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SUMMARY REPORT

EPA/INDUSTRY QUALITY CONTROL SYMPOSIUM

INTRA-LABORATORY TEST SITE/EQUIPMENT

QUALITY CONTROL TECHNIQUES

INTRODUCTION:

This report summarizes the proceedings, information,
discussions and presentations made at the Fourth Quality
Control Symposium.-held at the Environmental Protection
Agency. Laboratory, Ann Arbor, Michigan, on October 5,
1977.

As in the previous meetings, this symposium was a joint
EPA/Automotive Industry effort to discuss the Quality Control
techniques used to assure that a test facility is producing
valid.emissions data. Approximately 53 persons attended
the symposium and are listed in Appendix 1.

The symposium was conducted in the manner of the pre-
vious meetings in that informal comments and presentations
were encouraged. Because of this spontaneity, it is diffi-
cult to record a synopsis that flows with continuity.

The viewgraphs used in the presentations and additional
information are contained in the appendices.



SYNOPSIS OF SYMPOSIUM:

The discussion of the presentations will follow the
general outline of the symposium. Agenda Items I, II, and
ITI have been combined because of their similarities.

Ford

Bruce Gardner, of Ford, presented a summary of quality
control checks performed on the test cell equipment. The
majority of Ford CVS systems are the venturi type. A list

outlining the actual quality checks, the techniques, fre-
quencies, and limits, is shown in Appendix 2.

Chrysler

Frank Johnson, of Chrysler, presented the quality
control checks performed on the test cell equipment. The
Chrysler facilities are connected to an on-line computer
system which contains the analyzer calibration data and has
analyzer range sensing capability. '

Chrysler - Carbon Dioxide-Water Interference

A check list (Appendix 3) used by the Highland Park test
cell operators each shift was discussed. The Chrysler carbon
monoxide analyzers are equipped with pressurized carbon
dioxide filter cells and optical filters. Therefore, the
response to moist carbon dioxide is checked each shift. The
mechanism for performing this test is built into the bag analy-
zer benches.

Analyzers are spanned at the beginning of each shift on
the most sensitive range and are then checked on the two higher
ranges; allowable deviations are + 27 of the full scale range-
to-rarnige. Analyzer ranges that are switched during a test are
spanned and zeroed. Chrysler believes in a mid-span check when
calibrating so that each time an anlyzer is spanned, a mid-span
check is made. Unadjusted mid span readings must be + 1 re-
corder division. Typical analyzer ranges at the Chrysler Chel-
sea Proving Grounds are:

HYDROCARBON CO_(ppm) z_co, NOx (ppm)
(ppm Propane) :
0-250 0-2000 0-4.07% 0-250
0-100 0-500 0-2.5 0~100
"0-25 0-100 0-1.0 0-25



Chrysler - NOx Converter Efficiency

The NOx converter efficiency is checked weekly with
a minimum acceptable efficiency of 90%, preferably 95%
or better. If the efficiency is less than 95%, corrective
action is taken.

Chrysler ~ Cell-to-Cell Correlation

On a weekly basis, at the Proving Grounds, a calibra-
tion gas standard of approximately 20-50% of the most com-
monly used range of the analyzers is analyzed at all test
sites.. The analyzers are spanned with the daily working
gases. A deviation of + 1 recorder division from the master
curve is cause for immediate action; a deviationm of + .5
divisions initiates an investigation.

At the Highland Park facility, a gas blending station
has been installed and connected to the central calibration
system (Appendix 3). The blended gas 1s available to the
cell operator at any time for a check of the analyzers. The
system blends two cylinders in a ratio of approximately 20%
Cylinder A to 80% Cylinder B. A system has been incorporated
in the bag analyzer benches (Appendix 3) so that the blended
gas can be read directly or the blended gas can be put in the
CVS bags and read from the bags. This enables the operator to:

1. Check the bag analyzer curves.
2. Check the integrity of the CVS bags.
3. Check the bag analyzer sample system.

4. Check the adequacy of the bag evacuation and purge.
system.

5. Check NOx converter efficiency.

This system was in a trial status at the present time but
a sample of the data generated was discussed (Appendix).

Chrysler uses the Heath PDP Constant Volume Sampler with
the. primary calibration performed using a Meriam Laminar Flow
Element. A typical calibration was shown (Appendix).

The Constant Volume Samplers sample integrity is checked
daily using a Critical Flow Orifice and propane gas. Typical
data are shown (Appendix). If the percent error is greater
than + 27 the cell is shut down and the cause of the disagree-
ment is located. In some instances this requires a CVS recali-
bration. Propane is used instead of carbon monoxide because
of the danger of using 1007 carbon monoxide.



Chrysler uses Hydrogen-Helium for the FID fuel instead
of hydrogen-nitrogen. Chrysler has used this blend and
believes this gives the correct hydrocarbon value, recogniz-
ing that this fuel will result in a 3% higher reading than
the hydrogen-nitrogen fuel.

General comments on the Chrysler central calibration
system were made. The forty-one stainless steel lines were
freon flushed and if the system has been static for awhile,
the NOx lines are run until a steady calibration value is
obtained.

EPA

Don Paulsell made the presentation for EPA. Don described
the Sample Analysis Correlation (SAC) Program in which a blend-
ed gas is placed in a bag and read on all the light duty analy-
zer sites. The gas is blended using the system shown in Ap-
pendix 5. Control limits and control chart flags were discussed
and are listed in the Appendix.

The capabilities of the SAC Program include the ,assessment
of site-to-site, range-to-range correlation and repeatability
plus the diagnosis of instrument problems. A complete listing
of the program capabilities is contained in the Appendix.

Don described EPA's analyzer calibration philosophy, empha-
sizing that overlapping cal gases are important to ensure range-
to-range continuity, and that this practice helps to pinpoint
standards that are deteriorating. A common manifold for span
gases eliminates the variability of calibration span gases from
gsite-to-site. EPA performs a span check/mid-span check and a
quarter~span check during calibration. A summary of the above is
contained in the Appendix.

Current EPA analyzer ranges are:

HC (ppm C3§8) LCO (ppm) HCO (ppm) 9921 NOx (ppm).

0-250 0-1000 0-5000 0-5.0 0-250

0-100 0-500 0-2500 0-2.5 0-100

0-50 0-250 0-1.0 0-50
0-100

EPA - NOx Converter Efficiency

The NOx converter efficiency is performed once a week.
"Although 90% .s the corrective action limit, typical values are
98%Z. A mixture of 17 oxygen in Argon was discussed as a poten-
tial ozone source to decrease the sensitivity of the ozonator.
A mixer is located in the efficiency checker to ensure a uniform
gas.



EPA - Carbon Dioxide-Water Interference

The carbon dioxide and water response on the carbon
monoxide analyzers is checked every six months. A typical
result of .5 ppm response is experienced, with less than 3
ppm being the maximum allowable response. A Hopcalite (MSA
product) scrubber is used to remove the carbon monoxide from
the zero air zero gas (Appendix).

EPA - Tracer Gas Injections

Propane injections are performed weekly using the Critical
Flow Orifice technique.., Don explained that the density of pure
propane is 52.72 gms/ft~ at 68°F and 1 atmosphere whereas di-
luted propane is 51.88 gms/ft3. EPA is installing CFO manifold
systems using the orifices supplied by Turner Corp. A copy of
this information is in the Appendix. EPA has determined that
the proper equation to use with a CFO kit is:

(SCFM) q =’(A1>2 + C) / /Tabs

Bomb mass testing is also used at EPA, generally in con-
junction with evaporative SHED's (Appendix).

EPA - CVS Systems

Don described the procedure used by EPA in calibrating the
PDP and CFV type sampler systems. The equations and plots used
can be found in the Appendix. EPA uses a LFE and collects eight
data points per calibration with a tolerance of + 1% of the
curve as acceptable data. EPA does not calibrate through the heat
exchanger as Chrysler does. A discussion concerning the trace-
ability to NBS of the Meriam Laminar Flow Elements followed.
EPA has sent LFE units to Colorado Engineering Experiment Station,
Inc., for recalibration. Copies of typical calibration data are
included in the Appendix. The question of how well the calibra-
tion.supplied by Meriam and a recalibration by the Colorado Engin-
eering Experiment Station, Inc., performed on a new unit agreed
was asked. No one present had ever had a new unit recalibrated;
only units having prior use had been recalibrated. It was Stated
that the new units received from Meriam have a calibration trace-
able to NBS.

GM -~ Cell~-to-Cell Correlation

Mike Briggs explained the technique used by GM to cross
check their bag sites. Weekly, a bag of high concentration and
a bag of low councentration exhaust emissions are generated using
a vehicle and CVS. The bags are initially checked on a reference
site, and then analyzed on each cell, operating or not. The
reference cell is changed each week. In order to correct for



nitric oxide decay, the bags are read periodically on the
reference cell during the testing of the other cells. A
statistical analysis is made to identify outliers outside

of two sigma. Hydrocarbon results will differ and the
relative response of the FID is suspected. A GC analysis is
also performed on the bag. Mike stated that the mid-span

on all bag ranges is checked once daily and must be within
+ 2% of the value of the gas. ‘

A zero and span check is performed per each bag group
and must be + 0.2 MV in the pretest and + 1.0 MV in the post-
test check. A digital voltmeter and recorder are used in the
test cells.

GM - NOx Converter Efficiency

The NOx converter efficiency is checked daily on the
most sensitive range of the analyzer and in accordance with
the Federal Register test procedure. The minimum acceptable
limit at GM is 987% efficiency. A leak check is performed in
conjunction with the efficiency check. Carbon dioxide and
water vapor interference on the carbon monoxide analyzers are
checked each month. Analyzers must meet the Federal Register
specifications.

Additional monthly checks include bag analyzer curves,
NDIR optimization, and the FID methane response to approximate-
ly 60 ppm methane~air mixture. An equivalent factor of 1.12 +

.02 to C3H8 is typical.

GM - CVS System

Tom Slaughter discussed the CVS systems. The
GM systems are the Positive Displacement Pump type and are
connected to a data acquisition computer. The make-up air sup-
plied to the CVS is provided by an external air supply. Many
questions were asked concerning the make-up air and the system
used for controlling the humidity, etc.

GM - CVS Calibration

A daily propane injection is run on the CVS system using
the CFO technique. A + 2% agreement is required. GM uses the
real gas density of propane and assumes the purity to be 100%.
The initial calibration is performed using a LFE on the CVS out-
let. GM plans to use a Smooth Approach Orifice instead of the
LFE for calibrating the CVS systems because the LFE system cali-
bration changes as the unit gets contaminated.



Agenda Items IV, V, VI, and VII are presented individually
as follows:

IV. Dynamometer Systems

Chrysler

Chrysler uses the Clayton, direct drive, variable
inertia flywheel and automatic roadload control
equipped dynamometers. The dynamometers are operated in
the automatic roadload mode with additional control pots
added to the initial system to enable the use of the auto-
matic roadload feature on non~standard horsepower settings.
In some instances, the dynamometers are operated in the
manual mode. Chrysler is planning to add 125 1b. increment
inertia weight capability, dial-a-horsepower thumbwheels,
and digital speed and horsepower meters to the existing
dynamometers, Distance measurement equipment has recently
been added to the dynamometers. The dynamometers are cali-
_brated every thirty days.

The roadload horsepower is checked each test as is the
speed calibration of the driver's aids. The inertia weight
engagement 1s verified by the test cell operator before
the test. A quick coastdown technique has been used by
Chryslexr to spot check the dynamometer horsepower calibrations.
This technique can be performed after the dynamometer warm-up.
It requires that the same vehicle be used and instead of 1lift-
ing the vehicle from the dynamometer, the coast time is re-
corded while the vehicle remains on the dynamometer. This
technique is quick and provides immediate results when the
test site is equipped with an on-line data acquisition system.

The roller spacing on all of the dynamometers is 17.25
inches, except for three truck dynamometers, which have a
20.00 inch spacing.

Ford

Ford uses Clayton, direct drive, variable inertia fly-
wheel, roadload control dynamometers with 17.25 inch spacing.
The dynamometers are currently operated in the automatic road-
load mode. Weekly frictional horsepower and roadload horse-
power determinations are performed using the Federal coastdown

procedure. Ford has a special vehicle equipped with built in
lifts that reduces the amount of time required to perform coast-
d~wns. The driver's aid is checked daily by comparing the number

of dynamometer roller revolutions vs. the time at a specific
speed with an allowable tolerance of + 0.1%. The tach gener-
ator voltage versus speed calibration is checked bi-monthly

using a digital counter with a tolerance of + 10 rpm of the
set point.



GM uses the Clayton direct drive, automatic roadload
control dynamometers with 17.25 inch roller spacing. The
dynamometers are operated in the automatic roadload control
mode. The Clayton dynamometers electronics have been modi-
fied to provide thumbwheel horsepower selection capability.
Further modifications have been made as explained in EPA/
Industry Symposium #1.

GM uses a computerized program utilizing the least
squares linear curve fit to generate the indicated horsepower
versus the actual horsepower data.

The dynamometer rollers have been machined to give a
uniform roller circumference and solid bearing supports have
been employed. The dynamometers have been aligned using a
laser beam.

A full dynamometer speed and horsepower verification is
performed every thirty days using a special coastdown vehicle.
The speed is calibrated using a line synchronized stroboscope.
A horsepower check is performed before and after each test.

EPA

EPA uses the Clayton direct drive variable inertia fly-
wheel, automatic roadload control dynamometers with 17.25 inch
roller spacing. EPA operates in the automatic roadload mode.

A chart showing the statistics for the distance traveled dur-
ing the various phases of the FTP and HWFE cycle was discussed.
The chart is contained in the Appendix. A brief summary is:

FTP (812 tests)

Cold transient - 3.6058 mi.
Cold stabilized - 3.9010 mi.
Hot tramnsient - 3.6067 mi.
HWFE (691 tests) - 10.295 nmi.

The rear roller revolutions are monitored using an en-
coder that gives 320 pulses per revolution, which are total-
ized at 10/rev.

The EPA calibration techniques and supporting data are
contained in detail in the EPA/Industry Symposium #1 proceed-
ings.



Total System Checks

Ford uses the exhaust flow simulator daily for a
total system check. The simulator uses critical orifices
to inject known amounts of emissions components.

Chrysler uses a correlation vehicle on a weekly basis
to cross check the total system of each cell. A hot 505
cycle is run using the running start technique. The
vehicle 0il and water temperatures are stabilized using a
40 mph steady state prior to the test. On a monthly basis
vehicles are switched from the Proving Grounds and Highland
Park for a facility-to-facility comparison.

The correlation limits are:

=]
(@]
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(@)
=2
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kS

(@}
(@}

== == =X =2
‘Gms/Mi. 1.40 8.5 3.3 600
%Z Variation 5.0 10.0 8.0 3.0
HC co NOx co,
Gms/Mi. 0.5 4.0 2.3 670
% Variation 10.0 15.0 10.0 3.0

Typical data are contained in the appendix.

GM checks each site every day using a vehicle and
evaluates the data statistically using a two week moving

average. If a cell has two successive CO,/NOx readings that are

dare outliers, the dynamometer is checked.

VW stated that an automatic driwver reduces data variation
on cell-to-cell total systems checks.

Dick Lawrence, of EPA, discussed the effect that the
calibration of the thermometers can have on the KH factor.
If a facility is using .a wet and dry bulb apparatus using
mercury thermometers that are not matched, an error can be
introduced that will have a significant effect on the KH
factor. He further stated that EPA intends to purchase a

dewpoint instrument for evaluation.

Don Paulsell stated that an effective cell correlation
program should have both small (2000 1b. inertia) and-a large
(4000 1b. inertia) vehicle involved in the program.



VI.

VII.

SHED

Chrysler has 3 SHED's at the Proving Grounds, one
AESI and two Eller, equipped with internal and external
cooling. The AESI is 10' x 8' x 21' with a total volume
of 1680 ft.3 and the Ellers are 10' x 10' x 24' with a
total volume of 2400 ft.S.

GM Proving Grounds has six SHED's, five with a volume
of 1850 ft.3 and one with a volume of 2560 ft.3. The
systems were designed by the MVEL. A list of the details
is contained in the Appendix.

. State-of-the-Art Diagnostic Techniques

Everyone involved in emissions testing is striving to
develop quality control monitoring techniques that can be
performed during the course of the testing. The amount of
non-productive time expended in performing the necessary
quality control checks can be reduced, while at the same
time providing the assurance that a facility is producing
valid data.

Don Paulsell discussed some of the EPA techniques that
are part of the data processing program for the FTP and
HWFE tests. A list of these parameters and the limits used
to assess abnormal data are shown in the Appendix.



II.

III.

Iv.

VI.

VITE

A GENTDA

EPA/INDUSTRY QUALITY CONTROL SYMPOSIUM
INTRA-LABORATORY TEST SITE/EQUIPMENT
QUALITY CONTROL TECHNIQUES

October 5, 1977
9:00 A.M. - 4:00 P.M.

Bag Arnalyzer

Cell-to-Cell Correlation
Daily Calibration -~ Range to Range Span Checks
NOx Converter Efficiency Check

Water and Carbon Dioxide Interference Checks

CVS Systems

Description of the CVS Systems

Method of Primary Calibration

CVsS Systemé Sample Integrity

Tracer Gas - Propane Injection
Bag Leak Checks

System Leak Checks

Hydrocarbon Hangup

- LUNCH 11:30 A.M. - 12:30 P.M. -

Dynamometer System

Driver's Aid Calibration

Roller Revolution Monitoring - Distance
Measurement Equipment

Speed Check
Roadload Horsepower Check
Frictional Horsepower Check

Inertia Weight Monitoring and Horsepower
Monitoring During Test

‘Total System Checks

Correlation Vehicles

Mass Flow Simulator

Analysis Techniques

BREAK - 15 MINUTES

SHED

'
.

‘Calibration

Leak Check
Propane Retention
Temperature Monitoring

Background Check

State of the Art Diagnostic Techniques

Shortcomings of Present Methods

Productive (during the test) Techniques for
Quality Control

Special Equipment



10.

Attendance List

Ford Motor Company

Agenda Item I - Bag Analyzer

Agenda Item II -~ CVS Systems

Agenda Item III - CVS Systems Sample
Chrysler Corporation

Agenda Item I - Bag Analyzer

Agenda Item II -~ CVS Systems

Agenda Item III - CVS Systems Sample
General Motors Corporation

Agenda Item I -~ Bag Analyzer

Agenda Ttem II - CVS Systems

‘Agenda Item III - CVS Systems Sample
Environmental Protection Agency

Agenda Item I -~ Bag Analyzer

Agenda Item II - CVS Systems

Agenda Item III - CVS Systems Sample
Agenda Item IV ~ Dynamometer System

a. Ford Motor Company

b. Chrysler Corporation

c. General Motors Corporation

d. Environmental Protection Agency
Agenda Item V ~ Total System Checks

a. Chrysler Corporation
b. Environmental Protection Agency

Integrity

Integrity

Integrity

Integrity

Effect of Accuracy of Wet and Dry Bulb Measurement

on Kh Factor

Agenda Item VI ~ SHED

a. Ford Motor Company
b. General Motors Corporation

EPA In-Process Quality Control Techniques
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October 5, 1977

9:00 A.M. - 4:00 P.M.
Name: Roy J. Dennison
Company: NHTSA,. Auto Fuel Econ., NFE-20
Address: Washington, D. C. 20590
Telephone: (202) 755-9384
Name: N. E. March
Company: Chrysler Corporation
Address: P. 0. Box 1118, Detroit, Mich. 48288
Telephone: (313) 956-4892
‘Name: William G. Mears
Cbmpagyr Mobil Res. & Dev. Corp.
Address: Paulsboro, N. J. 08066
Telephone: (609) 423-1040, Ext. 2442
Name: Shumpei Hasegawa
Cbﬁp&nyr American Honda
Address: 394D Research Park Dr., Ann Arbor, Mi. 48104
Telephone: (313) 994-8441
Name: Paul Colpnorea
Company: Ford Motor Co., Dearborn Emission Lab.
Address: 2;500 Oakwood, Dearborn, Michigan
Telephone: (333) 323-3726
Name: Richard Morgan
~Company: Allied Chemical Corp.
‘Address: 353 Cass Avenue, Mt., Clemens, Mich. 48043
Telephone: (313) 469-2900
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October 5, 1977
9:00 A.M., -~ 4:00 P.M.
Name: Aaron R. Martin
Company: EPA, Mobile Source Enforcement Div. (EN-340)
Address: 401 M St., S.W., Washington, D. C. 20460
Telephone: (202) 755-2575
Name: Kevin Kott
Company: EG&G Automotive Research, Inc., Virginia
Testing Lab
Address: 6206 Gravel Ave. (Franconia)
Alexandria, Virginia 22310
Telephone: (703) 971-8823
Name: James W. Caldwell
Company:  EPA-MSED (EN-340)

Address:

Telephone:

401 M St., S.W., Washington, D. C. 20460

(202) 755-9396

Name:
Company:
Address:

Telephone:

Masafumi Yamazaki
Nissan (Datsun) Motor Co., Ltd.
560 Sylvan Ave., Englewood Cliffs, N.J.

(201) 871-3555

Name: Kenneth E. Inman

Company: Chrysler Corporation

Address: P. 0. Box 1118, Detroit, Mich. 48288
Telephone: (313) 956-4056

Name: Robert E. Rice

Company: Chrysler Corporation (Proving Grounds)
Address: Chelsea, Michigan

Telephone:

(313) 475-8651, Ext. 381
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Name: John L. Tichy

Company: Chrysler Corporation

Address: P. 0. Box 1118, Detroit, Mich. 48288
Telephone:  (313) 956-4892

Name: Thomas A. Da&is

Company: Ford Motor Co. AAD6O

Address: 17000 Oakwood Blvd., Dearborn, Mich.
Tglephone: (313) 337-9109

Name: J. 0. Chase

Coﬁpany: D.0.E., Energy Besearch Center
Address: P. 0. Box 1398, Bartlesville, Ok. 74003
Telephone: (918) 336-2400 |

Name: Dick Lawrence

Company: EPA

Address: 2565 Plymouth Road, . Ann Arbor, Mich. 48105
Telephone: (313) 668-4353

Nane: Robert Kopacz

Company: EPA

Address: Ann Arbor, Mich. 48105
ﬁTelephone: (313)I668- 4386

Name: John Kargul

Company: EPA

Address: Ann Arbor, Mich. 48105

Telephone: (313) 668-4399
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Name:
Company:

Address:

Telephone:

Roger Dornberger

EPA

~Telephone:

Name: Thomas L. Slaughter

Company: General Motors Proving Grounds
Address: Milford Vehicle Emis. Lab., Milford, Mich.
Telephone: (313) 685-5544

Name: M. N. Pearsall

Company: EPA

Address:

Telebhone:

Name: Glen D. Reschke

Company: EPA

Address:

Telephone: (313) 685-4254

:Name: A. E. Cleveland

Company:  EPA, Certification Div. LDVB
Address:

Name:
Company:

Address:

Telephone:

Paul M. Reece

EPA, Laboratory LDT

(313) 685-4445
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Name: Robert Gilkey

Company: EPA A2 .

Address: Ann Arbor, Michigan 48105

Telephone: (313) 685-4397

Name: A. Papay

Company: Mercedes-Benz of N.A.

Address: One Mercedes Dr.,Montvale, N. J. 07645

Telephone:

(201) 573-2642

Name:
Company:
Address:

Telephone:

John D. Myers
Clayton Manufacturing Co.
24750 Swanson, Southfield, Mich. 48075 -

(313) 354-2220

Name: Carlo Cucchi
Company: Fiot
Address: Park Lane Tower West, Suite 1210
1 Park Lane Blvd., Dearborn, Mich. 48176
Telephome: (373) 336-3515
Name: Alan A. Morris
Company: American Motors Corp.
Address: 14250 Plymouth Road, Detroit, Mich.

Telephone:

(313) 495-2960

Name:
Company:
Address:

Telephone:

Mike Briggs

General Motors Proving Grounds
Milford, Mich. 48042

(313) 685-5275

| ©
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Name: R. E. Martin

Company: International Harvester Company
Address: 2911 Meyer Road, Ft. Wayne, Ind. 46803
Telephone: (219) 461-5685

Name: V. J. Potochnik

Company: Chrysler Corporation

Address:

Telephone:

P. 0. Box 1118, Detroit, Mich. 48288

(313) 956-5060

Name: Kenneth L. Downing

Company:  (chrysler Corporation

Address: 12206 E. Slauson, Santa Fe Springs, Calif.

Telephone: (213) 698-3477

Name: George F. Mc Caskey

Company:  chrysler Corporation

Address: P. O. Box 1118, Detroit, Michigan 48288

Telephone: (313) 956-4959

Name: Walter Frankvoort

'Company: Dutch Service of Metrology, van Swinden Lab
Alph. Diepenbrockhof 2, The Hague,

Address: Netherlands

Telephone: 070;6878 70

Name: Ted Bayler.

Company: NHTSA

Address: 400 7th St., S.W., Washington, D. C. 20590

Telephone: (202) 755-9384
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Name:
Company:
Address:

Telephone:

Louis C. Broering
Cummins ‘Engine Co., Technical Center
Columbus, Indiana

(812) 379-6455

Telephone:

Name: Gerhard F. Lach

Company: VWoA

Address: 3560 Marino Rd., Toledo, Ohio 43609
Telephone: (479y 536-6470

Name: John H. White

Company: ppy

Address:

Ann Arbor, Michigan

(313) 685-4255

Name:
~Company:
Address:

Telephone:

Bruce R. Gardner
Ford Motor Company
21500 Oakwood Blvd., Dearborn, Mich. 48124

(313) 322-5227

Name: Serge M. DuBuc

Company: Emission Testing Lab., EnVironment Canada
;Address: E.T.L., River Road, Ottawa, Ontario
Telephone: (613) 998-9590

Name: Geo Derrig

‘Company: Allis Chalmers Corp.

Address: Box 563, Harvey, Illinois 60426
Telephone: (312) 339-3300, Ext. 519
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Name: John D. Harrod
Company: Cummins ‘Engine Co., Inc.
Address: 1900 McKinley Ave., Columbus, Indiana 47201
Telephone: (812) 379-5335
Name: J. M. Trapp
Company: Cummins Engine Co., Inc.
Address: 1900 Mc Kinley Ave., Columbus, Indiana 47201
Telephone: (g12) 379-5335
Name: Steve Whittier
Cpmpaﬁy=' Ford Motor Co., Scientific Research Laboratory
i Room E-2212 )
Address: 21500 Oakwood Blvd., Dearborn, Mich. 48121
Telephone: (313) 323-3301
Name: Geoffrey R. Jones
Company: Ford Motor Company, Emissions Test Lab.
Address: 1500 Enterprise Drive, Allen Park, Mich. 48121
Telephone: (313) 322-3458
Name: Daniel A. Reis
Company: Jeep Corp.
Address:

Telephone:

940 N. Cove Blvd., Toledo, Ohio

(419) 470-7453

Name:
Company:
Address:

Telephone:

Phillip Ingram
General Motors Proving Grounds (V.E.L.)
Milford, Michigan

(313) 685-6376

A



ATTENDANTCE ROSTER

EPA/INDUSTRY QUALITY CONTROL SYMPOSIUM
INTRA-LABORATORY TEST SITE/EQUIPMENT
QUALITY CONTROL TECHNIQUES

October 5, 1977
9:00 A.M. - 4:00 P.M,.

Name: E. H. Howell
Company: International Harvester Co.

Address: 2911 Meyer Road, Ft. Wayne, Ind.

Telephone:

Name: Bruno Rapetti
Company: Fiat - Italy

Address: Str. Del Drosso 145, Torino, Italy

Telephone:
Name: Wolfgang Groth
Company: - Volkswagen of America

Address: 818 Sylvan Ave, Englewood Cliffs, N. J. 07632

Telephone:
Name: Daniel R. Wamboldt
Company: American Motors Corp.

Address: 5626 - 25th Ave.

Telephone: -Kenosha, Wis. 53140

Name: Frank E. Johnson
Company: ~ chrysler Corporation
Address: P. 0. Box 1118, Detroit, Mich. 48288

Telephone: (313) 956-3135

Name:
Company:
Address:

Telephone:

22
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CHECK

1. Wet/Dry Psychrometer

2.

3-

Test Cell Vacuum Gauge

Barometer Calibration

mscmmmous

Sling Psychrometer

Mercury Manometer

Mercury Barometer

FREQUENCY

Daily

6 Months

Monthly

APPENDIX 2

ACCURACY

ts grains H20/1b air
+

- «5 in Hg

.01 in Hg

BRUCE GARDNER, FORD
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7.

QC_CHECX

Analyzer Calibration
NOx Converter Efficiency
CVS Flow Calibration
CVS Timers

CVS Verification

CVS Temperature
Recorder Calibration

CVS/Analyzer System

cvs/mmzm SYSTEM

Gas Bottle

per Fed. Reg.

LFE

Stopwatch-3 min.

Mini-propane or
gravimetric

Resistance

Exhaust gas
simulator

FREQUENCY

30 Days

7 Days

6 Months

30 Days

30 Days

6 Months

Daily

APPENDIX 2

ACCURACY

+

1%

97%

+

14+

BRUCE

.U5 const.

1 sec.

2%

5%

GARDNER,

FORD
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PUMP pPu

1385.09

1355,
13542
13932
135268
13514
1385n.7
1364049
13490
134R0}
13673
134468
1348,4
136407
13430
13630
13420
13412
134044
1339.%
1337
13370

13340
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133404
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417.9

41%,6
31443
413,90
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4100
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408.)
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4012
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J99,)
39A8.1
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398,)
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39%.}
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IERSTRABRNTATION VERIFICATION
CV3 NROPAME IRIBCTION W/CFO
. ISR PROVIES CROUNDS

. DEPARTATENT 5150
- VENICLE CERTIFICATION

DATEs 10‘ 4-91

___m CVS MR@IR AVERAGE I ERROR* ENGINEER
smazm 12 b1 [ =0.9 ye
- 13 Q.élg.g
= 10 05[0% ﬁ
hd l& ”‘Z.gt“’lcé é!g
=9 j‘l‘/-o. #
= 29 Q.}.,L_Q_L _ue___

" 11 "IQ/"I'
« 15 10/0} NP

‘@.uouow»p

¢ Posfeive errors 23y ba dus tes
1) A éocraase im:

8) Cubic fect par rewoiuzica (CV3 Llow rete)
_b)  Inlet texposstwze
. ¢) . Background concezmtraticn
~2). &n:incresce ias

‘8)- Puap claazonce
:t) hle&m o
' €)” Daromstric pressure
Q). mtm COTITCT

o_) ‘Span. gasas

* Bagative errors usy be dee to the oppacite of esch of ths above positive errors,
ox to & 1o in the C¥3 or anslyticsl systam.

CosmiTs:  fAny deviations > 23% must be resolved fsfore
the CVS ma’ be wused for fe.:f;mj,

Cc'e.. [“SJB%W g 60 B % Eyver
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ROLLS OPERATORS DAILY CTECX LIST
DATE: /O 2- 77 SEIFT:__/ ROLLS:_ 2.3 CPERATOR:_ A. P. S OREN SEL)

LEAR CZECXKS
T.P. BENCY
CO2 DILUTE
CC2 EGR
ENG. BENCE
BAG BENCE

C.V.S. SAMPLE S¥S.
BAG 31
BAG #2
BAG #3
BAG #4
BAG #S5
BAG #6

I8
<

AR R

TONE = GAIN  sauP. 8.  Q, P =, 2. 2. AIR 3.
33C 3ENCH i —
& B O =+ %= = =%
CQ2 2  80p
NOx X X 4.0 20, .0 X X
=c X X YA < Z5.0 20
T.P. BENCE
Lo ¢o 344 2448 X D X X
=1CO g0 Zo XX = == =
€2 “Us 620 X X X =
o DmUTE I Zgo 2k 2 x X ==
€93 EGR =83 =eo X -3 —% —5
NO X X 4. 0 0.0 X X
B X X = =X zZZo EX A,
ING. BENCS
Lo o 0.0 é,;g X X X X
ET C0 400 5’2 X X X X
COz . 32.Q 70O — -2 —
§o — — t-o 200 —_— i
EC — — L3 — 2:2-0 25.0
C.V.S. PARAMETERS METTR TCs
INLET .DEP. Ay
s ZL9
5140/=Bs
28
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BAG CART MODIFICAT /1ON

100 PFM (3 Mg
T25PPM CO . ﬂ/ | COMMON
D% COp. F-----7 2 NORMALLYL ClOSED
o i 3 NORMALLY OFEN
20 % O {20% CALIB GAS R I
BAL. Nz , MIX | | o
i o __‘80% - L/NE 4", r— == === == o
32 PPM No}/‘ ~ .
BAL. N BLENDER CVS BAG | I ‘Q
| L‘.\}
L 1 COMPOSITE MIXTURE Rateldl N
20 PPM (3 Hg m .
{45 PPM CO ‘ 3 i E‘
CORRELATION CHECK /8 7% CO;z 1 J *—x =2
4% Og (™ L- <X
BAL. Nz
| ANALYZERS (8 BAG Frit - o
. A o (®) g SR N
3 |
= I T T B §
S DOUSLE THROW CENTER OFF SWITCH }
™ MOUNTED ON BAG CART -
M ij
i S
S TO READ TEST GASZ TO READ BAGS; TO FILL BAGS. .
T 1) ANARYTICAL SYSTEM N ‘SAMrPLE, 1) OFON IN "BAG A’EAD. 1) oPcoON N BAG RMD;‘
©  2.) SAMPLE PUMP OFF. 2.) ANALYTICAL SYSTEM IN"SAMPLE ] 2.) SAMFLE PUMP 0FF."
= 3) SwiieH 70 ‘WN/M)’Z&RS 3) SHAMPLE PUMP ON. 3.} SwirckH 70 VBAG FlLL. Gac
(] OF (d ) O < N /'/ 1/ Wfl J
= ‘5‘3 g %ZQ‘CIZ)PCG NFT//RU YARIQUS BHGS. %) € YL OpCon THA oL
Pl
5]
o
[=5]
W
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MINI-PROPORTIONER®

805-2000 for 2 Gas Mixtures/805-2001 for 3 Gas Mixtures
A Portable, Extremely Accurate Gas Mixing System

The MINI-PROPORTIONER® is a portable, ex-
tremely accurate gas mixing system. Used to
blend two or three gasesin exact proportions, itis
ideal forinert gas welding, atmospheres (forming
gas mixtures), generator cooling and other
commercial applications.

The MINI-PROPORTIONER® hasimportant fea-
‘tures found only in very expensive stationary
‘proportioners. It is a demand type proportioner
with buiit-in mixed gas reservoir and regulator to
maintain constant pressure and flow of mixed
gas to the waork station. High flow capabilities to
200 scfh and afour-station manifold permits up to
four. omrators to use the proportioner simul-
tane@ubly

s lmmmkoner is easy to use. Simply con-
nectto gassupply set supply regulators to 75 psi
and the proportioner does the rest. This unit has
no electrical requirements, weighs only 30
pounds and can be used anywhere.

Feahues

Extremely accurate + 0.5% of exact mixture.

e Each unit is factory set to meet user’s require-
’ ments
L] Stmple to. use

® Constant delivery pressure is maintained by a
built in regulator. Set at 15 or 30 psig.

e Economical

e Weighs only 30 pounds.

® A unique mechanical cycler precisely controls
mixing.

e Demand Proportioner utilizes a mixed gas res-
ervoir with safety relief valve.

o Manifold has 4 outiets,

e High gas f. >~ capability — to 200 scfh.

Benefits

Accurate gas mixtures for protective welding
atmospheres.

Tamper proof — Operator cannot inadvertantly
change gas mixture.
Minimum set up time

4

Aﬂﬂ)::l 2\ ety

Versatile

Eliminates the need to buy pre-mixed gas
Portable — easily carried and used anywhere
No electrical requirements

Minimum maintenance — no solenoids to
replace

Safety — Internal pressure protection

As many as 4 operators can use the MINI-
PROPORTIONER® at once.

For increased capacity two or more MINI-
PROPORTIONERS® may be used in parallel.

Specifications:
Inlet Connections:
Major Gas — % —18 R.H. Internal
Minor Gas — % —18 R.H. External for CO,,
argon, helium or nitrogen
— 9/16-18 R.H. Internal for oxygen
— 9/16-18 L.H. Internal for
hydrogen

36
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MINI-PROPORTIONER® (continued)

Outlet Manifold has 4 ea.
Threads

%' N.P.T. Internal
2 Plugged
2 Valves with %-18 R.H.
' Internal Threads
Delivery Pressure 15 or 30 psi (preset).
Inlet Pressure 75-100 psi depends on outlet
pressure.
Max Flow 160-— 400 scfh (most mixtures 200
scfh),
Capabieof 2 0r3 gas mixtures in any proportion
— Gases moiude argon, CO,, oxygen, nitrogen,

hehum and hydrogen (except for explosive mix-
tures).

Equipment Required for Accurate Control .
Regulators. — The MIN] PROPORTIONER® is calibrated at 75 p.s.i.g. inlet pressure. Two stage reg-
ulators with'd_e!ivei;y capability of 75 p.s.i.g. are recommended. Airco regulators are listed below:

Cylinder. Regulators

How To Order

. Specify the stock number of the appropriate
proportioner.

Stock no. 805-2000 for mixing 2 gases.
Stock no. 805-2001 for mixing 3 gases.

2. Specify the gases to be mixed and the mix-
ture by percent of each gas.

3. Specify delivery pressure requirements.
NOTE: The proportioner is factory set to deliver
at 15 p.s.i.g. unless otherwise specified.

2%y’ PSI Max. Work
Gas Stock Pressure Max. Flow | Pressure Connections
Service No. Gauges CFH PSI CGA No. Inlet Outlet
CO,* 806-8005 | 200 & 2000 135 120 320 .830-14 R.H. Int. “B"” %-18 R.H. Int.
Argon 806-8420 | 200 & 4000 975 100 540 .908-14 R.H. Int. “B"” %-18 R.H. int.
Nitrogen | - -
| Argon g
Helium {: 806-9402 | 200 & 4000 975 100 580 .960-14 R.H. Ext. “B" %-18 R.H. Int.
Nitrogen |
" Nitrogen | 806-8427 200 & 4000 975 100 580 .908-14 L.H. int, “B" %-18 R.H. Int.
Hydrogen| 806-8453 | 200 & 4000 975 100 350 .830-14 L.H. Int. “B"” 9/15-18 L.H. Ext.
Oxygen | 806-8456 | 200 & 4000 975 100 540 .908-14 R.H. int. | “B” %/1s-18 R.H. Ext.
Helium |, 806-9458. | 200 & 4000 975 100 350 .830-14 LH. Int. “B" %-18 R.H. Int.

*806-8005 is an electrically heated CO, regulator.

Flow Control Equipment:
To fully benef't from the economies resulting
from proportioning gases, flow control equip-
ment should 'be used. Airco general purpose
(Universal) flowmeters are listed for your con-
vemence
' Fixed flow adapters are also available for use
where optimum constant flow r=tes are known.
See ADI 1763 for details.

APEDIX 3

Universal Flowmeters

STOCK NO.| DESCRIPTION FLOW RANGE
(S.C.F.H., AIR)
801-0430 | Single Range 3-56@ 15 PSIG
General Purpose 4-68@ 30 PSIG
Flowmeter
805-1606 [ Dual Range Low 2-23 @ 15 PSIG
General Purpose { Scale 2-28 @ 30 PSIG
Flowmeter
High 30-180@ 15PSIG
Scale 35-220@ 30PSIG

37
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C.V.S. SAMPLING SYSTEM CORRELATION

CRITICAL FLOW BLENDER

WEEK OF 9//9/71

ROLLS 24ROLLS 2}4ROLLS 22ROLLS 23ROLLS 24POLLS 25ROLLS26ROLLS 27
SPAN | HC Q| {/735 1965 | /984 | /98.3 | /984 | 1783 | /785
chrtn. | O %, /.7 | 19008 | /99.2| 1919.9 | 1909.0 | 1949 | 19164
o, @'30"’ 704 | 303 |304 | JoY |30Y | 303
NOx 1 207.712072.7 {207.01207.7| 207.5207.91 202. %
P.9.6.9.0.6.9.0,0.9.¢ XX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
DIR. | KC 1) 167.8 [ 1664 | 166.6|166.5 | 165.6|166.4 166.3
arewp. | O O 119582(1992.2| 1957-¢| 2008-9| 1999 .0| 20l0. 2| 2031. 2
| o O l2.¢4 (260 |2.61 (261 |2.6V (202 2.61
Upa plrvse /923 /979 11958 \/98.7| /8.7
w&x&xxxxxxxxxxxxxxxxxxx'xxxxxxxmgxxxxxxxxxxxxxxgxxxxxxxxx;o(xxxx
BAG < A 1682 | 16371 [167.6] 1LV:0]165.0 /655 I69.]
Rl co 06 195431 1990.1 |1974.2]1998.3 19873 |/7%9.8/ zcos. &
cog 2.66 o0|2¢Z |2¢0126) |2.61|2.59
o “ls04 (132D 19961 /59.9 1 794.3 | 192.¢| 1959
X xxxxxxxxxibcxxxxxxxgw)ﬁ—m(xxxxxxxxxxxxxxxxxxxxxxxxxxmxxxxxxxxxxxxxxxx;
BAG | HC[ey  |/GG.] |163.9 | 1C6. S| K573 | 1¢s°3 | 1e6.1]| 166.5
#2 col Q. |/931.211995.3|1962.41799.4|1111.6| Z003.0 2029- 9
cof © |z.ez 2¢0|lzc60|2el |2ez|2¢l
_lyed  Hie3 196.1 | Ise. 2| 197.3 | /¥6.0)| /49.5 |
XXXXXXXXXARXXXXK KKK XXX XXX HRXRRRX KKK XXX KX KKK XXX X XXX XXX KKK X XXX XXX KX XY XXX
BAG | KC |y 166.3 |[163.77 [166.6 | 165.0] 165.2]166.2Z] 165,
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C.V.S. SAMPLING SYSTEM CORRELATION

CRITICAL FLOW BLENDER

VEEK OF 9 /28577

ROLLS 2dROLLS ZﬂROLLS 2

ROLLS 23

ROLLS 2

POLLS 25ROLLS26

ROLLS 27

SPAN

198.5
412.2

3.04
2077 6

198.8
14910.8

3.04
207 6

982
1483.9

.04
207. 6

198.3
1982. ©

303
207-6

19°2.71
1181.1

04
Zo7 1

1964
1910.2

3.0%
Zo07.5

FROM
BLEND.

168.4

Z.64
[48.4

2025 6

AXXXXX XXX XXX XX XX

167.7
19308

2.6l
[s1.9

16%.2
20l8.2

.67
148 3

169.4
20lo2

2.63
142. 3

XXXXXXX KX XXX XX XXX XXX XRIXE XK XXXXX]

167.2
2000.0

2.62
/¥6-1

167.0
2037.71
262
197. 8

XXXXXX

9. 8
1979.1
263
[28.C

XXXXXX XXX XXX XXKEX

167.9
1927.5

2.6}
/98.8

167.8
20i13.6
2.6
/46. 3

Iz
2925.8
2.63
/943.8

XXX XXX X XXX XXX XX XXX XX XXX XXX XXX X

/66, &
1993.0
262
/92.7

167.1
2022.7
262
/473

/659
19894

2 64
141.2

XXX XX XXX XX XXX

/68.5
1938.3

2.63
/2 |

/68.3
2ols’9
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148.0
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2032, 2
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| 199.0
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/67.¢4 |-
2030.

Z.6Z
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1993.4
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le3.2
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1671 |
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2.6 2
/¥5.6

HXXXX X XXX
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2.63
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168.6
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20iR.4
2.7
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XXX XX XX XX XXX XNX XXX XX KA X XKL X KK,
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/¥6.]
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XXXXXX
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_HEATH INTERNATIONAL  INC. (RICHNOND INSTRUMENTS)
o<REG _CONSTANT VOLUNE. SAMPLER WITH REMOTE FILTER BOX

AT EXCHANGER, AIR INLET HEATED AND WATER COOLED
_SUTORBILT BLOWER
4 SPEED:LOMIS ALLIS PACEMAKER MOTOR
_RANGE 3 PRIMARY RANGE USED , 380-400 CFN\.

40 ..
APECO, 4 3 FJHsew e



BAG CROSS-CHECK

-2 CONC. LEVELS
- CORR. FOR NO DECAY

- STATISTICAL SEARCH
FOR OUTLIERS

- WEEKLY

- H)

l’ps_@zx;/ ‘ MIKE Bmess amP@.



- OERD /X 4

MIDRANGES

-ALL BAG RANGES
-2 7 LIMIT

ZERO/SPAN

- PER BAG ‘GROUP”
-“PRE* : 0.7 mV
- (POST.: £[0mV

"
UKE Briges QMAE



NOX COWVERTER EFF.

- FED REG. PROCEDURE
-DAILY
-LIMITS :

-987%

-LEAK CHECKS

N q3
EADIX 4 MIKE Bridds QMAZ.



LEAK CHECKS

- PROPANE  INJECTION
-BAG CROSS CHECK
- BULK STREAM LEAK
-SAMPLE SYSTEM LEAK

4y
PREwDIX A  MKE BRels CHpS-



MONTHLY CHECKS

-H,0 <C0, INT.
- BAG CURVES
-FID METHANE RESPONSE
-NDIR OPTIMIZATION

VPPENDIX 4 MikE Bricts Qore



OTRER CHECKS

-C0, BAG CONCENTRATIONS
-CVS REVS, R,, AP

-ROLL REVS

-DVU

H 6
9 SE BriCds GCmPAE



CVS SYSTEM

Description
o PosiTive Dfspla.cene»T Pone
o E lecTromwic Trausducers - Pressure and Temperature

e ConTinvous Mo»\foriwg of CVS Rirameters
e COMPuTer Data Aciw.iifz'a'av Dum‘&; 753772:7

¢ ExTerwal Sovrce of Dilvtion Air S,"FF')"

Calibration
e Not onw a 30-Day Schedole
e Calibration Verified by Propawe Twjection
. Proro.we T njections Performed Do.'nly |
e Flow Device - LFE
« LFE on 7he OutleT
e Plaw to use SAO‘Tech'%ue
» Calibvation Data Review awd lalidation

M7

| S TS -els)77
WPPewd;x «f G.M.PG;



-DAILY
- 227 AGREEMENT REQD
- ASSUME PURE PROPANE

- USE REAL GAS DENSITY

U8
APPECDiK 4/ MURE Brrcds CmPe
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ANaLvzer CAL BRATIONS

,4, STANDARD 1ZE. L NSTRUMENTS , I?Aweas/
AnD CALiBRATION  GASES
/. Cew Lenerrt (BNL), FID FUEL
2. OVERLAPPING CALGASES

3 Common MANIFoLD FOR SPAN GSASES

B, MONITOQ SEcoMDHRY CU/Q\/E. DEV/AT/ONS

TO DETECT DEGRADATION AND To0 BETTER.
ESTIMATE. VALUES

C.. Ranee —-To- RAnee CHecks
/. SPAN, MIDSPAN, QTR. SPAN

ArrEodix S Do Pauisert- EFR



EPA AnaLyzer RANGES

EPA I-2

ac
A50
| OO

S50

. |.CO

| OOO
Soo
250

] 0O

HCoO

S000
2500

APreed:x S

CO, NOy
S 0% 250
2.5% oo
/.02 5o

Dow Paudsest ~ EPA



/£

SHC_ Pgoegam C_APABJUTIES

ﬂ. ﬁssasse.s .snTe./'s|TE. ) RAN?’SE/MMGE_
C.ORPREUAHION AND REePEATABILITY
B. DIAGNOSES INSTRUMENT PRoBLEMS

/. SPAN GAS VALVE LEAKS

2. *“  SET POINT ERROR,
3. CORVE. SHIFT

Yy FID BURNER. DETERIORAT/ON

S, CL CoNVERTER EFF. LoSS
L. SAMPLE SYSTEM INTEGRITY

APoEcox S Dow PBUASELL- EPR



75

)l

NOy Converter EFrriciency

|. PerFoem once PER WEEK

2. Minimom 90, TyPicALY I8+ %
3, Mixea in Eericiency CHecker
4 | % O, /AR FOR OBONE SOURCE

CO> /HZO I NTERFERENCE
|, HopcauiTe + 2ero AR = CO i NQ_

Z2ER
2. 3% CO;_ //\)2_ BUBBLED THRU HZ O 6ASO

3. «£3pPm MAXIMUM, TYPICALLY .S PPM

PPPECDY S Dot Povtssss -850




-F., -

SHMPLE ANALYS!S QORRELATION

A. One BAG—'/DAY — AtL LD ANALYZER SITES
B. Two weex RoTATION SCHEDULE.
C Contror LimiTs HC Co CO, NOy

+1 siemA |87 162 9092 |92

D ConTroc CHART FrAcs

— & comsecuTive /-
4/5 Exceep 1 sSiemp

2 /2 ExceeD 2 sSIemA
TEST EXCEEDS 3 SIiemMA

PPEARX & Dow Paussess Ews

U\-
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CVS CAuierATION

A. PDP TYPE
T - r_"
V. \\\ Y ‘ | AP
@T,, % V, = mm e )+ b
Xo= P RPMp = N AP + o
l"'-'---.,,
e S WG = REVS 60
n RPMA - S ECONDS
REM
_ RPMp
AP RPMaro” RPM. .00 .0
JIPPELVD/X & O PAdSELL ~EPR



L5

C\/S CALIBRATION
B CFV TYPE

D = THRoaT Diam. (IN.)

“Tags © INLET (°R)

PABS
Ccy = £.3% Rpnegas = LFE Frow &
C_FV INLET CoalD.
_ Qmeas
Reptro ™ = x.985-.970
QitHeor

TYPICAL

SFPECI/IX S Dov Paulsers. EPA



2.5

EPA T -4

/ RAcer _@A s [ NTECTIOonS

A Dewsitr vAwves ron C3HE (LESERE. )
| PURE = S2.726Mms/pr3 (BeATTIE -BRIDGEMAN)
2 DILLTE= 51.88 "~ « (IDEAL GAS LAW )

B. CFO vs BomB
— COMPARE. ON MASS BASIS
— To conVErRT QRs, F M, vse 5272 VALUE

— BoMB MASS |S DIREcT AM X .coz ems.

C. TraceRr G aAs MAniFoun

— CFO FABRICATION

—CEO CcALBRATION (Q=AP+BP+C )
Ppedsrx & \S-T—

o Pruiseld £



CFRo CROSSCHECK BAG-

115 VA A
60 HT BLENDER - SAE 770133
SWITCH
? o VENT
TIMER
FLOW
METER
0-2 SCFM
BAG, NC nJ_1 MO
8 FT N
CFO .033“ DIAMETER
PRESSURE
0-60 PSI
GAGE BLENDING GASES
C3H8/AIR
REGULATOR 0-60 PSI
NO/N2
ZERO l\‘:"’
AR —] l}— k<}4~
N SPAN CO2/N2
OFF SELECTOR
DILUENT/SPAN
SELECTOR CO/N2

(S

APPEND /X S~ D Paul seqe
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B aarmmer

821 Park Avenue
Sycamore. llinois 80178
(815) 895-4545

November 16, 1976

U.S. Environmental Protection Agency
2565 Plymouth Road
Ann Arbor, Michigan 48105

Attention: Mr. Don Taulsell

Dear Mr. Taulsell:
Transmitted herewith are copies of Turner Company drawings $S0-0001
and S0-0002 depicting our standard orifices and LP-3833, the filter

used with those orifices. As we discussed yesterday, we buy the
orifices from:

Starro Precision Products, Inc.
37 North Union Avenue

Elgin, I11inois 60120
Tel: 312/741-3382

And the filters are made by:

Sintered Metals Inc.
3390 Washington Avenue
Boston, Massachusetts 02130

If further information is required or if I can be of assistance in
any way please contact me.

Very truly yours,

;Eéorge Barton, P.E.

Manager, Operations Engineer

NoTe: THE ORIFICE IN THIS
PACKAGE WAS CALIBRATED

FoR USE IN A PROPANE.
CFO MANIFOLD AT EPA.

A Division of m

. s
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Changes

B 62570180 WAS .310

A 3o
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192,003 _\MWAS CiHAMGED To LT X 005

PLLL~ LP-LDT-1 ILPSR-|

LF 22834 LP 353D | L P36S3
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POWDRDER (2O IvilCRCN)

DO NOT SCALE DPAWINGS
STANDARD TOLERANCES
XX DEC, = 0I5
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ANGLE .+ |°

SUPLRCELES = 51D X {10

t

FINISH:

scate 4 < |

o.L
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TURNER CORPORATION

SYCAMORE, ILL.
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CHKD l <)
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NBS TRACEABLE. LFE CALIB.

RRa
@uﬁaa
COLORADO
ENGINEERING EXPERIMENT STATION
INC. '
OFFICE: LABORATORY:
P. 0. Box 344 P. 0. Box 41
Boulder, Colo. 8202 Nunn, Cola. 80648
Phone: 303—443-1344 Phores: 303—0397-2340

CALIBRATION OF A MERIAM LAMINAR FL@W ELEMENT

MQ@DEL: 50MC2-4SF SERIAL NUMBER: Y-72291&
FOR: U.S. ENVIRONMENTAL PRETECTIOGN AGENCY
DATA FILE: EPALA DATE: 10 DEC 1976

INLET DIA: 4 INCHES THROAT DIA: 4 INCHES
TEST GAS: AIR STD DENSITY= 0.074916 LBM/CU-FT - .
AT STANDARD CONDITIONS OF 529.69_-..DEZG-Ks AND 14.696 PSIA

DIFF: DIFFERENTIAL PRESSURE IN INCHZS OF WATER AT 70 DEG ¥
ACFM: ACTUAL CUBIC FEET PER MINUTE
K FACTOR: ACFMxVISCOSITY/DIFF
REY NO: INLETC(PIPE) REYNOLDS NUMBER
SCFM: STANDARD CUBIC FEET PZR MINUTE

_ PRESS: PKESSURE AT INLET TAP IN PSIA
TEMP: INLET TEMPERATURE IN DEGREES RANKINZ

THIS F (S CALQULATED
FRom CFV DATA (c,,P,T)

L DIFF ACFM K FACTOR REY NO SCFM PRESS TEMP
1 1.215 66.7T1 545225 26791_ 67.80 14.693 521.13
2 1.809 99.29 5.5076 40073 101.20 14.698 519.77
3 2.392 13038 504720 32612 132.90 14.703 519.91
4 2.975 161.70 5.4583 65151 164.65 14.696 520.23
5 '3.587 194.70 5.4547 78366 198415 14.699 520.39
6 4.188 226.13 5.4292 90860 229+90 14.696 521.04
1 4.816 299.23 5.4160 104080 263.49 14.703 521.40
B 5.406 290.88 5.4163 116624 295.40 14.700 521.76
9
10
11
12
13

6.019 322.67 5.3990 129238 327.48 14.699 522.03
64658 35630 5.3905 142592 361442 14.696 522.21
T.274 3BB.26 5.3799 155250 393.71 14.702 522.57
T.621 406.01 5.3709 162263 ° 411.61 14.703 522.7>

L 7627 406.08 5.3680 162216 411.52 14.698 522.80
14 7285 388430 5.3752 155038 J93+38 14.698 522.93
15  5.433 291.04 5.4025 116178 294.82 14.699 523.02
16 26990 16179 5.4561 64604 163492 14.699° 522.93
7 1.209 66437 545320 26568 6736 14.708 522.39
18 0640 35.37 5.5731 14148 35.87 14.703 522.48

mmmmr-lmr-immr?mmmmmmmm
vy vt uy e n

_AVERAGE VALUES FOR ABOVE RESULTS:
Ps 14.7 PSIA DENSITY= 0.076074 LBM/CU-FT
Ta 521.77 DEG R VISCOSITY= 1.0067E-6 LBM/INCH-SEC
2e .0.99959 COMPRESSIBILITY FACTOR
| oKz 213.6+ °C

M = 1.0185 107 1453 x °K"*

! 1bm I = L0056 X1
@N°F ""5“/{’t °K + 1104

6

A Nonprofit Corporation of Coloroto for Screntitic and Educational Purposcs

Testing for the Pubixc Sciety

8 wescar oo Gmmb. F'. mnban mm Laed ce Par Blen. sccosech aman'elide

-
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DEE
REES)
COLORADO
ENGINEERING EXPERIMENT STATION
INC.
0 Boe 344 PO 41

Boulder, Colo. 80302
Phana: 303—443.1344

MBDEL: S0MC2-4SF
DATA FILE: EPAIA

SERIAL NUMBEK:
DATE: 10 DEC 1976

X POINTS EXCLUDED FROM AVERAGESe. KC(AVZ)= 5.4402E-5
-0

-4 -3 -2

Y-72291R

Nunn, Colo. 80648
Phone: 303—897-2340

ZDEV FKROM K(AVE)3

+1] +2 +3 4%

LCO0) R/71000 MTR READ L(C(Q)

18 14.14
17 26.56
2 40.07
'3 52.61
16 64.6
5 78.36
6 90.86
7 104.08
15 116417
9 129.23
10 142.59
14 155.03
13 162421
- 'SPALE.? 4
‘LO: 1e4) E+4
STD DEV= 0.37
' MAX DEV= 0.52
MD: 6.35 E+4
. STD DEV= 0.19
MAX DEV= -.27
HI%_[313 E+S
.8$TL DEV= 0.17
DEV= 0.29

MAX
R(AVE)= 94591

'RCLOY= 32038.

R

MEmxEMmxmm

K= A ¢+ BxR + C*R#R-

A= 5.5903E-5

1

X= 5,5887E+5

0.63951 ............'................'..0......‘.
1.209 1 eeevsscecsesseosvsossssssscssssesJececccencnces
1.8095 seessessscsecceccncsecscscsesoselocecccrecccece
23919 eevescescssccsscscncsensoecslecroscscccccccnce
2.9904 4 RN Mmooy
3.5869 R R I mmmmIImmmIIn
40‘884 .O...,....l.'..l.iioi.......;00..........
4.8159 eseesecsseccscsccsnodevesescssccccccscccsnsase
5-4334 8 -ocooQoou.o.o.oo-ogol.--oooyoo-oooooooo-.
6.0188 ecosvsscscsscssceeDecccscevscccccscscnsccsones
66583 evceccsccsescsseececcecscsnrsscsencsccscsnnse
T 2849 1] esccecccccccocsfececosccsescsoncsscoscscscces
T.6271 12 o-...oo.coo.oOﬂo.oootoc.ooooc-oo.Oocnoooo
6.35 E+4 K= 5.52143 E-5 K/KCAVE)= 1.01493
-6 X2 STD DEV= 0.666 BASED ON 5 DATA PTS
-6 Z MAX DEV= 0.936 AT L=18 CHAUV= 1.6
1.13 E+S K= 5.44286 E-5 K/KC(AVE)Y= |].00049 N
-6 %2 STD DEV= 0.351 BASED ON S DATA PTS .
-6 Z MAX DEV=-0.494 AT L= 7 CHAUV= 1.597
1.62 E+5 K= 538779 E-S5 K/KC(AVE)= 0.99036
-6 Z STD bEv= 0.318 BASED ON 8 DATA PTS
-6 X MAX DEV= 0.529 AT L= 8 CHAUV= 1.558
KCAVE)= 5.4402E-5
R(MD)= 80612 RCHI)= 142420.
B=-2.3589E-11 C= 6.5817E-17

Y=-5.0786E

08642086420864208642024680246802468024680

Y= X + Y*C(MTR READ) + Z*(MTR READ)*(MTR READ)
-7

Z= 3.0976E-8

\B§SED BN ABCVE TEST DATA (P,T,GAS)
ﬁND:ASSUMlNG K CORRELATES WITH MTR READ

.THIS CALIBRATION 1S TRACEABLE T@ NBS.

“THE FLOW MEASUREMENT ACCURACY IS ESTIMATED To Es L 0.5 7% <. $&rde
COLO ENGINEERING EXPERIMENT STATION INC,»BX 41,NUNN CO 80648
A Nongrotit Corporation of Colorado for Scientitic ond Educctional Purposcs 6 5
Tesnting for tha Public Sofety

Lrent mescura togte Flawir tter ca'vations Gos finw eseenrch enerinliets



N, o

SIERTY LR

R 3 ot

s

CALIBRATION DATHA

For

LFE # Y- 72AIR
12)10[76

—

o rem®

67.80
101,50
/132,90
164,65
198. 1S
2490
J63.49
HSHD
30748
36143
393,11
4.6/
411.5a
373.38
| 294.84
63,9
6236
35.87

DA'TI? REDOCTI(

TO GET

L]

@5—)"/.6’3! x
7 ACFM = ¢

7scem |2 Pans

* Tass

SacEm

»
ViSconTY

]
el 7 ¥yoS)

Su X (0

7P
B H;o)

SCEM

o

14,693
14,698
/4.703

1. 696
/4.699
14696
14.703
14. 700

14639
IRA %

. 703-
14. 703
4. 693

14,695
14.699

14,694
Kl 705
14.703

INPVT

14l 66
CFEM |

W

4= 1/478 X’

Y+ 11O

IE CFm— chm L
o "/’st(; 709

$9)./3
$K1.77
S1.91
530.23
550.59
Sol.oA
Jol 4o
5. 76
S0 03
590. 9l
K=VRY)
KAVYY
3. 80
.93
3.6
5.93
$2.39
$92.48

AN O
F Fo

66,7/
.99
/30,33
16170
194. 70
2o, 3
I57.93
990,38
390, &7
356.30
38896
4C5.01
406 .05

3<4.30
H1.04

/61,79

66.37
35.37

F C&g

Tags

€24,09

REC‘_FM A

X ,008

=| L0185

1, 0057
|, 0037
). 0031
[.004H
1, 0044
1.005
1,00%|
1.00 67
J.007
1.0074
1,6074
].0093
1.008a
1, 6084
10086
{.00%4

Lo
o018

ESI

L ¥ 0]

S, 508
5.507%
sS40
54582
15,4547
$ 4299
s.H)60
S dl63
. 3910
§ 358
£ 3194

$3704

53680
53752

59095
5,456/

£530
5,573/

AP +

ACFM - 4

X100~

SJeeL

LIS
/. 80%.
0.39J
.97
3,587
q, 188
4, 816
§.406
6.0
6.653
7974
7631
7.697
7285
S5.423
2992
), 0%t
0.640

IED
B-AP

/NP

S.9736
G7.3464
198.51/3
1594555
1421043
333,643

337.503
311.0513
353.343)
354, 21257
O 1,855y
MO 1. 9850
354 454
2331911
160,193
65, b0
34,9457

DATA

~]

2671
40073.
$36l
S5
78366
40850

25H 03¢ 104080

116624
JAL RS
199592
1SS0
1623
616
155038
116178
64604
ISCS
14148

¢ 6



#ape PPNCHFSSED: 132

ne an

nr=11=-71

R R e T R R 2 R R
Srab 4R PR 3R e b S or ok 3R g IR CR bbb p AP AP 4RI AP A PSP R AP LRI PR P A SR B 4

=4k 5k L2 R+
w4 AMNALYdrr CALTHEATIUN CIRVE ARNALYSTS #e#
® 33 L2 2]

I3 4R 3 A dr AP I AR SRR A e 4 AT S AP S AP SR SR S L SE A AP A BB B3
SRR AR AP A S e e R R A 3 R SR AP R e AR I L R e AP A P PSR 8

Exn Cal.IB AT TIMF ¢ s 9 LAl Y /e VENNDS = SANMC LSRG S T Y 00 VaLID OEFLe UPPER LIMIT : 110.000
CALTRRATINON NATF 3 A= 0= 0 [NSTwl F T MNAME : HONITOR SET POINT 8 Dol VALID DzFLe LOWER LIMIT ¢ =10.000
TEST SITE Nunmgg! s ERNBED A1 TR NN 2 ZERY GRIM SETTING @ (1] RaNGF CHANGE UPPER LIMIT : 100.000
GAS ANALYZFN 1R gPANE Slobal (=) : CPA GAIN SETTING ¢ Ne0 RaNGE CHANGE LOwER LIMIT ¢ 20.000
DILYENT 62§ VTS N R T LT H TN kFapLd6 : 0.0 FULL-SCALE (100%) DEFLe. ¢ 100.000
CONCFNTRATTION L 1T PDis’ HS LK : FID AR PRESSUOE 3 0e0 FULL=-SCALE (100%) VOLTAGE: 0.0
STAMDARD | 82 RALGFS 18 CAl¥ 0§ SINCF 4 FIN FUFL PRESSYRF ¢ 0e0 FULL=-SCALE (100%) CONC. ¢ 522.9
ORPERATOR ID NO T PPNHT ALEMOE e DFECAL 1D 2 FIN SAMD PRESGIHIRF 3 00 RECOFDER TYPE :
FILF COMMrMT S NOTE S RoA TS IS g8 Lewrn 6
OPERATOR COMMEN] $©CRM WS PP LEE -2 Yelil2Rln: 81 /1077
T CYLINDED TRl Enire NETER] SLENO 1 COICSNTIATIONS T ~TAAALYZEn SIGRNAL  1CaLIARATIONT CURVE FIT DEVIATIONS g
| NUMRE -2 | FALINGS, 2 wATTY §  CYLTIaME | “FASUKED CORRECTEL | DATA | % % % FROM LAST |
! IS LI UENT I (=LFMDFD) CALCuL.aTFD | X X | POIMNT | POINT FULL=5CALF CALIBRATION |
| e e crcrem bt cmm e ——-—-— b - F o - ——— - - - - L ( ==t mmcccccan- P -- - - - - - - - - - - - |
| | X | i eM | | | |
| | X | i 1eN | | | |
| ey ) Dl oF e [ AN e AT Eheinnd | 172,150 12150 | | Ne0 0.0 0.0 |
| R0 o) A R 5 1 Q735 9lesi | 14090 18,099 | | 0.0 0.0 0.0 |
| b 0.0 Ne | a0 1 1727651 12440 | 23:420 23.92¢ | X | =0.084 =0.021 0.0 |
| AT 0.0 XY hsa 1 189,464 154 3% | 2R, 150 29051 X | =0.048 -0.015 0,0 |
| | Nel NeN I oNan | 192.10 19} 77 | 35470 35.370 | X | -0.175 -0.0664 0.0 |
| S ¢ L A R | i 223.26 22344 | 41,180 41,840 | X | 0.078 0,033 0.0 |
| el T 007 1 Dad 1 P56 NH 2550 34 | 44160 4,100 | X | 0.121 0.059 0.0 |
| S T flalli e D | 23770 P47e2? | 544 0R0 S4.n60 | X | -0.099 =0.054 0.0 |
| [z 800 (R R ey vk | 312,15 e | 60,190 0,190 | X | 0020 0.012 0,0 |
| BRSO fett U ived) [ 382440 352627 | 6/ e5R() Ab L HHE | X | -0s052 -0.035 0.0 |
l £ g 5 R N l 3us,2] EEETEE | 72740 125 750 ) X | =0.060 -0.044 0.0 |
| I aze IR l anle“9 Gu)e 42 | 75210 T62104 X | -0.017 -0.013 0.0 |
| 0wt Nel) | Daid | an]e99 4076] 3 | ThelT0 76270 | X | 04035 0.027 0.0 |
| b o R e A T, | AR4 46 3Ea 05 | 724450 1248507 X | 0.024 0,017 0,0 |
| | Hel) Nel) § en | PRYU P4 PtHeh | 544330 S4,330 | X | 0e1648 0D.082 0.0 |
| b sl Lo | Sl R 1 169,19 16961k | 24900 294904 | X | -0.008 -0.,002 0.0 |
| I Nell N b et} ] AY e b EHhelA | 12090 l?.U‘,(' | ' 00 D.0 0.0 |
| S o) P | B P 1 35,90 3456 | ~e&NU 6.0 | | 0.0 0.0 0.0 |
: | |
MONLIN*AQ[TY - -l g PFRCMT Avtp“hE ”EVIAT!ON | 0,069 0.03“ 0.0 |
= 1 L
S

L2



ot PROCHSSEDS 140340 N1=l1=71 3 4k 4 48 40 30 40 40 3 SR TP 3 40 G4 TP 4L 4P IR AR AP AR SR 2 AR SR AP ST A AP P RS AP S 1
B R R R R R R R R R T R TR R R R Y 20 R

EER T2t i
2 AP ALY/ CALISKATLION CleVE AMALYSIS #éw
LR 243 L x-2-

AR e I e A R e e dE R A R S RN L BRGNS
AR AR R IR SRR A e A 2 AL 4P AR AP PP A B F B PR B BN BN

FAD CALIR AT TI F

: e 0 Suyhl(7e~ VELNOK e 7.0 SPats TYPt H 1
CALIRRATIOM DAT: : N= 0= 1 T ISTeiimwe T 1AE H CiRVE FoRw : 1
TEST: SEIE NiisBE: 2 Fon bmfar J0 0 : DGREE FLT : 2
GAS ANALYZFD SHRLOE AL STGHRY L ah . w- TGHTING FACTOR 8 1
Fiil |.=SCaL* CONC : K224  HARD 2 2p RAWMGE s
CONCFNTRATION U TT: P HIS AR :
STAMNARI) L AR RAN HF ¢ 1A DPeErs 10 ID 1IN ¢ P2P0OnT
FQUATIONS A @ CFFFICI-NTS
LR R-X-E:R-2-L-2-2°%-F-2-X R RVE X R R-R- R UL R L]
&4 3 2
B E LR (A5#X + A4%X + A3%X + A2#X + Al) =  PPM PROPANE/0ZONE
r ; & € € C
61 = 0.0
L7 = 0.5611711F+01
CALIRSATION P(R45)) = et L3 = =0s]lHZAGTHE=02
; A4 = 0.0
A8 = N0

ALISRATION TAB(E_____6eCi 1 Full= CALE _CHART_OEFILZCTI N VS _ops_UROBAMEZOZONE 25
&g e | | {2 | | | |

| |
le Sea L) Al SR Ple Yleedal s 6Het Ll S, 2loenll Ble 210629l hle 3236321 T1e 3756021 81s 4264371 91  477.341

c

|

|

) P 1ela]. VP, BhoBRT 226 11121 T 325 Y1130 025 226,001 "S2e 2Rl 626 - 3285 1726 3001 THEB2s . 431481 92¢ 482,421
g A 154221 %A, Ly Ol 236 JZ2 400133, 2 160 "4 X 220381 535 - PALEY] 635 333690 135 ~IRS 38 B3, . 436,591 93, GR7.49
Y 2621 18&, 7ot 1| Pica 171 i3] e 15191 Gae 23 .9 H4s PRAGILI S8e 338BT| Tae 2906461 Bie 66le70! 94e 492.561
i 8 27, 0% 1 “BS5, sOGTNE 25, TIN5, - (IRl Ay 2R A Iahy L, 2R TRAGHIG ] TS, 395 60 B, S 446.R01 95, . 497,631
| | | | | | | | | | |
bR 32,400 15, REgl/l P, L oMGeT 38, 925451 dn, . PeECOT 96y 29T 3L bog 389522) . 16, 600,141 B6, . 4515901 96, 502,691
N 47 LT 1T 06Tl Ple VA IFI AT - T9T TR 4l PR320 GTe 3026531 Al 3546391 :TTe 4059871 BT, - 456,991 97¢ 507.75)
R o 435151 ¥R, YheH24fite 1 ST 0L-AR, - 20l ) ) 4ty PRETGEE BReC ANT e T A 6363593951 T8 411+001°88.  462509) 98, 5]12.811
1 9, GG 19, In2 16123, 135y« 39, . 2085781 495 PRRGET9. 595 12931 K, J6G.TIL 195 416513089, 467171 99. 517.8610
. 53,931 20, 107,501 3ae  dh W11 400 2130551 Di0. 26h.021 BhDe 3184131 T0e 3694871 80. 421e251 90. 4T72.261100. 522.911
| R o R N R SN s TSR e L RO o 1 T L e ze 1 | ol |

QUALTTY CONMTROL CN4FNTS
403045 S 4R3I 40 04 40 40 30 20 40 2k 1 3 1 28

#usaest CUSVE NOI STORED ON FILE

o/

829
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COLORADQ ENGINEFRING EXPERIMENT STATION, INZ.
P. 0. Box 344
Boulder, Colorado 80302

Datet December 15, 1976

This is to certify that the instrumentation used in the
calibration of _Meriam Laminar Flow Element

Model No.50MC2-4SF Serial No. Y-72291R

is traceable to the National Bureau of Stancards.

Lot Fdoitl

President ( Acting )

69



/2.

BEESH

COLORADO |
ENGINEERING EXPERIMENT STATION
INC.
00 Boc 344 ROt
Boulder, Cels. §9302 m:am eomm

Phone: J03—443-1344

Date: December 15, 1976

This is to certify that the accuracy of the calibration

on  Merlam Laminar Flow Element

Model No. 50MC2-4SF Serial No. Y-=-72231R

ig Within plus or minus 0.4 percent of reading.

) edlos Ftbeetl,

President ( Acting )

A Nonprottt Corporotion of Colorodo for Scientitie and Educotionat Purposes
Testing for tho Pubtic Safety
Proot pressure tests, Flowmeter colibrations, Gas flow msearch specialists

70
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WALT SEIDt
303-53%-753%

L ZD7 -0l

Sqeve CAvoweLe

LAaad. TEcHWICAN CEEST
Frs Q-327-01({ 303 -897-2340

TestT Setue for. LFE Ca c_)e.

m Recommmsndo that e
SOURCE, Aend a P}\&cp CFV
X){ prove .
Mg
cmx,gw LFE & 2732
HEAT CFVU ® 3252
EXCHANGER
T P (15-2¢0 psie)

CoPPER / E PRIMARY VENTURI

ConNsSTANAN 0.354- " DIAM THROAT /q Z%e

6'

T

L__ - e .___J;Ql__ ExIT

' LFE
e B ]
. EXCHANGER 3——1\

Pass
.(STAB"—‘a‘&>  TEST TANK ]
- S'piAam.
--§00 “”z
_U-wm/ L piCRo
i
MANOMETER

7 1



P.O. Box 344
Boulder, Colo 80302
Phone: 303—443-1344

MEMO:

COLORADO
ENGINEERING EXPERIMENT STATION
INC.
LABORATORY:
P. 0. Box 41
February 7, 1974 Duen, Colo. 80648 w0

To our customers

Ke: Shipping Methods, in order of preference

l.

United Parcel Service ( where available)

Address: Colorado Engineering Experiment Station
Missile Site
Nunn, Colorado

Limitations: 100 lb. per day

Insurance: $5,000.90 max.

Receipt is provided

U. S. Postal Service (parcel post)
Address: Colorado Engineering Experiment Station
P. D. Box 41
Nunn, Colorado J0043
Limitations: 70 lb.
Length & Girth = 100" max.
Insurance: $200,00 max.
Recclipt is provided if insured. If not insured, a
Certificate of Mailing costs 5 cents.

Bus Package Express
address: Colorado Engineering Experiment Station
Fort Collins, Colorado
On arrival phone: 434-9365
Limitations: 100 lb. / package
5 packages / shipment
Length & Width & ieight = 141" max.
Height = 69" max.
Insurance: $250.00 max.
Receipt is provided.

A Nonprofit Corporation of Colorado for Scientific and Educational Purposes
Testing for the Public Safety
Proot pressure tests, Flowmeter calibrations, Gas flow research speciclists
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MEMO: To our customers
February 7, 1974

Page 2

3.

itotor Freight (TVX)
Address: Colorado Engineering Experiment Station
Missile Site
Nunn, Colorado .
Limitations: Check that they are not on strike at
Denver. (alternate truck line from
Denver to our site: Miller Bros., Inc.)

Afr Freight
To Denver: Motor freight to our site (see above)
To Cheyene: We can arrange pick up.
Limitations to Cliesjene:
Frontier - Weight - 200 1lb.
Wideh 20", Length 40", lieight 44"
Western = \Veight 250 lb.
500 lb with special arrangements.

Max., - Width Height Length
12n 1o 156"
24" 25" 157
.34 20" 124"
KOV 45" 36"

Insurance: No limit
Receipt is provided

REA Express
Address: Colovado Engineering Experiment Station
Loveland, Colorado .
On arrival, phone: J397-2340
or: 434-9365
Limications: None
Insurance: Mo limit

/6.



YFFICE:
. 0. Box 344

(VR UNIWIES IV,

ENGINEERING EXPERIMENT STATION

. u'der, Colo. 80302

+ one: 303—443.1344

-
[

Tm T T

boJEL

INC.

LIBRATION OF A MERIAM LAMINAR FL@W ELEMENT

R UeSo

© TA FILE:

-ET DIA:

5T GAS: AIR

AT

F

SoMC2-8F

EPAS
6 INCHES

S/N:

DATE 3
THROAT DIA:
STD DENSITY=
STANDARD CONDITIONS QF
DIFFERENTIAL PRESSURE IN INCHES OF WATER AT 68 DEG F

F62502TR
ENVIRONMENTAL PROTECTION AGENCY
18 AUGUST 1977
12 INCHES
LBM/CU-FT
14.696

EPA TAG:

0.074916
529.69 DEG R»

“M: ACTUAL CUBIC FEET PER MINUTE

TACTOR:
SRtk

ACFM*VISCOSITY/DIFF .
INLET(PIPE) REYNOLDS NUMBER

092015

GRDER: CD

AND

LABORATORY:

P. 0. Box 41
Nunn, Colo. 80648
Phone: 303-—897-2340

‘PSIA

27-20876-A!

/7

""M: STANDARD CUBIC FEET PER MINUTE
b. 2SSt PRESSURE AT INLET TAP IN PSIA
i 1P: INLET TEMPERATURE IN DEGREES RANKINE
DIFF ACFM K FACTOR REY NGO SCFM PRESS TEMP
1 T.625 2017.63 2.7072 E-4 519658 2006.61 14.701 532.79
T T.814 2064.82 2.6961 E£-4 535063 2060.40 14.698 530.89
3 T7.633 2019.37 2.7059 E-4 520135 2007.87 14.692 532.59
1 7444 1973.03 2.7107 E-4 508556 1962.88 14.698 532.49
5 64958 1849.40 2.7148 E-4 477947 184233 14.692 531.59
5 64209 1655.89 247277 E-14 426565 1646.66 14.694 532.59
3 64179 1649.66 2.7231 E-4 427611 164615 14.692 530.69
) 4.573 1231.25 2.7520 E-4 317599 1225.31 14.694 532.19
tJ 3.814 1029.03 2.7608 E-4 264819 1022.72 14.694° 532.89
i1 3.046 825.56 27729 E-4 212598 820.81 14.694 532.69
12 3.800 1027.02 2.7639 E-4 264652 1021.48 14.694 532.49
'3 24274 6164 2.7724 E-4 158716 612.78 14.692 532.69
14 1e512 409.31 2.7704 E-4 105334 406.79 14.694 532.89
13 1.374 372.54 2.7756 E-4 95690 36982 14.691 533.39
15 1.148 312.93 2.7863 E-4 80667 311.31 14.694 532.39
'7 0.933 254.29 2.7852 E-4 65624 253.15 14.696 532.09
13 0.719 196.08 , 2.7856 E-4 50600 195.16 14.691 531.99
19 0.934 254.24 2.7820 E-4 65637 253.12 14.692 531.89
ALV IRAGE VALUES FQOR ABGVE RESULTS:
P= 14.694 PSIA DENSITY= 0.07454 LBM/CU-FT
T- 532.3 DEG R VISCOSITY= 1.0224E-6 LBM/INCH-SEC
Z: 0.99965 CCMPRESSIBILITY FACTOR
A Nonprctit Corpeoration of Colorado for Scientific and Educational Purposes
Testing for the P.ublic Safety 7"/
Proof pressure tests, Flowmeter calibrations, Gas flow rescarch specighsts
APoerdix 5 D. Faulse s

-

z

y*



L4720

COLOKADY
ENGINEERING EXPERIMENT STATION
INC.
SFFICE: LABORATGRY:
-.0 Box 334 P. 0. Box 41
toulder, Cola. BO302 WNunn, Colo. 806443
Asne: 303—443.1343 Phare: 3035—537-2340

“iDZL: 50MC2-8F S/N: F62502TR EPA TAG: 092015

J..TA FILE: EPAS DATE: 18 AUGUST 1977

» POINTS EXCLUDED FROM AVERAGES. KCAVE)= 2.7488E-~4 IDEV FRBMWKCAVED]
0> R/1000 MTR READ L¢O) -4 -3 -2 -1 O  +1  #2  +#3  +a%

© 08642086420864208642024680246302468024680

ig 5S0.59 D.71933 .l..l.-...l.ll..o..!!....l.07Jlllbibt.l|l
17 65462 0.93317 19 .COIGQOOOQII......'lél....QOt‘lllB.'OO...
16 g0.6% 11484 -0---.-.o-occo.-coonccc-oo-O-oo-o....-oo.
15 9368 13744 -cn-o..|o---co.-..cc.-on.ﬂ--.oo.--oreoo-o
lq 105.33 1051‘8 I.C"...............D..lo‘...’..‘........
13 158.71 2;2744 -u--o.-o-.-oo-;o--o-lofﬂO.-..--Q-oov---oo
11 21239 3.0456 . --.-c..-ocac--onon’-{;nOO.--uooo-o-o----a
i2 264.565 3.8 10 eeesssnanasesnsssiaconsBlacssssenracansass
9 31?-59 4-5?34 o.eco..on..ol..'o--/-QO-...olcoto-oo.oll.o
7 372’ 53993 -----.ac--------.0---.--.-----o---c'.nc-c
A 42656 642091 8 ....-.......--.90..-...-..--.--.-........
5 4T T 94 649575 Ooal'.oo.-oillooao-o.oncooonouonlonoolcol
4 508‘55 7.4436 1 .l."tlo"'.ﬂ/Olc-.Ic:,.'looobo....oOl.0...
3 520.13 7633 2 o.o-o-oo-nﬁ?oco.n-o-i--t-.-c--o--oocanas.

SUALES? 4

i.': 5.06 E+4 R 2.12 E+5 K= 2.77965 E-4 K/HTAVED= 1.01124

D DEV= 0.67 E-6 Z STD DEV= 0.242 BASED oN 7 DATA PTS

!I""X DEV= =-.93 E-5% Z MAX DEV==0.334 AT L=}4 . CHAUV=s 2.35

»0t 2012 E¥S R 3474 E+S K=" 2.75666 E-4 K/ZKCAVE)= 1.00287

- D DEV= 0.13 E-S Z STD DEV= 0.540 BASED @N 5 DATA PTS

¥ K DEV= =-.23 E-S Z MAX DEV=-0.836 AT L=z 7 CHAUV= 1.222

.2 3474.E45 R 5.35 E+5 K= 2.71224 E-4 K/K(AVE)= 0.988671

D DEV= Q.11 E-3 %2 STD DEV= 0.396 BASED 9N 7 DATA PTS
"X DEV= -.16 E-5 Z MAX DEV=-0.5%4 AT L= 2 CHAUV= 1.882

F AVE)= 287866 K(AVE)= 2,7488E-4

.lL9)= 8BBIS. R(MDY= 286330, R{H1)= 487930.

¥ = A + B*xR + C#*R=%=R .
£: 2.7B34E-4 B=~1.87E~12 C=-2.6043E~17

ro= X + Y*(MTR READ) + Z+(MTR READY*(MTR READ)
7 2+7838E-4 Y=-1.8012&E-7 Z=-141576E-7
L .SEZD ON ABCVE TEST DATA (PsT.GAS)

AND ASSUMING K CORRELATES WITH MTR READ

TlS CALIBRATION IS TRACEABLE TO NBS. 20
% FLOY MEASUREMENT ACCURACY 1S ESTIMATED To Bes 295 0 (U3¢
Q:LU ENGINEZRING EXPERIMENT STATION INCLBX 41,NUNN CO 80648
7
A Nonprottt Corporgnion of Colorada for Scientific and Educaticnal Purposes 7 5

Testing for the Public Safety
Picct prossure rests, Flowmeler calbrations, Gos flow ressaich specialists



UL Y

ENGINEERING EXPERIMENT STATION
INC.

LABORATORY:

P. 0. Box 41

Nunn, Colo. 80648
Phone: 303-—897-2340

IFFICE:

>, 0. Box 344

“aulder, Colo. 80302
Tqare: 303—-443.1344

. 'TA? EPASOQUT
¢ UMBER OF PQINTS? 19
" IAN VALUE OF X = 287868.
AN VALUE OF Y = 2.74875E-4
35TD ERRGR BF Y = 3.178B08E-6

FPLYFIT OF DEGREE 2 INDEX OF DETERM = 04983963 WHAT NEXT? 2

Rt COEFFICIENT
, 2.78637E-4
~4.29867E-12
~2421441E-17
ACTUAL Y~ACTUAL Y-CALC DIFF PCT-DIFF
.19658 2.70722=-~-4 2.70424E-4 2.98425E-7 0.11
35060 2.6961E-4 2.6999BE-4 ~3+87643E-7 -J. 144
20140 2.T059E-4 2.7041E-4 1+479595E-7 0.066
5.08560 2.7107E-~4 2.70724E~ 4 3.46026E-7 - 0.128
“17950 2+7148E-4 2.71524E~4 ~4.,42407E-8 ~0.016
+ 26570 2.7277E-4 2.72774E-4 -4.23702E-9 ~0.002
2.;2000 2.7336E-~4 2,73974E~-4 -6.13808E-7 ~0.224
27610 2.7231-4 2.7275E-4 -4.40094E-7 -0.161
17600 . 2.752E-4 2.7503BE-4 1.61621E-7 0.059
S 4820 2.7608E-4 2075946E~4 1.34028E-7 0.049
:.2600 2.7729E-4 2¢76723E~4 5.67479E-7 0.205
©54650 2+.7639E-4 2.75949E-4 4.41304E-7 0.16
1.,8720 2.7724E-4 2.77397E-4 -157166E-17 -0.057
135330 2.7704E-4 2¢77939E~4 ~8498853E-7 -0.323
©5690 2.7756E~-4 2.78023E-4 -4.,63202E-7 -0.167
F3667 2.7863E-~-4 2.78146E-4 4.83548BE-7 0.174
v 624 2.7852E-4 2.7826E-4 2460155E-7 0.093
1600 2+7856E-4 2.78363E-4 1.96902E-7 0.071
637 2.782E-4 2.7826E-4 -5.97522E£-8 -0.021

S7.» ERROR OF ESTIMATE FOR Y = 0.00153207

A Nonprofit Corporation of Colerodo for Scientiflc cnd Educational Purposcs
Testing for the Public Sofety
Proof pressura tests, Flowmeter cahbsstions, Gas flow rescarch speciolists



LuLUNADY

ENGINEERING EXPERIMENT STATION
INC.

LAMINAR ELEMENT FLOW TABLE i

MIDIL: S0MC2-8F S/N: F62502TR ZPA TAG: 092015

ks UeSe ENVIKONMINTAL PROTECTION AGENCY OKRDEK: CD-7-20876-A
IBRATION DATA FILZ: Zrad batgE: 18 AUGUST 1977

FACTORS BASED ON LEAST-SQUARES FI1T TO CALIBRATION DATA

LOARATES CORRECIED TO 14.696 PSIA AND 70 DEGREES FAHRENHEIT

[F¥es DIFFERENTIAL PRESSURE IN INCHES OF WATER AT 68 DZG F

C~M: FLOWKRATE IN ACTUAL CUBIC FEET PER MINUTE

K rACTOR: ACFM*VISCOSITY/DIFF

REY NO: INLZT (PIPZ) REYNOLDS NUMBER .

SC~M: FLOWRATE IN STANDARD CUBIC FEET PER MINUTE

STAVOARD CONDITIONS: 14.696 PSIA AND 70 DEGREZS FAHRENHEIT

- =

DpCHXO™

DIFF ACFM K FACTOrR RZY NO SCFM
. 750 204.96 2.7834 E-4 53320 204.96
.CO0 273.16 2.7822 zZ-4 71061 273.16
-250 341.23 2.7808 L BETy1 341.28%
[
z

4
+2500 409 .32 2.7793 E£-4 106479 409.31
« 759 477 .25 2.7776 4 124151 477.24
. 000 545.07 2.7758 -4 141795 545.07
2250 612.78 2.7739 E£-4 159408 612.78"
+5090 680.36 2.7718 E-4 17698% 68035
747.80 2.7696 =Z-4 194533 747 .80
. 0uU0 815.10 2.7673 E-4 212039 815.09
. 220 B82.24 2.7648 E-4 2290504 882.23
» 000 949.22 2.7623 £-4 246926 949.21
.750 1016.02 2.759> -4 264303 1016.01
U000 T1082.64 2.7567 E-4 281633 1082.63
<200 114av.07 2.7537 -4 298912 1149.0>
.00 1215.29 2.7506 £-4 316140 1215.28
<750 '1281.31 2.7474 Z-4 333313 1281.30
<JU0  1347.12 2.7441 E-4 350429 1347.10
.250 1412.70 2.7407 -4 367487 1412.68
.200 1478.0> 2.7371 E-4 384500 1478.03
> 1543.15 2.7334 E-4 401437 19543.14
000  1608.02 2.7296 E-4 418311 1608.00
+250 1672.62 2.7257 £-4 435118 1672.61
«500 1736.97 2.7217 £-4 451858 1736.95

I

z

E

oo

c

EWWLWMNHNMNN = — -
-
-~J
v
C

oo U U C U Pr o2
~3
(V)
o

5.750 1801.05 2.7116 -4 468528 1801.03
7.000 1864.86 2.7134 E-4 485127 1864.84
7.250 1928.38 2.7091 E-4 501653 1928.36
7.500 1991.62 2.7047 E-4 518104 1991.60
7.750 2054.57 2.7001 £-4 534480 2054455
6.300 2117.22  2.695% £-4 550778 2117.20

A Nonprofit Corporation of Colarado for Scientific end Educctional Purposes
Testing for the Public Sofery
Proof pressure tests, Floawmeter calibrations, Ges flow research specichsts -7 7
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CHECK

Driving Aid Calibration

Tachometer Calibration

Driving Aid Check

Frictional HP-Road
Load HP Check

DYNAMOMETER SYSTEM

TECHNIQUE

Roll Revolution Count

Digital Counter

Roll Revolution Count

Coastdown

FREQUENCY

30 Days

BiMonthly

Daily

Weekly

APPENDIX 6a

ACCURACY

I+

0.1 mph

t 10 rpm

0.1%

1+

0.5 HP

BRUCE CARDNER, . FORD



QUICK COASTDOWNS

AFTER COMPLETE DYNAMOMETER CALIBRATION AND COASTDOWNS

DATE

2-9-75

2-10-75

2-11-75

2-12-75

2-13-76

IND HP @ 50

9.8 HP

9.8

APPENDIX 6D

TIME

13.8
13.8
13.8

13.4
13.6
13.8
14.0
14.0
14.0

13.6
13.6
13.8
13.8
13.8

13.6
13.8
13.8
13.8

13.6
13.8
13.8
13.8

F.

ABSORBED

HP

sec

JOHNSON,

19.
19.
.80

19

20

19

19.
19.
19.

20.
.09
19.
.80

20

19

19.

20.
.80

19

19.
19.

20.
19.
19.
19.

80
80

.39
20.
.80

09

52

52

52

09

80

80

09

80
80

09
80
80
80

HP

CHRYSLER



QUICK COASTDOWNS
CAR #258 ROLLS #27

COASTDOWN WITH VEHICLE ON ROLLS AFTER TEN MINUTE WARM-UP
4500 LB., AUTO ROAD LOAD

DATE IND HP_@ 50 TIME ABSORBED HP
2-2-75 9.8 13.8 19.80
13.8 19.80
13.8 19.80
14.0 19.52
14.0 19.52
14.0 19.52
2-3-75 9.8 13.8 19.80
13.8 19.80
14.0 19.52
14.0 19.52
14.0 19.52
2-4-75 9.8 13.6 20.09
13.8 19.80
13.8 19.80
13.8 19.80
2-5-75 9.9 13.2 20.70
13.4 20.39
13.4 20.39
13.6 20.09
13.8 19.80
13.6 20.09
13.8 19.80
13.8 19.80
13.8 19.80
2-6-75 10.0 13.8 19.80
13.8 19.80
13.8 19.80
13.8 19.80

APPENDIX 6b F. JOHNSON, CHRYSLER



DYNAMOMETER SYSTEM

Geserl

» Operate i The Aotomatic Iode
. .S‘pe’éol- and Plorsepowér Ca libration per Fedeval Recin'sfev-.
. INJ\}N?JU&‘ Tateria WeighT Settuiy “Calbrations
Computerized Least Sloares Covve FiT
Conpuféh‘ Proiram Cewerates Aetoal vs Twdicated A P
Thombwheel! Switches for Setting H.F
Dyme mometer {wiformity
o« Roll Spacing = /225 juches
o Machiveed Folls
e Laser Beam Aligwmen7
~» Solid Bearivg Sopports
» YUniform CircomFeremce
Colibration | |
o Driver's Aid Livevity Checks
- Foll Dywa mometer Speed and Horsepowe\- Venf:caho» -3004)4'

_//P Checks Befove Test
Dy”«nv'ntfer Venﬂc«l‘hm UNI

« 160 Po(se/kev; OP‘Ha’, E»coJeF.
. [iom,ou:fer .pafa ﬂcjoffsz.'f/;/l ﬁbr/'m; Tes tivg

o Back -of: .DI‘S/'o/ay; Dewccs
. Lf»e - Sy'uc"wowizecl STr.oLO.scape Speeo' Calib Pa.fu':» .
. D:yno. mometer Coastdown Vehicle

CTLS- lols|17

- 86.M.PE.
et o &l
ArPewdix GC '
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DV U ” M oniTor NG L

A. IV\) ENGAGEMENT — MICRO SWITCH
DEcoDER /ALARM

B. SPEED (RR) AND TORQLE

. HP READOLUT @ S0 MPH (FR)

— MAGNETIC P/u oN TACH DRIVE GEAR
(24 TEETH) 1S USED TO TRIGGER Hp.

D. TwO RoLL REVNS COUNTERS

AAPPECD, X GO Do Prlsetst EFn



£

ROLL RENS

N= €l = " siemn

L{BAG 1 3407. 777

BAG 2 9ll6. 105.5

BAG 3  g409. 7%.¢

—HWFE 24004 1872
N= 69|

EPA IV - 2

DATA

QS L. MILES 2A
1.¥7%  3.6058 -
2.3%  3.90/0 ,|
1.9 7% 3, 6067 o
[.€7, 10.29S g

QC FLAG = AVERAGE RR L X%

REAR RoLL ENCODER

= 320 PR

(160 F/R DRIVEN @ 2:| RoLL SPEED)
DVU DIVIDES BY 32 To counT [0 FAR

APPELDIX & D Dow russ12-£02



h&

EMISSION LEVEL
GRAMS/MILE

MAXIMUM PERCENT
VARIATION

EMISSION LEVEL
GRAMS/MILE

MAXIMUM PERCENT
VARIATION

1.40

10.0%

VEHICLE CROSS CHECK LIMITS

10.07%

15.07

NOx

10.0%

APPENDIX 7a



A

EXPLANATION OF TERMS USED N CROSS CHECK SUMMARY

MEAN: SUM OF DATA ENTRIES DIVIDED BY THE NUMBER OF
ENTRIES GINES ANERAGE VALUE OF DATA
MEANS % =X

STANDARD DEVIATION: GINES THE ANERAGE DIFFERENCE. BETWEEN
THE INDIVIDLUAL DATA ENTRIES AND THE MERN.

COMPUTED BY SUBTRACTING A DATR ENTRY FROVM THE
MEAN AND SQUARWNG THE DIFFERENCE. THE SQUARED
TERMS ARE ADDED TOGETHER AND THAT TOTAL |S DINIDED

BY THE NUMBER OF ENTRIES NMINUS ONE.THE SQUARE
ROOT OF THAT ANSWER 1S THE S.D.

[ i-t)
so.= [ &,
N-1
VARIANCE.: 1S THE SQUARE. OF THE. STANDARD DEVIATION

W=

PRECISION S\N PCT?'- 1S A NORMALIZED VALUE OF THE STANDARD
NI . 1T ALLOWS YOU TO COMPARE. THE SPREAD OF A

SMALL NUMBER TO THE SPREAD OF A LARGE NUMBER 1N
A NMEANINGFUL WAY.

CONPUTED BY DINIDING THE STANDARD DENIATION BY THE

WMEAN. IN THIS CASE PRECISION 1S GNEN N PER CENT SC
THE ANSWER IS MULTIPLIED BY 100.

PREC.: =2 %100

NERAN

APPENDIX 7a

g5
1-29-10



CVS AND ANALYTICAL UNITS CROSS CHECK
HIGHLAND PARK ENGINEERING
DEPARTHMENT 5140

of 9/19/77

PMISSION DEVELOPHENT TRSTING

VEHICLE TRITHD: 515, 360 CID, ¥V AUTO. TRANS.
PRSP INERTIA: 40004 ¥ AC PACTOR

TRSY TYPE: BOT S03 W FLYING START
ENG INEER 3 A. E. PCANA
PODAL TEST RESJULTY
COMPONENT AMALYEED| »ETHOD OF . ROLLS WUAMBER
(in grams/mile) AMALYSIS 20 21 I 22 | 23 | 24 25 | 26 29 '
.__i _}
HYDROCARBONS r.I.D. DOV .093 .830 . 784 <947 .891 +902 1.057 ]
| YY) .831 .817 .973 .883 .09 |[1.008 .
CARBOM MOMOXIDS u.D.I.R. 3.82 3.72 3.7 3.72 3.79 4.11 3.66 .
3.82 3.58 [3.66 3.20 3.76 4.10 3.60 !
CARBON DIOXIDE N.D.I.R, 735 726 752 730 749 776 746 -
754 733 744 m 740 770 737 |
OXIDES OF NITROGEN| CHEee. 931 .87% 976 868 « 94 1.016 . 966
941 874 | .99 .876 .874 <997 .936
PUEBL BOONONY CARBOM BALANMCE 11.93 12.08 |11.67 12.01 11.71 11.30 11.73
11.63 11.97 |11.80 12.00 11.8% 11.39 11.90
DISTANCE MODAL-BAG RATICGl Dowm | 3.578 3.562 |3.372 [3.5764 |]3.567 3.543 3.564
1 3.579 3.564 [3.57 3.57s | 3.s61 3.543 3.564
COIEENTS: (1) ROLLS 20 wnaveilable due to dyns evaluatien.
APPENDIX 7a CHRYSLER
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CVS AND ANALYTICAL UNITS CROSS CHECK

DATE: WEEK of 9/19/77
VEHICLE TESTED: 515, 360 CID ¥ AUTO TRANS.
TRET INERTIAS 40004 W AC FACTOR

GHLAND PARK ENGINEERING
__ DEPARTMENT 5140

EMISSION DRVELOPMENT TRSTING

CONPONENT AMALYZER (g/mi) | MEAN | VARIANCE |8, STD. DEV.| REPEATABILITY | MmAN-28 MEAN+2S
HYDROCARBONS MODAL .904 .006 .076 * 8,432 <752 1.057
BAG .688 +002 .039 * 5,691 .609 .766
CARBOM MONOXIDE MODAL | 3.7 .023 159 4,223 3.452 4,089
BAG 3.740 017 .129 3.641 3.482 3.998
CARBON DIOXIDE MODAL | 744,53 218.9 14.8 1.99% 714.9 774.1
BAG 735.8 139.7 11.8 1.61% 2.2 759.4
OXIDRS OF NITROOEM]MODAL .928 .002 O0A9 $.332 .829 1,027
BAO 1.264 .006 079 6.2681 1.106 1.423
FUBL BOOMOMY MODAL | 11,79 .08 .23 1.961 11.32 12,28
BAG 11.93 .04 19 1.58 11.56 12.31

COMOERNTS S (1) Repeatadility for both bag and modal results are within the limits set forth in the Chrysler
performance standard No.P?-6168 procedure No. LP 461 K 123, except modal and beg NC.

(2) Asterisk denotes gut of spec,

L3

APPENDIX 7a

CHRYSLER



CVs '™ FYRLYTIL ... UNTTS CROSS CNECK

DATR: WEZX of 9/1%/ T
VENICLE TESTED; 515, 360 CID, ¥ AUTO. TRANS.
TESY INERTIA: 40004 ¥ AC FACTOR

l—vh»--

BLC. .k

") PIRK EUGILCCRINGG

CODARTCP 5140

ENISsSYo.] DEVELOPMENT TESTING

TEST TYPB: BOT SDS ¥ FLYING START
380 INRER : A. B. PACHANA
PAG TEST RESULTS
COMPOMENT AMALYZED| )STHOD OF : ROLLS MURBER
(in grame/mile) AMALYSIS 20 | 2 Falan 24 25 9. 121 |
'__
TrDROCARBOMS r.I.D. DO . 703 634 . 646 o712 .690 «705
737 .628 .652 711 .718 .656 .75
Tcnam MOROXIDZ u.0.1.R. 1 3.84 3.80 3.70 3.60 3.61 3.93 3.72
ﬂ L 3.78 3.62 3.61 3.7 3.65 4.03 3.70
ﬁm DIOXIDS N.D.I.R, 743.5 |722.5 726.4 726.2 735.5 762.0 735.8
743.1 ]| 730.1 726.9 731.8 731.2 757.4 729.2
OXTDRS OF NITROGEM| CHEM. 1.353 |1.180 1.301 1.190 1.219 1.318 1.345
1.398 [1.172 1.233 1.212 1.149 1.313 1.318
FUBL EOCOMONY CARBON BALAMCE 11.81 [12.15 12.09 12.09 11.9 11.52 11.94
11,81 J1i12,03 12.08 11.99 12.01 11.59 12.04
MODAL-BAG
""1 O

COISENTS: (1) ROLLS 20 UMAVAILABLE DUE TO DYMO EVALUATION.

APPENDIX 7a

CHRYSLER



AVD 2NALYTICAL USIITS CTCSSTHECK
CACLSEA FRCVING CGoOL.DS
CZPART =NT 5150
YEHICLE CERTIFIC.TICN

DATE
VEHICLE TESTED

September 26 and 27, 1977
855 (318 automatic w/catalyst)

TEST INERTIA 40004
TEST TYPE Hot 505 w/flying start
INGINEER T. Kueny
BAG DATA
COMPONENT ANALYZED | METHOD OF ER
(in grams/mile) ANALYSIS 1 2 3 4 5 5 7 a
!
HYDROCARBONS F.I.D. .272 | .300 |.290 | .33¢ |.309 |.285 |.288 |.317
N IDE .D.I.R.
CARBON MONOX N.D-I.R 3.06 | 3.84 4.03 |4.35 |3.65 |3.11 4.02 |4.5¢
CARBON DIOXIDE N.D.I.R.
554 559 | 550 s61 | 553 558  |559 563
OXIDES OF NITROGEN | CHEM.
1.76 | 1.84 |1.79 | 1.95 [1.79 [ 1.89 |1.90 |2.01
FUEL ECONOMY CARSON BALANCE l1s.8s |15.68 |15.93 [15.61 |15.86 | 15.75 |15.68 {15.55
DISTANCE DIGITAL COUNTER

3.58 3.56 3.60 3.60 3.58 3.59 3.60J 3.59

COMMENTS: 1) All tests were driven by the same person.
2) Cells 1 and 5 were tested on September 27; all other rolls were tested September 26
3) Chrysler Laboratory Procedure LP-461K-123 was followed with the exception that
single tests were obtained from each cell instead of the prescribed duplicates.

. APPENDIX 7a CHRYSLER



CVS AND ANALYTICAL UNITS CROSSCHECK
EA PROVING GROUNDS

DEPARTMENT 5150
VEHICLE CERTIFICATION

DATE s

September 26, 1977
VEHICLE TESTED:

855 (318 eutomatic vw/catalyst)

TEST INERTIA : 40000
TEST TYPB 3 Hot 505 w/flying staxt
ENGINEER :  T. Kueny
MODAL DATA
COMPONENT AMALYZED | METHOD OP ROLLS NUMAER
(in grams/mile) ANALYSIS 1 2 3 4 5 _ 6 7 8
HYDROCARBONS rF.1.D. .283 .410 .332 | .329 .338 | .296 .300 |.327
CARSON MONOXIDE N.D.I.R. 3.14 2.48 2.74 | 2.81 2.49 | 2.22 2.66 |[3.29
G —
CARBON DIOXIDE N.D.I.R. 564 567 563 566 567 | 561 564 569
SR _JHT
OXIDES OF MITROGEN | CHEM. 1.65 | 1.7 |1.7¢ |1.90 | 1.76 [1.86 | 1.86 |2.02
FUEL ECONOMY CARBOM BALANCE | \y ¢y | 13.50 [25.61 | 15.53 | 15.51 ] 15.68 [15.59 | 15.43
EXHAUST VOLUME MODAL-BAG RATIO | 454 N7 | 316 336 39 | 3w | 317 | 341 |

COMMENTS: ))

Modal
rolls and to bag results.
will be investigated.

hydrocarbons froa rolls 2 are excessively high with respect to both other

2) Both exhaust volume and co2 data are high for the second consecutive week on
rolls §4.

APPENDIX 7a

CHRYSLER

Analyzer shift is suspected but the overall system



AYD ETAYYTICAT, UNT CROS ITCK
HIGHLAYD PrRX ENGINEERING
- DEPARTMENT 5150

EMISSION DIVE[QPMENT TESTING
DATE: September 26, 1977
VEHRICLE TESTED: 855 (318 automatic w/catalyst)
TEST INERTIA: 40004
COMPONENT ANALYZER(g/mi.) | MEAN VARIANCE | S, STD.' DEV.|REPEATABILITY¥ U vEAN-25 1 MEAN+2S
&
MODAL | .327 .0015 .039 11.9 249 .405
HYDROCARBONS sa3 | .299 .0004 .020 6.7 .260 2339
MODAL | 2.60 .132 .36 14.0 1.88 3.33
CARBON MONOXIDE BAG | 3.83 .285 1 .53 14.0 2.76 4.89
~ MODAL | 565 6.70 2.6 .5 560 570
CARBON DIOXIDE BAG 557 19.3 4.4 '8 548 566
OXIDES OF NITROGEN MODAL | 3 g2 .0133 .115 6.4 1.59 2.05
% BA3S 1.87 .0076 .087 4.7 1.69 2.04
FUEL ECONOMY MODAY, | 15.56 .01 .08 .S 15.40 15.72
BAS | 15.74 .02 .13 .8 15.47 16.00
EXHAUST VOLUME MODAL
cALC. | 323 111 10.5 3.3 302 344

COMMENTS: ) According to Chrysler Performance Standard PP-6168, maximum allowable percent
variation for a vehicle omitting at these levels is 10% HC, 15% CO, 10% NO_ and
3s CO Only modal hydrocarbons exceed this limit and is denoted with an

asterisk.
2) Modal-bag agreement for COZ' NO_ and fuel economy is excellent; agreement for HC
and CO is poor but is influenced by the low emissions levels measured.

APPENDIX 7a CHRYSLER



CORRELATION VEHICLEs %12

A BoTH SMALL AND LARGE ARE
DESIRABLE..

B SET SCHEDULE FoR SITES AND
DEVELOP A BASELINE_,

C. MoniTor CoAsT DownN At's ArTER
TEST

D. PLoT DATA AND Do STATISTICS
FOR ONE MONTH PERioD (40 TESTS)
(EXAMPLE. 2 TesTs /DAY % 20 DAYS + §SITES = 5/5”.5)

Aveehx 78 o Prlsere Era



DB

74

73

72

71

BARO =

EFFECT OF ERROR IN TEMPERATURE
HA TH

FOR SAME

WB

64

63

62

61

75.2

72.0

68.9

65.9

29.0"

APPENDIX 8

Kh % A
1.001 0
.986 -1.5
972 -2.9
.959 ~4.2
MEASUREMENT

DICK LAWRENCE

EPA

(O



hb

C_CHECK

1. SHED Volume
2. SHED Background

3. SHED Leakage

SHED SYSTEM

Propane Injection

4 Hour Check

Propane Injection

APPENDIX 9a

At Introduction

Yearly

Monthly

ACCURACY

Tog

4 gm max

4% in 4 hours

BRUCE GARDNER, FORD



SHED SYSTEM

Geveral
e M" VEL D85.13M¢A
¢ E vclogore
» Console
f’!Cool,bs S/sfem

e E welosure
G ollotive” Style Door.
. P»eUM«flc Doov Seal
. 'Two—4'20 cfm CeNwauyal Blowers
+ Mediom and High Volome SHEDS
* Console
¢ "Stafe of the Art" Components
. CoMPuTer Tuter fuce Capabil .1'7
' Mo.wn.l D:ur»o.l He«‘l‘.m‘
> -iHuqlh Level 5'7.""' Condi ‘homu1
e Belf - .Coufo.:u;e'a—Dla?Nosh‘c Devices
. an Type = System Cowtroller
Coalfvs sy:fen
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IN-PRocess QC TECHNIQUES
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C. TesST DATA RATIos AND LIMITS
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