

L1-00-EEE1 
MM HG 747.0 
G/KG 4 .3  
DEG C .  23 . 3  . TEMPERATURE 

VEHICLE NO.CRC-6 
DATE 11/ 6/92 
BAG CART NO. 2 
DYHO NO. 2 
CVS NO. 8 

TEST WEIGHT 1758. KG( 3875. LBS) 
ACTUAL ROAD LOAD 3 . 8  KW( · 5 .1  HP) 
GASOLINE EM-1540-F 
ODOMETER 66991. KM( 41626. MILES) 
C = .866 H = .134 0 = . 000 

DRY BULB TEMP. 23 .3 DEG C(74.0 DEG F)  
ABS. HUMIDITY 4 . 3  GMJKG 

FUEL DENSITY = 6.16 
BOX HUMIDITY CORRECTION FACTOR .83 

1 
COLD TRANSIENT 

1270.0 (50.0) 
939.8  (37.0) 
43.3 (110.0) 

19145. I 
133 .8 ( 4725. ) 

58 .6/ 2/ 59 . 
5.7/ 2/ 6 .  

76 .3/ 13/ 184 . 
.7J 13/ 2 .  

81.2/ 14/ .6809 
13 .0/ 14/ .0438 
60.3/ 1/ 15 .0 

.8/ 1/ .2 
19.01 
53. 

179. 
.6394 
14 .8  
4 .102 

27.882 
1566. 4  
3 .132 

1 .150 
7.815 
439.0 

.878 
19. 492 
505. 
3 .57 
.986 

2 
STABILIZED 

1270.0 (50.0) 
939.8  (37.0) 
41 .7 (107 .0) 

32870. 
230.7 ( 8147 . )  
9.8J 2/ 10. 
6 .6/ 2/ 7.  

34 .5/ 12/ 33 . 
.9J 12/ 1 .  

69.0/ 14/ .4856 
13 .2/ 14/ .0446 
21 .2/ 1/ 5.3 
1.0/ 1/ .3  

27.36 
3 .  

32 . 
. 4426 
5.1 
. 458 

8.621 
1869. 6  
1.851 

.119 
2.238 
485.4  

.481 
18.125 
868. 
3 .85 
.988 

3 
HOT TRANSIENT 

1270.0 (50.0) 
939.8 (37.0) 
42.2 ( 108.0) 

19145. 
134 .2 ( 4738 . ) -

19 .8/ 2/ 20. 
7.0/ 2/ 7.  

47. 4/ 13/ 111 . 
.3/ 13/ . 1 . 

76.7/ 14/ .6018 
13 .1/ 14/ .0442 
30.3/ 1/ 7 .6  

.9/ 1/ .2 
21 .80 
13 . 

108. 
.5596 
7 . 4  

1 .015 
16. 838 
1374.7  
1.563 

.280 
4 .654 
380.0 

. 432 
22.845 
506. 
3 .62 
. 987 

CARBON DIOXIDE GJMI 
FUEL ECONOMY MPG 
HYDROCARBONS (THC) GJMI 
CARBON MONOXIDE GJMI 
OXIDES OF NITROGEN G/MI 

3-BAG ( 4-BAG) 
446 .7  ( .0)  

19.522 ( .00) 
. 377 ( .00) 

4 .058 ( .00) 
.549 ( .00) 
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SOu"Tmi'EST RESEARCH TI{STITUTE - DEPARTMEHT OF EMISSIONS RESEARCH 
FTP - VEHICLE EMISSIONS RESULTS -

PROJECT 08-5343-001 

TEST NO. L1-00-EEE2 RON 
VEHICLE MODEL 91 CHEVY LUMINA 
ENGINE 3 .1  L(192. CID) V-:-6 
TRANSMISSION A4 

BAROMETER 738.12 MM HG(29.06 IN HG) 
RELATIVE HUMIDITY 33. PCT 
BAG RESULTS 

BAG NUMBER 
DESCRIPTION 

BLOWER DIF P MM. H20(IN.  H20) 
BLOWER INLET P MM. H20(IN. H20) 
BLOWER INLET TEMP. DEG. C(DEG. F) 
BLOWER REVOLUTIONS . 
TOT FLOW STD. CU. METRES(SCF) 
THC SAMPLE METER/RANGE/PPM 
THC BCKGRD METER/RANGE/PPM 
CO SAMPLE METER/RANGE/PPM 
CO BCKGRD METER/RANGE/PPM 
C02 SAMPLE METER/RANGE/PCT 
C02 BCKGRD METER/RANGE/PCT 
NOX SAMPLE METER/RANGE/PPM 
NOX· BCKGRD METER/RANGE/PPM 
DILUTION FACTOR 
THC CONCENTRATION PPM 
CO CONCENTRATION PPM 
C02 CONCENTRATION PCT 
NOX CONCENTRATION PPM 
THC MASS GRAMS 
CO MASS GRAMS 
C02 MASS GRAMS 
NOX MASS GRAMS 

THC GRAMS/MI 
CO GRAMS/MI 
C02 GRAMS/MI 
NOX GRAMS/MI 
FUEL ECONOMY IN MPG 
RON TIME SECONDS 
MEASURED DISTANCE MI 
SCF, DRY 

COMPOSITE RESULTS 
TEST NUMBER 
BAROMETER 
HUMIDITY 
TEMPERATURE 

L1-00-EEE2 
MM HG 738.1  
GfKG 5.8 
DEG C 22.8 

VEBICLE. NO�CRC-6 
DATE .. · .11/23/92 
BAG CART NO. 2 
DYBO NO. 2 
CVS NO. 8 

TEST WEIGHT 1758. KG( 3875. LBs) 
ACTUAL ROAD LOAD 3 .8  KW( 5.1 HP) 
GASOLINE EM-1540-F 
ODOMETER 67031. KM( 41651. MILES) 
C = . 866 H = .134 0 = .000 

DRY BULB TEMP. 22.8 DEG C(73 .0 DEG F)  
ABS. HUMIDITY 5.8 GM/KG 

FUEL DENSITY = 6 .16 
NOX HUMIDITY CORRECTION FACTOR .86 

1 
COLD TRANSIENT 

1270.0 ( 50.0) 
965.2 ' ( 38.0)  
43.3 (110.0) 

19176. 
131.7  ( 4651 . )  ' 

53 .6/ 2/ 54. 
7 .7/ 2/ 8. 

65.1/ 13/ 155. 
1 . 1/ 13/ 3 .  

82.8/ 14/ .7114 
14 . 9/ 14/ .0515 
47 .9/ 1/ 11 .9  

. 6/ 1/  .2  
18 .31 
46. 

149. 
. ' .6627 

11.8 
3.516 

22.834 
1598. 3  
2.562 

. 984 
6. 390 
447 .3  

.717 
19 .261 

506. 
3 . 57 
. 983 

2 
STABILIZED 

1270.0 (50.0) 
965.2 ( 38.0)  
43.3 ( 110.0) 

32890. 
225.9  ( 7977. )  

11 .9/ 2/ 12. 
8 . 3/ 2/ 8. 

56 .9/ 12/ 56. 
2.2/ 12/ 2.  

69.7/ 14/ .4953 
14.9/ 14/ .0515 
14.0/ 1/ 3 .5  

.8/ 1/ . . 2  
26.70 

4 .  
53. 

. 4457 
3 . 3  
.509 

13 .809 
1843 .6 
1 .237 

. 133 
3 . •  616 
482.8 

.324 
18 .138 
868. 
3 .82 
.985 

3 
HOT TRANSIENT 

1270.0  ( 50.0)  
965.2  ( 38.0)  
43 .3 ( l!O.O) 

19151. 
131 .5 ( 4645 . )  

21.5/ 2 /  21. 
7 .9/ 2/ 8.  

68.3/ 13/ 163. 
1 .0/ 13/ 2.  

77 . 6/ 14/ . 6169 
14.9/ 14/ . 0515 
28.3/ 1/ 7 .1  

.8/ 1/ .2 
21.10 
14. 

157. 
. 5679 
6 .9  

1.059 
24.115 
1367.6  
1 .495 

. 296 
6 .743 
382 . 4  

.418 
22.509 

506. 
3 . 58 
.984 

':ARBON DIOXIDE G/MI 
FUEL ECONOMY MPG 
HYDROCARBONS (THCh G/MI 
CARBON MONOXIDE G/MI 
OXIDES OF NITROGEN G/MI 

l-BAG ( 4-BAG) 
447 .8 ' ( .0)  

19.412 ( .00) 
.355 ( .00) 

5.055 ( .00) 
. 432 ( .00) 



SOirrmmsT RESEARCH IHSTITUTE - .  DEPAR'l'MEH'f OF . EMISSIOBS RESEARCH 
ri'P .. VEHICLE EMISSIOlfS RESULTS -

TEST NO. L2•DO-EEE1 RIJH 
VEHICLE MODEL 92 CHEVY LUMINA 
EHGIHE 3 .1  L(192. CID) V-6 
TRANSMISSION A3 

BAROMETER 746.76 MM HG(29.40 IH HG) 
RELATIVE HUMIDITY 22. PCT 
BAG RESULTS 

BAG NUMBER 
DESCRIPTION" 

BLOWER DIF P MM. H20(IN. H20) 
BLOWER INLET P MM. H20(!N. H20) 
BLOWER INLET TEMP. DEG. C(DEG. F) 
BLOWER REVOLUTIONS . 
TOT FLOW STD. CU. METRES(SCF) 
THC SAMPLE . HETER/RANGE/PPM 
THC BCKGRD METER/RANGE/PPM 
CO SAMPLE METER/RANGE/PPM 
CO BCKGRD METER/RANGE/PPM . 
C02 SAMPLE· METER/RANGE/PCT 
C02 BCKGRD METER/RANGE/PCT 
NOX. SAMPLE METER/RANGE/PPM 
NOX BCKGRD METER/RANGE/PPM 
DILUTION FACTOR 
THC CONCENTRATION PPM 
CO CONCENTRATION PPM 
C02 CONCENTRATION PCT 
NOX CONCENTRATION PPM 
THC MASS GRAMS 
CO MASS GRAMS 
C02 MASS GRAMS 
NOX MASS GRAMS 

THC GRAMS /HI 
CO GRAMS/HI 

. C02 GRAMS/HI 
NOX GRAMS/HI 
FUEL ECONOMY IN MPG 
RIJH TIME . SECONDS 
MEASURED DISTANCE MI 
SCF, DRY 

COMPOSITE RESULTS · 
TEST NUMBER 
BAROMETER 
HllMIDITY 
TEMPERATURE 

L2-00-EEE1 
MM HG 746 . 8  
G/KG 3 .7  
DEG C 22.2  

PROJECT 08-5343-Q01 . 

VEHICLE HO. 92P 
DATE · 12/11/92 
BAG CART HO. 2 
DYHO HO. 3 
CVS HO. 2 

TEST WEIGHT 1758. KG( 3875. LBS)­
ACTUAL ROAD LOAD 3.8 KW( 5.1 BP) 
GASOLIBE EM-1540-F 
OOOMETER 28680. KM( 17821. MILES) 
C = . 866 H = . 134 0 = .000 

DRY BULB TEMP. 22.2  DEG C(72.0 DEG F) 
ABS. HDHIDITY 3 .  7 GM/KG 

FUEL DENSITY = 6 .16 
HOI HDHIDITY CORRECTIOI FACTOR .81 

1 
COLD TRANSIENT 

711.2 (28.0)  
762.0 ( 30.0 )  
42 .8  (109.0) 

40419. 
76 .0 ( 2682. ) 

59 .2/ 2/ 59. 
4 .6/ 2/ 5. 

83.7/ 13/ 204 . 
• 3/ 13/ 1.  

62.0/ 1/1 .1478 
2.5/ . 1/ . 0437 

27.8/ 2/ 27.9  
.2/ 2/ . 2  

11. 42 
55. 

198. 
1.1079 
27.7  
2. 408 

17 .470 
1540. 8 -
3 .265 

.670 
4 . 861 
428.8  

.909 
20.222 
505. 
3 .59 
.982 . 

2 
STABILIZED 

711.2 (28.0) 
762.0 ( 30.0) 
40.6 (105.0) 

69441. 
13l .O ( 4627 . )  

11.1/ 2/ II. 
4.8/ 2/ 5. 

63 .3/ 12/ 62. 
. 4/ 12/ o . 

85.9/ 14/ • 7744 . 
12.8/ 14/ .0430 
22.1/ 1/ 5.5 

.3/ 1/ .I 
17 .14 

7. 
60. 

.7339 
5 .5 
. 497 

9 .203 
1760.7 
l .II4 

.128 
2. 372 
453 .9 

.287 
19.361 
868. 
3 .88 
. 986 

3 
HOT TRAlfSIEHT 

711.2 (28.0) 
762.0 (30.0) 
43 .3 (110.0)  

40439. 
75 .9  ( 2681. )  

22 .7/ 2/ 23 � 
4 . 8/ 2/ 5 .  

58 .9/ 13/ 139. 
.Of 13/ .·  O • 

54 .8/ 1/1.0157 
2 .6/ 1/ . 0455 

33 .8/ 1/ 8.5 
. 4/ 1/ .1  

12.99 
18. 

135. 
. 9737 
8 . 4  
.799 

11.977 
1353.6  

. 987 

;222 
3 . 328 
376.1  

.274 
23 .211 
505. 
3 . 60 
.984 

CARB(I: DIOXIDE G/MI 
FUEL ECOlfOMY MPG· 
HYDROCARBONS (THC) GfMI 
CARBON MONOXIDE G/MI 
OXIDES. OF NITROGEN G/MI 

3-BAG ( 4-BAG) 
427.4  ( .0) 

20. 473 ( . .00) 
.266 ( . .00) 

3 .149 ( .00) 
. 412 ( .00) 



SOUTHWEST RESEARCH INSTITUTE - 'DEPARTMENT 'OF eEMISSIONS RESEARCH 

TEST , NO. 12-�EEE2 RUN 
VEHICLE MODEL 92 CHEVY LUHilfA 
ENGINE 3 . 1  L( 192. CID) V-6 
TRANSMISSION A3 

BAROMETER 745.74 MM HG( 29 . 36 IN HG) 
RELATIVE HUMIDITY 64 . PCT 
BAG RESULTS 

BAG NUMBER 
DESCRIPTION 

BLOWER DIF P MM. H20( IN .  H20) 
BLOWER INLET P MM. 1120( IN. H20) 
BLOWER INLET TEMP. DEG. C(DEG. F )  
�LOWER REVOLUTIONS , 
TOT FLOW STD. CU. METRES ( SCF) 
THC SAMPLE METER/RANGE/PPM 
THC BC,KGRD METER/RANGE/PPM 
CO SAMPLE METER/RANGE/PPM 
CO BCKGRD METER/RANGE/PPM 
C02 SAMPLE METER/RANGE/PCT 
C02 BCKGRD METER/RANGE/PeT 
NOX SAMPLE METER/RANGE/PPM 
NOX BCKGRD METER/RANGE/PPM 
DILUTION FACTOR 
THC CONCENTRATION PPM 
CO CONCENTRATION PPM 
C02 CONCENTRATION PCT 
NOX CONCENTRATION PPM 
THC ,MASS GRAMS 
CO MASS GRAMS 
C02 MASS GRAMS 
NOX MASS GRAMS 

THC GRAMS fMI 
CO GRAMSfMI 
C02 GRAMS fMI 
NOX GRAMSJMI 
FUEL ECONOMY IN MPG 
RUN TIME SECONDS 
MEASURED DISTANCE MI 
SCF, DRY 

COMPOSITE RESULTS 
TEST NUMBER 
BAROMETER 
HUMIDITY 
TEMPERATURE 

12-00-EEE2 
MM B� 745.7 
G/KG 13 .9  
DEG C 26 . 1  

FTP - VEHICLE EMISSIONS RESULTS -
PROJECT 08-5343-001 

VEHICLE N0. 92P 
DATE 12/29/92 
BAG CART NO. 2 
DYNO NO. 2 
CVS NO. 8 
DRY BULB TEMP. 26.1 DEG C(79.0  DEG F )  
ABS. HUMIDITY 13 .9  GM(KG 

1 
COLD TRANSIENT 

1244 . 6  ( 49 .0 )  
939 . 8  ( 37.0)  

43 . 3  ( 110 .0)  
19154 . 

133 . 8  ( 4725 . )  
57 . 1/ 2/ 57. 

9 . 7/ 2/ 10 . 
57. 1/ 14/ 259. 

.2/ 14/ 1. 
83 .6f  14f . 7271 
12 . 5/ 14f .0418 
55 . 4 f  1f 13 . 8  

. Of 1f . 0  
17 .68 

48 . 
249. 
. 6876 
13 . 8  
3 . 697 

38.810 
168 4 . 5  

3 . 947 

1 . 017 
10 . 678 

463 . 5  
1 . 086 

18 .343 
505. 
3 . 63 
.973 

2 
STABILIZED 

1244.6  ( 49.0)  
939 . 8  ( 37.0)  

43 . 3  ( 110 .0)  
32866. 

229. 6  ( 8106 . )  
17 .5f 2/ 17. 
12 .7f 2/ 13 . 
57 .2f 12f 56. 

• 5f 12/ o. 
71.2f 14f . 5166 
12 . 8f 14f .0430 

6.8f  1f 1. 7 
.OJ 1/ .0  

25 .58 
5.  

54 . 
. 4753 
1 .7  
. 701 

14 . 366 
1997 . 5  

. 839 

. 179 
3 . 674 
510. 8  

. 214 
17. 147 

868 . 
3 . 91 
.975 

TEST WEIGHT 1758 . KG( 3875. LBS) 
ACTUAL ROAD LOAD 3 . 8  KW( , 5 . 1  BP) 
GASOLINE EM-1540-F 
ODOMETER 28712 . KM( 17841. MILES) 
C = . 866 H = . 134 0 = .000 
FUEL DENSITY = 6 . 16 
NOX HUMIDITY CORRECTION FACTOR 1 . 12 

3 
HOT TRANSIENT 

124 4 . 6  ( 49 .0 )  
939. 8  ( 37.0)  

43 . 3  ( 110.0)  
19151. 

133 . 8  ( 4723 . )  
23 . 0f 2f 23 . 
12 . 4/ 2/ 12. 
43.0/ 13f 100 . 

.Of 13f 0 • 

79. 9f 14f ; 6571 
13 .2f 14f .0446 
14 . 1f 1f 3 . 5  

.Of 1 /  .0  
20.03 

11. 
97 . 

.6147 
3 . 5 
. 865 

15.038 
1505 . 4  

1.013 

.240 
4 . 179 
418 . 4  

. 282 
20. 831 

506 . 
3 .60 
. 973 

3-BAG ( 4-BAG)  
CARBON DIOXT 'E GfMI 475.8  ( .0 )  
FUEL ECONOMY MPG 18.277 ( .00 )  
HYDROCARBONS ( THC) GfMI . 369 ( . 00 )  
CARBON MONOXIDE G/MI 5 .263 ( . 00 )  
OXIDES OF NITROGEN G/MI .413 ( .00 )  



SOUTHWEST RESEARCH INSTITUTE - DEPARTMENT OF EMISSIONS RESEARCH 
FTP - VEHICLE EMISSIONS RESULTS -

TEST NO. L2-00-EEE3 RUN 
VEHICLE MODEL 92 CHEVY LUMINA 
ENGINE 3 . 1  L(192. CID) V-6 
TRANSMISSION A3 

BAROMETER 744 . 98 MM HG( 29 .33 IN HG) 
RELATIVE HUMIDITY 62 . PCT 
BAG RESULTS 

BAG NUMBER 
DESCRIPTION 

BLOWER DIF P MM. H20( IN. H20) 
BLOWER INLET P MM. H20( IN. H20) 
BLOWER INLET TEMP. DEG. C(DEG. F) 
BLOWER REVOLUTIONS 
TOT FLOW STD. CU. METRES(SCF) 
THC SAMPLE METER/RANGE/PPM 
THC BCKGRD METER/RANGE/PPM 
CO SAMPLE METER/RANGE/PPM 
CO BCKGRD METER/RANGE/PPM 
C02 SAMPLE METER/RANGE/PCT 
C02 BCKGRD METER/RANGE/PCT 
NOX SAMPLE METER/RANGE/PPM 
NOX BCKGRD METER/RANGE/PPM 
DILUTION FACTOR 
THC CONCENTRATION PPM 
CO CONCENTRATION PPM 
C02 CONCENTRATION PCT 
NOX CONCENTRATION PPM 
THC MASS GRAMS 
CO MASS GRAMS 
C02 MASS GRAMS 
NOX MASS GRAMS 

THC GRAMS/MI 
CO GRAMS/MI 
C02 GRAMS/MI 
NOX GRAMS/MI 
FUEL ECONOMY IN MPG 
RUN TIME SECONDS 
MEASURED DISTANCE MI 
SCF, DRY 

COMPOSITE RESULTS 
TEST NUMBER 
BAROMETER 
HUMIDITY 
TEMPERATURE 

L2-00-EEE3 
MM HG 745 .0  
G/KG 11. 8  
DEG C .  23 . 9  

PROJECT 08�5343-001 

VEHICLE N0. 92P 
DATE 12/30/92 
BAG CART NO. 2 
DYNO NO. 2 
CVS NO. 8 

TEST WEIGHT 1758 . 'KG( 3875. LBS) 
ACTUAL ROAD LOAD 3.8 KW( 5.1 HP) 
GASOLINE EM-1540-F 

DRY BULB TEMP. 23 .9  DEG C(75.0 DEG F)  
ABS. HUMIDITY 11. 8  GM/KG 

ODOMETER 28730 . KM( 17852 . MILES) 
C = .866 H = . 134 0 = . 000 
FUEL DENSITY = 6.16 
NOX HUMIDITY CORRECTION FACTOR 1 .04 

1 
COLD TRANSIENT 

1244 .6  ( 49 .0)  
939 . 8  ( 37.0)  
43.3 (110.0)  

19165. 
133 . 7  ( 4722 . ) 

52 . 9/ 2/ 53 . 
11 . 2/ 2/ 11. 
79 .3/ 13/ 192 . 

• 2/ 13/ 0.  
82. 7/ 14/ .7094 
13 . 6/ 14/ .0462 
52 .5/ 1/ 13 . 1  
1 . 2/ 1/  .3  

18 . 27 
42. 

185. 
. 6658 
12 . 8  
3 .261 

28. 864 
1630. 0  
3 . 398 

.912 
8.072 
455;9 

. 950 
18.810 

505 . 
3 . 58 
.973 

2 
STABILIZED 

1244.6  ( 49 .0) 
939 .8  (37.0) 
43.3 (110 .0)  

32872 . 
229 .3 ( 8098. ) 

13 .8/ 2/ 14.  
11 .1/ 2/ 11 . 
42 . 7/ 12/ 42. 

. 4/ 12/ o . 
70 .5/ 14/ .5066 
13 . 8/ 14/ .0470 
7 . 3/ 1/ 1 .8  

.5/ 1/ .1  
26 .17 

3 .  
40. 

. 4614 
1.7 
. 413 

10 .666 
1937.2  

.780 

. 108 
2 .783 
505 .6  

.204 
17.378 
867. 
3 .83 
. 975 

3 
HOT TRANSIENT 

1244 .6  (49.0)  
939 .8  (37 .0)  
43 .3  (110.0)  

19151 . 
133 .6  ( 4717 . ) 

25. 6/ 2/ 26 . 
11.4/ 2/ 11. 
45 . 4/ 13/ 106 . 

.2/ 13/ o. 
79 .4/ 14/ .6481 
14 .0/ 14/ .0478 
12 .0/ 1/ 3 .0  

.2/ 1/  .1  
20. 27 
15. 

102. 
. 6027 
3.0 

1 .137 
15.839 
1474 . 2  

.787 

.316 
4 . 407 
410.2 

.219 
21 .207 
506 . 
3 . 59 
. 974 

CARBON DIOXIDE li/MI 
FUEL ECONOMY JoiPG 
HYDROCARBONS (THC) G/MI 

· CARBON MONOXIDE G/MI 
OXIDES OF NITROGEN G/MI 

3-BAG ( 4-BAG) 
469.0 ( .0 )  

18 .598 ( . 00) 
. 332 ( .00) 

4 . 329 ( .00) 
. 363 ( .00 )  



SOuTHwEST . RESEARCH INSTITUTE - DEPARTMENT OF EMISSIONS RESEARCH 
FTP - VEHICLE EMISSIONS ·RESULTS -

TEST NO. . L2,..00,..RFA1 RUN 
VEHICLE MODEL. . 92 CHEVY LUMINA 
ENGINE 3 . 1  L(192 . CID) V-6 
TRANSMISSION A3 

BAROMETER 744 . 73 MM HG(29 .32 IN HG) 
RELATIVE· HUMIDITY 49 . PCT 
BAG RESULTS 

BAG NUMBER 
DESCRIPTION 

BLOWER DIF P MM. H20(IN. H20) 
BLOWER INLET P MM. - H20(IN.  H20) 

. BLOWER INLET TEMP. DEG. C(DEG. F) 
BLOWER REVOLUTIONS 
TOT FLOW STD. cri. METRES(SCF) 
THC SAMPLE METER/RANGE/PPM 
THC BCKGRD METER/RANGE/PPM 
CO SAMPLE METER/RANGE/PPM 
CO BCKGRD' METER/RANGE/PPM 
C02 SAMPLE METER/RANGE/PCT 
C02 BCKGRD METER/RANGE/PCT 
NOX SAMPLE METER/RANGE/PPM 
NOX BCKGRD METER/RANGE/PPM 
DILUTION FACTOR 
THC CONCENTRATION PPM 
CO CONCENTRATION PPM 
C02 CONCENTRATION PCT 
NOX CONCENTRATION PPM 
THC MASS GRAMS 
CO MASS GRAMS 
C02 MASS GRAMS 
NOX MASS GRAMS 

THC GRAMS/MI 
CO GRAMS/MI 
C02 GRAMS /MI 
NOX GRAMS/MI 
FUEL ECONOMY IN MPG 
RUN TIME SECONDS 
MEASURED DISTANCE MI 
SCF I DRY 

COMPOSITE RESULTS 
TEST NUMBER 
BAROMETER 
HUMIDITY 
TEMPERATURE 

L2-00-RFA1 
MM HG 744. 7  
GJKG 9 . 9  
DEG C 25.0  

PRoJECT 08-5448-001 

VEHICLE N0.92P 
DATE ' 12/31/92 · 

BAG CART NO. 2 
DYNO NO. 2 
cvs NO. 8 

TEST WEIGHT 1758. KG( 3875. LBS) . 

ACTUAL ROAD LOAD 3.8 KW( 5.1 HP) 
GASOLINE · EM-1215..:F 
OOOMETER 28759. KM( 17870. MILES) 
C = .866 H = . 134 0 = .000 

DRY BULB TEMP. 25.0 DEG C(77.0 DEG F)  
ABS. HUMIDITY 9.9 GM/KG 

FUEL DENSITY = 6 .16 
NOX HUMIDITY· CORRECTION FACTOR .97 

1 2 3 
COLD TRANSIENT STABILIZED HOT TRANSIENT 

1270.0  ( 50.0)  1270 .0  ( 50.0)  1270.0 ( 50.0)  
965 .2  ( 38.0)  965 .2  (38.0)  965 . 2  (38.0) 
43 . 3  ( 110.0)  43.3 ( 110 .0 )  43 .3  ( 110.0) 

19168 . 32880 • .  19158. 
133 �1 ( 4699 . )  228 . 3  ( 8060 . ) 133 .0 ( 4696 . ) 

52.6/ 2/ 53 . 16. 0/ 2/ 16 . 25 .1/ 2/ 25. 
11 . 3/ 2/ 11 . 11 .1/ 2/ 11. 10.4/ 2/ 10. 
72 .2/ . 13/ 174 . -67.0/ 12/ 66. 57.0/ 14/ 258; 

.OJ 13/ o. . 7/ : 12/ 1 .  • 1/ 14/ 0 • 

82.5/ 14/ .7055 69 .5/ '  14/ . 4925 78 .6/ 14/ . 6341 
13 . 6/ 14/ .0462 14.0/ 14/ .0478 14 . 1/ 14/ .0482 
60 .9/ 1/ 15.2  9 . 5/ 1/ 2 . 4  22.2/ 1/ 5.6 

. 4/ 1/ . 1  ,1/ J/ .o . 2/ 1/ .1  
18 . 42 26 . 77 20. 25 

42. 5. 15. 
168. 63. 251. 
. 6619 . 4465 . 5883 
15.1 2 . 4  5 . 5  .. 
3 . 215 . •  699 1 . 166 

26 . 094 16.874 38.816 
1612.7  1865 .8  1432 .2  
3 . 736 1.005 1 . 369 

. 900 . 182 .323 
7 , 304 4 . 399 10.754 
451. 4  486 . 4  396 . 8  
1 .046 .262 . 379 

19.040 17.953 21 .382 
505. 868 . . 506. 
3 . 57 3 .84 3 . 61 
. 978 . ' . 980 . 978 

3-BAG (4-BAG) 
CARBON DIOXIDE G/MI 454.4  ( .0) 
FUEL ECONOMY MPG 19.042 ( .00) 
HYDROCARBONS (THC) G/MI .370 ( .00) 
CARBON MONOXIDE G/MI 6.7?8 ( .00) 
OXIDES OF NITROGEN G/MI .457 ( .00) 



SOUTiiwLST RESEARCH lliSTITUTE .- DEPARTHOO OF EMISSIONS RESEARCH . 

TEST NO. L2-00-RFA2 RUN 
VEHICLE MODEL 92 CHEVY LUMINA 
ENGINE · 3 .1  1(192. CID) V-6 
TRANSMISSION A3 

BAROMETER 746.76 MM HG(29.40 IN HG) 
RELATIVE HUMIDITY 25. PCT 
BAG RESULTS 

BAG . NOMBER 
DESCRIPTION 

BLOWER DIF P MM. H20(IN. H20) 
BLOWER INLET P Mit H20(IN. H20) 
BLOWER INLET TEMP. DEG. C(DEG. F) 
BLOWER REVOLUTIONS 
TOT FLOW STD. CU. METRES(SCF) 
THC SAMPLE METER/RANGE/PPM 
THC BCKGRD METER/RANGE/PPM 
CO SAMPLE METER/RANGE/PPM 
CO BCKGRD METER/RANGE/PPM 
C02 SAMPLE METER/RANGE/PCT 
C02 BCKGRD METER/RANGE/PCT 
NOX SAMPLE METER/RANGE/PPM 
NOX BCKGRD METER/RANGE/PPM 
DILUTION FACTOR 
THC CONCENTRATION PPM 
CO CONCENTRATION PPM 
C02 CONCENTRATION PCT 
NOX CONCENTRATION PPM 
THC MASS GRAMS 
CO MASS GRAMS 
C02 MASS GRAMS 
NOX MASS GRAMS 

THC GRAMS/HI 
CO GRAMS/MI 
C02 GRAMS/MI 
NOX GRAMS/MI 
FUEL ECONOMY IN MPG 
RUN TIME SECONDS 
MEASURED DISTANCE MI 
SCF, DRY 

COMPOSITE RESULTS 
TEST NUMBER 
BAROMETER 
HUMIDITY 
TEMPERATURE 

- L2:_00-RFA2 
MM HG 746 .8 
G/KG 4 .2  
DEG C 22 .2 

FTP - VEHICLE EMISSIONS . RESULTS -
PROJECT 08�4125-001 

VEHICLE H0. 92P 
DATE 1/ 6/93 
BAG CART NO. 2 
DYNO NO. 3 
cvs NO • .  2 
DRY BULB TEMP. 22.2 DEG C(72.0 DEG F)  
ABS. HUMIDITY 4 . 2  GM/KG 

1 2 
COLD TRANSIENT STABILIZED 

711.2  (28.0) 711. 2  ( 28.0)  
762.0 (30.0) 762 .0 (30.0)  
45.0 (113 .0) 37.8 ( 100.0) 

40608. 69688. 
76 .2 ( 2689 . )  132 .3 ( 4670 . )  

86.9/ : 2/- 87. 16 .4/ 2/ 16. 
4 .9/ 2/ 5. 4 .9/ 2/ 5.  

66.9/ 14/ 312. 52 .2/ 13/ 122. 
• 6/ 14/ "2 • • 4/ 13/ . 1 .  

62.5/ 1/1. 1569 86 .2/ 14/ .7808 
2.9/ 1/ .0508 13 .7/ 14/ .0466 

24 . 6/ 2/ 24 .7  20.4/ 1/ 5.1 
.0/ 2/ .0  .0/ 1/ .o  

11.27 16. 96 
82. 12. 

300. 119. 
1 .1106 . .7370 
24 .7 5.1 
3 . 612 . 897 

26 . 643 18 .281 
1548.7  . 1784.5 
2. 961 1.067 

. 998 . 230 
7 .358 4.680 
427 .7 456 .8 

. 818 .273 
20.313 19.332 
505. 868. 
3 . 62 3 .91 
.981 .985 

TEST WEI� 1758. KG( 3875. LBS) 
ACTUAL ROAD LOAD 3.8 KW( 5.1 BP) 
GASOLINE EM-1215-F 
OIX»>ETER 28794 . KM( 17892. MILES) 
C = . 867 H = .132 0 = .000 
FUEL DENSITY = 6.24 
BOX HDMIDITY . CORRECTION FACTOR • 82 

3 
HOT TRANSIENT 

711.2 ( 28.0)  
762.0  ( 30.0)  
41 .7  ( 107 .0) 

40622. 
76 .5 ( 2702. ) 

31.7  I 2/ 32� 
5 .2/ 2/ 5. 

59. 2/ 14/ 270. 
.5/ 14/ 2 • 

55.8/ 1/1 .0341 
2 .7; - 1/ .0473 

51. 2/ 1/ 12.8  
.3/ 1/ .1  
. 12. 67 

27. 
261 . 
. 9905 
12.7  
1 .185 

23. 220 
. 1387 .6  

1.531 

. 327 
6 .401 
382.5  

. 422 
22.835 
506. 
3 .63 
.982 

3-BAG (4-BAG) 
CARBON DIOXIDE G/MI 430.4  ( .o) 
FUEL ECONOMY MPG . 20.394 ( .00) 
HYDROCARBONS (THC) G/MI . 415 ( .00) 
CARBON MONOXIDE G/MI 5.706 ( .00)  
OXIDES OF NITROGEN G/MI .427 ( .00)  



SOUI'HliitsT RESEARCH n:STITUTE � DEPARTMEll'l' OF EMISSIONS RESEARCH 

TEST NO. L2-00-RFA3 RUB 
VEHICLE MODEL 92 CHEVY LUMINA 
ENGINE 3 .1  L (192. CID) V-6 
TRANSMISSION A3 

BAROMETER 740 . 41 MM HG(29.15 IN HG) 
RELATIVE HUMIDITY 38. PCT 
BAG RESULTS 

BAG NUMBER 
DESCRIPTION 

BLOWER DIF P MM. H20(IN. H20) 
BLOWER INLET P MM. H20(IN. H20) 
BLOWER INLET TEMP. DEG. C(DEG. F )  
BLOWER REVOLUTIONS 
TOT FLOW STD. CU. METRES(SCF) 
THC SAMPLE METER/RANGE/PPM 
THC BCKGRD METER/RANGE/PPM 
CO SAMPLE METER/RANGE/PPM 
CO BCKGRD METER/RANGE/PPM 
C02 SAMPLE METER/RANGE/PCT 
C02 BCKGRD METER/RANGE/PCT 
NOX SAMPLE METER/RANGE/PPM 
BOX BCKGRD METER/RANGE/PPM 
DILUTION FACTOR 
THC CONCENTRATION PPM 
CO CONCENTRATION PPM 
C02 CONCENTRATION PCT 
NOX CONCENTRATION PPM 
THC MASS GRAMS 
CO MASS GRAMS 
C02 MASS GRAMS 
NOX MASS GRAMS 

THC GRAMS/MI 
CO GRAMS/MI 
C02 GRAMS/MI 
NOX GRAMS/MI 
FUEL ECONOMY IN MPG 
RUN TIME SECONDS 
MEASURED DISTANCE MI 
SCF, DRY 

COMPOSITE RESULTS 
TEST NUMBER 
BAROMETER 
HUMIDITY 
TEMPERATURE 

L2-00-RFA3 
MM HG 740.4  
G/KG 7.2 
DEG C 23 .9 

FTP - VEHICLE EMISSIONS RESULTS -
PROJECT 08-4125-001 

VEHICLE B0.92P 
DATE 1/ 7/93 
BAG CART NO. 2 
DYBO NO. 3 
CVS NO. 2 
DRY BULB TEMP. 23 .9 DEG C(75.0 DEG F )  
ABS. HUMIDITY 7.2 GM/KG 

1 
COLD TRANSIENT 

711 .2  (28.0)  
762.0 ( 30.0)  
41 .7 (107.0)  

40595. 
75 .7 ( 2674 . )  

93 .0/ 2/ 93 . 
6 .2/ 2/ 6 .  

67 .7/ 14/ 317. 
.2/ 14/ 1 .  

63. 5/ 1/1. 1752 
2.6/ 1/ .0455 

27 .2/ 2/ 27 .3  
. OJ 2/  .0 

11.09 
87. 

305. 
1 .1338 
27. 3  
3 .807 

26.882 
1572 .3  
3 .534 

1 .050 
7. 412 
433. 5  
.974 

20.040 
505. 
3 . 63 
.977 

2 
STABILIZED 

711 .2 ( 28.0) 
762.0 ( 30.0)  
40.0 (104 .0) 

69675. 
130.4  ( 4605. ) 

20.7/ 2/ 21. 
7.4/ 2/ . 7. 

55.8/ 13/ 131. 
. 4/ . 13/ 1 .  

86.7/ 14/ .7916 
14.0/ 14/ .0478 
18 .2/ 1/ 4 .6  

.Of 1/  .0 
16.71 
14 . 

127 . 
.7467 
4 .6  

1 .031 
19 .271 
1782 .6 
1.020 

. 264 
4 .926 
455.7 
.261 

19.359 
868. 
3 .91 
.981 

TEST WEIGHT 1758. KG( 3875 . LBS) 
ACTUAL ROAD LOAD 3 . 8  KW( 5 .1  HP) 
GASOLINE EM-1215-F 
ODOMETER 28815. KM( 17905. MILES) 
C = . 867 H = . 132 0 = .000 
FUEL DENSITY = 6 .24 
NOX HUMIDITY CORRECTION . FACTOR • 90 

3 
HOT TRANSIENT 

711.2 (28.0) 
762.0 ( 30.0) 
43.3 ( 110.0)  

40617. 
75 .6  ( 2668 . ) 

34 .6/ 2/ 35. 
7 . 5/ 2/ 7. 

73 . 3/ 14/ 348. 
.6/ 14/ 2 . 

56 .7/ 1/1 .0506 
2.9/ 1/ .0508 

43.5/ 1/ 10 .9 
. Of 1/ .0 

12.39 
28 . 

335. 
1 .0039 
10 .9  
1 . 204 

29 . 443 
1388 .6  
1. 405 

.332 
8 .120 
383 .0 

.387 
22.651 
506. 
3 . 63 
.978 

3-BAG (4-BAG) 
CARBON DIOXIDE G/MI 431 ( .0) 
FUEL ECONOMY MPG 20.311 ( .00) 
HYDROCARBONS (THC) G/MI .445 ( .00) 
CARBON MONOXIDE G/MI 6. 316 ( .00)  
OXIDES OF NITROGEN G/MI .443 ( .00) 



SOOTHWEST RESEARCH INSTITUTE - DEPARMEHT OF EMISSIONS RESEARCH 
COMPUTER PROGRAM LDT 1 .0-R 3-BAG EPA FTP VEHICLE EMISSION RESULTS PROJECT NO. 08-5343-001 

VEHICLE lfUMBER 
VEHICLE MODEL 
ENGIBE . 

TRANSMISSION . 
ODOMETER 

92P 
91 CHEVY LUMINA 
3 .1 L ( 192 CID)-V-6 
A4 . . 
28862 KM ( 17938 MILES) 

BAROMETER 745.2  MM HG ( 29.34 IN HG) 
RELATIVE HUMIDITY 33 .6  PCT. 

BAG NUMBER 
BAG DESCRIPTION 

RUN TIME SECONDS 
DRY/WET CORRECTION FACTOR, ·SAMP/BACK 

· MEASURED DISTANCE KM (MILES) 
BLOWER FLOW RATE SCMM (SCFM) 
GAS METER FLOW RATE SCMM ( SCFM) 
TOTAL FLOW SCM (SCF) 

. 

HC SAMPLE METER/RANGE/PPM (BAG) 
HC BCKGRD METER/RANGE/PPM 
CO SAMPLE METER/RANGE/PPM 
CO BCKGRD METER/RANGE/PPM 
C02 SAMPLE METER/RANGE/PCT 
C02 BCKGRD METER/RANGE/PCT 
NOX SAMPLE METER/RANGE/PPM (BAG) (D)  
NOX. BCKGRD METER/RANGE/PPM 

DILUTION FACTOR 
HC CONCENTRATION PPM 
CO CONCENTRATION PPM 
C02 CONCENTRATION PCT 
NOX CONCENTRATION PPM 

HC MASS GRAMS 
CO MASS GRAMS 
C02 MASS GRAMS 
NOX MASS GRAMS 
FUEL MASS KG 
FUEL ECONOMY L/100KM (MPG) 

3-BAG COMPOSITE RESULTS 

TEST L2-01-P85 
DATE 1/20/93 RUN 1 
DYNO 2 BAG CART 2 . 
ACTUAL ROAD LOAD 3 . 80 KW ( 5 . 10 HP) 
TEST WEJGHT 1757. KG ( 3875 LBS) 

DRY BULB TEMPERATURE · 25. 6•c ( 78 .0•F)  

1 
COLD TRANSIENT 
.( 0-505 SEC . )  

505 .4 . 
.981/ .989 

5 .76 ( 3 . 58) 
15 .79 ( 557 . 4 )  

• oo ( .00 )  
133 .0  ( 4695 . ) 

33.0/ 2/ 32 .• 98 
7 .4/ 2/ 7 . 40 

50.5/ 13/118. 20 
.8/ 13/ 1 .85 

77.7/ 14/ .6186 
. 15 . 3/ 14/ .0531 
26. 5/ 2/ 26.56 

.OJ 2/ .00 

18� 52 
25. 98 

113 .50 
.5683 
26 . 56 

2 . 103 
17.571 

1383 . 68 
6 .018 

. 472 
16 .29 ( 14 .44 )  

2 
STABILIZED 

( 506-1372 SEC. ) 
867 . 4  

. 983/ . 989 
6 . 18 ( 3 . 84 )  

15 • .77 ( 556 .9 )  
.00 ( .00) . 

228 .0 ( 8051. ) 

13 . 2/ 2/ .13 .19 
. 8 .3/ 2/ 8 . 30 
u : 5/ 121 11 .o3 
1 . 4/ 12/ 1 .33 

64 . 8/ 14/ . 4305 
15. 3/ 14/ .0531 
54 .6/ 1/ 13 .60 

. 3; 1/ . .08 

27. 09 
5 . 20 
9 . 53 

. 3794 
13 . 53 

.722 
2.530 

1583. 49 
5 .256 

. 529 
17.03 ( 13 .82) 

HC G/KM (G/MI) 
CO G/KM (G/MI ) 
NOX G/KM (G/MI) 
FUEL ECONOMY L/100KM (MPG) 

.201 ( . 324 ) ( . 32 )  
1. 453 ( 2 . 337) ( 2 .34} 
. 949 ( 1 . 526) ( 1 . 53 )  

16 .15 ( 14 .56) 

LPG 
FUEL· DEHSITY 4 .195 LB/GAL 
H �180 C . • 820 0 .000 X .000 

NOX HUMIDITY C.F .  . 891 

3 
HOT TRANSIENT 
( 0- 505 SEC. ) 

505.5  
.982/.989 

5 .77 ( 3 . 59) 
15 .76 ( 556 .6 )  

.00 ( .00) 
132.8  ( 4689 . )  

24 .5/ 2/ 24 . 49 
8 .0/ 2/ 8 .00 

85 .9/ 12/ 85.72 
1 .3/ 1i/ 1 .23 

74 .0/ 14/ .5586 
15.4/ 14/ . 0535 . 
27. 0/ 2/ 27.05 

.Of 2/ . 00 

20.60 
16. 88 
82. 52 
.5076 
27.05 

1 .365 
12.758 

1234.21 
6 . 123 

. 419 
14 . 44 ( 16 .29) 



SOOTBWEST RESEARCII DSTITCTE - DEPlRIIEI'l' OF EMISSIOHS RESEARCII 
COIIPU'RR PROGlWI LM' 1.o-R 3-BAG EPA rTP .VEHICLE EMISSIOH :RESULTS PROJECT HO. 08·5343-oo1 

VEHICLE BOMBER 
VEHICLE MODEL 
ElfGDE 
TIWISMISSIOB . 
ODOMETER 

92P 
91 CHEVY LUMIBA 
3.1  L (192 CID)·V-6 
A4 
28878 Dl ( 17948 MILES) 

BAROMETER 745.5 MM HG ( 29. 35 IB HG) 
RELATIVE HUMIDITY 35.1  PCT. 

BAG HUMBER 
BAG DESCRIPTIOB 

RUB TIME SECOBDS 
DRY/WET CORRECTIOB FACTOR, SAMP/BACK 
MEASURED DISTABCE Dl (MILES) 
BLOWER FLOW RATE SCMM (SCFM) 
GAS METER FLOW RATE SCMM ( SCFM) 
TmAL FLOW SCM ( SCF) 

HC SAMPLE mER/RABGE/PPH (BAG) 
HC BCKGRD METER/RABGE/PPM 
CO SAMPLE mER/RABGE/PPM 
CO BCKGRD METER/�GE/PPH 
C02 SAMPLE METERfRABGEfPCT 
C02 BCKGRD mER/RABGEfPCT 

· NoX SAMPLE METERfRABGEfPPM (BAG) (D) 
BOX BCKGRD METERfRABGE/PPH 

DILUTIOB FACTOR 
HC COHCEHTRATIOB PPM 
CO COBCEHTRATIOB PPM 
C02 COBCEHTRATIOB PCT 
HOX COBCEBTRATION PPM 

HC MASS GRAMS 
CO MASS GRAMS 
C02 MASS � 
NOX MASS GRAMS 
FUEL MASS KG 
FUEL ECOBOMY L/100DI (MPG) 

3-BAG COMPOSITE RESULTS 

TEST L2-o1-P85 
DATE 1/21/93 RUB 2 
DYHO 2 BAG CART 2 
ACTUAL ROAD LOAD 3 .80 KW ( 5 .10 HP) 
TEST WEIGHT 1757 KG ( 3875 LBS) 

DRY BULB TEMPERATURE 22.2'C ( 72.0'F) 

1 
COLD TRABSIEBT 
( 0·505 SEC. ) 

504. 9  
.982/.990 

5.75 ( 3 .57) 
15.82 ( 558.5)  

.00 ( .00) 
133 .1  ( 4700. ) 

31.3f 2/ 31.28 
6 .2f 2/ 6.20 

93.7f 12f 94 .51 
2.1f 12f 2.57 

77.6f 14f .6169 
13. 1f 14/ .0466 
32.1f 2f 32.14 

.Of 2/ .00 

18.64 
25. 42 
89.69 
.5728 
32.14 

2�059 
13.897 

1395.85 
7.075 

. 474 
16. 40 ( 14 . 35 )  

2 
STABILIZED 

(506-1372 SEC. ) 
867.9  

. 985/ .990 
6 .18 ( 3 .84) 

15.81 ( 558.1 )  
.00 ( .00) 

228.6  ( 8073. )  

12.2f 2f 12. 19 
6 .8/ 2/ 6.80 

17.7/ 12f 17.05 
3 .0f 12f 2.85 

64 .5f 14/ . 4268 
13 .9/ 14f .0474 
62.4f 1f 15.52 

.Of 1f .00 

27. 30 
5.65 

13.97 
.3811 
15.52 

.786 
3 .718 

1595. 39 
5.870 

.534 
17.19 ( 13 .68) 

HC G/DI (G/MI) 
CO G/DI (GJMI) 
BOX G/DI (GjMI) 
FUEL ECODIY L/100DI (MPG) 

. 206 ( .332) ( . 33) 
1 .355 ( 2.181) ( 2.18) 
1.078 ( 1.734) ( 1 .73) 
16.28 ( 14. 45) 

LPG 
FUEL DEifSITY 4 .195 LBfGAL _ 

H . 180 C .820 0 .000 X .000 

BOX HUMIDITY ·c.F. .865 

3 
HOT TRANSIEBT 
( o- 505 SEC. ) 

505.5 
.983/ .990 

5.75 ( 3 .58)  
15.79 ( 557.5) 

.oo ( ·. oo) 
133 .0 ( 4697. ) 

23.5f 2f 23 .49 
6.7f 2f 6 .70 

79.0f 12f 78.26 
3 . 4f 12f 3 .24 

73 .8f 14f .5555 
14. 4f 14f .0494 
31. 4f 2f 31. 44 

.Of 2f . .00 

20.74 
17.11 
73 .32 
.5084 
31 .44 

1 . 386 
11.355 

1238.27 
6 .918 

. 420 
14 .50 ( 16.22) 



SOUTHWEST RESEARCH INSTITUTE - DEPARMENT OF EMISSIONS RESEARCH 
COMPUTER PROGRAM LDT 1 .0-R 3-BAG EPA FTP VEHICLE EMISSION RESULTS PROJECT NO. 08-5343-001 

VEHICLE NUMBER 
VEHICLE MODEL 
ENGINE 
TRANSMISSION 
OIX»>ETER 

92P 
91 CHEVY LUMINA 
3 . 1  L ( 192 CID)-V-6 
A4 

28908 KM ( 17967 MILES) 

BAROMETER 746 .8  MM HG ( 29 . 40 IN HG) 
RELATIVE HUMIDITY 33 . 4  PCT. 

BAG NUMBER 
BAG DESCRIPTION 

RUN TIME SECONDS 
DRY/WET CORRECTION FACTOR, SAMP/BACK 
MEASURED DISTANCE KM (MILES) 
BLOWER FLOW RATE SCMM (SCFM) 
GAS METER FLOW RATE SCMM (SCFM) 
TOTAL FLOW SCM (SCF) 

HC SAMPLE METER/RANGE/PPM (BAG) 
HC BCKGRD METER/RANGE/PPM 
CO SAMPLE METER/RANGE/PPM · 
CO BCKGRD METER/RANGE/PPM 
C02 SAMPLE METER/RANGE/PCT 
C02 BCKGRD METER/RANGE/PCT 
NOX SAMPLE METER/RANGE/PPM (BAG) (D)  
NOX BCKGRD METER/RANGE/PPM 

DILUTION FACTOR 
HC CONCENTRATION PPM 
CO CONCENTRATION PPM 
C02 CONCENTRATION PCT 
NOX CONCENTRATION PPM 

HC MASS GRAMS 
CO MASS GRAMS 
C02 MASS GRAMS 
NOX MASS GRAMS 
FUEL MASS KG 
FUEL ECONOMY L/100KM (MPG) 

3-BAG COMPOSITE RESULTS 

TEST L2-01-P92 
DATE 1/22/93 RUN 1 
DYNO 2 BAG CART 2 
ACTUAL ROAD LOAD 3 . 80 KW ( 5 . 10 HP)  
TEST WEIGHT 1757 KG ( 3875 LBS) 

DRY BULB TEMPERATURE 23 . 3 •c  ( 74 .0.F)  

1 
COLD TRANSIENT 
( 0-505 SEC. ) 

505 . 3  
. 982/ .990 

5 .77 ( 3 .59) 
15 .85 ( 559 .6)  

.00 ( .00) 
133 . 5  ( 4713 . )  

33 .0/ 2/ 32.98 
6 . 6/ 2/ 6 .60 

50.1/ 13/117 .22 
.7/ 13/ 1 .62 

77.4/  14/ . 6135 
14 .7/ 14/ .0506 
27 .4/  2/ 27 . 45 

. Of 2/ .00 

18.56 
26.74 

112 .77 
. 5656 
27 . 45 

2 . 178 
17. 522 

1382 . 17 
6 .079 

. 473 
16 . 36 ( 14 . 38 )  

2 
STABILIZED 

( 506-1372 SEC. ) 
867 .6  

. 985/ . 990 
6 . 21 ( 3 . 86 )  

15.84 ( 559 .1)  
.00 ( .00) 

229 .0  ( 8085. ) 

13 .5/ 2/ 13. 49 
6 . 5/ 2/ 6 .50 

23 .6/ 12/ 22 .81 
2 . 2/ 12/ 2 .09 

64 .5/ 14/ . 4268 
14 .5/ 14/ . 0498 
53 .9/ 1/ 13 . 43 

. 1/ 1/ .03 

27 . 09 
7 . 24 

20. 34 
. 3788 
13 .40 

1 .011 
5 . 422 

1587.99 
5 .091 

. 534  
17 . 17 ( 13 . 70) 

HC G/KM (G/MI) 
CO G/KM (G/MI) 
NOX G/KM (G/MI) 
FUEL ECONOMY L/100KM (MPG) 

. 232 ( . 373 ) ( . 37 )  
1 . 900 ( 3 .058) ( 3 . 06)  

. 911 ( 1 . 465) ( 1 . 47 )  
16 . 25 ( 14 . 48 )  

LPG 
FUEL DENSITY 4 . l78 LB/GAL 
H . 182 C . 818 0 .000 X .000 

NOX HUMIDITY C.F;  . 867 

3 
HOT TRANSIENT 
( 0- 505 SEC. ) 

505 . 4  
. 983/ . 990 

5 . 78 ( 3 .59 ) 
15.82 ( 558 .7 )  

.00 ( . 00 )  
133 . 3  ( 4706 . )  

2 4 . 1/ 2/ 24 .09 
6 . 4/ 2/ 6 . 40 

49 . 4/ 13/115 . 49 
. 8/ 13/ 1 .85 

73 . 4/ 14/ . 5493 
14 .6/ 14/ .0502 
25. 4/ 2/ 25 . 46 

. Of 2/ .00 

20 . 71 
18 .00 

111 . 03 
. 5015 
25 . 46 

1 . 464 . 
17 . 227 

1223 . 74 
5 . 628 

. 419 
1 4 . 48 ( 16 .24 ) 



SOUTHWEST RESEARCB INSTITUTE - DEPARMEHT OF EMISSIONS RESEARCH 
COMPUTER PROGRAM LDT 1 .0-R 3-BAG EPA FTP VEHICLE EMISSION RESULTS . PRoJECT NO. 08-5343�001 

VEHICLE HUMBER 
VEHICLE MODEL 
ENGINE 
TRAHSMISSIOlf · 

ODOMETER 

92P 
91 CHEVY LUMINA 
3 . 1  L (192 CID)-V-6 
A4 
28937 KM ( 17985 MILES) 

BAROMETER 750.1  MM HG ( 29 .53 IN HG) 
RELATIVE HUMIDITY 18.6  PCT. 

BAG HUMBER 
BAG DESCRIPI'IOH 

RUN TIME SECONDS 
DRY/WET CORRECTION FACTOR, SAMP/BACK . 
MEASURED DISTANCE KM (MILES) 
BLOWER FLOW RATE SCMM (SCFM) 
GAS METER FLOW RATE SCMM (SCFM) 
TOTAL FLOW SCM ( SCF) · 

HC SAMPLE METER/RANGE/PPM (BAG) 
HC BCKGRD METER/RANGE/PPM 
CO SAMPLE METER/RANGE/PPM 
CO BCKGRD METER/RANGE/PPM 
C02 SAMPLE METER/RANGE/PCT 
C02 BCKGRD METER/RANGE/PCT 

, NOX SAMPLE METER/RANGE/PPM (BAG) (D) 
BOX BCKGRD METER/RANGE/PPM 

DILUTION FACTOR 
HC CONCENTRATION , PPM 
CO CONCENTRATION PPM 
C02 CONCENTRATION PCT 

. NOX CONCENTRATION PPM 

HC MASS GRAMS 
CO MASS GRAMS 
C02 MASS GRAMS 
NOX MASS GRAMS 
FUEL MASS KG 
FUEL ECONOMY L/100KM (MPG) 

3-BAG COMPOSITE RESULTS 

TEST L2-01 ;..P92 
DAT� 1/26/93 ROB 2 · 

DYNO- 2 · BAG CART 2 
ACTUAL ROAD LOAD 3 .80 KW ( 5 . 10 HP) 
TEST WEIGHT 1757 KG ( 3875 LBS) 

DRY BULB TEMPERATURE 22.2'c ( 72 .0'F)  

1 
COLD TRANSIENT 
( 0-505 SEC. ) 

505�6 
. 987/ .995 

5 .82 ( 3 . 62 )  
15 .94 ( 562 . 8 )  

.00 ( .00) 
134 . 3  ( 4742 . )  

32 .0/ 2 /  31.98 
5.3/  2/ 5 . 30 

51 .8/ 13/121. 42 
. 8/ 13/ 1 .85 

. .  77 .9/ 14/ ; 6220 
13 .8/ 14/ .0470 
33 . 5/ 2/ 33. 54 

. 1/ 2/ . 10 

18 . 30 
26 . 97 

117. 20 
. 5776 
33 . 4 4  

2 . 211 
18 . 324 

1420. 21 
6 .873 

. 486 
16 .68 ( 14 . 11)  

2 
STABILIZED 

( 506-1372 SEC. ) 
868 .0 

. 989/ .995 
6 .23 ( 3 .87 )  

15. 93 ( 562.5)  
.00 ( .00) 

230.5 ( . 8138 . )  

11 .6/ 2/ 11 . 59 
4 .8/ 2/ 4 . 80 

16.0/ 12/ 15 . 40 
1 .  7 I 121 1 .62 

64. 4/ 14/ . 4255 
13 .6/ 14/ .0462 
66. 8/ 1/ 16. 61 
1.2/ 1/ . .  30 

27.23 
6 .97 

13 .60 
. 3811 
16.32 

. 981 
3 . 650 

1607. 85 
5.756 

.539 
17.31 ( 13 . 59 )  . 

HC G/KH (G/MI) 
CO G/KM (G/MI) 
NOX G/KH (G/MI) 
FUEL ECONOMY L/100KH (MPG) 

. 221 ( . 355) ( . 36 )  
1 . 386 ( 2 .229) ( 2 . 23 )  
1 . 050 ( 1.690) ( 1 . 69)  

. 16 . 36 (. 14 . 38 )  

LPG 
FUEL DENSITY · 4 . 178 LB/GAL 
H . 182 C .818 0 .000 X .000 

NOX HUMIDITY C.F.  .800 

3 
HOT TRANSIENT 
( 0- 505 SEC. ) 

507 .1  
.988/.995 

5 .79 ( 3 . 60 )  
15.91 ( 561. 8)  

.00 ( . 00 )  
134 .5  ( 4748 . )  

20.5/ 2/ 20. 49 
5 .2/ 2/ 5 .20 

61.4/ 1�/ 60.13 
1 . 5/ 12/ 1. 43 

73.2/ 14/ . 5463 
13.8/ 14/ .0470 
33 . 7/ 2/ 33 .74 

. 3/ 2/ . 30 

21.03 
15.54 
57. 65 
. 5015 
33 . 45 

1 .275 
9 .024 

1234 . 62 
6.882 

. 418 
1 4 . 41 ( 16 . 32 )  



I 

SOUTHWEST RESEARCH INSTITUTE - DEPARMEitT OF EMISSIOBS RESEARCH 
COMPUTER PROGRAM LDT · 1 .  O-R 3-BAG EPA FTP VEHICLE EMISSION RESULTS 

. 

PROJECT HO. 08-5343-QOl 

VEHICLE NUMBER 
VEHICLE MODEL 
ENG IHE 
TRAHSMISSION 
ODOMETER 

92P 
91 CHEVY LUMINA 
3.1 . L  (192 CID)-V-6 
A4 

28937 KM ( 17985 MILES) 

BAROMETER 744.7  MM HG ( 29 . 32 IN HG) 
RELATIVE HUMIDITY 35.1 PCT. 

BAG HUMBER 
BAG DESCRIPTION 

RUN TIME SECONDS 
DRY/WET CORRECTION FACTOR, SAHP/BACK 
MEASURED DISTANCE KM (MILES) 
BLOWER FLOW RATE SCMM (SCFM) 
GAS · METER FLOW. RATE SCMM . ( SCFM) 
TOTAL FLOW SCM (SCF) 

HC SAMPLE METER/RANGE/PPM (BAG) 
HC BCKGRD METER/RANGE/PPM 
CO SAMPLE METER/RANGE/PPM 
CO BCKGRD METER/RANGE/PPM 
C02 SAMPLE METER/RANGE/PeT 
C02 BCKGRD METER/RANGE/PeT 
NOX SAMPLE METER/RANGE/PPM (BAG) CD) 
NOX BCKGRD METER/RANGE/PPM 

DILUTION FACTOR 
HC CONCENTRATION PPM 
CO CONCENTRATION PPM 
C02 CONCENTRATION PCT 
NOX · CONCENTRATION PPM 

HC MASS GRAMS 
CO MASS GRAMS 
C02 MASS GRAMS 
NOX MASS GRAMS 
FUEL. MASS KG 
FUEL ECONOMY L/lOOKM (MPG) 

3-BAG · COMPOSITE RESULTS 

TEST L2-Ql-P98 
DATE 1/28/93 RUN 1 
DYHO 2 BAG CART 2 
ACTUAL ROAD LOAD 3 . 80 KW ( 5.10. HP) 
TEST WEIGHT . 1757 KG ( 3875 LBS) 

DRY BULB TEMPERATURE 22. 2·c ( 72 .0.F)  

1 
COLD TRAHSIENT . 
( 0-505 SEC. ) 

505.4  
. 982/ .990 . 

5 .74 ( 3 . 57) 
15. 77 ( 556 .9 )  

.00 ( . 00) 
132.9  ( 4691 . ) 

30. 6/ 2/ 30.58 
7 .• 5/ 2/ 7 .50 

65.6/ 12/ 64 .37 
1 .6/ 12/ 1 .52 

77. 9/ 14/ .6220 
13 .1/ 14/ .0442 
35.2/ 2/ 35.23 

. 1/ 2/ .10 

18. 41 
23. 49 
61.28 
. 5802 
35.14 

1. 907 
9. 479 

1411.32 
7.723 

. 478 
16.80 ( 14 .00 )  

2 
STABILIZED 

( 506-1372 SEC. ) 
867.2 

. 985/.990 
6 .16 ( 3 . 83 ) 

15. 78 ( 557.1)  
. • 00 ( .00)  

228.0 ( 8051. ) 

12. 2/ 2/ . 12 .19 
7.0/ 2/ 7.00 
2 . 4/ 12/ 2.28 
1 .1/ 12/ 1.04 

64 . 5/ 14/ . 4268 
12.8/ 14/ .0430 
56.8/ 1/ 14 .14 

. i; 1/ .03 

27.14 
5 .45 
1.24 

. 3853 
14 .12 

.760 

. 329 
1608.68 

5. 326 
.538 

17.61 ( 13 .36) 

HC G/KM (G/MI) 
CO G/KM (G/MI) 

· NOX . G/KM (G/MI) 
FUEL ECONOMY L/lOOKM (MPG) 

.185 ( . 298) ( .30)  

.514 ( . 828) (. .83 )  
1.067 ( 1 .  717) ( 1 .  72) . 
16.57 ( 14 .19) 

� 
'FUEL DENSITY 4 . 139 LB/GAL 
H .183 C . 817 0 .000 X .000 

NOX HUMIDITY C.F.  . 865 

3 
HOT TRAHSIENT 
( 0- 505 SEC . )  

505.3 
. 983/ . 990 

5�76 ( 3 .58 )  
15. 77 ( 556.7)  

.00 ( .00) 
132.8  ( 4689. ) 

20. 5/ 2/ 20. 49 
7 .3/ 2/ 7.30 

22.0/ 12/ 21.24 
1 . 3/ 12/ 1 .23 

73 . 3/ 14/ .5478 
12.6/ 14/ .0422 
32. 6/ 2/ 32.64 

.1/ 2/ . 10 

21.06 
13.54 . 
19 .57 
.5076 
32.54 

1.098 
3 .025 

1233. 92 
7 .149 

. 415 
14.51 ( 16.21 )  



SOUTHWEST RESEARCH INSTITUTE - DEPARMENT OF EMISSIONS RESEARCH 
COMPUTER PROGRAM LDT 1 .0-R 3-BAG EPA FTP VEHICLE EMISSION RESULTS PROJECT NO. 08-5343-001 

VEHICLE NUMBER 
VEHICLE HODEL 
ENGINE 
TRANSMISSION 
ODOMETER 

92P 
91 CHEVY LUMINA 
3 .1  L (192 CID)-V-6 
A4 
29000 KM ( 18024 HILES) 

BAROMETER 744 .7 HH HG ( 29 . 32 IN HG) 
RELATIVE HUMIDITY 38 .6 PCT. 

BAG NUMBER 
BAG DESCRIPTION 

RUN TIME SECONDS 
DRY/WET CORRECTION FACTOR, SAMP/BACK 
MEASURED DISTANCE KM (MILES) 
BLOWER FLOW RATE SCHH ( SCFH) 
GAS METER FLOW RATE SCHH ( SCFH) 
TOTAL FLOW SCM (SCF) 

HC SAMPLE METER/RANGE/PPM (BAG) 
HC BCKGRD METER/RANGE/PPM 
CO SAMPLE METER/RANGE/PPM 
CO BCKGRD METER/RANGE/PPM 
C02 SAMPLE HETER/RANGE/PCT 
C02 BCKGRD HETER/RANGE/PCT 
NOX SAMPLE METER/RANGE/PPM (BAG) (D) 
NOX BCKGRD METER/RANGE/PPM 

DILUTION FACTOR 
HC CONCENTRATION PPM 
CO CONCENTRATION PPM 
C02 CONCENTRATION PCT 
NOX CONCENTRATION PPM 

HC MASS GRAMS 
CO MASS GRAMS 
C02 MASS GRAMS 
NOX MASS GRAMS 
FUEL MASS KG 
FUEL ECONOMY L/100KM (MPG) 

3-BAG COMPOSITE RESULTS 

TEST L2-01-P98 
DATE 1/29/93 RUN 2 
DYNO . 2 BAG CART 2 
ACTUAL ROAD LOAD 3 .80 KW ( 5.10 HP) 
TEST WEIGHT 1757 KG ( 3875 LBS) 

DRY BULB TEMPERATURE 22.2 'c  ( 72 .0 'F )  

1 
COLD TRANSIENT 
( 0-505 SEC. ) 

. 505 . 1  
. 981/ .990 

5.79 ( 3 .60) 
15 .80 ( 558 .0 )  

.00 ( .00)  
133 .0 ( 4697. ) 

25. 5/ 2/ 25. 49 
5.6/ 2/ 5 .60 

49.7/ 12/ 48 .46 
.OJ 12/ . 00 

76 .7/ 14/ . 6018 
12.5/ 14/ .0418 
32. 0/ 2/ 32.04 

.OJ 2/ .00 

19 .08 
20 .18 
47 .17 
; 5622 
32.04 

1.640 
7. 306 

1369. 21 
7.174 

. 463 
16 .12 ( 14 . 59)  

2 
STABILIZED 

( 506-1372 SEC. ) 
867 . 5  

.984/ .990 
6.24 ( 3 .88) 

15.79 ( 557 .4 )  
.00 ( .00) 

228 .2 ( 8059. ) 

10 .3/ 2/ 10.29 
5 .3/ 2/ 5 .30 
2.1/ 12/ 2.00 

.OJ 12/ .00 
64 .6/ 14/ . 4280 
12.5/ 14/ .0418 
49.8/ 1/ 12. 42 

.Of 1/ .00 

27.08 
5 .19 
1 .95 

. 3877 
12. 42 

.724 

.519 
1620.22 

4 .769 
. 542 

17 . 53 ( 13 . 42 )  

HC G/KH ( G/HI) 
CO G/KH ( G/HI) 
NOX G/KH ( G/MI) 

.171 ( . 276) ( . 28 )  

. 490 ( .789) ( . 79 )  

. 979 ( 1 .574) ( 1 .57 )  
FUEL ECONOMY L/100KH (MPG) 16 .31 ( 14 . 42)  

LPG 
FUEL DENSITY 4 . 139 LB/GAL 
H .183 C .817 0 .000 X . 000 

NOX HUMIDITY C.F .  . 880 

3 
HOT TRANSIENT 
( 0- 505 SEC. ) 

505.7  
. 982/ .990 

5.76 ( 3 .58)  
15 .78 ( 557.0)  

.00 ( .00) 
133 .0  ( 4695. ) 

18.6/ 2/ 18 .59 
5 .3/ 2/ 5 .30 

26 .8/ 12/ 25 .94 
.OJ 12/ . .00 

72.5/ 14/ .5357 
12.9/ 14/ .0434 
30. 5/ 2/ 30 .55 

.OJ 2/ .00 

21 .52 
13.54 
25.29 
. 4943 
30. 55 

1.100 
3 .914 

1203. 35 
6. 835 
. 405 

14 .20 ( 16 .57 )  



SOUTHWEST RESEARCH INSTITUTE - DEPARMENT OF EMISSIONS RESEARCH 
COMPUTER PROGRAM LDT 1 . 0-R 

" 
3-BAG EPA FTP VEHICLE EMISSION RESULTS PROJECT NO. 08-5343-001 

VEHICLE NUMBER 
VEHICLE HODEL 
ENGINE 
TRANSMISSION 
OOOMETER 

92P 
91 CHEVY LUMINA 
3 . 1  L ( 192 CID)-V-6 
A4 

29000 KM ( 18024 MILES) 

BAROMETER 744.5  MM HG ( 29 . 31 IN HG) 
RELATIVE HUMIDITY 35.2 PCT. 

BAG NUMBER 
BAG DESCRIPTION 

RUN TIME SECONDS 
DRY/WET CORRECTION FACTOR, SAMP/BACK 
MEASURED DISTANCE KJf (MILES) 
BLOWER FLOW RATE SCMM ( SCFH) 
GAS METER FLOW RATE SCMM (SCFH) 
TOTAL FLOW SCM (SCF) 

HC SAMPLE METER/RANGE/PPM (BAG) 
HC BCKGRD METER/RANGE/PPM 
CO SAMPLE METER/RANGE/PPM 
CO BCKGRD METER/RANGE/PPM 
C02 SAMPLE METER/RANGE/PCT 
C02 BCKGRD METER/RANGE/PCT 
NOX SAMPLE METER/RANGE/PPM (BAG) ( D) 
NOX BCKGRD METER/RANGE/PPM 

DILUTION FACTOR 
HC CONCENTRATION PPM 
CO CONCENTRATION PPM 
C02 CONCENTRATION PCT 
' NOX CONCENTRATION PPM 

HC MASS GRAMS 
CO MASS GRAMS 
C02 MASS GRAMS 
NOX MASS GRAMS 
FUEL MASS KG 
FUEL ECONOMY L/100KM (MPG) 

3-BAG COMPOSITE RESULTS 

TEST L2-01-HD5 
DATE 2/_ 2/93 RUN 
DYNO . 2 BAG CART 2 
ACTUAL ROAD LOAD 3 . 80 KW ( 5 .10 HP) 
TEST WEIGHT 1757 KG ( 3875 LBS) 

DRY BULB TEMPERATURE 24. 4'C ( 76 .0'F)  

1 
COLD TRANSIENT 
( 0-505 SEC. ) 

505. 2  
. 981/ . 989 

5 .79 ( 3 .60)  
15 .78 ( 557.2)  

.00 ( .00)  
132 . 9  ( 4692 . )  

31. 3/ 2/ 31.28 
8 .9/ 2/ 8 . 89 

62 .4/ 12/ 61 .13 
2.3/ 12/ 2.19 

77 .5/ 14/ .6152 
14 .7/ 14/ . 0506 
34.6/ 2/ 34 .63 

.1/ 2/ . 10 

18 .56 
22 .87 
57 .51 
. 5673 
34 .54 

1 . 859 
8 .896 

1380.02 
7 . 788 

. 468 
16 . 65 ( 14.12 )  

2 
STABILIZED 

( 506-1372 SEC. ) 
867 . 4  

. 983/ .989 
6 .24 ( 3 . 88 )  

15 . 77 ( 556. 9 )  
. 00 ( . 00)  

228 .0  ( 8051 . )  

13.4/ 2/ 13 . 39 
9 .6/  2/ 9 . 59 
2 .5/ 12/ 2 . 38 
1 .  71 121 1 .  62 

65 .0/ 14/ . 4330 
14 .9/ 14/ . 0515 
54 . 4/ 1/ 13 . 55 

. 2/ 1/ .05 

26 . 67 
4 . 16 

. 79 
. 3835 
13.50 

. 580 
;210 

1600. 76 
5 .224 

. 536 
17. 70 ( 13 . 29 )  

HC G/KM (G/HI ) 
CO G/KM (G/MI) 
NOX G/KM (G/HI) 
FUEL ECONOMY L/100KM (MPG) 

.165 ( .266) ( . 27)  

. 483 ( • 778) ( • 78) 
1 .065 ( 1 .714)  ( 1 .71) 
16 .69 ( 14.10 )  

LPG 
FUEL DENSITY 4 . 053 LB/GAL 
H . 184 C .816 0 . 000 X . 000 

NOX HUMIDITY C .F .  .887 

3 
HOT TRANSIENT 
( 0- 505 SEC. ) 

505. 3  
. 982/ . 989 

5 .75 ( 3 .57) 
15 .80 ( 557.9 )  

. 00 ( .00 )  
133 .1  ( 4699 . )  

26 .1/ 2/ 26 .08 
13 .7  I 21 13 . 69 
22 . 71 121 21 .93 
1 .5/ 12/ 1 . 43 

73 . 11 14/ .5539 
15 .0/ 14/ . 0519 
32 .8/ 2/ 32.84 

. 1/ 2/ . 10 

20. 74 
13 .05 
20.05 
.5045 
32 . 74 

1 . 063 
3 . 106 

1229. 24 
7 . 394 

. 414 
14.83 ( 15 .86) 



SOUTHWEsT RESEARCH INSTITUTE - DEPARMERT OF - EMISSIONS RESEARcll 
COMPUTER PROGRAM LDT 1.0-R 3•BAG EPA FTP VEHICLE EMISSION' RESULTS PROJECT NO. 08-5343-001 

VEHICLE HUMBER 
VEHICLE MODEL­
ENGINE 

- TRANSMISSION 
ODOMETER 

92P 
92 CHEVY LUMINA _ 
3 .1 L (192 CID)·V-6 
A3 
29105 KM ( 18089 MILES) 

BAROMETER 743� 0  HK HG ( 29 .25 IN HG) 
RELATIVE HUMIDITY 32 .1  PCT. 

BAG HUMBER 
BAG DESCRIPTION 

RON TIME SECONDS -
DRY/WET CORRECTION FACTOR, SAMP/BACK 
MEASURED DISTANCE KM (MILES) 
BLOWER FLOW RATE SCHK (SCFM) 
GAS METER FLOW RATE SCHK (SCFM) 
TOTAL FLOW SCM (SCF) 
HC SAMPLE METER/RANGE/PPM (BAG) 
HC BCKGRD METER/RANGE/PPM 
CO SAMPLE METER/RANGE/PPM 
CO BCKGRD METER/RANGE/PPM 
C02 SAMPLE METER/RANGE/PCT 
C02 BCKGRD METER/RANGE/PCT 
NOX SAMPLE METER/RANGE/PPM (BAG) (D) 
NOX BCKGRD METER/RANGE/PPM 

DILUTION FACTOR 
HC CONCENTRATION PPM 
CO CONCENTRATION PPM 
C02 CONCENTRATION PCT 
NOX CONCENTRATION PPM 

HC MASS GRAMS 
CO MASS GRAMS 
C02 . I-lASS GRAMS 
NOX MASS GRAMS 

· ruEL MASS KG 
FUEL ECONOMY L/100KM (MPG) 

3-BAG COMPOSITE RESULTS 

TEST L2-02-P92 
DATE 2/13/93 RUN 
DYNO 2 - . BAG CART 2 
ACTUAL ROAD LOAD 3 .80 KW ( 5 .10 HP) 
TEST WEIGHT· 1757 KG ( 3875. LBS) 

DRY BULB TEMPERATURE 24 . 4 'C ( 76.0'F)  

1 
COLD TRANSIENT 
( 0-505 SEC. ) 

505.2  
. 982/ .990 

5 .75 ( 3 . 57) 
15.76 ( 556 . 3 )  

. oo ( .00) 
132 .7 ( 4684 . )  

67.7/ 2/ 67 .66 
7 .1/ 2/ 7 . 10 

81. 2/ 1/799 .55 
. 2/ 1/ 1. 38 

75.7/ 14/ . 5855 
12.9/ 14/ .0434 
31.4/ 1/ 7.86 

. 2/ 1/ .05 

17. 39 
60. 97 

779. 10 
. 5445 

. 7 .82 

4 . 936 
120. 328 • 
1322 . 63 

1 .729 
. 509 

17.69 ( 13 . 30)  

2 
STABILIZED 

(506-1372 SEC. ) 
867.6  

. 984/.990 
6 . 20 ( 3 .86 )  

15 .77 ( 556.9)  
.00 ( .00) 

228 .0 ( 8052 . )  

11 .8/ 2/ 11 .79 
6 .7/ 2/ 6 .70 

19 .3/ 12/ 18 .61 
.8/ 12/ ; 76 

64 . 5/ 14/ . 4268 
12 .9/ 14/ .0434 
27 .4/ 1/ 6.87 

. 1/ 1/ .03 

27 .13 
5 .34 

17.51 
.3850 
6.84 

.744 
4 . 648 

1607.31 
2. 603 • .  

.540 
17 .37 ( 13 .54) 

HC GJKM (G/MI) 
CO G/KK (G/MI) 
NOX G/KM (G/MI ) 
FUEL ECONOMY L/100KK (MPG) 

.358 ( . 576) ( .58) 
6.743 ( 10.850) ( 10 .85) 

. 316 ( .508) ( . 51)  
16 .72 ( 14.07) 

LPG 
FUEL DEN�ITY 4 . 178 LB/GAL 
H . 182 C . 818 0 .000 X .QOO 

NOX HUMIDITY C.F.  .872 

3 
HOT TRANSIENT 
( 0- 505 SEC. ) 

505. 5  
. 983/. 990 

5 .77 ( 3 . 58 )  
15.74 ( 555 .6 )  

. 00 ( .00)  
132 . 6  ( 4681. )  

37 . 3/ 2/ 37 . 28 
6 . 9/ 2/ 6 . 90 

61.7/ 14/283 . 52 
. 3/ 14/ 1 . 21 

72.9/ 14/ .5417 
13 . 2/ 14/ .0446 
13 . 6/ 1/ 3 . 42 

; oJ 11 . oo 
20.34 
30.72 

275.87 
. 4993 
3 . 42 

2 . 485 
. 42. 578 
1211. 98 

.755 

. 429 
14 . 87 ( 15 .82 )  



SOUTHWEST RESEARCH INSTITUTE - DEPARMENT OF EMISSIONS RESEARCH . 
COMPUTER PROGRAM LDT 1.0-R 3-BAG EPA FTP VEIIICLE EMISSION RESULTS · PROJECT NO. 08-5343-001 

VEHICLE lfUHBER 
VEHICLE MODEL 
ENGINE 
TRANSMISSION 
ODOMETER 

92P 
92 CHEVY LtlMilf! 
3.1  L (192 CID) -V-6 
A3 
29000 KM ( 18024 MILES) 

BAROMETER 743 .0  MM HG ( 29 . 25 IN HG) . 

RELATIVE HUMIDITY 50.7  PCT. 
BAG lfUHBER 
BAG DESCRIPTION 

RUN TIME SECONDS 
DRY/WET CORRECTION FACTOR, SAMP/BACK 
MEASURED DISTANCE KM (MILES) 
BLOWER FLOW RATE SCMM (SCFM) 
GAS METER FLOW RATE SCMM ( SCFM) 
TOTAL FLOW SCM (SCF) 

HC SAMPLE METER/RANGE/FPH (BAG) 
HC BCKGRD METER/R!NGE/PPM· 
CO SAMPLE METER/RANGE/PPM 
CO BCKGRD METER/RANGE/PPM 
C02 SAMPLE METER/RAHGE/PCT 
C02 BCKGRD METER/RANGE/PCT 
NOX SAMPLE METER/RANGE/PPM (BAG) (D) 
NOX BCKGRD METER/RANGE/PPM 

DILUTION FACTOR 
HC CONCENTRATION PPM 
CO CONCENTRATION .PPM 
C02 CONCENTRATION PCT 
NOX CONCENTRATION PPM 

HC MASS GRAMS 
CO MASS GRAMS 
C02 . MASS GRAMS 
NOX MASS GRAMS 
FUEL MASS KG 
FUEL ECONOMY L/100KM (MPG) 

3-BAG COMPOSITE RESULTS 

" TEST L2-02�P98 
DATE 2/14/93 · RON 
DYNO 2 � BAG CART 2 
ACTUAL ROAD LOAD 3 .80 KW ( 5.10 HP) 
TEST WEIGHT 1757 KG ( 3875 LBS) 

DRY BULB TEMPERATURE 23.3 'C  ( . 74 .0 'F) 

1 
COLD TRANSIENT 
( 0-505 SEC . )  

505. 3  
. 977/ .985 

5 .77 ( 3 .59 )  
15 . 76 ( 556 .6 )  

. 00 ( . 00)  . 
132.8 ( 4687. ) 

58 . 6/ . 2/ 58 .57 
6 . 1/ 2/ 6.10 

63 . 6/ 1/575.34 
.Of 1/ . 00 

76 .3/ 14/ . 5952 
12 .7/ 14/ .0426 
34 .2/ 1/ 8 .56 

.Of 1/ .00 

17_.70 
52.81 

557.92 
.5550 . 
8 .56 

4 . 284 
86 .224 

1348.90 
2-.076 

.500 
17. 48 ( 13 . 46 )  

2 
STABILIZED 

(506 .. 1372 SEC. ) 
867 .8  . 

. . 979/ .985 
6 .19 ( 3 . 85)  

15 .79 ( 557 .7 )  
. 00 ( . 00 )  

228 . 4  ( 8066. ) 

8 .7} 2/ 8 .69 
5 .9/ . 2/ 5.90 
3 . 2/ 12/ 3 .05 

.1/ 12/ .09 
M. 6f 14/ . 4280 
12.8/ 14/ .0430 
43. 9/ 1/ 10. 96 

.2; 1/ .05 

. 27 .08 . 
3 .02 
2 .88 

. . • 3866 
10. 91 

. 421 
• 765 . 

1616.85 
4 .555 
. 541 

17.62 ( 13 .35 )  

HC G/KM (G/MI) 
CO G/KM (G/MI) 
NOX G/KM (G/MI) 
FUEL ECONOMY L/100KM (MPG) 

. 265 ( . 426) ( . 43 )  
4 . 157 ( 6 . 689) ( 6 .69 )  
.549 ( . 884 ) ( . 88 )  

16 .81 ( 14 .00)  

LPG 
FUEL DEHSITY 4.139 LB/GAL 
H .183 C . 817 0 .000 X .000 

NOX HUMIDITY C. F. • 956 

3 
HOT TRANSIENT 
( 0- 505 SEC. ) 

505 . 4  
. 978/ .985 

5 .77 ( 3 .59 )  
15. 73 ( 555.6)  

. 00 ( . 00)  
132. 5  ( 4680. ) 

25. 2/ 2/ 25.19 " 
5 . 9/ 2/ 5 .90 . 

59 . 1/ 13/139.71 
. 2/ 13/ . 46 

73 .5/ 14/ .5509 . 
13 .1/ 14/ .0442 
32. 9/ 1/ 8 .24 

. 5/ 1/ . 13 

20.50 
19 . 58 

135 .19 
.5088 
8 . 12 

1 .585 
20. 859 

1234 . 65 
1 .966 

. 425 
14 .85 ( 15. 84 )  



SOUTHWEST RESEARCH INSTITUTE - DEPARMENT OF EMISSIONS RESEARCH 
COMPUTER PROGRAM LDT 1.0-R 3-BAG EPA FTP VEHICLE EMISSION RESULTS PROJECT NO. 08-5343-001 

VEHICLE NUMBER 
VEHICLE HODEL 
ENGINE 
TRANSMISSION 
ODOMETER 

92P 
92 CHEVY LUMINA 
3 .1 L ( 192 CID)-V-6 
A3 
29164 KH ( 18126 HILES) 

BAROMETER 735 .1  HH HG ( 28.94 IN HG) 
RELATIVE HUMIDITY 53 .2  PCT. 

BAG NUMBER 
BAG DESCRIPTION 

RUN TIME SECONDS 
DRY/WET CORRECTION FACTOR, SAMP/BACK 
MEASURED DISTANCE KH (HILES) 
BLOWER FLOW RATE SCHM (SCFH) 
GAS METER FLOW RATE SCHH (SCFH) 
TOTAL FLOW SCM ( SCF) 

HC SAMPLE METER/RANGE/PPM (BAG) 
HC BCKGRD METER/RANGE/PPM 
CO SAMPLE METER/RANGE/PPM 
CO BCKGRD METER/RANGE/PPM 
C02 SAMPLE HETER/RAHGE/PCT 
C02 BCKGRD HETER/RANGE/PCT 
NOX SAMPLE METER/RANGE/PPM (BAG) (D) 
NOX BCKGRD METER/RANGE/PPM 

DILUTION FACTOR 
HC CONCENTRATION PPM 
CO CONCENTRATION PPM 
C02 CONCENTRATION PCT 
NOX CONCENTRATION PPM 

HC MASS GRAMS 
CO MASS GRAMS 
C02 · MASS GRAMS 
NOX MASS GRAMS 
FUEL MASS KG 
FUEL ECONOMY L/100KH (HPG) 

3-BAG COMPOSITE RESULTS 

TEST · L2-02-P85 
DATE 2/15/93 RUN 
DYNO 2 BAG CART 2 
ACTUAL ROAD LOAD 3 . 80 KW ( 5 .10 HP) 
TEST WEIGHT 1757 KG ( 3875 LBS) 

DRY BULB TEMPERATURE 25. 6 •c ( 78 .0.F) 

1 
COLD TRANSIENT 
( 0-505 SEC . ) 

505.1  
. 974/ .982 

5.81 ( 3 . 61 )  
15 .55 ( 549 .1 )  

.00 ( .00) 
130 .9  ( 4623 . )  

76 .3/ 2/ 76 . 26 
6 .4/  2/ 6 . 40 

89.0/ 1/910. 46 
.0/ 1/ . 00 

76 .1/ 14/ .5919 
13 .7/ 14/ .0466 
26.8/ 1/ 6 . 72 

.Of 1/ .00 

17 .05 
70. 23 

882. 36 
. 5481 
6 .72 

5 .597 
134 . 477 
1313 .68 

1 . 715 
.513 

17 .57 ( 13.39)  

2 
STABILIZED 

( 506-1372 SEC. ) 
867.0  

. 976/ .982 
6 . 24 ( 3 .88) 

15 . 55 ( 549 .0 )  
. 00 ( .00)  

224 .7  ( 7934 . )  

13 .7 I 2/ 13 .69 
6 .6/ 2/ 6 . 60 

38.3/ 12/ 37 .22 
.7/ 12/ .66 

65.5/ 14/ . 4393 
13 . 7  I 14/ .0466 
12. 7/ 1/ 3 . 19 

.Of 1/ .00 

26 . 40 
7 .35 

35 .57 
.3945 
3 . 19 

1 .005 
9. 304 

1622.83 
1.398 

.546 
17. 42 ( 13 .51 )  

HC G/KH (G/HI) 
CO G/KH (G/HI) 
NOX G/KH (G/HI) 
FUEL ECOBOHY L/100KH (HPG) 

. 432 ( . 695) ( .70)  
8 . 180 ( 13 .162) ( 13 . 16 )  

. 207 ( . 333)  ( . 33 )  
16 .72 ( 14.07) 

LPG 
FUEL DENSITY 4 .195 LB/GAL 
H . 180 C .820 0 .000 X .000 . 

NOX HUMIDITY C.F. 1 .020 

3 
HOT TRANSIENT 
( 0- 505 SEC. ) 

505. 4  
. 975/ . 982 

5 .76 ( 3 .58) 
15 .53 ( 548 . 3 )  

.00 ( .00)  
130.8  ( 4619. ) 

46.1/ 2/ 46 .07 
7 .1/ 2/ 7 .10 

77 .5/ 14/372. 32 
. 3/ 14/ 1.21 

73 .0/ 14/ .5432 
13 .7  I 14/ .0466 
9.7/ 1/ 2 .44  

.OJ 1/  .00 

20.08 
39.33 

360.12 
. 4990 
2 . 44 

3 . 132 
54 . 839 

1194 . 97 
. 622 
. 430 

14 .85 ( 15 .84)  



SOUTHWEST RESEARCH INSTITuTE - DEPARMEHT OF EMISSIONS RESEARCH 
COMPUTER PROGRAM LDT 1 .0-R 3-BAG EPA FTP VEHICLE EMISSION RESULTS PROJECT NO. 08-5343-001 

VEHICLE NUMBER 
VEHICLE MODEL 
ENGINE 
TRANSMISSION 
ODOMETER 

92P 
92 CHEVY LUMINA 
3 . 1  L ( 192 CID)-V-6 
A3 
29195 KM ( 18145 MILES) 

BAROMETER 751. 1  MM HG ( 29 . 57 IN HG) 
RELATIVE HUMIDITY 22. 7 PCT. 

BAG NUMBER 
BAG DESCRIPTION 

RON TIME SECONDS 
DRY/WET CORRECTION FACTOR, SAMP/BACK 
MEASURED DISTANCE KM (MILES) 
BLOWER FLOW RATE SCMM ( SCFM) 
GAS METER FLOW RATE SCMM ( SCFM) 
TOTAL FLOW SCM ( SCF) 

HC SAMPLE METER/RANGE/PPM (BAG) 
HC BCKGRD METER/RANGE/PPM 
.CO SAMPLE METER/RANGE/PPM 
CO BCKGRD METER/RANGE/PPM 
C02 SAMPLE METER/RANGE/PCT 
C02 BCKGRD METER/RANGE/PCT 
NOX SAMPLE METER/RANGE/PPM (BAG) (D) 
NOX BCKGRD METER/RANGE/PPM 

DILUTION FACTOR 
HC CONCENTRATION PPM 
CO CONCENTRATION PPM 
C02 CONCENTRATION PCT 
NOX CONCENTRATION PPM 

HC MASS GRAMS 
CO MASS GRAMS 
C02 MASS GRAMS 
NOX MASS GRAMS 
FUEL MASS KG 
FUEL ECONOMY L/100KM (MPG) 

3-BAG COMPOSITE RESULTS 

TEST L2-03-P85 
DATE 2/17/93 RON 
DYHO 2 BAG CART 2 ·  
ACTUAL ROAD LOAD 3 .80 KW ( 5 .10 HP) 
TEST WEIGHT 1757 KG ( 3875 LBS) 

DRY BULB TEMPERATURE 22.8 'C  ( 73 .0'F)  

1 
COLD TRANSIENT 
( 0-505 SEC, ) 

505.5 
. 986/ .994 

5 .77 ( 3 .59) 
15 . 94 ( 562 .7)  

. 00 ( .00)  
134 .3  ( 4741 . )  

92 . 3/ 5/ !6 .26 
11 .9/ 5/ 5 .96 
93 . 1/ 14/463 . 41 

. •  3/ 14/ 1 .21 
77 . 1/ 14/ .6085 
13 .5/ 14/ . 0458 
29 .0/ 1/ 7.27 

.Of 1/ .00 

17.81 
40. 63 

452.37 
.5653 
7.27 

3 . 320 
70.704 

1389. 42 
1.526 

.503 
17. 34 ( 13 .57 )  

2 
STABILIZED 

( 506-1372 SEC. ) 
867.2  

. 988/ .994 
6 . 18 ( 3 . 84 ) 

15 . 95 ( 563 .1 )  
.oo ( : oo)  

230.5 ( 8139 . )  

31.2/ 5/ 15 .64 
10.8/ 5/ 5 . 41 
58 .5/ 13/138 . 19 

. 4/ 13/ . 92 
64 .3/  14/ . 4243 
13 . 1/ 14/ .0442 
3 .8/ 1/ . 95 

.Of 1/ . 00 

26 .69 
10.43  

134 .94 
.3818 

. 95 

1. 463 
36. 209 

1611. 01 
.34 4  
.557 

17.92 ( 13 .13) 

HC G/KH (G/MI) 
CO G/KM (G/MI ) 
NOX G/KM (G/MI ) 
FUEL ECOHOHY L/100KM (MPG) 

. 324 ( .521) ( .52)  
8 .038 ( 12 .933) (12.93) 

. 094 ( . 151) ( . 15) 
17. 01 ( 13 . 83 )  

LPG 
FUEL DENSITY 4 . • 195 LB/GAL _ 

H .180 C .820 0 . 000 X . 000 . 

NOX HUMIDITY C .F .  . 818 

3 
HOT TRANSIENT 
( 0- 505 SEC. ) 

505.8  
. 987/ .994 

5 .78 ( 3 . 59 ) 
15 .94 ( 562 .7)  

.00 ( .00)  
134 . 3  ( 4744 . )  

51 .3/ 5/ 25 .71 
9 . 8/ 5/ 4 . 91 

71 .6/ 14/338 .51 
.3/ 14/ 1 .21 

72 .9/ 14/ .5417 
12 . 9/ 14/ .0434 

4 .5/ 1/ 1 . 13 
.5/ 1/ . 13 

20. 31 
21 .04 

330. 64 
. 5005 
1 .01 

1 . 721 
51 .711 

1230.92 
. 212 
. 439 

15.11 ( 15 .57)  



Slllliift USIPCI DStlMi • .... . or IIISSDS IISIID 
a:wutii PBill Ll'f l.G-1 l·llG IPl lfP VIIICLI IIISSIOJ IISUL!S JIOa'f 11). �3-001 

VDICLI JIIall 92P US! J.Hl-1115 uc 
VEIJtU aa. 92 can UIIIIl Dlt'l 2/11/93 . - 2 I'OIL tllaiJn.91f!lliW. . 4.195 11/Cll. 
liiGIJI . 3.1 L (192 CID)·V-6 

. ftliSIIISSIQI 13 
OJdli't:ll 29195 D ( 18145 IILIS) 
Bl1CimR 754.4 Ill IG ( 29.70 D BG) 
RELA'lm IUIIIDM 18.4 PC'l. 

BlG IUIBD 
BlG DISCRIP'liOJi 

ROB TIME SICOJJ)S . . . DRY,'m CORllECTIOI FACTOR, SAIIP/BACI . 
JIEASORBD DISTAICE Dl (HILES) 
BLOWER FL<Xi R!TE SOIM (SCFtf) 
GAS mEl FLOW RATE SCIDI (SCFII) 
TOTAL FLOW SCM ( SCF) . 

BC SlJIPLE METER/RAIGE/PPH (BlG) 
BC BClGRD JIETER/IWIGE/PPH 
CO SAMPLE mER/IWiGE/PPII 
CO BCKGID HEfD/RAIGE/PPII 
C02 SlJIPLE mER/RAIIGE/PCT . 
C02 BClGRD METER/IWIGE/PCT . 
lOX SlJIPLE HftER/RABGE/PPM (BAG} (D). 
lOX BClQD METER/RAIGE/PPJI . 

DILU'fiOI FACTOR 
BC COICII'lRATIOI PPII 
CO COIC!II'lRA'liOI PP11 
C02 cmcEI'lll'liOI PC'l 
lOX. <XIICIITRl'liOI PPII 

BC lASS GilliS 
CO . DSS GUliS 
C02 IISS GIWIS 
mx ms CDIIS 
fUlL DSS lG . 
FUlL mDII 1./lCMIII (JIG) 

3-llC CIIIOSlft JISlUS 

. Dfl) -2 8lG Ql! 2 
A<.'!IWt DD UU 3.10 ll ( 5.1() IP) 
'liSf mm 1757 lG ( 3175 LIS) 

DIY IULB mPDl'lURE �.2"C ( 72.0�f) 

1 
COLD TRAIISIErr 
( o-sos SEC.) 

505.0 
. •  987/.995 . 
5�75 ( 3.58) 

16.12 ( 569.1) 
: .00 ( .00) 
135.7 ( 4790. ) 

47-.1f 2f 47.07 · 
5.2f 2/ 5.20 

65.3/ 1f5,5.51 
. •  Of 1/ .00 

76.8f 14f .6035 
13.5/ 14/ .0458 
21.9/ 1f 5.49 
·· . •  Of 1/ .00 

17.60 
42.17 

583.68 
.5603 
5.49 

3.412 
92.178 

1391.55 
1.119 

.515 
17.11 ( 13.21) 

2 
STABILIZED 

(506-1372 SEC. )  
867�6 

.989/.995 
6.18 ( 3.84) 

16.16 ( 570.7) 
.oo ( .00) 

233.7 ( 8252.) 

20.1/ 5/ 10.07 
10.7/ 5/ 5.36 
82.4/ 12f 81.90 -" 

.4f l2f .38 
64.9f -14f .4318 
13.5/ 14/ .0458 
1.9/ 1/ .48 
.Of 1f .00 

26.60 
4.91 

80.24 
· .3877 

� 48 

.699 
21.829 

1658.75 
.170 . 

.564 
11.17 ( 12.95) 

.:m c .Ja) ( .31) 
,_. (U.IIi) (11M) 
.. , Ml) ( .Jt) 

17.21 C UM) .  · 

I .110 C .820 0. .000 I ·000 

WI IOIIIDM c.r. 

3 
Jm ftliSIEII'l 
( o- 505 SEC. )  

505.3 
.988f.995 

5.74 ( 3.57) 
16.13 ( 569.5) 

.oo ( .00) 
135.8 ( 4796.)  . 

37.1/ 5/ 18.59 
10.8/ 5/ 5.41 . 
94.9/ 13/234.42 . 

.3/ . 13/ �69 
73.8/ 14/ .5555 . 
13.9/ 14/ .0474 
1.8/ 1/ .45 

. .1/ 1/ �03 

20.21 
13.45 

229.37 
.5104 

.43 

1.112 
36.273 

1269.41 
.019 
.443 

1$.34 ., 15.34) 

.799 



SOUTHWEST RESEARCH INSTITUTE - DEPARMEHT OF EMISSIONS RESEARCH 
COMPUTER PROGRAM LDT 1 .0-R 3-BAG EPA FTP VEHICLE EMISSION RESULTS . 

· PROJECT NO. 08-5343-001 

VEHICLE NUMBER 
VEHICLE MODEL 
ENGINE 
TRANSMISSION 
ODOMETER 

.92P 
92 CHEVY LUMINA 
3 . 1  L ( 192 CID)-V-6 
B 
29262 KM ( 18187 MILES) 

BAROMETER 746.8  MM HG ( 29 .40 IN HG) 
RELATIVE HUMIDITY 22.9  PCT. 

BAG NUMBER 
BAG DESCRIPTION 

RON TIME SECONDS 
DRY/WET CORRECTION FACTOR, : SAMP/BACK 
MEASURED DISTANCE KM (MILES) 
BLOWER FLOW RATE SCMM (SCFM) · 

GAS METER FLOW RATE SCMM (SCFM) 
TOTAL FLOW SCM. ( SCF) 

HC SAMPLE METER/RANGE/PPM (BAG) 
HC BCKGRD METER/RA!fGE/PPM . 
CO SAMPLE METER/RANGE/PPM 
CO BCKGRD METER/RANGE/PPM 

' C02 SAMPLE METER/RANGE/PCT 
C02 BCKGRD METER/RANGE/PCT 
NOX SAMPLE �TER/RANGE/PPM (BAG) (D) 
NOX BCKGRD METER/RANGE/PPM 

DILUTION FACTOR 
HC CONCENTRATION PPM 
CO CONCENTRATION PPM 
C02 CONCENTRATION PCT 
NOX · CONCENTRATION PPM 

HC MASS GRAMS 
CO MASS GRAMS 
C02 MASS GRAMS 
NOX MASS GRAMS 
FUEL MASS KG 
FUEL ECONOMY L/100KM (MPG) 

3-BAG . COMPOSITE RESULTS 

TEST L2-03-P92 
DATE 2/19/93 RON 1 
DYNO 2 BAG CART 2 .  
ACTUAL ROAD LOAD 3 .80 KW ( 5 . 10 HP) 
TEST WEIGHT 1757 KG ( 3875 LBS) 

· DRY BULB TEMPERATURE 22 .8 'C ( 73 .0'F)  

1 
COLD TRANSIENT 
( 0-505 SEC. ) 

505 . 4  
. 986} .994 

5 .78 ( 3 . 59) 
15 . 85 ( 559 .8·) 

.00 ( .00) 
133 .6  ( �716 . )  

49 . 5/ 2/ 49 . 47 
5 . 5/ 2/ 5 . 50 

55.8/ 1/48� .61 
.0/ . 1/ .00 

77 .1/ 14/ .6085 
13 . 9/ 14/ .0474 
26 . 7/ 1/ 6 .69 

.Of 1/ .00 

17. 64 
44 .29 

476 .13 
. 5638 
6 .69 

3 .609 
74 .027 

1378. 48 
1 . 400 

. 502 
17. 37 ( 13 .54 )  

2 
STABILIZED 

. ( 506-1372 SEC. ) 
867 .5  

. . 988/ .994 
6 .19 ( 3 .85 )  

15 . 84 ( 559� 4 )  
.00 ( .00 )  

229 .1 ( 8088. ) 

27 .6/ 5/ 13 .83 
11. 6/ 5/ . 5 . 81 
52 .1/ 13/122.1Q 

. • Of 13/ .00 
65 .1/ 14/ .4343 

. i4.0/ 14/ .0478 
1.1/ 1/ .28 

.5/ 1/ . 13 

26 .• 04 
8 .24 

120.03 
.3883 

.16 

1 .152 
32 .006 

1628. 45 
• 056 
. 561 

18.12 ( 12.98 )  

HC G/KM (G/MI) 
CO G/KM (GJMI) 
NOX G/KM (GJMI) 
FUEL ECONOMY L/100KM (MPG) 

. 240 ( . 387) ( . 39 )  
7. 454 ( 11 . 993) ( 11 . 99 )  

.057 ( .091) ( . •  09) 
17. 15 ( 13 .72) 

LPG 
FUEL DENSITY _ 4 .178 LB/GAL 
H . 182 C .818 0 .000 X .000 

NOX HUMIDITY C.F. .819 

3 
HOT TRANSIENT 
( 0- 505 SEC. ) 

. 505 .5  
.986/ . 994 

5 .78 ( 3 .59) 
15 . 85 ( 559 .7 )  

.00 ( .00 )  
133 . 6  ( 4716. )  

48 . 2/ 1/ 4 .84 
12. 0/ 1/ 1 .20 
63 . 3/ 14/292. 24 

.1/ 14/ .40 
73 . 8/ 14/ . 5555 
14 .1/ 14/ .0482 
1 . 0/ 1/ .25 

. 4/ 1/ . 10 

19 . 94 
3 . 69 

285.92 
. 5097 

. 16 

. 301 
44 . 454 

1246. 24 
. 033 . 
. 440 

15 . 20 ( 15 .48) 



WWI IISI&ICI  1ifiltuli • .,..._ Ol IIIISSDS IISDn 
t\Mfd PIOCill 1m 1.o-1 3-llG EPA nP VIIICLI IIIISU ... liSIUS PllO.liC! 10. 01--5343-001 

VIIICLI all t2P 
VIIICLI DIL 92 cam Ulllll 
Dml 3.1 t (192 CID)•V-6 
DDSIIISSI. l3 
Oidiftd 11211 IILIS ( 29301 Ill) 

!1ft J.Hl-Pt2 
DlB 2/22/93 • 2 
D110 2 llC CUI 2 
1CIIW. aD UU 5.10 IP ( 3.80 D) 
!ISf RIGft 3815 LIS ( 1757 IG) 

BIDftD 29.15 II BG (740.4 Ill BG) 
IILlmE IUIIIDM 27.0 PC!. 

DRY. BULB  TFJIPEIATIIIE 77.o·r ( 25.o·c) 

BlG DBD 
BlG DESCIIPliOI 

RUI mE SECOIIDS 
DRY/wrt CORIEC!'IOI FACTOll, SAHP/BlCK 
MEASURED DISTAICE HILES (Ill) 
BLOm FLOW R!'fl SCFM (sail) 
GAS IIE'lER FLOW lATE SClM (SCIOI) 
'f0!1L FLOil SCF ( SCJI) 
IC SAMPLE ME'l'ER/tilfGE/PPJI (BAG) 
IC BCKGID IIEUR/RAIGE/PPII . 
CO SAJIPL£ IIEUR/IAIIGE/PPII 
CO BCKGRD IIEUR/RAIGI/PPM 
C02 SAMPLE IIE'l'ER/lWrGE/PC! 
C02 BCIGRD IIE'fER/IAIGI/PC! 
lOX SAJIPLE IIE'lERflliGE/PPH (BAG) (D) 
I)X BCEGRD IIE'fER/IAIGI/PPII 
DILOTIOI FACfOR 
IC COICD'l'RlTIOI PPM 
CO UiCEII!IATIOI PPII 
C02 COICEJfll'liOI PCT 
1)1 COJCEI'l'RlflOI PPII 

IC IIASS GIWIS 
CO IIASS GIWIS 
C02 lidS GIWIS 
Jm DSS GIWIS · 
FUlL IUS lG 
niL IICCIIIIf II'C (L/1018) 

,... GliWHI IBUS  

E CtW .22 
• .,. 2.JO 
• .,. .a 

1 
COLD mJSIDT 
( o-505 SEC. ) 

505.2 
.983/.991 

3.59 ( 5.77) 
553.9  (15.69) 

.oo ( .00) 
4664. ( 132.1) 

32.5/ 2/ 32.48 
6.1/ 2/ 6.10 

66.0/ 13/157.36 
.7/ 13/ 1.62 

78.7/ 14/ .6358 
14.4/ 14/ .0494 
54 .6/ 1/ 13.60 

.2/ 1/ .05 

17.81 
26.73 

152.15 
.5892 
13.55 

2.154 
23.395 

1424.69 
2.917 

.490 
13 ... ( 16.95) 

- 1: N • ��· U.le CM. .. t 

2 
S!lBILIZED 

( 505-1372 SEC. ) 
867.8 

.985/.991 
3.86 ( 6.20)  
553.6 (15.68) 

.00 ( .00) 
8007. ( 226.8) 

8.9/ 2/ 8.89 
6.6/ 2/ 6.60 
5.5/ 12/ 5.25 
1.5/ 12/ 1.43 

65.5/ 14/ .4393 
14.6/ 14/ .0502 
26.5/ 1/ 6.64 

.2/ 1/ .05 

26.45 
2.55 
3.79 

.3910 
6.59 

.353 
1 .000 

1623.30 
2.438 

.543 
13.46 ( 17.47) 

UG 
lUlL DEISM 4.178 LI/ClL 
I .112 C .118 0 .000 I .000 · . 

101 JRIIIIJ)M c.r. .852 

3 
JOT miSIEI'l' 
( o- 505 SEC. ) 

505.0 
.984/.991 

3 .59 ( 5.78) 
554.2 (15.69) 

.00 ( .00) 
4664. ( 132.1) 

14 .7/ 2/ 14.69 
7.0/ 2/ 7.00 

73.7/ 12/ 72.69 
2.1/ 12/ 2.00 

75.1/ 14/ .5758 
15.0/ 14/ .0519 
33.9/ 1/ 8.48 

.2/ 1/ .05 

19.95 
8.05 

69.20 
.5266 
8.44 

.649 
10.642 

1273.42 
1.116 

. 431 
15.10 ( 14.89) 



SOUTHWEST RESEARCH INSTITUTE - DEPARMENT OF EMISSIONS RESEARCH 
COMPUTER PROGRAM LDT 1 . 0-R 3-BAG EPA FTP VEHICLE EMISSION RESULTS . PROJECT NO. 08-5343-001 

VEHICLE NUMBER 92P 
VEHICLE MODEL . 92 'CHEVY LUMINA 
ENGINE 3 . 1  L ( 192 CID) -V-6 
TRANSMISSION A3 
ODOMETER 18211 MILES ( 29301 KM) 

TEST L2-03-P98 
DATE 2/23/93 RUN 
DYNO 2 BAG CART 2 

. ACTUAL ROAD LOAD 5 . 10 HP ( 3 . 80 KW) 
TEST WEIGHT 3875 LBS ( 1757 KG) 

BAROMETER 29 . 28 IN HG ( 743 . 7  MM HG ) 
RELATIVE HUMIDITY 22 . 0  PCT. 

DRY BULB TEMPERATURE 75. 0 ' F  ( 23 . 9 'C)  

BAG NUMBER 
BAG DESCRIPTION 

RUN TIME SECONDS 
DRY/WET CORRECTION FACTOR, SAMP/BACK 
MEASURED DISTANCE MILES (KM) 
BLOWER FLOW RATE SCFM ( SCMM) 
G/i!; METER FLOW RATE SCFM (SCMM) 
TOTAL FLOW SCF ( SCM) 

HC SAMPLE METER/RANGE/PPM (BAG) 
HC BCKGRD METER/RANGE/PPM. 
CO SAMPLE METER/RANGE/PPM 
CO BCKGRD ME�ER/RANGE/PPM 
C02 SAMPLE METER/RANGE/PCT 
C02 BCKGRD METER/RANGE/PCT 
NOX SAMPLE METER/RANGE/PPM (BAG) (D)  
NOX BCKGRD METER/RANGE/PPM 

DILUTION FACTOR 
HC CONCENTRATION PPM 
CO CONCENTRATION PPM 
C02 CONCENTRATION PCT 
NOX CONCENTRATION PPM 

HC MASS GRAMS 
CO MASS GRAMS 
C02 MASS GRAMS 
NOX MASS GRAMS 
FUEL MASS KG 
FUEL ECONOMY MPG ( L/100KM) 

3-BAG COMPOSITE RESULTS 

HC G/MI . 20 
CO G/MI 1 . 98 
NOX G/MI . 76 

1 
COLD TRANSIENT 
( 0-505 SEC. ) 

505 . 3  
. 985/ . 993 

3 . 59 ( 5 . 77 )  
557 . 2  ( 15 . 78 )  

. 00 ( . 00 )  
4693 . ( 132 . 9 )  

60 . 6/ 5 /  30. 37 
15 .5/ 5/ 7 . 77 
60 . 7/ 13/143 . 77 

. 7/ 13/ 1 . 62 
78 . 7/ 14/ . 6358 
14 .7/ 14/ .0506 
61 .11 1/ 15 . 35 

. 8/ 1/ . 20 

17 . 80 
23 . 04 

139 . 10 
. 5880 
15 . 16 

1 . 871 
21 . 522 

1430. 81 
3 . 167 

. 491 
13 . 71 ( 17.16)  

· FUEL ECONOMY MPG (L/100KM) 14 . 16 ( 16 . 61 )  

2 
STABILIZED 

(505-1372 SEC . ) 
867 . 3  

. 988/ . 993 
3 . 87 ( 6 . 23 )  
556 . 5  ( 15 . 76 )  

. 00 ( . 00 )  
8044. ( 227 . 8 )  

22 . 5/ 5 /  11 . 28 
18 . 6/ 5/ 9 . 32 

3 . 1/ 12/ 2 . 95 
. 7/ 12/ . 66 

64 . 9/ 14/ . 4318 
14.6/  14/ . 0502 
32 . 1/ 1/ 8 . 04 

. 6/ 1/ . 15 

26 . 83 
2 . 30 
2 . 26 

. 3834 
7 . 89 

. 320 

. 601 
1599 . 18 

2 . 826 
. 535 

13 . 58 ( 17 . 3 3 )  

LPG 
FUEL DENSITY 4 . 139 LB/GAL 
H . 183 c . 817 o .ooo x .opo 

NOX HUMIDITY C.F .  . 822 

3 
HOT TRANSIENT . 
( 0- 505 SEC . ) 

505. 3  
. 986/ . 993 

3 . 59 ( 5 . 78 )  
556 . 1  ( 15 . 75 ) 
. do ( . oo )  

4684 . ( 132 . 6 )  

34 . 2/ 5 /  17 . 14 
19 . 8/ 5/ 9 . 92 
59 . 0/ 12/ 57 . 72 

1 . 2/ 12/ 1 . 14 
74 . 7/ 14/ . 5695 
14 . 9/ 14/ .0515 
50 . 6/ 1/ 12. 61 

. 5/ 1/ . 13 

20. 15 
7 . 71 

55. 46 
. 5206 
12 . 49 

. 625 
8 . 564 

1264 . 19 
2. 605 

. 428 
15 .78 ( 14 . 91 )  



SOUTHWEST RESEARCH INSTITuTE - DEPARHENT OF EMISSIONS RESEARCH 
COMPUTER PROGR)JI LDT 1 .0-R 3-BAG EPA FTP VEHICLE EMISSION RESULTS PROJECT NO. 08-5343-001 

92P TEST L2-03-P98 VEHICLE NUMBER 
VEHICLE MODEL 
ENGINE 
TRANSMISSION 
ODOMETER 

92 CHEVY LUMINA DATE 2/24/93 RUN 2 
3 . 1  L ( 192 CID) -V-6 
A3 

DYNO 2 BAG CART 2 

18240 MILES ( 29348 KM) 
ACTUAL ROAD LOAD 5 .10 HP ( 3 . 80 KW) 
TEST WEIGHT 3875 LBS ( 1757 KG) 

BAROMETER 29. 19 IN HG (741 . 4  MM HG) 
RELATIVE HUMIDITY 45.1 PCT. 

DRY BULB TEMPERATURE 76 .0•F  ( 24 . 4 .C) · 

BAG NUMBER 
BAG DESCRIPTION 

RUN TIME SECONDS 
. DRY/WET CORRECT!ON FACTOR, SAMP/BACK 

MEASURED DISTANCE MILES (KM) 
BLOWER FLOW RATE SCFM ( SCMM) 
GAS METER FLOW RATE SCFM (SCMM) 
TOTAL FLOW SCF (SCM) 

1 
COLD TRANSIENT 
( 0-505 SEC. ) 

505 . 3  
. 977/ . 986 

3 . 60 ( 5 ;80 )  
554 . 8  ( 15 . 71 )  

.00 ( .00) 
4672 . ( 132 . 3 )  

HC SAMPLE METER/RANGE/PPM (BAG) 
HC BCKGRD METER/RANGE/PPM 
co SAMPLE METER/RANGE/PPM 
CO BCKGRD METER/R).NGE/PPM 
C02 SAMPLE METER/RANGE/PCT 
C02 BCKGRD METER/RANGE/PCT 
NOX SAMPLE METER/RANGE/PPM (BAG) (D)  
NOX BCKGRD METER/RANGE/PPM 

58 . 0/ 5/ 29 .07 
13 . 5/ 5/ 6 . 77 

. 91 ;7; 13/225 .�4 
. . 2/ 13/ . 46 

78 .8/  14/ . 6376 
13 . 9/ 14/ .0474 
45 .0/ 1/ 11.23 

DILUTION FACTOR 
HC CONCENTRATION PPM 
CO CONCENTRATION PPM 
C02 CONCENTRATION PCT 
NOX CONCENTRATION PPM 

HC MASS GRAMS 
CO MASS GRAMS 
C02 l.fASS GRAMS 
NOX MASS GRAMS 
FUEL MASS KG 
FUEL ECONOMY MPG (L/100KM) 

3-BAG COMPOSITE RESULTS 

HC G/MI . 21 
CO G/MI 2 .61 
NOX G/MI . 68 

. 1/ 1/ .03 

17 . 55 
22. 69 

218 .66 
.5929 
11 . 21 

1 .834 
33 .682 

1436 . 20 
2. 672 

. 499 
13 .55 ( 17 .36 )  

FUEL ECONOMY MPG (L/100KM) 14 . 30 ( 16 . 45 )  

2 
STABILIZED 

( 505-1372 SEC. ) 
867 . 4  

. 980/ . 986 
3 . 87 ( 6 . 23 )  
554 . 2  ( 15 . 70 ) 

. 00 ( .00)  
8012. ( 226 . 9 )  

19 . 2/ 5/ 9 . 62 
14 .0/ 5/ 7 .02 
3 . 1/ 12/ 2 . 95 

. 2/ 12/ . 19 
65 . 4 /  14/ . 4381 
14 . 1/ 14/ .0482 
26 . 4 /  1/ 6 .62 

.2/ 1/ .05 

26 . 46 
2 .87 
2 .70 

. 3917 
6 .57 

. 398 

. 713 
1627 .23 

2 . 686 
. 545 

13 . 36 ( 17 .61 )  

LPG 
FUEL DENSITY 4 . 139 LB/GAL 
H . 183 C . 817 0 .000 X .000 

NOX HUMIDITY C .F ;  . 942 

3 
HOT TRANSIENT 
( 0- 505 SEC. ) 

505 . 3  
. 978/ . 986 

3 . 87 ( 6 . 23 )  
554 .0  ( 15 .69) 

.00 ( .00) . 
4665. ( 132 . 1 )  

30.2/ 5 /  15 . 14 
1 4 . 1/ 5/ 7 .07 
54 . 7/ 12/ 53 . 42 

. 4/ 12/ . 38 
i 4 .  8/ 14/ .5711 
14 . 3/ 14/ .0490 
40 .8/ 1/ 10 . 19 

.0/ 1/ .oo 
20. 12 
8 . 42 

51 . 58 
. 5245 
10. 19 

. .  680 
7 . 934 

1268 .80 
2 . 427 

. 429 
16 . 96 ( 13 . 87 )  



SOUTHWEST RESEARCH INSTITUTE - DEPARMENT OF EMISSIOHS RESEARCH 
COMPUTER PRoGRAM LDT l.Q-R 3.;.BAG EPA FTP VEHICLE EMISSION RESULTS PROJECT NO. 08-5343-001 

VEHICLE NUMBER 
VEHICLE MODEL 
ENGINE . 
TRANSMISSION 
ODOMETER 

92P 
92 CHEVY LUMINA 
3 . 1  L (192 CID)-Y-6 
A3 

18259 MILES ( 29378 KM) 

TEST L2-03-P85 
DATE 2}25/93 RUN 3 . 
DYNO 2 BAG CART 2 
ACTUAL ROAD LOAD 5.10 HP ( 3 . 80 KW) 
TEST WEIGHT 3875 LBS ( 1757 KG) 

BAROMETER . 29 .04 IN HG (737 .6 MM HG) 
RELATIVE HUMIDITY 62 . 9 PCT. 

DRY BULB TEMPERATURE 76.o·F ( 24. fC) 

BAG NUMBER 
BAG DESCRIPTION 

RUN TIME SECONDS 
DRY/WET CORRECTION FACTOR, SAMP/BACK 
MEASURED DISTANCE MILES (KM) 
BLOWER FLOW RATE SCFM (SCMM) 
GAS METER FLOW RATE SCFM (SCMM) 
TOTAL FLOW SCF (SCM) 
HC SAMPLE METER/RANGE/PPM (BAG) 
HC BCKGRD METER/RANGE/PPM 
CO SAMPLE METER/RANGE/PPM 

·. CO BCKGRD METER/RANGE/PPM 
C02 SAMPLE METER/RANGE/PCT 
C02 BCKGRD �TER/RANGE/PCT 
NOX ·SAMPLE METER/RANGE/PPM (BAG) (D) 
NOX BCKGRD METER/RANGE/PPM 

DILUTION FACTOR 
HC CONCENTRATION PPM 
CO CONCENTRATION PPM 
C02 COHCENTRATION PCT 
NOX COHCENTRATION PPM 

HC MASS GRAMS 
CO MASS GRAMS 
C02 MASS GRAMS 
NOX MASS GRAMS 
FUEL MASS KG 
FUEL ECONOMY MPG (L/100KM) 

3-BAG COMPOSITE RESULTS 

HC G/MI . 22 
CO G/MI 3 . 32 
NOX G/MI .60 

· 1 
COLD TRANSIENT 
( 0-505 SEC. ) 

505 . 2  
.972/ .980 

3 .59 ( 5 . 78)  
551 .3  ( 15 .61) 

,00 ( .00) 
4642. ( 131 .5)  

68 .0/ 5/ 34.08 
15 . 1/ 5/ 7.57 
59 .6/ 14/272.20 

.1/ 14/ .40 
78 .7/ 14/ .6358 
13 .6/ 14/ .0462 
34.5/ 1/ 8;63 

.Pf 1/ . .  00 

17. 62 
26 . 94 

262. 30 
. 5923 
8 .63 

2 . 156 
40. 144 

1425.50 
2 .305 

. 498 
13 . 72 ( 17. 14 ) 

FUEL ECONOMY MPG (L/100KM) 14.05 (16 .  74 ) 

2 
STABILIZED 

(505-1372 SEC. ) 
867. 4  

.974/ .980 
3 .85 ( 6 . 20) 
550.9  (15.60)  

.00 ( . 00)  
7964 . ( 225.6 )  

19 . 6/ 5/ 9 .82 
15.5/ 5/ 7 .77 

4 . 2/ 12/ 4 .00 
.5/ 12/ . 47 

65.8/ 14( . 4431 
13 .5/ 14/ .0458 
19. 9/ 1/ 4 . 99 

.OJ 1/ .00 

26.38 
2 .35 
3 . 43 

. 3991 
4 . 99 

. 323 

.901 
1648.08 

2.288 
. 549 

13 .34 ( 17. 63 )  

LPG 
FUEL DENSITY ( 195 LB/GAL . 
H . 180_ C .820 0 .000 X .000 

NOX HUMIDITY C.F.  1 .062 

3 
HOT TRANSIENT 
( 0- 505 SEC. ) 

505. 6  
. 973/ .980 

3 . 57 ( 5 . 74 )  
550 .3  (15.59) 

.00 ( . 00)  
4638. ( 131 . 3 )  

29 . 6/ 5 /  14 .83 
14 .8/ 5/ 7.42 
78 . 6/ 12/ 77 .84 

�8/ 12/ .76 
74 . 8/ 14/ . 5711 
13 . 8/ 14/ .0470 
30. 3/ 1/ 7.59 

. 1/ 1/ . .  03 

20. 22 
7 . 78 

74.52 
. 5264 
7 . 57 

. 622' 
11 . 394 

1265. 79 
2.018 

. 428 
15. 87 ( 14 .82 )  



SOUTHWEST RESEl.RCH INSTITUTE - DEP��JI�� OF EMISSIONS RESEARCH 
COMPUTER PROGRAM LDT 1 .  O-R 3-BAG EPA FTP VEHICLE EMISSION RESULTS 

VEHICLE NUMBER 
. VEHICLE MODEL 

ENGINE 
TRANSMISSION 
OOOMETER 

92P 
92 CHEVY LUMINA 
3 . 1  L ( 192 CID) -V-6 
A3 

18277 MILES ( 29407 KM) 

TEST L2-03-HD5 
DATE 2/26/93 RUN 1 
DYNO 2 BAG CART 2 
ACTUAL ROAD LOAD 5 . 10 HP ( 3 . 80 KW) 
TEST WEIGHT 3875 LBS ( 1757 KG) 

BAROMETER 29 . 42 IN HG .( 747 . 3  MM HG) 
RELATIVE HUMIDITY 22 . 9  PCT. 

DRY BULB TEMPERATURE 70. 0 ' F  ( 21 . 1 'C)  

BAG NUMBER 
BAG DESCRIPTION 

RUN TIME SECONDS 
DRY/WET CORRECTION FACTOR, SAMP/BACK 
MEASURED DISTANCE MILES ( KM) 
BLOWER FLOW RATE SCFM ( SCMM) 
GAS METER FLOW RATE SCFM ( SCMM) 
TOTAL FLOW SCF ( SCM) 

HC SAMPLE METER/RANGE/PPM ( BAG) 
HC BCKGRD METER/RANGE/PPM 
CO SAMPLE METER/RANGE/PPM 
CO BCKGRD METER/RANGE/PPM 
C02 SAMPLE METER/RANGE/PCT 
C02 BCKGRD METER/RANGE/PCT 
NOX SAMPLE METER/RANGE/PPM (BAG) (D)  
NOX BCKGRD METER/RANGE/PPM 

DILUTION .FACTOR 
HC CONCENTRATION PPM 
CO CONCENTRATION PPM 
C02 CONCENTRATION PCT 
NOX CONCENTRATION PPM 

HC MASS GRAMS 
CO MASS GRAMS 
C02 MASS GRAMS 
NOX MASS GRAMS 
FUEL MASS KG 
FUEL ECONOMY MPG (L/100KM) 

3-BAG COMPOSITE RESULTS 

HC G/MI . 21 
CO G/MI 2 . 40 
NOX G/MI .90 

1 
COLD TRANSIENT 
( 0-505 SEC. ) 

505 . 1  
. 986/ . 994 

3 . 58 ( 5 . 76 )  
560 . 3  ( 15 . 87 )  

.00 ( .00) 
4717 . ( 133 .6)  

58 . 5/ 5/  29 . 32 
12 . 6/ 5/ 6 . 31 
91.1 I 13/225 . 74 

. 1/ 13/ . 23 
77 . 3/ 14/ . 6118 
13 . 1/ 14/ .0442 
55.4/  1/ 13 . 80 

.0/ 1/ . 00 

18.20 
23 . 35 

220.61 
. 5701 
13 . 80 

1 . 908 
34 . 308 

1394 . 19 
2. 857 

. 486 
13 . 54 ( 17 . 37 )  

FUEL ECONOMY MPG (L/100KM) 13 . 97 ( 16 . 84 ) . 

2 
STABILIZED 

( 505-1372 SEC . ) 
867 . 4  

. 989/ . 994 
3 . 85 ( 6 . 20)  
559 . 8  ( 15 . 85 )  

. 00 ( . 00)  
8093 . ( 229 . 2 )  

18 . 4/ 5 /  9 . 22 
13 . 3/ 5/ 6 . 67 

. 9/ 12/ . 85 

.Of 12/ . 00 
63 . 9/ 14/ . 4194 
13 . 2/ 14/ . 0446 
39 .0/ 1/ 9 . 75 

.Of 1/ . 00 

27 . 57 
2 . 80 

. 84 
. 3764 
9 . 75 

. 392 

. 224 
1579 . 44 

3 . 464 
. 529 

13. 39 ( 17 . 57 )  

PROJECT NO. 08-5343-001 

LPG 
FUEL DENSITY 4 . 053 LB/GAL 
H . 184 C .816 0 . 000 X . 000 

NOX HUMIDITY C.F .  . 811 

3 
HOT TRANSIENT 
( 0- 505 SEC. ) 

505 . 3  
. 987/ . 994 

3 . 58 ( 5 . 77 )  
559 . 2  ( 15 . 84 )  

. 00 ( . 00 )  
4710. ( 133 . 4 )  

28 . 2/ 5/ 14 . 13 
12 . 7/ 5/ 6 . 36 
3 4 . 4/ 12/ 33 . 39 

.0/  12/ . 00 
73 . 9 /  14/ . 5570 
13 . 3/ 14/ . 0450 
67 . 9/ 1/ 16 . 88 

.Of 1/ . 00 

20 . 63 
8 . 08 

32.70 
. 5142 
16. 88 

. 659 
5 . 078 

1255 .65 
3 . 491 

. 423 
15 . 56 ( 15 . 12 )  



SOUTHWEST RESEARCH INSTITUTE - DEPARMENT OF EMISSIONS RESEARCH 
COMPUTER PROGRAM LDT 1 .0-R 3-BAG EPA FTP VEHICLE EMISSION RESULTS PROJECT NO. 08-5343-001 

VEHICLE NUMBER 
VEHICLE MODEL 
ENGINE 
TRANSMISSION 
ODOMETER 

92P 
92 CHEVY LUMINA 
3 . 1  L ( 192 CID)-V-6 
A3 

18277 MILES ( 29407 KM) 

TEST L2-00-EEE4 
DATE 3/ 3/93 RUN 
DYNO 2 BAG CART 2 
ACTUAL ROAD LOAD 5 . 10 HP ( 3 . 80 KW ) 
TEST WEIGHT 3875 LBS ( 1757 KG) 

BAROMETER 29 . 05 IN HG ( 737.9 MM HG ) 
RELATIVE HUMIDITY 27 . 3  PCT . 

DRY BULB TEMPERATURE 74 . 0 ' F  ( 23 .3'C)  

BAG NUMBER 
BAG DESCRIPTION 

RUN TIME SECONDS 
DRY/WET CORRECTION FACTOR, SAMP/BACK 
MEASURED DISTANCE MILES (KM) 
BLOWER FLOW RATE SCFM (SCMM) 
GAS METER FLOW RATE SCFM (SCMM) 
TOTAL FLOW SCF (SCM) 
HC SAMPLE METER/RANGE/PPM (BAG) 
HC BCKGRD METER/RANGE/PPM 

. CO SAMPLE METER/RANGE/PPM 
CO BCKGRD METER/RANGE/PPM 
C02 SAMPLE METER/RANGE/PCT 
C02 BCKGRD METER/RANGE/PCT 
NOX SAMPLE METER/RANGE/PPM (BAG) (D) 
NOX BCKGRD METER/RANGE/PPM 

DILUTION FACTOR 
HC CONCENTRATION PPM 
CO CONCENTRATION PPM 
C02 CONCENTRATION PCT 
BOX CONCENTRATION PPM 

HC MASS GRAMS 
CO MASS GRAMS 
002 MASS GRAMS 
BOX MASS GRAMS 
FUEL MASS KG 
FUEL ECONOMY MPG ( L/100KM) 

3-BAG COMPOSITE RESULTS 

HC G/MI . 39 
CO G/MI 6 . 67 
BOX G/MI . 53 

1 
COLD TRANSIENT 
( 0-505 SEC . )  

505 .2 
. 986/ . 992 

3 . 63 ( 5 .84)  
551 . 4  ( 15 . 62)  

. 00 ( . 00)  
4643. ( 131.5)  

64 . 3/ 2/  64 .26 
5 . 7/ 2/ 5.70 

93.8/ 14/467 . 49 
.Of 14/ .00 

82 . 3/ 14/ .7017 
13 . 6/ 14/ .0462 
52. 2/ 1/ 13 .01 

.Of 1/ .00 

17 . 89 
58 . 88 

457.06 
. 6581 
13 . 01 

4 . 463 
69 . 960 

1584 . 13 
2 .754 

. 539 
18 . 84 ( 12 . 49 )  

FUEL ECONOMY MPG ( L/100KM) 19. 27 ( 12.20 )  

2 
STABILIZED 

( 505-1372 SEC. ) 
867 . 6  

. 987/ . 992 
3 . 90 ( 6 . 28 ) 
551 .5 ( 15 . 62)  

. 00 ( .00) 
7975. ( 225 . 9 )  

18 . 2/ 5 /  9 . 12 
11 . 4/ 5/ 5. 71 
36 . 9/ 12/ 35.84 

.Of 12/ .00 
69 . 9/ 14/ . 4981 
13 .6/ 14/ . 0462 
19. 6/ 1/ 4 . 92 

.Of 1/ .00 

26 .84 
3 . 62 

35 . 18 
. 4536 

4 . 92 

. 471 
9 . 251 

1875 . 75 
1 . 789 

. 596 
18. 29 ( 12 . 86 )  

GASOLINE EM-1540-F 
FUEL DENSITY 6 . 160 LB/GAL 
H .134 c . 866 o .ooo x ;ooo 

BOX HUMIDITY C.F.  . 842 

3 
HOT TRANSIENT 
( 0- 505 SEC. ) 

505 . 4  
. 986/ . 992 

3 . 61 ( 5 . 81 )  
550 . 9  ( 15 . 60 )  

.00 ( .00)  
4640 . ( 131 . 4 )  

36 . 2/ 5/ 18 . 14 
12 .4/ 5/ 6 . 2i 
54 . 2/ 13/127 . 39 

.Of 13/ . 00 
79 . 0/ 14/ . 6411 
13 .8/ 14/ . 0470 
33 .1/ 1/ 8 . 29 

.Of 1/ . 00 

20 . 58 
12 . 23 

124 .69 
.5964 
8 . 29 

. 926 
19 . 076 

1434 . 78 
. . 1 ,  753 

. 463 
21. 80 ( 10. 79) 



SOUTHWEST RESEARCH INSTITUTE - DEPARMENT OF EMISSIONS RESEARCH 
COMPUTER PROGRAM LDT 1 . 0-R 3-BAG EPA FTP VEHICLE EMISSION RESULTS PROJECT NO. 08-5343-001 

VEHICLE NUMBER 
VEHICLE MODEL 
ENGINE 
TRANSMISSION 
ODOMETER 

92P 
92 CHEVY LUMINA 
3 . i  L (192 CID)-V-6 
A3 

18319 MILES ( 29475 KM) 

TEST L2-00-EEE5 
DATE 3/ 5/93 RUN 
DYNO 2 BAG CART 2 
ACTUAL ROAD LOAD 5 . 10 HP ( 3 . 80 KW) 
TEST WEIGHT 3875 LBS ( 1757 KG) 

BAROMETER 29. 45 IN HG ( 748 .0 MM HG) . 
RELATIVE HUMIDITY 28 .3  PCT. 

DRY BULB TEMPERATURE 72.0'F  ( 22 .2'C)  

BAG NUMBER 
BAG DESCRIPTION 

RUN TIME SECONDS 
DRY/WET CORRECTION FACTOR, SAMP/BACK 
MEASURED DISTANCE MILES (KM) 
BLOWER FLOW RATE SCFM (SCMM) 
GAS METER FLOW RATE SCFM (SCMM) 
TOTAL FLOW SCF (SCM) . 

HC SAMPLE METER/RANGE/PPM (BAG) 
HC BCKGRD METER/RANGE/PPM 

· CO SAMPLE METER/RANGE/PPM 
CO BCKGRD METER/RANGE/PPM 
C02 SAMPLE METER/RANGE/PCT 
C02 BCKGRD METER/RANGE/PCT 
NOX SAMPLE METER/RANGE/PPM (BAG) (D) 
NOX BCKGRD METER/RANGE/PPM 

DILUTION FACTOR 
HC CONCENTRATION PPM 
CO CONCENTRATION PPM 
C02 CONCENTRATION PCT 
NOX CONCENTRATION PPM 

HC MASS GRAMS 
CO MASS GRAMS 
C02 MASS GRAMS 
NOX MASS GRAMS 
FUEL MASS KG 
FUEL ECONOMY MPG (L/100KM) 

3-BAG COMPOSITE RESULTS 

HC G/MI . 28 
CO G/MI 3 . 15 
NOX G/MI . 43 

1 
COLD TRANSIENT 
( 0-505 SEC. ) 

505.2  
. 985/. 992 

3 .63 ( 5 . 84 )  
560.8  (15.88) 

.00 ( .00)  
4722. ( 133 .  7)  

88.5/ 5/ 44 .35 
12.0/ 5/ 6 .01 
59 .1/ 13/139 .71 

. 4/ 13/ . 92 
84 .7/ 14/ .7493 
13 .8/ 14/ .0470 
73 .9/ 1/ 18 . 38 

.1/ 1/ .03 

17 . 57 
38 . 68 

135.56 
.7050 
18 . 35 

2 . 982 
21 . 103 

1726.08 
3 . 927 

. 558 
18 .17 ( 12 . 94 )  

FUEL ECONOMY MPG (L/100KM) 18 . 71 (12 .57) 

2 
STABILIZED 

(505-1372 SEC.") 
867 . 4  

. 988/. 992 
3 . 92 ( 6 . 30) 
560.0  (15.86) 

.00 ( .00)  
8096. ( 229 . 3 )  

91 .4/ 1 /  9 . 17 
. 62 . 6/ 1/ 6 . 28 

33 .5/ 12/ 32 .50 
. 1/ 12/ .09 

70 .• 1/ 14/ . 5009 
13 .71 14/ .0466 
11 . 1/ 1/ 2. 79 

.2/ 1/ .05 

26 ,71 
3 . 12 

31 .80 
. 4560 
2 . 74 

. 413 
8 . 488 

1914 . 30 
1.005 

. 608 
18 .00 ( 13 .07 )  

GASOLINE EM-1540-F 
FUEL DENSITY 6 . 160 LB/GAL 
H . 134 - C . 866 0 . 000 X .000 

NOX HUMIDITY C.F.  . 837 

3 
HOT TRANSIENT 
( 0- 505 SEC. ) .  

505.8  
. 986/ .992 

3 . 63 ( 5.83)  
559. 8  (15.85) 

.00 ( .00 )  
4719. ( 133 . 6 )  

31 .6/ 5 /  15 .84 
11 .8/ 5/ 5 . 91 
72 . 9/ 12/ 71 . 86 

. 5/ 12/ . 47 
80.7/ 14/ . 6716 
13 . 7/ 14/ .0466 
17.3/ 1/ 4 .34 

. 2/ 1/ .05 

19 . 83 
10. 22 
69 . 83 
. 6274 
. 4 .30 

.787 
10. 864 

1535. 10 
. 919 
. 490 

20.67 ( 11.38) 



APPENDIX C 

EXHAUST HYDROCARBON SPECIATION DATA 



TABLE C·1 . 1992 CHEVROLET LUMINA, EM1540 BASELINE, TEST NO. L2·00·EEE2, 12/29/92 

'i:lil'i :>1 _ ,,_,, : ,,,,_ 
WGT. 

COMPOUND MG MG/MI OAJ 
METHANE 217 59.8 6.17 
ETHYLENE 208 57.2 5.91 
ETHANE 60 16.4 1 .70 
ACETYLENE 62 17.0 1 ,76 
PROPANE 161 44.5 4.59 ' 
PROPYLENE 0 0.0 0.00 
1 .3-BUTADIENE 22 6.0 0.62 
ISOBUTANE 35 9.5 0.98 
BUTANE 28 7,6 0 .78 
1-BUTENE 16  4.5 0.47 
ISOBUTYLENE 84 23.2 2.40 
CIS-2-BUTENE 10  2.8 0.29 
TRANS-2-BUTENE 10  2.8 0.29 
BENZENE 158 43.4 4.48 
TOLUENE 719 198.1 20.45 
ISOPENTANE 163 44.9 4.64 
1-PENTENE 0 0.0 0.00 
PENTANE 48 13.3 1 .38 . 

2-METHYL-1-BUTENE 0 0.0 0.00 
ISOPRENE(2-METi-IYL-1 ,3-BUTADIENE) 0 0.0 0.00 
TRANS-2-PENTENE 0 0.0 . o.oo 
CI�-2-PENTENE 0 0.0 0.00 
2-METHYL-2-BUTENE 0 0.0 0.00 
2,2-DIMETHYLBUTANE 10  2.6 0.27 
CYCLOPENTENE 0 0.0 0.00 
CYCLOPENTANE 4 1 . 1  0.12 
3-METHYL-1-PENTENE 4 1 . 1  0.12 
4-METHYL-1-PENTENE 4 1 . 1  0.12 
2,3-DIMETHYLBUTANE 16  4.5 0.47 
2,3-DIMETHYL-1_;BUTEN- 0 0.0 0.00 
2-METHYLPENTANE 26 7.3 0.75 
\4-METHYL-2-PENTENE 28 7.1 0 0.73 
MTBE 0 0.0 0.00 
3-METHYLPENTANE 30 8.2 0.84-
2-METHYL-1-PENTENE/1-HEXENE 0 0.0 0.00 
HEXANE 24 6.7 . 0.69 
C6 0LEFINS 0 0.0 0.00 

.. : . / : : , :; : : · Ejt.,� ¢ :. : .  ' .  ·. > :: 
.

. ' · .· ,< ,, :· :::: :t;�A�:;t,): :,,.>, , , , · · .. .  · . . 

WGT. WGT. 
MG MG/MI OAJ MG MG/MI OAJ 

166 42.5 28:27 134 37.3 17.63 
0 0.0 0.00 28 7.9 3.73 

20 5.2 3.47 29 7.9 3.75 
0 0.0 0.00 0 . 0.0 0.00 
0 0.0 0.00 0 0.0 0.00 
0 0.0 0.00 2 0.5 0.24 
0 0,0 0.00 6 1 .7 0 .. 79 

15  3.9 2.57 20 5.5 2.59 , 
12  3.1 2.07· . 1 3  3.6 1 .70 
0 0.0 0.00 2 0.4 0.20 
5 1 .4 0.91 13  3.7 1 .74 
0 0.0 0.00 2 0.4 0.20 
0 0.0 0.00 4 1 . 1  0.51 

31 7.9 5.29 45 12.4 5.86 
1 61 41 .1 27.36 135 37.4 17.68 

0 · o.o 0.00 103 28.6 13.51 
0 0.0 0.00 0 0.0 0.00 
0 0.0 0.00 17 4.8 2.26 
0 0.0 0.00 0 0.0 0.00 
0 . 0.0 0.00 0 0.0 0.00 
0 0.0 0.00 - 0 0.0 . 0.00 
0 0.0 0.00 0 0.0 0.00 
0 0.0 0.00 0 0.0 0.00 
0 0.0 0.00 0 0.0 0.00 
0 0.0 0.00 0 0.0 0.00 
0 0.0 0.00 0 0.0 0.00 
0 0.0 0.00 0 0.0 0.00 
0 0.0 0.00 0 ().0 0.00 
0 0.0 0.00 0 0.0 0.00 
0 0.0 0.00 0 0.0 0.00 
0 0.0 0.00 0 0.0 0.00 
0 0.0 0.00 0 0.0 0.00 
0 0.0 0.00 0 0.0 0.00 
0 0.0 0.00 0 0.0 0.00 
0 0.0 0.00 0 0.0 0.00 
0 0.0 0.00 8 2.2 1 .05 
0 0.0 0.00 0 0.0 0.00 

> :,, : < \$TI:\ T.9.TA�,-· -• .:::•:•:-::,:: •• : .  
WGT. OZONE 

MG/MI OAJ MG/MI 
44.7 13.�7 0.661 
14.0 4.16 102.068 

8.3 2.46 2.069 
3.5 1 .05. 1 .761 
9.2 2.74 4.420 
0�1 0.04 1 .280 
1 .7 0.51 1 8.531 
5.5 1 .63 6.620 
4.2 1 .24 4.257 
1 . 1  0.31 9.385 
6.5 1 .94 34.655 
0.7 0.21 6.930 
0.9 0.26 8.695 

16.5 4.9p 6.931 
72.6 21 .58 198.205 
17'.1 5.08 23.601 

0.0 0.00 0.000 
4.1 L21 4.231 
0.0 0.00 0.000 
0.0 0.00 . . 0.00.0 
0.0 0.00 0.000 
0.0 0.00 0.000 

. 0.0 0.00 0.000 
0.5 0.16 . 0.448 
0.0 0.00 0.000 
0.2 0.07 0.562 

·o.2 0.07 1 .043 
0.2 0.07 1 .043 
0.9 0.28 1 .001 
0.0 0.00 0.000 
1 .5 0.45 2.309 
1 .5 0.44 9,859 
0.0 0.00 0.000 
1 .7 0.50 2.572 
0.0 0.00 0.000 
2.0 0.59 1 .952 
0.0 0.00 0.000 



TABLE C.1 (CONT'D). 1 992 CHEVROLET LUMINA, EM1540 BASELINE, TEST NO. L2·00·EEE2, 12/29/92 

ETHYL-1 ,5-HEXADIENE 
2,2,5-TRIMETHYLHEXANE 
2-ETHYL-1-HEXENE 
1-CIS-4-DIMETHYLCYCLOHEXANE 
OCTANE 
2,3,5-TRIMETHYLHEXANE 
2,4-DIMETHYLHEPTANE 

EPTANE 

MG I MG/MI 
1 4 1 3.8 
22 6.2 

0 
0 
0 

54 
0 
0 

43 
312 

6 
0 
0 
0 
0 

64 
36 
61 

0 
0 

35 
0 
0 

10 
0 
0 

15  
0 
0 
0 

43 
0 

72 
0 
0 
0 

32 

0.0 
0.0 
0.0 

15.0 
0.0 
0.0 

1 1 .8 
85.9 

1 .7 
0.0 
0.0 
0.0 
0.0 

17.6 
9.8 

16.9 
0.0 
0.0 
9.7 
0.0 
0.0 
2.7 
0.0 
0.0 
4.3 
0.0 
0.0 
0.0 

1 1 .9 
0.0 

19.9 
0.0 
0.0 
0.0 
8.8 

O,i) 
0.39 
0.64 
0.00 
0.00 
0.00 
1 .55 
0.00 
0.00 
1 .21 
8.87 
0.18 
0.00 
0.00 
0.00 
0.00 
1 .81 
1 .02 
1 .74 
0.00 
0.00 
1 .00 
0.00 
0.00 
0.28 
0.00 
0.00 
0.44 
0.00 
0.00 
0.00 
1 .22 
0.00 
2.05 
0.00 
0.00 
0.00 
0.91 

MG I MG/MI 
0 1 �0 
0 �0 
0 
0 
0 
0 
0 
0 
0 

89 
0 
0 
0 
0 
0 
0 

10 
10  

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

12  
0 
0 
0 
0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

22.8 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
2.5 
2.5 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
3.1 
0.0 
0.0 
0.0 
0.0 

O,i) 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

15.20 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1 .67 
1 .67 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
2.05 
0.00 
0.00 
0.00 
0.00 

MG I MG/MI 
o I o.o 
5 1 .5 
0 
0 
0 

18  
0 
0 
8 

77 
0 
0 
0 
0 
0 

1 1  
1 0  
1 0  

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

14 
0 
0 
0 
0 

0.0 
0.0 
0.0 
5.0 
0.0 
0.0 
2.2 

2 1 .4 
0.0 
0.0 
0.0 
0.0 
0.0 
3.0 
2.7 
2.7 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
3.9 
0.0 
0.0 
0.0 
0.0 

0.71 
0.00 
0.00 
0.00 
2.37 
0.00 
0.00 
1 .02 

10.14 
0.00 
0.00 
0.00 
0.00 
0.00 
1 .40 
1 .27 
1 .27 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1 .83 
0.00 
0.00 
0.00 
0.00 

MG/MI 
0.8 
1 .7 
0.0 
0.0 
0.0 
4.5 
0.0 
0.0 
3.0 

35.5 
0.4 
0.0 
0.0 
0.0 
0.0 
4.4 
4.1 
5.5 
0.0 
0.0 
2.0 
0.0 
0.0 
0.6 
0.0 
0.0 
0.9 
0.0 
0.0 
0.0 
2.5 
0.0 
6.8 
0.0 
0.0 
0.0 
1 .8 

0.50 
0.00 0.000 
0.00 0.000 
0.00 0.000 
1 .33 5.812 
0.00 0.000 
0.00 0.000 
0.90 4.235 

10.56 33.035 
0.1 1 0.291 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
1 .32 6.956 
1 .21 6.516 
1 .64 6.631 
0.00 0.000 
0.00 0.000 
0.60 2.167 
0.00 0.000 
0.00 0.000 
0.17 0.543 
0.00 0.000 
0.00 0.000 
0.26 0.539 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.73 6.632 
0.00 0.000 
2.01 49.1!19 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.54 1 1 .768 



TABLE C·1 (CONT'D). 1992 CHEVROLET LUMINA, EM1540 BASELINE, TEST NO. L2·00·EEE2, 12/29/92 

1,,,,,, :, '''':}:><o:\c>':::}o 'iJZE2 
WGT. 

COMPOUND MG MG/MI OAJ MG 
NONANE 0 0.0 0.00 0 
TRANS-2-NONENE 6 1 .7 0.18 0 
PROPYLBENZENE 17 4.6 0.48 0 
2,3�DIMETHYLOCTANE 101 27.9 2.88 0 
0-ETHYL TOLUENE 18  4.9 0.51 0 
1 ,2,4-TRIMETHYLBENZENE 86 23.6 2.44 13  
ISOBUTYLBENZENE 0 0.0 0.00 0 
DECANE 0 0.0 0.00 0 
P-CYMENE 39 10.6 1 . 10 15  
INDAN(E) 6 1 .5 0.16 0 
4-PHENYL-1-BUTENE 0 0.0 0.00 0 
M-DIETHYLBENZENE 8 2.3 0.24 0 
1-METHYL-3-PROPYLBENZENE 10  2.8 0.29 0 
N-BUTYLBENZENEIP-DIETHYLBENZENE 8 2.1 0.22 0 
0-DIETHYLBENZENE 0 0.0 0.00 0 
2-METHYLDECANE 12  3.2 0.33 0 
BICYCLOPENTYL 0 . 0.0 0.00 0 
UNDECANE 0 0.0 0.00 0 
1 ,3,5-TRIMETHYLBENZENE 25 6.8 0.71 0 
C7 0LEFINS . o  0.0 0.00 0 
C8-C9 OLEFINS 79 21 .9 2.26 26 
C9-C11  PARAFFINS, OLEFINS, AROMATICS 45 12.5 1 .29 0 
FORMALDEHYDE 43 1 1 .8 1 .21 0 
ACETALDEHYDE 1 4  3.8 0.39 1 
ACROLEIN 4 1 .0 0.10 0 
ACETONE 9 2.5 0.25 1 
PROPIONALDEHYDE 1 0.4 0.04 0 
CROTONALDEHYDE 0 0.1 0.01 0 
ISOBUTYRALDEHYDE 1 0.2 0.02 0 
METHYL ETHYL KETONE 1 0.2 0.02 0 
BENZALDEHYDE 17 4.7 0.48 0 
HEXANALDEHYDE 3 0.8 0.08 0 

.· <. < .. 
WGT. 

MG/MI OAJ 
0.0 0.00 
0.0 0.00 
0.0 0.00 
0.0 0.00 
0.0 0.00 
3.4 2.24 
0.0 0.00 
0.0 0.00 
3.9 2.57 
0.0 0.00 
0.0 0.00 
0·.0 0.00 
0.0 0.00 
0.0 0.00 
0.0 0.00 
0.0 0.00 
0.0 0.00 
0.0 0.00 
0.0 0.00 
0.0 0.00 
6.6 4.39 
0.0 0.00 
0.0 0.01 
0.2 0 .12 
0.0 0.00 
0.1  0.09 
0.0 0.00 
0.0 0.00 
0.0 0.00 
0.0 0.00 
0.0 0.00 
0.1  0.08 

-- --- ·-

., >>}',',<'::' ''·(aA� .. �:»:" ' . :· ·/ > .. ,. : ,  >: 
WGT. 

MG MG/MI OAJ 
0 0.0 0.00 
0 0.0 0.00 

10 2.9 1 .36 
17  4.6 2.17 

0 0.0 0.00 
9 2.6 1 .21 
0 0.0 0.00 
0 0.0 0.00 
8 2.1 0.99 
0 0.0 0.00 
0 .  0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.02 
1 0.2 0.07 
0 0.0 0.00 
2 0.6 0.28 
0 0.0 0.00 
2 0.5 0.24 
0 0.1 0.04 
0 0.1  0.04 
0 0.1 0.05 
1 0.1  0.07 

. .. .. .. .. t ir.re:tPTAk : , :: .... > 
WGT. OZONE 

MG/MI % MG/MI 
0.0 0.00 0.000 
0.4 0 . 1 1  1 .619 
1 .7 0.52 3.813 
7.0 2.09 7.105 
1 .0 0.30 7.308 
7.3 2.18 64.848 
0.0 0.00 0.000 
0.0 0.00 0.000 
4.8 1 .42 30.793 
0.3 0.10 0.340 
0.0 0.00 0.000 
0.5 0 .14 3.081 
0.6 0 .17 3.722 
0.4 0.13 1 .843 
0.0 0.00 0.000 
0.7 0.20 0.781 
0.0 0.00 0.000 
0.0 0.00 0.000 
1 .4 0.42 1 4.320 
0.0 0.00 0.000 
8.0 2.36 27.054 
2.6 0.77 9.827 
2.5 0.73 17.533 
0.9 0.27 5.098 
0.2 0.06 1 .409 
0.7 0.22 0.419 
0.1  0.02 0.533 
0.2 0.05 0.843 
0.1 0.02 0.355 
0.1 0.02 0.080 
1 .0 0.30 -0.551 
0.3 0.08 0.997 



TABLE C·2. 1992 CHEVROLET LUMINA, EM1540 BASELINE, TEST NO. L2·00·EEE3, 12/30/92 

_.::;:,:.: ,:/'· "'· ' . ,, BA$ 1 / ,,-,_-: ,' '.':'··:··'''_::·.-.. ,-,., _, ': : ::':''''''·/)::_ , ,  ··SAG 2:::::::',::':, : .) : ' . . : 
WGT. WGT. 

COMPOUND MG MG/MI OJb MG MG/MI OJb 
METHANE 176 49.3 6.50 153 40.1 28.94 
ETHYLENE 160 44.7 5.90 15  3.9 2.82 
ETHANE 27 7.5 0.99 21 5.5 3.99 
ACETYLENE 53 14.8 1 .95 0 0.0 0.00 
PROPANE 0 0.0 0.00 0 0.0 0.00 
PROPYLENE 0 0.0 0.00 0 0.0 . 0.00 
1 ,3-BUTADIENE 28 7.8 1 .03 0 0.0 0.00 
ISOBUTANE 28 7.7 1 .02 9 2.4 1 .77 
BUTANE 21 5.8 0.76 6 1 .6 1 . 16  
1-BUTENE 14 3.9 0.52 ' 0 0.0 0.00 
ISOBUTYLENE 75 20.9 2.76 3 0.7 . 0.50 
CIS-2-BUTENE 3 0.9 0 .12 0 0.0 0.00 
TRANS-'2-BUTENE 9 2.6 0.35 0 0.0 0.02 
BENZENE 89 25.0 3.29 33 8.7 6.28 
TOLUENE 645 180.0 23.75 63 1 6.4 1 1 .86 • 
ISOPENTANE 53 1 4.9 1 .97 .· 50 13.0 9.38 
1-PENTENE 0 0.0 0.00 ' 0 0.0 0.00 
PENTANE 30 8.5 1 .1 2  10  2.7 1 .97 
2-METHYL-1-BUTENE 0 0.0 0.00 0 0.0 0.00 
ISOPRENE(2-METHYL-1 ,3-BUTADIENE) 0 0.0 0.00 0 0.0 0.00 
TRANS-2-PENTEN E 0 0.0 0.00 _ . 0 0.0 0.00 
CIS-2-PENTENE 0 0.0 0.00 0 0.0 0.00 
2-METHYL-2-BUTENE 0 0.0 0.00 0 0.0 0.00 
2,2-DIMETHYLBUTANE 0 0.0 0;00 0 0.0 0.00 
CYCLOPENTENE 0 0.0 0.00 . 0 0.0 0.00 
CYCLOPENTANE 9 2.6 0.35 •• 0 0.0 0.00 
3-METHYL-1-PENTENE 9 2.6 0.35 ·' 0 0.0 0.00 
4-METHYL-1-PENTENE 9 2.6 0.35 0 0.0 0.00 
2,3-DIMETHYLBUTANE 1 9  5.2 0.68 0 0.0 0.00 
2,3-DIMETHYL-1-BUTENE 0 0.0 0.00 0 0.0 0.00 
2-METHYLPENTANE 25 6.9 0.91 5 1 .2 0.88 
4-METHYL-2.,.PENTENE 24 6.7 0.89 5 1 .2 0.86 
MTBE 0 0.0 0.00 0 0.0 0.00 
3-METHYLPENTANE 19 ' 5.3 0.70 0 0.0 0.00 
2-METHYL-1-PENTENE/1-HEXENE 0 0.0 0.00 0 0.0 0.00 
HEXANE 17  4.7 0.62 0 0.0 0.00 
C6 0LEFINS 0 0.0 0.00 0 0.0 0.00 

< ; > JiA(; :L -: 7' ? , . . i< .  ;:�.:.:·····:-:.-··. :-.·· FTfiTQTAP }:: < ••·•''''' ·. 
WGT. WGT. OZONE 

MG MG/MI % MG/MI OJb MG/MI 
125 35.0 14.10 40.6 13.65 0.600 

50 14.0 5.67 15.2 5.1 1  1 10.680 
33 9.1 3.66 6.9 2.32 1 .727 
. 0 0.0 0.00 3.1 ' 1 .03 1 ,539 

0 0.0 0.00 0.0 0.00 0.000 
29 8.2 3.30 2.3 0.76 21 .214 

5 1 .3 0.51 2.0 0.66 21 .474 
20 5.6 2.27 4.4 1 .48 5.33'8 
13  3.7 1 .50 3.1 1 .03 3.126 
3 0.9 0.35 1 . 1  ' ' 0.35 9.393 

19  5.2 2.10 6.1 2.07 32.620 
2 0.7 0.26 0.4 o:1 2  3.585 
2 0.5 0.18 0.7 0.23 6.835 

46 12.9 5.22 13.2 14.45 5.561 ' 
148 41 .1  16.60 57.2 19.25 1 56.229 

1 9  5.3 2.13 1 1 .3 . 3.79 16.544 
· o 0.0 0.00 0.0 0.00 0.000 

6 1 .6 . 0.66 3.6 1 .22 3.763 
0 0.0 0.00 0.0 0.00 0.000 

.0 o.o 0.00 0.0 0.00 0.000 
0 0.0 0.00 0.0 0.00 0.000 

. 0 0.0 0.00 0.0 0.00 0.000 
0 0.0 0.00 0.0 0 .()0 0.000 
0 0.0 0.00 0.0 0.00 0.000 
0 0.0 0.00 0.0 0.00 0.000 
0 0.0 0.00 0.5 0.18 1 .297 
0 0.0 0.00 0.5 0.18 2.409 
0 0.0 0.00 0.5 0.18 2.409 

1 0  2.7 1 .09 1 .8 0.61 1 .947 
0 0.0 0.00 0.0 0.00 0.000 ' 

1 9  5.2 2.1 1  3.5 1 . 1 8  5.363 
� 8  5.1 2.06 3.4 1 .15  22.895 
0 0.0 0.00 0.0 0.00 0.000 

1 2  3.5 1 .40 2.1 0:69 3.136 
0 0.0 0.00 0.0 0.00 0.000 
6 1 .7 0.70 1 .4 · , 0�49 1 .420 
0 0.0 

-- 0.00 I.... 0.0 0.00 0.000 



TABLE C·2 (CONT'D). 1992 CHEVROLET LUMINA, EM1540 BASELINE, TEST NO. L2·00·EEE3, 12/30/92 

I\ ·tsAe i ' ::':' .' .: >/<:): . : . :'' · I :<:::::: ·('.'\.:: . .. : BA� 2 .· . <: ,·:: >:,>i:: :. ·. ::: _: ·.·. . · ··: ·:·:·,:-:::::: :iBAG-:3:::::'·-,, ::-... · .. :· '· ,·.·,., '  -:, .. : 'T .. cc ,  :. ::.:_'FT� TQ'rAP ' ) : ' 
WGT. WGT. WGT. WGT. OZONE 

COMPOUND MG MG/MI o,ro MG MG/MI o,ro MG MG/MI o,ro MG/MI o,ro MG/MI 
2,4-DIMETHYLPENTANE 1 4  4.0 0.53 0 0.0 0.00 0 0.0 0.00 0.8 q.28 1 .473 
METHYLCYCLOPENTANE 15  4.2 0.55 0 0.0 0.00 6 1 .6 '0.64 1 .3 OA4 0.000 
CYCLOHEXANE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 O.QO, 0.000 
METHYLCYCLOPENTENE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
3-METHYL-1 ,3-,PENTADIENE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
2,3-DIMETHYLPENTANE/2:...METHYLHEXANE 37 1 0.4 1 .37 0 0.0 0.00 16 4.3 1 .75 3.4 ' 1 . 13  4.362 
CYCLOHEXENE 0 0.0 0.00 0 0.0 0.00 0 0.0 · 0.00 0.0 0.00 ' 0.000 
5-METHYL-2-HEXENE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
3-METHYLHEXANE . 25 6.9 0.91 0 0.0 0.00 10 2.9 1 . 15 2.2 0.74 3.096 
2,2,4-TRIMETHYLPENTANE 249 69.5 9.17 34 . 8.8 6.38 101 28.2 1 1 .38 26.8 9.01 24.901 
N-HEPTANE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
2,4,4':" TRIMETHYL-1-PENTENE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 O.Q 0.00 0.000 
2,2,4-TRIMETHYL-1-PENTEN E 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
METHYLCYCLOHEXANE 5 1 .5 0.20 0 0.0 0.00 ' 0 0.0 0.00 0.3 0 .10 0.575 
2,4,4-TRIMETHYL-2-PENTENE 0 0.0 0.00 0 0.0 0.00 0 0.0 . 0.00 0.0 0.00 0.000 
2,4/2-5-DIMETHYLHEXANE 52 14.6 1 .92 0 . 0.0 0.00 1 4  3.9 1 .56 4.1 1 .38 6.401 
2,3,4-TRIMETHYLPENTANE 33 9.2 1 .21 0 0.0 0.00 1 1  3.1 . 1 .24 2.8 0.93 4.4 1 1  
2,3,3-TRIMETHYLPENTANE .  48 13.4 1 .77 .: 0 0.0 0.00 1 1  3.1 1 .24 3.6 1 .22 4.355 
2-METHYL-3-HEPTENE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 . 
3,5,5-TRIMETHYL-1-HEXENE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
2-/4-METHYLHEPTAI':IE 17  4.8 0.63 0 0.0 0.00 0 0.0 0.1)0 1 .0 0.34 1 .079 
3-METHYLHEPTANE 6 1 .6 0.21 0 0.0 . 0.00 0 0.0 0.00 0.3 .0. 1 1  0.322 
2,5-DIMETHYL-1 ,5-HEXADIENE 0 0.0 0.00 0 0.0 0:00 0 . 0.0 0.00 0.0 0 .00, 0.000 
2,2,5-TRIMETHYLHEXANE 1 4  3.9 0.51 0 0.0 0.00 0 0.0 0.00 0.8 0.27 0.785 
2-ETHYL-1-HEXENE 0 0.0 0.00 0 0.0 0.00 (j 0.0 0.00 0.0 0.00 0.000 
1-CIS-4-DIMETHYLCYCLOHEXANE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
OCTANE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 : 0.000 
2,3,5-TRIMETHYLHEXANE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0:0 0 .00 0.000 
2,4-DIMETHYLHEPTANE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
2,5/3,5-DIMETHYLHEPTANE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 o.oo· 0.000 
ETHYLBENZENE . 36 10.0 1 .32 0 0.0 0.00 10 2.7 1 .08 2·.8 0.95 7.602 
2,3-DIMETHYLHEPTANE 0 0.0 0.00 0 0.0 0.00 0 . 0.0 0.00 0.0 0.00 0.000 
P-XYLENEIM-XYLENE 60 16.8 2.22 0 0.0 0.00 0 0.0 0.00 3.5 1 .18  25.805 
2-METHYLOCTANE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0,00 I 0.000 
4-METHYLOCTANE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 . 0 .00 0.000 
3-METHYLOCTANE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
0-XYLENE 22 6.1 0.81 0 0.0 0.00 0 0.0 0.00 1 .3 0.43 8.189 



TABLE C·2 (CONT'D). 1992 CHEVROLET LUMINA, EM1540 BASELINE, TEST NO. L2·00·EEE3, 12/30/92 

COMPOUND 
NONANE 
TRANS-2-NONENE 
PROPYLBENZENE 
2,3-DIMETHYLOCTANE 
0-ETHYLTOLUENE 
1 ,2,4-TRIMETHYLBENZENE 
ISOBUTYLBENZENE 
DECANE 
P-CYMENE 
INDAN(E) 
4-PHENYL-1-BUTEN E 
M-DIETHYLBENZENE 
1-METHYL-3-PROPYLBENZENE 
N-BUTYLBENZENEIP-DIETHYLBENZENE 
0-DIETHYLBENZENE 
2-METHYLDECANE 
BICYCLOPENTYL 
UNDECANE 
1 ,3,5-TRIMETHYLBENZENE 
C7 0LEFINS 
C8-C9 OLEFINS 
C9-C11  PARAFFINS, OLEFINS, AROMATICS 
FORMALDEHYDE 
ACETALDEHYDE 
ACROLEIN 
ACETONE 
PROPIONALDEHYDE 
CROTONALDEHYDE 
ISOBUTYRALDEHYDE 
METHYL ETHYL KETONE 
BENZALDEHYDE 
HEXANALDEHYDE 

I •  ••··••·. << •••:<> �A� t••·•··•·•······ ··· ·> •••··•< <•(I.F••·•·•••·:•:t>• .. •;:]AG2 •••••·•·: ···• ) ) <•··> ••:••1•1><•· )• • • •·•···•·b .......... . 

MG 
0 
7 

13 
1 1 1  
21 

100 
0 
0 

47 
8 
0 
9 

10 
8 
0 

12  
0 
0 

28 
0 

13  
54 
39 
12  
4 

1 1  
2 
0 
1 
1 

18 

. 9 

MG/MI 
0.0 
1 .9 
3.7 

31.0 
5.8 

28.0 
0.0 
0.0 

13.0 
2.3 
0.0 
2.6 
2.8 
2.2 
0.0 
3.3 
0.0 
0.0 
7.7 
0.0 
3.7 

15.2 
10.8 

3.4 
1 . 1 
3.2 
0.4 
0.0 
0.2 
0.2 
5.0 
2.6 

WGT. I I  I · I WGT. 
O,it 

0.00 
0.25 
0.48 
4.09 
0.76 
3.69 
0.00 
0.00 
1 .72 
0.30 
0.00 
0.34 
0.37 
0.29 
0.00 
0.43 
0.00 
0.00 
1 .01 
0.00 
0.49 
2.00 
1 .43 
0.45 
0.15 
0.42 
0.06 
0.00 
0.03 
0.03 
0.66 
0.34 

MG 
0 
0 

1 1  
66 

0 
26 

0 
0 

13 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
5 

MG/MI 
0.0 
0.0 
2.7 

17.2 
0.0 
6.8 
0.0 
0.0 
3.5 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.1 
0.0 
0.3 
0.0 
0.0 
0.0 
0.0 
0.2 
1 .4 

O,it 
0.00 
0.00 
1 .98 

12.41 
0.00 
4.91 
0.00 
0.00 
2.50 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.01 
0.05 
0.00 
0.23 
0.00 
0.00 
0.00 
0.00 
0.13 
0.98 

MG 
0 
6 
0 

20 
0 

50 
0 
0 
5 
0 
0 
5 
0 
0 
0 

1 1  
0 
0 

17 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
1 
8 

MG/MI 
0.0 
1 .7 
0.0 
5.4 
0.0 

14.0 
0.0 
0.0 
1 .3 
0.0 
0.0 
1 .3 
0.0 
0.0 
0.0 
3.2 
0.0 
0.0 
4.6 
0.0 
0.0 
0.0 
0.0 
0.1  
0.0 
0.8 
0.0 
0.0 
0.0 
0.0 
0.3 
2.1 

·c: •·••· < }{ i. /f:tet9tAV : .:: <>•··· 
WGT. 

O,it 
0.00 
0.69 
0.00 
2.20 
0.00 
5.64 
0.00 
0.00 
0.51 
0.00 
0.00 
0.53 
0.00 
0.00 
0.00 
1 .28 
0.00 
0.00 
1 .87 
0.00 
0.00 
0.00 
0.00 
0.05 
0.00 
0.32 
0.00 
0.00 
0.02 
0.02 
0.13 
0.86 

MG/MI 
0.0 
0.9 
2.2 

16.8 
1 .2 

1 3.2 
0.0 
0.0 
4.8 
0.5 
0.0 
0.9 
0.6 
0.5 
0.0 
1 .6 
0.0 
0.0 
2.9 
0.0 
0.8 
3.1 
2.3 
0.8 
0.2 
1 .0 
0.1  
0.0 
0.1 
0.1  
1 .2 
1 .8 

WGT. I OZONE 
O,it 

0.00 
0.29 
0.73 
5.65 
0.40 
4.43 
0.00 
0.00 
1 .63 
0.16 
0.00 
0.30 
0.20 
0.15 
0.00 
0.52 
0.00 

MG/MI 
0.000 
3.964 
4.745 

16.975 
8.642 

1 16.428 
0.000 
0.000 

31 .190 
0.507 
0.000 
5.822 
3.792 
1 .899 
0.000 
1 .825 
o.ooo 

0.00 0.000 
0.97 29.089 
0.00 0.000 
0.26 2.632 
1 .06 1 1 ;996 
0.76 16.128 
0.26 4.250 
0.08 1 .583 
0.35 0.582 

. 0.03 0.591 
0.00 0.041 
0.02 0.326 
0.02 0.073 
0.41 -0.669 
0.62 6.933 



TABLE C·3. 1992 CHEVROLET LUMINA, EM1215 TRC BASE, TEST NO. L2·00·RFA1 , 12/31/92 

COMPOUND 
METHANE 
ETHYLENE 
ETHANE 
ACETYLENE 
PROPANE 
PROPYLENE 
1 ,3-BUTADIENE 
ISOBUTANE 
BUTANE 
1-BUTENE 
ISOBUTYLENE 
CIS-2-BUTENE 
TRANS-2-BUTENE 
BENZENE 
TOLUENE 
ISOPENTANE 
1-PENTENE 
PENTANE 
2-METHYL-1 -BUTENE 
ISOPRENE(2-METHYL-1 ,3-BUTADIENE) 
TRANS-2-PENTEN E 
CIS-2-PENTENE 
2-METHYL-2-BUTENE 
2,2-DIMETHYLBUTANE 
CYCLOPENTENE 
CYCLOPENTANE 
3-METHYL-1 -PENTENE 
4-METHYL-1-PENTENE 
2,3-DIMETHYLBUTANE 
2,3-DIMETHYL-1 -BUTENE 
2-METHYLPENTANE 
4-METHYL-2-PENTENE 
MTBE 
3-METHYLPENTANE 
2-METHYL-1 -PENTENE/1-HEXENE 
HEXANE lc6 0LEFINS 

MG 
181 
263 

52 
38 
12  

151 
37 

6 
71 
24 
41 

7 
8 

104 
267 

32 
0 

17  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

29 
0 

49 
48 

0 
50 

6 
31 

0 

MG/MI 
50.8 
73.6 
1 4.8 
10.6 

3.3 
42.2 
10.3 

1 .8 
20.0 

6.7 
1 1 .5 
2.0 
2.2 

29.0 
74.7 

9.0 
0.0 
4.8 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
8.0 
0.0 

13.8 
13.5 
0.0 

13.9 
1 .6 
8.8 

· 0.0 

% 
6.37 
9.23 
1 .83 
1 .32 
0.42 
5.28 
1 .29 
0.20 
2.50 
0.84 
1 .44 
0.25 
0.28 
3.63 
9.38 
1 .13  
9.00 
0.60 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1 .01 
0.00 
1 .73 
1 .69 
0.00 
1 .74 
0.20 
1 . 10 
0.00 

MG I MG/MI 
154 40.0 

37 9.6 
28 7.2 

0 0.0 
0 0.0 
0 
0 
2 

39 
0 
4 
0 
1 

42 
25 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 1  
0 

12 
12  
0 
9 
0 

10  
0 

0.0 
0.0 
0.8 

10.2 
0.0 
1 .0 
0.0 
0.4 

1 1 .0 
6.5 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
2.8 
0.0 
3.2 
3.1 
0.0 
2.4 
0.0 
2.5 
0.0 

OAJ 
29.25 

8.99 
5.29 
0.00 
0.00 
0.00 
0.00 
0.45 
7.47 
0.00 
0.76 
0.00 
0.27 
8.04 
4.76 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
2.05 
0.00 
2.32 
2.26 
0.00 
1 .76 
0.00 

/1 .83 
0.00 

159 44.1 15.21 

I 
43.4 13.72 0.642 

85 23.7 8.18 28.7 8.48 194.910 
27 7.8 2.81 8.9 2.80 2.21 5 

0 0.0 0.00 2.2 0.69 1 .094 
0 0.0 0.00 0.7 0.22 0.333 

32 
4 
2 

46 
4 

10  
3 
1 

66 
98 
18 
0 

17 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

22 
0 

57 
56 

0 
35 

0 
21 . 

0 

8.8 
1 .2 
0.4 

12.8 
1 . 1  
2.8 
0.9 
0.2 

. 18.3 
27.2 

4.4 
0.0 
4.7 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
6.2 
0.0 

15.8 
15.4 
0.0 
9.6 
0.0 
5.7 
0.0 

3.02 
0.43 
0.15 
4.42 
0.37 
0.96 
0.30 
0.08 
6.31 
9.37 
1 .53 
0.00 
1 .60 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
2.13 
0.00 
5.43 
5.30 
0.00 
3.30 
0.00 
1 .97 
0.00 

1 1 .2 
2.5 
0.8 

1 3.0 
1 .7 
3.7 
0.6 
0.7 

18.7 
28.3 

3.1 
0.0 
2.3 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
4.8 
0.0 
8.8 
8.6 
0.0 
6.8 
0.3 
4.7 
0.0 

3.53 104.869 
0.78 26.919 . . 
0.24 0.925 
4.10 13.214 
0.54 15.087 
1 .17  19.629 
0.20 6.390 
0.23 7.088 
5.30 7.034 
8.33 71 .925 
0.98 4.259 
0.00 0.000 
0.72 2.362 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
1 .52 5.155 
0.00 0.000 
2.80 13.540 
2.73 57.807 
0.00 0.000 
2.14 10.281 
0.1 1 1 .478 
1 .48 4.597 
0.00 0.000 



TABLE C·3 (CONT'D). 1992 CHEVROLET LUMINA, EM1215 TRC BASE, TEST NO. L2·00·RFA1 , 12/31 /92 

COMPOUND 
2,4-DIMETHYLPENTANE 
METHYL6YCLOPENTANE 
CYCLOHEXANE 
METHYLCYCLOPENTENE 
3-METHYL-1 ,3-PENTADIENE 
2,3-DIMETHYLPENT ANE/2-METHYLHEXANE 
CYCLOHEXENE 
5..:.METHYL-2-HEXENE 
3-METHYLHEXANE 
2,2,4-TRIMETHYLPENTANE 
N-HEPTANE 
2,4,4-TRIMETHYL-1-PENTENE 
2,2,4-TRIM ETHYL-1-PENTENE 
METHYLCYCLOHEXANE 
2,4,4-TRIMETHYL-2-PENTENE 
2,4/2-5-DIMETI-IYLHEXANE 
2,3,4-TRIMETHYLPENTANE 
2,3,3-TRIMETHYLPENTANE 
2-METHYL-3-,HEPTENE 
3,5,5-TRIMETHYL-1-HEXENE . 

2-/4-METHYLHEPTANE 
3-METHYLHEPTANE 
2,5-DIMETHYL-1 ,5-HEXADIENE 
2,2,5-TRIMETHYLHE)(ANE 
2-ETHYL-1-HE;XENE 
1-CIS-4-DIMETHYLCYCLOHEXANE 
OCTANE 
2,3,5-TRIMETHYLHEXANE 
2,4-DIMETHYLHEPTANE 
2,5/3,5-DIMETHYLHEPTANE 
ETHYLBENZENE 
2,3-DIMETHYLHEPTANE 
p.:.XYLENEIM-:XYLENE 
2-METHYLOCTANE 
4-METHYLOCTANE 
3-METHYLOCTANE 
0-XYLENE 

, .. > J3AG 1 < > ··· .... · <  I r ·  .·.. > E!AG? < .. /> < , , ... .... ............................. �.AG.� .•••... · .•. · . . ... . } · · ···I<• < •.• ' ·. F:ter<rr:Al; / / • ····. ·  .. · · 

I I WGT. I I WGT. I I .  WGJ. I WGT. I OZONE 
MG I MG/MI 

5 1 1 .5 
16 4.5 
0 
0 
0 

53 
0 
0 

24 
52 
16  

0 
0 

10  
0 

16  
0 
0 
0 
0 

33 
20 

0 
9 
0 
0 

10  
0 
0 
0 

108 
0 

257 
0 
0 
0 

97 

0.0 
0.0 
0.0 

1 4.9 
0.0 
0.0 
6.7 

1 4.6 
4.6 
0.0 
0.0 
2.7 
0.0 
:4.6 
0.0 
0.0 
o:o 
0.0 
9.1 
5.5 
0.0 
2.4 
0.0 
0.0 
2.9 
0.0 
0.0 
0.0 

30.4 
0.0 

71 .9 
0.0 
0.0 
0.0 

27.0 

OJi! 
0.18 
0.56 
0.00 
0.00 
0.00 
1 .87 
0.00 
0.00 
0.84 
1 .82 
0.57 
0.00 
0.00 
0.34 
0.00 
0.57 
0.00 
0.00 
0.00 
0:00 
1 .15  
0.69 
0.00 
0.30 
0.00 
0.00 
0.36 
0.00 
0.00 
0.00 ' 
3.81 
0.00 
9.00 
0.00 
0.00 
0.00 
3.39 

MG I MG/MI 
0 1 QO 
0 0� 
0 
0 
0 

15  
0 
0 
0 

24 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
8 
0 

21 
0 
0 
0 
8 

0.0 
0,0 
0.0 
4.0 
0.0 
0.0 
0.0 
6.4 
o:o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
2.1  
0.0 
5.5 
0.0 
0.0 
0.0 
2.2 

OJi! 
0.00 
0.00 
0.00 
0.00 
0.00 

. 2.91 
0.00 
0.00 
0.00 
4.65 
0.00 

· o.oo 
0.00 
0.00 
0.00 
0.00 
.o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1 .55 
0.00 
4.05 
0.00 
0.00 
0.00 
1 .59 

MG I MG/MI 
o I o.o 

13  3.5 
0 
0 
0 

23 
0 
0 

1 4  
20 

8 
{) 
0 
0 
0 
0 
6 
6 
0 
0 

15  
9 
0 
0 
0 
0 
0 
0 
0 
0 

21 
0 

53 
0 
0 
0 

15  

0.0 
0.0 
0.0 
6.3 
0.0 
0.0 
4.0 
5.6 
2.1 
0.0 
0.0 
0.0 
0.0 
0.0 
1 .7 
1 .7  
0.0 
0.0 
4.2 
2.4 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
5.7 
0.0 

14.6 
0.0 
0.0 
0.0 
4.3 

OJi! 
0.00 
1 .22 
0.00 
0.00 
0.00 
2. 16 
0.00 
0.00 
1 .37 
1 .94 
0.73 
0.00 
0.00 
0.00 
0.00 
0.00 
0.57 
0.57 
0.00 
0.00 
1.44 
0.84 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1 .98 
0.00 
5.05 
0.00 
0.00 
0.00 
1 .48 

MG/MI 
0.3 
1 .9 
0.0 
0.0 
0.0 
6.9 
0.0 
0.0 
2.5 
7.9 
1 .5 
0.0 
0.0 
0.6 
0.0 
0.9 
0.5 
0.5 
0.0 
0.0 
3.0 
1 .8 
0.0 
0.5 
0.0 
0.0 
0.6 
0.0 
0.0 
0.0 
9.0 
0.0 

2 1 .8 
0.0 
0.0 
0.0 
7.9 

% I MG/MI 
0.10 I 0 .541 
0.60 0.000 
0.00 
0.00 
0.00 
2.18 
0.00 
0.00 
0.78 
2.48 
0.48 

I 0;00 
0.00 
0.18 

. 0.00 
0.30 
0.15 
0.15 
o,oo 
0.00 
0.96 
0.57 
0.00 
0.16 
0.00 
0.00 
0.19 
0.00 
0.00 
0.00 
2.84 
0.00 
6.89 
0.00 
0.00 
0.00 
2.50 

0.000 
0.000 
0.000 
8.947 
0.000 
0.000 
3.469 
7.304 
1 .240 
0.000 
0.000 
1 .041 
0.000 
1 .485 
0.735 
0.551 
0.000 
0.000 
3.287 
1 .795 
0.000 
0.488 
0.000 
0.000 
0.362 
0.000 
0\000 
0.000 

24.234 
0.000 

160.840 
0.000 
0.000 
0.000 

51 .095 



TABLE C-3 (CONT'D). 1992 CHEVROLET LUMINA, EM1215 TRC BASE, TEST NO. L2·00·RFA1 , 12/31/92 

COMPOUND 
NONANE 
TRANS-2-NONENE 
PROPYLBENZENE 
2,3-DIMETHYLOCTANE 
0-ETHYLTOLUENE 
1 ,2,4-TRIMETHYLBENZENE 
ISOBUTYLBENZENE 
DECANE 
P-CYMENE 
INDAN(E) 
4-PHENYL-1 ,.BUTENE 
M-DIETHYLBENZENE 

1-METHYL-3-PROPYLBENZENE 
N-BUTYLBENZENEIP"-DIETHYLBENZENE 
0-DIETHYLBENZENE 
2-METHYLDECANE 
BICYCLOPENTYL 
UNDECANE 
1 ,3,5-TRIMETHYLBENZENE 
C7 0LEFINS 
C8-C9 OLEFINS 
C9-C11  PARAFFINS, OLEFINS, AROMATICS 
FORMALDEHYDE 
ACETALDEHYDE . 
ACROLEIN 
ACETONE 
PROPIONALDEHYDE 
CROTONALDEHYDE 
ISOBUTYRALDEHYDE 
METHYL ETHYL KETONE 
BENZALDEHYDE 
HEXANALDEHYDE 

MG I MG/MI 
0 0.0 
6 1 .8 

16 4.6 
125 35.1 

26 7.2 
1 18 32.9 

0 0.0 
0 0.0 

42 1 1 .9 
. 10  2.7 

0 0.0 
13 3.5 
14 3.8 
1 1  3.0 

0 0.0 
17 4.6 
0 0.0 
0 0.0 

25 7.0 
13  3.5 
47 13.2 
14 3.9 
53 1 4.7 
1 8  5.0 

5 1 .5 
10  2.8 . 

3 0.7 
0 0.0 
1 
1 

15  
0 

0.3 ., 
0.3 
4.2 
0.0 

.·. ···· ::· . · . .; : /::· 1 
WGT. 

OAJ 
0.00 
0.22 
0.58 
4.39 
0.91 
4.13 
0.00 
0.00 
1 .49 
0.34 
0.00 
0.44 1:' 
0.47 
0.37 
0.00 I 
0.58 
0.00 .1'. 
0.00 ,: 
0.87 ,: 

0.44 
1 .66 
0.49 
1 .84 
0.63 
0.19 
0.35 
0.09 
0.00 
0.04 
0.04 
0.52 
0.00 

WGT. 
MG I MG/MI I OAJ 

0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 

48 12.4 9.os I 
0 0.0 0.00 

10  2.6 1 .89 
0 0.0 0.00 . 
o o.o o.oo 

I 0 0.0 0.00 : 
.0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 · 0.00 
0 0.0 0.00 
o o,o . o.M 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 o:oo 
0 0.0 . 0.00 
0 0.0 0.01 
2 0.5 0.34 
0 0.0 0.00 
1 0.4 0.28 
0 0.0 . 0.00 
0 0.0 0.00 
0 
0 
1 
0 

0.0 
0.0 
0.2 
0.1 

0.00 
. o.oo 
0.13 
0.05 

:\�::� 

MG I MG/MI 
0 0.0 
0 0.0 

12  3.3 
20 5.6 

0 0.0 
23 6.4 

Q 0.0 
0 0.0 

1 1  3.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 

. 0 0.0 
0 0.0 
6 1 .7 
0 0.0 
0 0.0 
0 0.0 
1 0.3 
3 0.7 
0 0.0 
4 1 . 1  
0 0.0 
0 0.0 
1 
1 
2 
0 

0.2 
0.2 
0.6 
0.0 

-

WGT. 
OAJ 

0.00 
0.00 
1 .1 4  
1 .95 
0.00 
2.21 . 

0.00 
0.00 
1 .05 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
o:oo 
0.00 
0.59 
0.00 
0.00 
0.00 
0.09 
0.25 
0.00 
0.38 .. 
0.00 
0.00 

. 0.06 
0.06 
0.21 
0.01 

·.· · · < ' Ftent9tA� ::::::::?::::::: 
WGT. I OZONE 

MG/MI I % MG/MI 
0.0 0.00 0.000 
0.4 0.12 1 .689 
1 .9 0 .59 4.060 

15.2 4.82 1 5.376 
1 ;5 0.47 1 0.798 
9.9 3.14 87.671 
0.0 o:oo 0.000 
0.0 0.00 0.000 
3.3 1 .04 21 .258· 
0.6 ().18 0.603 
0.0 0.00 0.000 
0.7 0.23 4.688 
0.8 0.25 5.056 
0.6 0.20 2.575 
0.0 0.00 0.000 
1 .0 . 

,0.30 1 .1 21 
0.0 ' 0.00 0.000 
0.0 �0.00 0.000 
1 .9 0.61 1 9.364 
0.7 0.23 3.275 
2.7 0.87 9.31 0 •  
0.8 0.2� 3.086 
3.1 0.99 22.336 
1 .5 0.47 8.210 
0.3 0.10 2.098 
1 . 1  0.34 0.606 
0.2 0.05 0.985 
0.0 0.00 0.000 
0.1 
0.1 
1 . 1  
0.0 

0.04 0.629 
0.04 0.141 
0.35 -0.616 
0.01 0.163 



COMPOUND 

ETHYLENE 
ETHANE 
ACETYLENE 
PROPANE 
PROPYLENE 
1 ,3-BUTADIENE 
ISOBUTANE 
BUTANE 
1-BUTENE . 
ISOBUTYLENE 

-PENTENE/1-H EXEN E 

TABLE C·4. 1992 CHEVROLET LUMINA, 98% PROPANE, TEST NO. L2·01·P98, 1/28/93 

MG I MG/MI 
1 73 48.5 
1 29 36.1 
47 1 3.2 
21 5.8 

1 269 355.5 
63 17.7 

0 0.0 
5 1 .4 

49 13.8 
3 0.9 
0 0.0 
0 0.0 
0 

1 8  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

. 0 
0 
0 
0 
0 
0 

0.0 
5.1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

. 0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

oro II MG I MG/MI 
9.23 1 94 50.7 
6.88 48 1 2.6 
2.51 0 0.0 
1 . 10 0 0.0 

67.69 453 1 1 8.2 
3.36 0 0.0 
0.00 0 0.0 
0.27 0 0 .1  
2.63 3 0.7 
0.17 0 0.0 
0.00 0 0.0 
0.00 0 0.0 
0.00 
0.97 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
·o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0,{) 
27.56 

6.86 
0.00 
0.00 

64.32 
0.00 
0.00 
0.04 
0.40 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0;00 
0.00 
c;>.oo 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

MG I MG/MI 
1 1 7  32.8 

40 1 1 .3 
44 1 2.3 

0 0.0 
740 206.6 

0 0.0 
0 0.0 
5 1 .4 

21  5.9 
0 0.0 
0 0.0 
0 0.0 

1 4  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.2 
4.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0,{) 
1 1 .83 

4.07 
4.44 
0.00 

74.63 
0.00 
0.00 
0.51 
2.1 3  
0.00 
0.00 
0.00 
0.08 
1 .45 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

MG/MI 
45.3 
1 7. 1  
6.1 
1 .2 

1 91 .8 
3.7 
0.0 
0.7 
4.9 
0.2 
0.0 
0.0 
0 .1  
2.2 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0,{) 
1 6. 1 6  

6.1 1  1 24.739 
2.18 1 .529 
0.43 0.597 

68.44 92.050 
1 .31 34.456 
0.00 0.000 
0.26 0.876 
1 .74 4.970 
0.06 1 .605 
0.00 0.000 
0.00 0.000 
0.02 
0.77 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
Q.OO 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.592 
0.907 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 



COMPOUND 
ANE 

TRIMETHYL-2-PENTENE 
2,4/2-5-DIMETHYLHEXANE 
2,3,4-TRIMETHYLPENTANE 
2,3,3-TRIMETHYLPENTANE 
2-M ETHYL-3-H EPTEN E 
3,5,5-TRIMETHYL-1-HEXENE 
2-/4-METHYLHEPTANE 

TABLE C·4 (CONT'D). 1992 CHEVROLET LUMINA, 98� PROPANE, TEST NO. L2·01·P98, 1/28/93 

MG I MG/MI 
0 M 
0 M 
0 0� 
0 M 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

14 
0 
0 
0 
6 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
3.8 
0.0 
0.0 
0.0 
1 .7 

OAJ 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
O;OO 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.72 
0.00 
0.00 
0.00 
0.32 

MG I MG/MI 
0 0� 
0 0.0 
0 0� 
0 0.0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.0 
0.0 
0;0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

OJb 
0.00 
0.00 

· o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

. 0.00 
0.00 
0.00 
0.00 

MG I MG/MI 
0 0.0 
0 0� 
0 0.0 
0 0� 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
o. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

·. 0.0 
o.o 
0.0 
0.0 
0.0 

WGT. 
OJb 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

MG/MI 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.8 
0.0 
0.0 
0.0 
0.3 

OJb I MG/MI 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
o.oo · 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.28 
0.00 
0.00 
0.00 
0.12 

0.000 
0�000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
5.827 
0.000 
0.000 
0.000 
2.230 



TABLE C·4 (CONT'D). 1992 CHEVROLET LUMINA, 98% PROPANE, TEST NO. L2·01·P98, 1 /28/93 

> > BAG 1 · ._, ._ I . _ ,. : . I:IAG .2 \  .. >: · , ·: : >  : 
WGT. WGT. 

COMPOUND MG MG/MI OAJ MG MG/MI .  % 
NONANE 0 0.0 0.00 0 0.0 0.00 
TRANS-2-NONENE 0 -0.0 0.00 0 0.0 0.00 
PROPYLBENZENE 0 0.0 0.00 0 0.0 0.00 
2,3-DIMETHYLOCTANE 1 1  3.0 0.57 0 0.0 0.00 
0-ETHYL TOLUENE 0 0.0 0.00 0 0.0 0.00 
1 ,2,4-TRIMETHYLBENZENE 23 ·6.5 1 .24 0 0.0 0.00 
ISOBUTYLBENZENE 0 0.0 0.00 0 0.0 0.00 
DECANE 0 0.0 0.00 0 0.0 0.00 
P-CYMENE 5 1 .3 0.25 0 0.0 0.00 
INDAN(E) 0 0.0 0.00 0 0.0 0.00 
4-PHENYL,-1-BUTENE 0 0.0 0.00 0 0.0 0.00 
M-DIETHYLBENZENE 0 0.0 0.00 0 0.0 .0.00 
1-METHYL-3-PROPYLBENZENE 0 0.0 0.00 0 0.0 0.00 
N-BUTYLBENZENEIP...;DIETHYLBENZENE 0 0.0 0.00 0 0.0 0.00 
0-DIETHYLBENZENE 0 0.0 0.00 0 0.0 0.00 
2-METHYLDECANE 0 0.0 0.00 0 0.0 0.00 
BICYCLOPENTYI:. 0 0.0 0.00 0 0.0 0.00 
UNDECANE 0 0.0 0.00 0 0.0 0.00 
1 ,3,5-TRIMETHYLBENZENE 0 0.0 0.00 0 0.0 0.00 
C7 0LEFINS 0 0.0 0.00 0 0.0 0.00 
C8-C9 OLEFINS 0 0.0 0.00 6 0.0 0.00 
C9-C 1 1  PARAFFINS, OLEFINS, AROMATICS 0 0.0 0.00 0 0.0 0.00 
FORMALDEHYDE 26 7.3 1 .39 0 0 . 1  · . 0.04 
ACETALDEHYDE 8 2.3 0.43 1 0.2 0.10 
ACROLEIN 0 0.0 0.00 0 0.0 0.00 
ACETONE 5 1 .4 0.26 4 1 . 1  0.58 
PROPIONALDEHYDE 0 0.0 0.00 0 0.0 0.00 
CROTONALDEHYDE 0 0.0 0.00 0 0.0 0.00 
I_SOBUTYRALDEHYDE 0 0.0 0.01 0 0.1  0.05 
METHYL ETHYL KETON E  0 0.0 0.01 0 . 0.1 .0.05 
BENZALDEHYDE 0 0.0 0.00 0 0.0 0.00 
HEXANALDEHYDE 0. 0.0 0.00 0 0.0 0.00 

·· : SAGi .3 / · ·  · 
WGT. 

MG MG/MI OAJ 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
5 1 .3 0 .48 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
1 0.3 0.09 
0 0.0 0.00 
2 0.6 0.23 
0 0.0 0.00 
0 0.0 0.00 
0 0.1 0.03 
0 0.1 0.03 
0 0.0 0.00 
0 0.0 0.00 

' ···.·.· ·_· < fTfiT.9.T:Ak : > . 
WGT. OZONE 

MG/MI OAJ MG/MI 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0:"0 0.000 
0.6 0.22 0.623 
0.0 9.00 0.000 
1 .7 0.61 1 5.151 
0.0 0.00 o.ooo 
0.0 0.00 0.000 
0.3 0.10 1 .763 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0;0 0.00 0.000 
1 .5 0.55 1 1 .067 
0.6 0.23 3.525 
0.0 0.00 0.000 
1 .0 0.36 0.565 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.1 0.03 0.404 
0.1 o:o3 0.090 
0.0 0.00 0.000 
0.0 0.00 0.000 

·--



TABLE C·5. 1992 CHEVROLET LUMINA, MARKET HD5, TEST NO. L2·01 ·HD5, 2/2/93 

··· ::.•, : : <. :}:. ::::::.:•:•RAGJ< > :·::: ······· ·············· : : :• • ! .................. .......... ...... RAC\UL·: 
WGT. 

COMPOUND MG MG/MI OAJ MG MG/MI 
METHANE 130 36.2 7.51 1 61 41 .6 
ETHYLENE 144 39.9 8.27 96 24.8 
ETHANE 86 23.8 4.93 0 0.0 
ACETYLENE 0 0.0 0.00 . 0 0.0 
PROf:IANE 1251 347.6 72.06 399 102.9 
PROPYLENE 59 16.4 3.39 0 0.0 
1 ,3-BUTADIENE 0 0.0 0.00 0 0.0 
ISOBUTANE 10  2.8 0.57 0 0.1 
BUTANE 13  3.7 0.76 0 0.0 
1-BUTENE 3 0.9 0.18 0 0.0 
ISOBUTYLENE 2 0.4 0.09 0 0.0 
CIS-2-BUTENE 0 0.0 0.00 0 0.0 
TRANS-2-BUTENE o ·  0.0 0.00 0 0.0 . 
BENZENE . 2 0.7 0.14 4 0.9 
TOLUENE 0 0.0 0.00 0 0.0 
ISOP.ENTANE 19  5.2 1 .09 0 0.0 
1-PENTENE 0 0.0 0.00 0 0.0 
PENTANE 15  4.1 0.86 0 0.0 
2-,METHYL-1-BUTENE 0 0.0 0.00 0 0.0 
ISOPRENE(2-METHYL-1 ,3-BUTADIENE) 0 0.0 0.00 0 0.0 
TRANS-2-PENTENE 0 0.0 0.00 0 0.0 
CIS-2-PENTENE 0 0.0 0.00 0 0.0 
2-METHYL-2-BUTENE 0 0.0 0.00 0 0.0 
2,2-DIMETHYLBUTANE 0 0.0 0.00 0 0.0 
CYCLOPENTENE 0 0.0 0.00 0 0.0 
CYCLOPENTANE 0 0.0 0.00 0 0.0 
3-METHYL-1-PENTENE 0 0.0 0.00 0 0.0 
4-METHYL-1-PENTENE 0 0.0 0.00 0 0.0 
2,3-DIMETHYLBUTANE 0 0.0 0.00 0 0.0 
2,3-DIMETHYL-1-BUTENE 0 0.0 0.00 0 0.0 
2-METHYLPENTANE 0 0.0 0.00 0 0.0 
4-METHYL-2-PENTENE 0 0.0 0.00 0 0.0 
MTBE 0 0.0 0.00 0 0.0 
3-METHYLPENTANE 0 0.0 0.00 0 0.0 
2-METHYL-1-PENTENE/1-HEXENE 0 0.0 0.00 0 0.0 
HEXANE 0 0.0 0.00 0 0.0 
C6 0LEFINS 0 0.0 0.00 0 0.0 

.... ..... • •••••••••••••••••••••••••••• 
WGT. WGT. 
. OAJ MG MG/MI OAJ 

24.30 128 35.8 9.48 
14.48 21 5.9 1 .56 

0.00 . 79 22.2 5.88 
0.00 0 0.0 0.00 

60. 1 1  1.073 300.5 79.49 
0.00 9 2.6 0.70 
0.00 0 0.0 0.00 
0.06 8 2.1 0.56 
0.01 6 1 .7 0.44 
0.00 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 · o 0.0 0.00 
0.55 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 0 0.0 ' 0.00 
0.00 : 0 0.0 0.00 

. 0.00 : 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 0 0.0 0.00 
0 .00 0 0.0 0.00 
0.00 0 0�0 0.00 
0.00 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 · o  0.0 0.00 
0.00 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 . 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 o ' 0.0 0.00 

\ ·: : .: ••••FJP!Q.TA� •: :))/\// \ 
WGT. OZONE 

MG/MI ' %  MG/MI 
38.9 13.32 0.576 
22.8 7.79 1 65.902 
1 1 .0 3.77 2.750 

0.0 0.00 0.000 
207.5 . 71 .05 99.602 

4.1 1 .41 38.585 
0.0 0.00 0.000 
1 .2 0.41 1 .460 
1 .2 0.42 1 .248 
0.2 0.06 1 .588 
0.1 0.03 0.473 
0.0 ti.OO 0.000 
0.0 0.00 0.000 
0.6 0.22 0.267 
0.0 0.00 0.000 
1 .1 0.37 1 .498 
0.0 0.00 O.OQO 
0.9 ' 0,29 0.890 
0.0 0.00 o.ooci 
0.0 0.00 0;000 
0.0 0.00 0.000 
0.0 0;00 0.000 
0.0 ·o.oo 0.000 
0.0 o.oo 0.000 
0.0 0.00 0.000 
0.0 ,0,00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 



TABLE C·5 (CONT'D). 1992 CHEVROLET LUMINA, MARKET HD5, TEST NO. L2·01·HD5, 2/2/93 

COMPOUND 
2,4-DIMETHYLPENTANE 
METHYLCYCLOPENTANE 
CYCLOHEXANE 
METHYLCYCLOPENTENE 
3-METHYL-1 ,3-PENTADIENE 
2,3-DIMETHYLPENT ANE/2-METHYLH EXANE 
CYCLOHEXENE 
5-METHYL-2-HEXENE 
3-METHYLHEXANE 
2,2,4-TRIMETHYLPENTANE 
N-HEPTANE 
2,4,4-TRIMETHYL-1-PENTENE 
2,2,4-TRIMETHYL-1-PENTENE 
METHYLCYCLOHEXANE 
2,4,4-TRIMETHYL-2-PENTENE 
2,4/2-5-DIMETHYLHEXANE 
2,3,4-TRIMETHYLPENTANE 
2,3,3-TRIMETHYLPENTANE 
2-METHYL-3-HEPTENE 
3,5,5-TRIMETHYL-1-HEXENE 
2-/4-METHYLHEPTANE 
3-METHYLHEPTANE 
2,5-DIMETHYL-1 ,5-HEXADIENE 
2,2,5-TRIMETHYLHEXANE 
2-ETHYL-1-HEXENE 
1-CIS-4-DIMETHYLCYCLOHEXANE 
OCTANE 
2,3,5-TRIMETHYLHEXANE 
2,4-DIMETHYLHEPTANE 
2,5/3,5-DIMETHYLHEPT AN E 
ETHYLBENZENE 
2,3-DIMETHYLHEPTANE 
P-XYLENEIM-XYLENE 
2-METHYLOCTANE 
4-METHYLOCTANE 
3-METHYLOCTANE . 

0-XYLENE 

4 

MG I MG/MI 
0 1 0� 
0 0� 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

· o  
0 
0 
0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

WGT. 
% 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

········•··•·····•· > > i!iA$ ?- ·•·•·····> ···••· > < •.• I I . · •••>>> > ,aM�·�>  • ) > <•> ·•< 1>•·•\ • i ?FT�!PTA� i t ·• 
WGT. II I I WGT. • I W\:i I .  I Ol:UNt:. 

MG I MG/MI 
o I o.o 
0 0.0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0;0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

% 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

MG I MG/MI 
o I o.o 
0 0.0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

% 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

MG/MI 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.8 
0.0 
0.0 
0.0 
0.3 

% I MG/MI 
o.oo I o.ooo 
0.00 0.000 
o• 
o• 
o• 
QOO 
o• 
o• 
o• 
o• 
o• 
o• 
o• 
o• 
o• 
o• 
o• 
o• 
o• 
o• 
o• 
o• 
o• 
o• 
o• 
o• 
o• 
o• 
o• 
o• 
o• 
o• 
0� 
o• 
o• 
o• 
0.12 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
o.ooo · 
0.000 
0.000 
0.000 



TABLE C·5 (CONT'D). 1992 CHEVROLET LUMINA, MARKET HD5, TEST NO. L2·01 ·HD5, 2/2/93 

Jq�A�J ' i:  ' <��i. / , . <  : . ... f.',.,: .. '\:: =:::::: ;::::: :  , : m:etPrAw : < ' '  
WGT. WGT. WGT. OZONE 

COMPOUND MG MG/MI OAJ MG MG/MI OAJ MG MG/MI OAJ MG/MI OAJ MG/MI 
NONANE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
TRANS-2-NONENE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
PROPYLBENZENE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
2,3-DIMETHYLOCTANE <i 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
0-ETHYLTOLUENE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
1 ,2,4-TRIMETHYLBENZENE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
ISOBUTYLBENZENE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
DECANE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
P-CYMENE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
INDAN(E) 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
4-PHENYL-1-BUTENE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
M-DIETHYLBENZENE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
1-METHYL-3-PROPYLBENZENE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
N-BUTYLBENZENEIP-DIETHYLBENZENE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 ) 0.00 0.000 
0-DIETHYLBENZENE 0 0.0 0.00 0 0.0. 0.00 0 0.0 0.00 0.0 0.00 0.000 
2-METHYLDECANE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
BICYCLOPENTYL 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
UNDECANE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
1 ,3,5-TRIMETHYLBENZENE

. 
0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 

C7 0LEFINS 0 0.0 0.00 2 0.5 0.26 23 6.3 1 .67 2.0 0.67 8.841 
C8-CQ OLEFINS 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
C9-C11  PARAFFINS, OLEFINS, AROMATICS 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
FORMALDEHYDE 0 0.0 0.00 0 0.1 0.04 1 0.2 0.04 0.1 0,03 0.581 
ACETALDEHYDE 0 0.0 0.01 1 0.3 0.18 1 0.2 0.06 0.2 0.08 1 .266 
ACROLEIN 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
ACETONE 2 0.5 0.10 0 0.0 0.00 1 0.4 0.1 1 0.2 0.07 0.1 19  
PROPIONALDEHYDE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
CROTONALDEHYDE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
ISOBUTYRALDEHYDE 0 0.1 0.02 0 0.0 0.00 0 0.0 0.00 0.0 0.01 • 0.099 
METHYL ETHYL KETONE 0 0.1  0.02 0 0.0 0.00 0 0.0 0.00 0.0 0.01 0.022 
BENZALDEHYDE 0 0.0 0.00 0 0.0 0.00 0 . 0.0 0.00 0.0 0.00 0.000 
HEXANALDEHYDE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 o.ooo 

1 

- - --



TABLE C·6. 1992 CHEVROLET LUMINA, 98% PROPANE, TEST NO. L2·03·P98, 2/23/93 

r.•·· i  i > •••••• >>•:aA�J><·· >  ... ...... .. . . ) <'; ·� �< ·B��g( 
WGT. 

COMPOUND MG MG/MI O,i). 
MG MG/MI 

METHANE 181 50.5 10.32 1 30 33.7 
ETHYLENE 131 36.4 7.45 0 0.0 
ETHANE 27 7.6 1 .55 24 6.2 
ACETYLENE 4 1 .2 0.25 

. 0 0.0 
PROPANE 1 1 45 319.0 65.22 159 41 .2 
PROPYLENE 73 20.3 4.15 0 0.0 
1 ,3-BUTADIENE · 2 0.6 0.13 0 o;o 
ISOBUTANE 3 1 .0 0.20 0 0.1  
BUTANE 42 1 1 .6 2.37 1 . 0.2 
1-BUTENE 4 1 .1 0.22 0 0.0 
ISOBUTYLENE 2 0.4 0.09 0 0.0 
CIS-2-BUTENE 0 0.0 0.01 · o  0.1 
TRANS-2-BUTENE 0 0.0 0.00 0 0.0 
BENZENE 1 3  3.5 0.72 0 0.0 
TOLUENE 10  2.9 0 .60 .: 0 0.0 
ISOPENTANE · 5 1 .5 0.30 0 0.0 
1-PENTENE 0 0.0 0.00 0 0.0 
PENTANE 0 0.0 0.00 0 0.0 
2-METHYL-1-BUTENE 0 0.0 0 .00 0 0.0 
ISOPRENE(2-METHYL-1 ,3-BUTADIENE) . 0 0.0 0.00 0 0.0 
TRANS-2-PENTENE 0 0.0 0.00 0 0.0 
CIS-2-PENTENE 0 0.0 0.00 0 0.0 
2-METHYL-2-BUTENE 0 0.0 0.00 0 0.0 . 
2,2-DIMETHYLBUTANE 0 0.0 0.00 0 0.0 
CYCLOPENTENE 0 0.0 0.00 !l 0.0 
CYCLOPENTANE 0 0.0 0.00 0 0.0 
3-METHYL-1-PENTENE 0 0.0 0.00 0 0.0 
4-METHYL-1-PENTENE 0 0.0 0.00 0 0.0 
2,3-DIMETHYLBUTANE 0 0.0 0.00 0 0.0 
2,3-DIMETHYL-1-BUTENE 0 0.0 0.00 0 o.o. 
2-METHYLPENTANE 4 1 .2 0.25 0 0.0 
4-METHYL-2-PENTENE 4 1 .2 0.24 0 0.0 
MTBE 0 0.0 0.00 0 0.0 
3-METHYLPENTANE 5 1 .5 0.31 0 0.0 
2-METHYL-1-PENTENE/1-HEXENE 0 0.0 0.00 0 0.0 
HEXANE 0 0.0 0.00 0 0.0 
C6 0LEFINS 0 0.0 0.00 .• 0 0.0 

: : :: : :: < •.·· ..•.... .  . •.••.• ••... <:;. ··· ·· •. .:.;;:. BA<ta> ·•·• 
WGT. WGT. 

O,i) MG MG/MI OAJ 
40.26 130 36.2 21 .40 

0.00 2 0.5 0.31 
. 7.42 24 6.6 3.93 

0.00 0 0.0 0.00 
49.16. 428 1 1 9.2 70.46 

0.00 0 0.0 0.00 
0.00 0 0.0 0.00 
0.08 1 0.3 0.17 
0.26 7 2.0 1 .16  
0.00 0 0.0 0.00 
0.00 0 0 .0 0.00 
0.06 1 o:3 0 .15 

. 0.00 0 0.0 0.00 
0.00 0 0.0 0.00 

. 0 .00 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 :o 0.0 0.00 
0.00 0 0,0 0.00 
0.00 . o  0.0 0.00 
0.00 0 0.0 0.00 
0.09 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 0 0.0 . 0.00 
0.00 0 0.0 0.00 
0.00 0 0.0 . 0.00 
0.00 0 0.0 0.00 

·••···· •.•······•·./ ,.·.:•·.:·•FTe1':9TAk • I 
WGT. OZONE I 

MG/MI % MG/MI 
37.9 . 19.82 0.560 

7.7 4.02 55.980 
6.6 3.46 1 .654 
0.2 0.13 0.125 

120.1 62.84 57.625 
4.2 ' 2.20 39.444 
0.1  0.07 1 .408 
0.3 0.16 0.374 
3.1 . 1 .60 3.1 13  
0.2 0.12 1 .991 
0.1 0 .05 0.475 
0.1 0.06 1 .072 
0.0 0.00 0.000 
0.7 0.38 0.305 
0.6 !).32 1 .652 
0.3 0.16 0.421 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 o:oo 0.000 
0.0 0.00 0.000 
0.0 .o.oo 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 .0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.2 0 .13 0.382 
0.2 0.13 1 .630 
0.0 0.00 . 0.000 
0.3 0.16 0.471 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 



TABLE C·6 (CONT'D). 1992 CHEVROLET LUMINA, 98% PROPANE, TEST NO. L2·03·P98, 2/23/93 

. . ·•·• . •. :· ·= . �A�J·:::: :· · . . . · •· .. . : ·::_ • . .... . .  ·.· ·.· BAG � ·· ·  
WGT. 

COMPOUND MG MG/MI Oil! MG MG/MI 
2,4-DIMETHYLPENTANE 0 0.0 0.00 0 0.0 
METHYLCYCLOPENTANE 0 0.0 0.00 0 0.0 
CYCLOHEXANE · 0 0.0 0.00 0 0.0 
METHYLCYCLOPENTENE 0 0.0 0.00 0 0.0 
3-METHYL-1 ,3-PENTADIENE 0 o.o · 0.00 0 0.0 
2,3-DIMETHYLPENT ANE/2-METHYLHEXAN E 0 0.0 0.00 . , 0 0.0 
CYCLOHEXENE 0 0.0 0.00 0 o.o 
5-METHYL-2-HEXENE 0 0.0 0.00 0 0.0 
3-METHYLHEXANE 0 0.0 . 0.00 0 0.0 
2,2,4.:. TRIMETHYLPENTANE 0 0.0 0.00 0 0.0 
N-HEPTANE 0 0.0 0.00 0 0.0 
2,4,4-TRIMETHYL-1-PENTENE 0 0.0 0.00 0 0.0 
2.2.4-TRIMETHYL.:.1-PENTENE 0 0.0 0.00 ci o·.o 
METHYLCYCLOHEXANE 0 0.0 0.00 0 0.0 
2,4,4-TRIMETHYL-2-PENTENE 0 0.0 0.00 0 0.0 . 
2,4/2-5-DIMETHYLHEXANE 0 0.0 0.00 • 0 0.0 
2,3,4-TRIMETHYLPENTANE 0 0.0 0.00 0 0.0 
2,3,3-TRIMETHYLPENTANE 0 0.0 0.00 0 0.0 
2-METHYL-3-HEPTENE 0 0.0 0.00 0 0.0 
3,5�5_;TFiiMETHYL-1-HEXENE 0 0.0 0.00 0 0.0 
2-/4-METHYLHEPTANE 0 0.0 0.00 • 0 0.0 
3-METHYLHEPTANE 0 0.0 0.00 0 0.0 
2,5-DIMETHYL-1 ,5-HEXADIENE 0 0.0 . 0.00 0 0.0 
2,2,5-TRIMETHYLHEXANE · 0 0.0 0.00 0 0.0 
2-ETHYL-1 -HEXENE 0 0.0 0.00 0 0.0 
1-CIS-4.:.DIMETHYLCYCLOHEXANE 0 0.0 0.00 0 0.0 
OCTANE 0 0.0 0.00 0 0.0 
2,3,5-TRIMETHYLHEXANE 0 0.0 0.00 0 0.0 
2,4-DIMETHYLHEPTANE 0 0.0 0.00 0 0.0 
2,5/3,5-DIMETHYLHEPTANE 0 0.0 0.00 0 0.0 
ETHYLBENZENE 5 1 .4 0.28 0 0.0 
2,3-DIMETHYLHEPTANE 0 0.0 0.00 0 .0.0 
P-XYLENEIM-XYLENE 1 2  3.4 0.70 0 0.0 
2-METHYLOCTANE 0 0.0 0.00 0 0.0 
4-METHYLOCTANE 0 0.0 0.00 0 0.0 
3-METHYLOCTANE 0 0.0 0.00 0 0.0 
0-XYLENE 5 1 .3 0.27 0 0.0 

·(· ·<· . ........ :-•. : !'>�)"!· .... . ..,. 
WGT. WGT. 

Oil! MG MG/MI Oil! 
0.00 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 0 0.0 0.00 

. 0.00 0 0.0 0.00 
0.00 0 Q.O 0.00 
0.00 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 0 ·o.o 0.00 
0.00 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 0 0,0 0.00 
0.00 0 0.0 0.00 
0.00 · o 0.0 0.00 
0.00 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 0 . 0.0 0.00 
0.00 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 0 0.0 0.00 : 
0.00 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 6 1 .5 0.90 
0.00 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 0 0.0 0.00 
0.00 0 0.0 0.00 

} . . •:···.: \ FT.A:t9.T�k:\\: > : :::::::: i 
WGT. OZONE 

MG/MI Oil! MG/MI 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 �.00 0.000 
0.0 0.00 0.000 
0.0 . 0.00 0.000 . ' 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0�00 0.000 
0.0 0.00 0.000 
0.0 'o.oo 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 · 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0�0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0�00 0.000 
0.0 0.00 o:ooo 
0.0 .o.oo 0.000 
0.0 · 0.00 0.000 
0.0 0.00 0.000 

. 0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 o:oo 0.000 
0;0 0.00 0.000 
0.3 0 .15 0.758 
0.0 1).00 0.000 
1 . 1  ' 0�59 8.310 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.3 10.14 1 .745 --



TABLE C·6 (CONT'D). 1992 CHEVROLET LUMINA, 98% PROPANE, TEST NO. L2·03·P98, 2/23/93 

J 
·-�·::>�·:!:; :;:,:_  · ::::::o;:;: ><' '::: · ::. 

WGT. 
COMPOUND MG MG/MI o,ro MG 

NONANE 0 0.0 0.00 0 
TRANS-2-NONENE 0 0.0 0.00 0 
PROPYLBENZENE 0 0.0 0.00 0 
2,3-DIMETHYLOCTANE 7 2.0 0.41 0 
0-ETHYLTOLUENE 0 0.0 0.00 0 
1 ,2,4-TRIMETHYLBENZEI>It: 17  4.8 0.99 7 
ISOBUTYLBENZENE 0 0.0 0.00 0 
DECANE 0 0.0 0.00 0 
P-CYMENE 7 1 .9 0.40 0 
INDAN(E) 0 0.0 0.00 0 
4-PHENYL-1 -BUTEN E 0 0.0 0.00 0 
M-DIETHYLBENZENE 0 0.0 0.00 0 
1-METHYL-3-PROPYLBENZENE 0 0.0 0.00 0 
N-BUTYLBENZENEIP-DIETHYLBENZENE 0 0.0 0.00 0 
0-DIETHYLBENZENE 0 0.0 0.00 0 
2-METHYLDECANE 0 0.0 0.00 0 
BICYCLOPENTYL 0 0.0 0.00 0 
UNDECANE 0 0.0 0.00 0 
1 ,3,5-TRIMETHYLBENZENE 0 0.0 0.00 0 
C7 0LEFINS 0 0.0 0.00 0 
C8-C9 OLEFINS 0 0.0 0.00 0 
C9-C11  PARAFFINS, OLEFiNS, AROMATICS 5 1 .4 0.28 0 
FORMALDEHYDE 26 7.4 1 .50 0 
ACETALDEHYDE 8 2.2 0.46 0 
ACROLEIN 2 0.7 0.1 3 0 
ACETONE 4 1 .0 0.21 2 
PROPIONALDEHYDE 0 0.0 0.00 0 
CROTONALDEHYDE 0 0.0 0.00 0 
ISOBUTYRALDEHYDE 0 0.1  0.02 0 
METHYL ETHYL KETONE 0 0.1 0.02 0 
BENZALDEHYDE 0 0.0 0.00 0 
HEXANALDEHYDE . o  0.0 0.00 0 

·- .. ---- -- ------

. : :;::: 1 ;:{} 
WGT. 

MG/MI % MG MG/MI 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
1 .7 2.07 6 1 .6 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
0.0 0.00 . o  0.0 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
0.5 0.61 3 0.8 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
0.0 0.04 0 0.1  
0.0 0.04 0 0.1  
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 

----- ------- -

·:;::.:;:>.:::: 

WGT. 
o,ro 

0.00 
0.00 
0.00 
0.00 
0.00 
0.97 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.50 
0.00 
0.00 
0.03 
0.03 
0.00 
0.00 

: <' , ' �Teirc:>'t'AI:/ t ' > '  
WGT. OZONE 

MG/MI o,ro MG/MI 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.4 0.22 0.416 
0.0 0.00 0.000 
2.3 1 .23 20.715 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.4 0.21 2.583 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.3 0.15 1 .067 
1 .5 0.80 10.889 
0.5 0.24 2.549 
0.1 0,07 0.917 
0.7 0.37 0.396 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.03 0.261 
0.0 0.03 0.059 
0.0 0.00 0.000 
0.0 0.00 0.000 



TABLE C·7. 1992 CHEVROLET LUMINA, MARKET HD5, TEST NO. L2·03·HD5, 2/26/93 

· ··········· ·· ··········· 

W�T. 
COMPOUND MG MG/MI % MG 

METHANE 210 58.7 12.36 132 
ETHYLENE 128 35.8 7.53 0 
ETHANE 43 1 1 .9 2.51 51 
ACETYLENE 27 7.5 1 .58 0 
PROPANE 1 133 316.5 66.61 132 
PROPYLENE 67 18.7 3.93 0 
1 ,3-BUTADIENE 0 0.0 0.00 0 
ISOBUTANI; 1 1  3.0 0.62 0 
BUTANE 5 1 .4 0.30 0 
1-BUTENE 2 0.7 0 .14 0 
ISOBUTYLENE 1 0.2 0.05 0 
CIS-2-BUTENE 0 0.0 0.00 0 
TRANS-2-BUTENE 0 0.0 0.00 0 
BENZENE 0 0.0 0.00 0 
TOLUENE 0 0.0 0.00 0 
ISOPENTANE 0 0.0 0.00 0 
1-PENTENE 0 0.0 0.00 0 
PENTANE 0 0.0 0.00 0 
2-METHYL-1 -BUTENE 0 0.0 0.00 0 
ISOPRENE(2-METHYL-1 ,3-BUTADIENE) 0 0.0 0.00 0 
TRANS..;2-PENTENE 0 0.0 0.00 0 
CIS-2-PENTENE 0 0.0 0.00 0 
2-METHYL-2-BUTENE 0 0.0 0.00 0 
2.2-DIMETHYLBUTANE 0 0.0 0.00 0 
CYOLOPENTENE 0 0.0 0.00 0 
CYCLOPENTANE 0 0.0 0.00 0 
3-METHYL-1-PENTENE 0 0.0 � 0.00 0 
4-M ETHYL-1-PENTENE 0 0.0 0.00 0 
2,3-DIMETHYLBUTANE 0 0.0 0.00 0 
2.3-DIM ETHYL-1 -BUTENE 0 0.0 0.00 0 
2-METHYLPENTANE 0 0.0 0.00 0 
4-METHYL-2-PENTENE 0 0.0 0.00 0 
MTBE 0 0.0 0.00 0 
3-METHYLPENTANE 0 0.0 0.00 0 
2-METHYL-1-PENTENE/1-HEXENE 0 0.0 0.00 0 
HEXANE 0 0.0 0.00 0 
C6 0LEFINS 0 0.0 0.00 0 

.; ,,,,.,,.,,, I ••' · ..... ,,.,,. , . .  , ... "''1\i:!i'i:i 
WGT. 

MG/MI % MG MG/MI 
34.4 41.57 107 30.0 

0.0 0.00 0 0.0 
13.3 16.10 33 9.1 
0.0 0.00 0 0.0 

34.2 41 .33 412 1 1 5.0 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
0.0 0.05 2 0.5 
0.1  0.1 1 2 0.5 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
0.0 0.00 · '  0 0.0 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 
0.0 0.00 0 0.0 

WGT. 
OAI 
1 9.07 

0.00 
5.77 
0.00 

73. 15  
0.00 
0.00 
0.31 
0.33 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0,00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

" = � = � . � �tet§t.S.ki/ :::: = :::: ::::r: 
WGT. OZONE 

MG/MI % MG/MI 
38.2 20.71 0 .566 

7.4 4.02 54.049 
1 1 .9 6.43 2.965 

1 .6 0.84 0.778 
1 14.9 62.27 55.143 

3.9 2.10 36.41 5  
0.0 0.00 0.000 
0.8 0.42 0.929 
0.5 0.27 0.500 
0.1 0.07 1 .205 
0.0 0.02 0.239 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0.000 
0.0 0.00 0 .000 
0.0 0.00 0.000 
0.0 0.00 0.000 



TABLE C·7 (CONT'D). 1992 CHEVROLET LUM.INA, MARKET HD5, TEST NO. L2·01·HD5, 2/26/93 

I . \. ·· ·•···•·• ••R4:t:U •'••• · '> . . • .. . . > : . > > : '• •' .. : ' •: ' E!AG,2 ::: . • ·· >>· ···· : >  < .. JAG:•I3 ' <·•:•·:.' :•••• • : •::•.••: ::•:•••·
···• · •· . ·

' •>o> • •: • FT:fiTQTAP·: · : •• : • .. ·.·•······ 
WGT. WGT. WGT. · WGT. OZONE 

COMPOUND MG MG/MI o.m MG MG/MI o.m MG MG/MI % MG/MI o.m. MG/MI 
2,4-DIMETHYLPENTANE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 ' ' · 0.00 0.000 
METHYLCYCLOPENTANE 0 0.0 0 .00 0 0.0 0.00 · 0  0.0 0.00 0.0 0.00 0.000 
CYCLOHEXANE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 , o;oo 0.000 
METHYLCYCLOPENTENE 0 0.0 0.00 . 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
3-METHYL-1 ,3-PENTADIENE 0 0.0 o.oo 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
2;3-DIMETHYLPENT ANE/2-M ETHYLHEXANE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 .0.00 0.000 
CYCLOHEXENE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
5-METHYL-2-HEXENE 0 0.0 0.00 0 0.0 0.00 0 0 .0 0.00 0.0 0.00 0.000 
3-METHYLHEXANE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
2,2,4-TRIMETHYLPENTA�1E 0 0.0 0.00 0 . 0.0 0 .00 0 0.0 0.00 0.0 0.00 0.000 
N-HEPTANE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
2,4,4-TRIMETHYL-1-PENTENE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
2,2,4-TRIMETHYL-1-PENTENE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
METHYLCYCLOHEXANE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
2.4.4:-TRIMETHYL-2�PENTENE 0 0.0 0.00 .• 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
2,4/2-5-DIMETHYLHEXANE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
2,3,4-TRIMETHYLPENT AN E 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 o.oqo 
2,3,3-TRIMETHYLPENTANE 0 0.0 0.00 o .  0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
2-METHYL-3-HEPTENE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
3,5,5-TRIMETHYL-1 -HEXENE 0 0.0 0.00 . 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
2-/4-METHYLHEPTANE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
3-METHYLHEPTANE 0 0.0 0 .00 0 0,0 0.00 0 0.0 0.00 0.0 0.00 0.000 

' 2,5-DIMETHYL-1 ,5-HEXADIENE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
2,2,5-TRIMETHYLHEXANE 0 0.0 0.00 0 0.0 0;00 0 0.0 0.00 0.0 0.00 0.000 
2-ETHYL-1-HEXENE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
1-CIS-4-DIMETHYLCYCLOHEXANE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
OCTANE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
2,3,5-TRIMETHYLHEXANE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 . 0.00 0.000 
2,4-DIMETHYLHEPTANE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
2,5/3,5-DIM ETHYLHEPT ANE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0;00 0.000 
ETHYLBENZENE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
2,3-DIMETHYLHEPTANE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
P-XYLENEIM-XYLENE 8 2.4 0.50 0 0.0 0.00 0 0.0 0.00 0.5 . 0.27 3.61 1 
2-METHYLOCTANE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
4-METHYLOCTANE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
3-METHYLOCTANE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
0-XYLENE 0 0.0 0.00 0 0.0 0.00 

I 
0 0.0 0.00 0.0 0.00 0.000 - -



TABLE C·7 (CONT'D). 1992 CHEVROLET lt:lMINA, MARKET HD5, TEST NO. L2·03·HD5, 2/26/93 

1.•·•··········· \ ······.············ ·aAS1> •:: ··• : .,,,:, : • • · C•  !·••> <:<.·•······· ... ·.· EiAG?> < •• · •· · .: · I >  ············· ) . .  : ..... . .... ( .. · .·· .·.·.····· •.· . . . • YFTet<ttAk ' : : > • • .·· ·• 
WGT. WGT. WGT. WGT. OZONE 

COMPOUND MG MG/MI OAJ MG MG/MI OAJ MG MG/MI OJb MG/MI OAJ MG/MI 
NONANE 0 0.0 0.00 0 0.0 0,00 0 0.0 0.00 0.0 0.00 0.000 
TRANS-2�NONENE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 . 0.00 0.000 
PROPYLBENZENE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
2,3-DIMETHYLOCTANE 10  2.7 0.57 0 0.0 0.00 0 0.0 0.00 0.6 .0.31 0.571 
0-ETHYL TOLUENE 0 0.0 0.00 ·. () 0.0 0.00 0 0.0 0.00 0.0 . 0.00 0.000 
1 ,2,4-TRIMETHYLBENZENE 18  5.0 1 .06 0 0.0 0.00 . 

. 
5 1 .4 0.87 1 .4 0.77 12.517 

ISOBUTYLBENZENE · 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 o:oo 0.000 
DECANE 0 0.0 0.00 . . 0 0.0 ·o .oo 0 0.0 0.00 0.0 0.00 0.000 
P-CYMENE 6 1 .7 0.36 0 0.0 . 0.00 0 0.0 0.00 0.4 b.19 2.260 
INDAN(E) 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
4-PHENYL-,1-BUTENE 0 0.0 0.00 0 o,o 0.00 0 0.0 0.00 0.0 . 0.00 0.000 
M-DIETHYLBENZENE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
1-METHYL-3-PROPYLB,-''ZENE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
N-BUTYLBENZENEIP-DIETHYLBENZENE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
0-DIETHYLBENZENE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
2-METHYLDECANE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
BICYCLOPENTYL 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
UNDECANE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
1 ,3,5-TRIMETHYLBENZENE 0 0.0 0.00 0 .0.0 0.00 0 0.0 0.00 0.0 . 0.00 0.000 
C7.0LEFINS 0 0.0 0.00 0 0.0 0.00 0· 0.0 0.00 0.0 0.00 0.000 
C8-C9 OLEFfNS 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
C9-C1 1 PARAFFINS, OLEFINS, AROMATICS o ·  0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
FORMALDEHYDE 20 5.7 1 .19  0 0;1 0.15 0 0.0 0.00 1 .2 0.67 8.858 
ACETALDEHYDE 5 1 .5 0.31 · o 0.0 0.01 0 0.0 0.03 0.3 0 . 17  1 .768 
ACROLEIN 1 0.4 0.09 0 0.0 0.00 0 o.o . .  0.00 0.1 0.05 0.568 
ACETONE 3 0.9 0.19 2 0.6 0.69 3 0.7 0.47 0.7 ' 0.37 0.385 
PROPIONALDEHYDE. 1 0.3 0.06 0 0.0 0.00 0 0.0 0.00 0.1 0.03 0.397 
CROTONALDEHYDE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
ISOBUTYRALDEHYDE 0 0.1 0.02 0 0.0 0.00 0 0.0 0.00 0.0 0.01 0.1 1 3  
METHYL ETHYL KETONE 0 0.1 0.02 0 0.0 0.00 0 0.0 0.00 0.0 0.01 0.025 
BENZALDEHYDE 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0.0 0.00 0.000 
HEXANALDEHYDE 0 0.0 0.00 0 0.0 0;00 0 0.0 0.00 0.0 , 0;00 0.000 

' 
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