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1.0 Introduction

The United States Environmental Protection Agency (ZP3a) s
evaluating new test procedures for use as Inspection/Maintenance ({I/M)
tests. Two tests under consideration are the IM240, a new driving
schedule develcped by the U.S. EPA, and the CDH-226, a driving schedule
developed earlier by the Colorado Department of Health. EPA's focus on
these procedures as possible alternatives to current I/M tests has
aroused interest. The purpose of this document is to provide
descriptive information about these tests to the I/M communicy.
Statistical results from the first year of testing on the IM240 and the
CDH-226 will be published later.

This document also provides information on EPA's Composite I/M
Test Procedure (CITP), a lengthy testing sequence designed toc evaluate
~he effectiveness of a large number of potential alternative I/M tests,
including the IM240 and the CDH-226.

The IM240 and CDH-226 driving schedules are both based on EPA's
Federal Test Procedure (FTP), which certifies compliance with federal
vehicle emission standards for carbon monoxide (CO), unburned
hydrocarbons (HC), and nitrogen oxides (NOx). Since a significant
portion of the I/M community is relatively unfamiliar with certification
procedures, the following section provides the basic background needed
to understand the foundations of the IM240 and the CDH-226.

2.0 Background

In order for vehicle emissions to be controlled effectively, they
must be evaluated under real world conditions. With this in mind, the
United States has designed its vehicle emission control strategy around
tests that measure emissions while replicating actual driving
conditions. These tests stem from the development in 1965 of the LA-4
road route, which was designed to approximate a typical morning trip to
work in rush-hour traffic in Los Angeles.* In 1972, the EPA shortened
the LA-4 from 12 to 7.5 miles and adapted it for use in the laboratory
on a chassis dynamometer, a device that simulates vehicle load and
inertia weight.? Since known as the Urban Dynamometer Driving Schedule
(UDDS), it is the driving schedule used to conduct the FTP.

! Hass, G. C., Sweeney, M. P., and Pattison, J. N., "Laboratory
Simulation of Driving Conditions in the Los Angeles Area," SAE Paper No.
660546, August 1966.

2 Kruse, R. E. and Huls, T. a., "Development of the Federal Urban
Driving Schedule," SAE Paper No. 730553, May 1973.



The FTP is the "golden standard" for determining vehicle emission
levels, but it is expensive and time consuming. The EPA has aocproved
Six shorter tests for use by I/M programs in their evaluation of in-use
vehicle emissicns. All six currently approved I/M tests are steadyv-
state (one-speed) tests. Five are unlcaded, and one is lcaded. These
tests are described in the Code of Federal Regulations, Title 40, Part
81, Sections 2209 - 2214. Considerably less resource intensive than the
FTP, short tests were designed to provide a more easily used but still
reliable method of identifying vehicles that exceed FTP standards.

3.0 The Problem

The short I/M tests do not always correlate well to the FTP,
however. Limitations in the tests themselves and, perhaps more
importantly, changes in vehicle design have undermined the ability of
current short tests to identify a vehicle's excess emissions (i.e.,
emissions above the federal standards). I/M tests originally were
designed for a vehicle fleet that is rapidly being displaced by new
technology, computer-controlled vehicles. New technology vehicles are
equipped with improved emission control components, such as three-way
catalysts, closed-loop fuel control, and fuel injection, which have
changed the way vehicles respond to emission tests.?

These changes have implications for the future effectiveness of
I/M programs. The effectiveness of short emission tests can be
expressed in terms of overall failure rate, excess emissions identified
(identification rate), errors of commission, and errors of omission.
Errors of commission (Ec), or false failures, occur when vehicles fail
an I/M test but pass the FTP. Errors of omission (Eo), or false passes,
occur when vehicles pass the I/M test but fail the FTP. Based on these
measures, EPA studies indicate that current short tests have become .less
effective in identifying excess emissions since the introduction of new
technology vehicles in 1981. The challenge now is to ensure that I/M
tests keep pace with changing technology so that they remain an
effective tool for vehicle emission control.

3 Armstrong, J., Brzezinski, D. J., Landman, L., and Glover, E. L.,
"Inspection/Maintenance in the 1990's," SAE Paper No. 870621, February
1987.



4.0 0ld Technology versus New Tachnology

0ld technology, pre-computer-controlled vehicles have emission-
related components that operate on a continuum. For example, if the
air-fuel mixture at idle is too rich, then the air-fuel mixture 1is
likely to be too rich across much of the operating range of the venicle
{i.e., cruise, acceleration, deceleration). For this reason a test
performed only at idle or only at 30 mph is likely to identify pre-
computer-controlled vehicles that malfunction to a sufficient degree to
fail the FTP test also. This continuum characteristic is an inherent
feature of many mechanically controlled systems, including other
emission-control components like the ignition system’s distributor,
which controls the ignition timing.

The newer, computer-contrcoclled vehicles that are becoming an ever
-arger fraction of the fleet are not ccnstrained by the continuum
characteristic of mechanical devices. A computer can include discrete
instructions for the air-fuel mixture at idle that have little bearing
on the mixture at 30 mph or during an acceleration from 10 mph to 20
mph. For this reason, a vehicle with low emissions at idle or 2500 rpm
or 30 mph can in principal have unacceptably high emissions during other
modes. Furthermore, EPA studies show that some vehicles with very high
FTP emissions do indeed pass a steady-state test, such as an idle test.
By the same logic, a vehicle with high idle emissions may pass the FTP
because the emissions are low through most of the vehicle’s other
operating modes. An idle test falsely fails such vehicles. Transient
tests, on the other hand, are responsive to changing emission levels
during different modes of vehicle operation and thus overcome the
limitations of steady-state testing on computer-controlled vehicles.

5.0 IM240 vearsus CDH-226

In the face of changing technology, EPA’S objective was to find a
short transient test that would identify high emitting vehicles as
defined by their FTP emissions, while minimizing errors of commission.
Initially, the CDH-226% seemed to offer the best possibility for a
viable I/M test. Since then, EPA has developed the IM240 as a possible
improvement on the CDH-226.

4 Ragazzi, R. A., Stokes, J. T., and Gallagher, G. L., "An Evaluation of
a Colorado Short Vehicle Emission Test (CDH-226) in Predicting Federal
Test Procedure (FTP) Failures," SAE Paper No. 852111, October 1985.



A characteristic of the CDH-226 that stands out when compared to
the UDDS is that the CDH-226 is smoother (i.e., less transient), so iz
requires less throttle action (see Figure 1 cn page S$). Throttle action
is an important variable affecting vehicle emissions and could be
imporrant in identifying malfuncticning vehicles.

Take oxygen sensor operaticn as an example. AS oxygen sensors
detericrate, their response time lags. This deteriorating response time
can allow the air-fuel mixture to increasingly deviate from
stoichiometric (14.7:1), the ratio at which 3-way catalysts most
efficiently oxidize HC and CO and simultaneously reduce NOx (see Figure
2 below). This is important because three-way catalyst conversion
efficiency rapidly deteriorates with air-fuel mixture deviations from
stoichiometric. During steady-~-state operation, the fuel metering system
adjusts to deliver a stoichiometriz mixture, which should stay
relatively constant. Thrcttle movement zIten causes the mixture T
-hange, and as throttle action increases, the ability of the metering
system te maintain stoichiometry becomes increasingly dependent on the
response time of the oxygen sensor. A highly transient driving schedule
requires more throttle action than a smooth schedule, so a deteriorated
oxygen sensor i3 more likely to be identified on a highly transient
schedule than on a smooth schedule. The same logic can also be extended
to other components of emission control systems. A driving schedule can
be made too transient, however. An I/M test requiring more throttle
action than the UDDS might unacceptably increase test variability and
thereby increase the error of commission rate.

Figure 2: Air-fFuel Ratios and Conversion Efficiency
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Source: Rivard, J. G., "Closed-Loop Electronic Fuel Injection
Control of the Internal Combustion Engine," SAE Paper No. 730005,
January 1973, p. 4.



Figure 1: Comparison of Dynamometer Driving Schedules
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For these reasons,

EPA decided to develop a more transient

alternative to the CDH-226, to make the new test similar to the UDDS,
and to evaluate both procedures to determine which is better for I/M
testing. EPA’s alternative was dubbed the IM240 since it was designed
for I/M testing with a duration of 240 seconds.

6.0 IM240 Description

The IM240 driving schedule is depicted graphically in Figure 1.
Appendix 1 provides a speed-versus-time table in one-second iacrements.
The table also lists the UDDS segments that were used to create the

IM240.

The IM240 was patterned closely on the first two "hills" of the
UDDS. It uses actual segments of the UDDS and incorporates the UDDS's
ceak speed of 56.7 miles per hour. Testing over the entire range of
speeds was considered important to detect malfunctioning venicles given

the discontinuous operating characteristics of computer-controlled

vehicles. Using actual

segments of the UDDS was considered important to

help improve correlation and minimize errors of commission and errors of

omission.

The two large decelerations from hills 1 and 2 are the only
segments that were not taken directly from the UDDS. The deceleration

rate for both hills was

set at 3.5 mph/sec, whereas the maximum

deceleration rate from the UDDS is 3.3 mph/sec. The higher deceleration

rate prevents the IM240
somewhat arbitrarily to
would allow an adequate
3.5 mph/sec rate, which
allows time for an idle

from exceeding four minutes, which was taken

be a measurable upper limit for a test time that
rate of vehicle processing, or throughput. The

has been used successfully in the CDH-226, also

and an additional transient portion on hill 2

{between 140 seconds and 158 seconds).

As seen in Appendix 2, the IM240 differs statistically from the
CDH-226. Because of differences in design, it was speculated that one
of the tests might correlate better than the other to the FTP.

The IM240 test is

run in two segments. The shorter segment is 94

seconds in duration, which was an informed guess as to the minimum
amount of time needed to realize significant improvements in FTP
correlation. For comparison, EPA has divided the CDH-226 into two
segments as well, the shorter segment being 86 seconds. By dividing
each test into two parts, EPA can evaluate the effectiveness of the
entire test as well as the effectiveness of each of the shorter

segments.



The test procedure stipulates tnhat the engine 1S funning wicth zhe
transmission in gear before the driving schedule begins. ZIxhaust
sampling kegins simultaneously with the start cf the driving scnedule.

IM240 testing is being performed separately and in ccnijuncctizn

with other short :t=sts, inczluding the CIH-226, ina the Ccmposite I.M Test
Procedure, which is described telow.

7.0 Composite I/M Test Procedure

The EPA has devised the multi-purpcse Composite I/M Test Procedure
{CITP) =0 evaluate the effectiveness of -he IM240, cthe CDH-226, and
potential steady-state alternatives to current I/M tests. The gcal of
~he program is to identify emissicn tests wnich ktalance the need Z:c:c
high FTP correlation and high identification ratces against cost,
2gquaipment, and t.me requirements. Acceptable alternative tests woulid Ce
sopnisticated encugn tl measure tne emissicns of new tecanology
venicles adequateiy wnile conforming to the constraints ¢f an I.M
porogram.

CITP testing is being performed at EPA's Motor Vehicle Ermission
Laboratory (MVEL) in Ann Arbor, Michigan and under contract at the
Automotive Testing Laboratories (ATL) facility in New Carlisle, Indiana,
just outside of South Bend. All Emission Factor Pfog:am5 test vehicles
receive the CITP after the as-received FTP test on Indolene test fuel.

7.1 Dynamomater Sattings

The CITP sequence consists of 1l test modes run over 77 minutes.
At EPA's lab, the CITP is divided into two parts, A and B, which differ
by the dynamometer settings used (see Table l). (Because of different
equipment configurations, testing at the ATL facility is done in four
parts.) Part A is performed using the certification dynamometer
settings, which require an expensive multiple curve dynamometer and a
complicated process for determining the proper road locad and inercia
weight settings for each vehicle. In Part B, the dynamometer settings
are limited in order to evaluate the tradeoff between cost and FTP
correlation that is associated with less sophisticated dynamometers.

5 The Emission Factor Program tests vehicles owned by the general
public. Data from these in-use vehicles are used with a computer model
known as MOBILE4 to calculate the emission rates of in-use vehicles.
These emission rates are then used with air quality models to estimate
the contribution of mobile source emissions to ambient air pollution.



A

Modes of the Composite I/M Test Procedure
for use with Emission Factors Vehicles
SEGHMENT HODE CUM
NO NAME MODE TYPE DYHO PAU SAMP DOR DOUR NOTES
1 TIM240 (2x) 1IM240 Trans Loaded Cert Cert Raw 4 4 Warmup; compare raw vs CVS sampling
IM240 o - - - . 4 :)
2 IM240 I1M240 Trans Loaded Cert Cert CVS+Raw 4 12 High throttle action transient
3 S8 Series 20 mph Stdy St Loaded Cert Cert Raw 2 14 Compare var-PAU/fixed-spd ¢ var-PAU/var-spd
Idle-N " Unloaded " - . 1 15 Modes: 20/1/30/1/40/1/50/1 82 min/cruise,l min/l
30 mph - Loaded - " . 2 17
Idle-N * Unloaded . . . 1 18
40 mph » Loaded » . . 2 20
Idle-N " Unloaded " " » 1 21
50 aph - Loaded . " * 2 23
Idle-N » Unloaded * * " 1 24
4 IM240 14240 Trans Loaded Cert Cert Raw 4 28 Warmup
S CDH226 CDH226 Trans Loaded Cert Cert CVStRaw 4 32 Moderate throttle action transient
o TECH BREAK N/A 10
6 _SS850 S0 mph - Stdy St Loaded 2-IW Cert Raw 3 3 Warmup
7 CDH226 CDH226 Tcrans Loaded 2-1IH Cert CVSt+Raw 4 7 Compare cert IW to simple IW approach
8 2-Mode Idle Idle-N Stdy St Unloaded N/A N/A Raw 0.5 8 Conventional 1/M
Restart 2500 rpm " " . * - 0.5 e
Idle-N ” " . " 1 9
Eng. off * - ) - 0.2 9
2500 rpm . " " . . 0.5 10
Idle-N " " : ' " 1 11
TECH BREAK N/A 5
9 8850 50 mph Stdy St Loaded 2-IW Cert Raw 3 3 Warmup
10 1IM240 IM240 Trans Loaded 2-1H Cert CVStRaw 4 7 Compare cert IW to simple IW approach
11 SS Series 20 mph Stdy St Loaded Trim Clay Raw 2 9 Compare Clayton single-curve to cert curves
Idle-N " Unloaded - . " 1 10
30 mph . Loaded " . * 2 12
Idle-N - Unloaded * . - 1 13
40 mph " Loaded * " . 2 15
Idle-H " Unloaded ” " " 1 16
S0 mph - Loaded " " - 2 18
Idle-H » Unloaded . » - 1 19
TOTAL 7

NOTES

1. Clayton loading is 0P @ 5S0mph (cublic curve)
2. 50 mph cruise at Clayton loadings may be dropped for small vehicles
3. 2-1IW requires IW settings of 2500 or 3500, dcpending on vehicle
4. Dyno settings will need to be changed prior to steps 6 and 11

van 2.2L

11/16/89




The dynamometer settings in Part B8 are limited to two possible inertia
“elght settings of 2500 or 3500 pounds, cependiag cn the weight oI the
wenicle. 3Steady-state loaded modes in Part 3 are rerrcrmed with ool

(22

a
1agle secting (30 np @ S0 mph) Zor all wvenicles to simulate tne Clayeen

(¥

ingle-curve dynamometers. A yet-to-ce=-completed comparison oI tast
rasults between rarts A and 3 will help to determine whether zhe expense
32 certification-type dvnamometers i1s justified.

7.2 Sampling Methods

The CITP aiso allows EZPA to compare methods of measuring exhaust
2missions. The entirzre CITP series undergoes second-by-second raw
exhaust measurements. MVEL uses an Allen BAR-80 specification analyzer
2o gather and analyze the sample and a Macintosh running EPA’s GAS-4
crogram for data ccllecticn. ATL uses a Gorden-Darby analyzer <2
:nalyze the sample and an I2M-cocmpatitle computer Zor cdata collecticn.

In addition t2 raw exnaust measurements, which reveal the
concentration of pollutants (percentage or parts per million), loaded
transient modes also are analyzed using Constant Volume Sampliing (CVS),
which reveals mass emissions (grams per mile). Raw exhaust
measurements, while less complicated and less expensive than CVS, do not
account for differences in the size of the exhaust stream and so do not
accurately measure the total mass of pollutants emicted.® Constantc
Volume Sampling, on the other hand, does measure the mass of pollutants
but requires complicated and expensive equipment. I[f certain
assumptions are made, mathematical formulas can be applied to raw
exhaust measurements so that they can be expressed as approximate mass
measurements. By comparing the results of these calculations to the
actual CVS readings, the accuracy of the calculated mass results can be

5 CVS measurements provide a much better indicaticn of vehicle emission
levels than raw exhaust measurements. A raw exhaust reading of 200 ppm
HC from a small motorcycle and the same 200 ppm reading from a large
truck (which is entirely possible) suggest that the two vehicles pollute
equally. However, such a conclusion is wrong. The truck will have a
much higher volume of exhaust. Over a given one-mile drive, the
motorcycle may only emit S0 cubic feet of exhaust gases, whereas the
truck may emit 500 cubic feet. With both vehicles emitting 200 ppm HC
over the mile, the total amount of HC emitted by the truck will be 10
times greater than the amount emitted by the motorcycle. A Constant
Volume Sampler allows the total emissions per mile to be measured., a raw
exhaust analyzer does not.



determined. II the identification rates, errors of commission, and
2rrors of omission from the raw exhaust calculations compare favoratly
o the CVS readings, use of the less expensive, .ess ccmplicated raw
2xnhaust method may be justified.

7.3 CITP Steady-State Modes

In addition to the IM240 and the CDH-226, the CITP includes a
lcaded steady-state test at S0 mpn (SS50), a two-mode idle restart zesct,
and a steady-state series. The steady-state test at S0 mph is run for
three minutes as a warm-up for the IM240 and the CDH-226. The two-mode
idle segment is approximately ZIzur minutes in duration., This ctest
consists of an engine restart inserted tetween sequences of idle and
2500 rzpm operation. The two-mode idle was included in the CITP tecause
it is representative of zests currently oeing used in many I/M programs.

The steady state series ccntains .oaaed moaes at 20, 23, <3, and
S0 mph separated by an idle. This series represents an intermeaiate
step between the idle test and the loaded transient schedule. Its
advantages over lcaded transient cycles include the cost savings of raw
gas versus CVS analyzers and of single versus multiple curve
dynamometers. In addition, unlike lcaded transient cycles, the steady-
state series does not require the use of driving schedules or related
equipment or technician skills.’

8.0 Summazy

Changes in vehicle technology have created the need for more
sophisticated I/M tests. In response to this need, the EPA has
developed the IM240, a short transient test, as a possible alternative
to current I/M tests. The EPA i3 evaluating the IM240 as well as the
CDH-226 and several steady-state tests in the Composite I/M Test
Procedure. CITP testing is ongoing, and the results will be published
at a later date.

! McCargar, J., Memorandum to Richard D. Lawrence, October 19, 1989,
U.S. EPA, Emission Control Technology Division, Technical Support Staff.

10



Appendix 1

IM240 Speed versus Time Table

UbDS IM240 M240
Actual Time Zquiv Time Speed Accel Rate
secs. secs. mph mph/sec

o 16 4]
L 7 3 0
2 18 2 0
3 19 9] 0
4 20 3 a
S 2l 3 3
8 22 S.9 2.9
7 23 3.6 2.7
3 RE} 1.8 2.9
3 25 4.3 2.8
10 26 16.9 2.6
21 27 7.3 J.4
22 28 3.1 .8
23 23 23.7 2.5
4 30 1.7 i
LS 31 22.4 0.7
L6 32 22.5 0.1
17 33 22.1 -0.4
18 34 21.5 -0.6
19 35 20.9 -0.6
20 36 20.4 -0.5
21 37 19.8 -0.6
22 38 17 -2.8
23 39 14.9 -2.1
24 40 14.9 0
25 41 15.2 0.3
26 42 15.5 0.3
27 43 16 0.5
28 44 17.1 1.1
29 45 19.1 2
30 46 21.1 2
31 47 22.17 1.6
32 48 22.9 0.2
33 49 22.7 -0.2
34 S0 22.86 -0.1
35 S1 21.3 -1.3
36 52 19 -2.3
37 S3 17.1 -1.9
38 S4 15.8 -1.3
39 SS 15.8 0
40 56 17.7 1.9
41 57 19.8 2.1
42 S8 21.6 1.8
43 59 23.2 1.6
44 60 24.2 1
45 61 24.6 0.4
46 62 24.9 0.3
47 A3 25 0.1

*Engine is running and transmission is in gear before
driving schedule and exhaust sampling begin.

A-1



UpDs IM240 IM240

Actual Time Zquiv Time Speed Accel Rate
sacs. secs. mph mph/sec
48 30 25.7 2.7
49 81 26.1 2.4
20 32 26.7 Q.6
Sl 83 27.5 0.8
82 84 28.6 1.1
53 85 29.3 0.7
S4 86 29.8 0.5
S5 87 30.1 0.3
S6 88 30.4 0.3
57 89 30.7 0.3
S8 90 30.7 0
59 91 30.5 -0.2
60 92 30.4 -0.1
61 93 30.3 -0.1
62 94 30.4 0.1
63 35 30.8 0.4
54 26 33.4 -J). 4
a5 27 29.¢9 -0.5
66 98 29.5 -0.4
67 99 29.8 0.3
68 100 30.3 0.5
69 101 30.7 0.4
70 102 30.9 0.2
71 103 31 0.1
72 104 30.9 -0.1
73 10S 30.4 -0.5
74 106 29.8 -0.6
75 107 29.9 0.1
76 108 30.2 0.3
77 109 30.7 0.5
78 110 31.2 0.5
79 111 31.8 0.6
80 112 32.2 0.4
81 113 32.4 0.2
82 114 , 32.2 -0.2
83 113 31.7 -0.5
84 118 28,6 -3.1
8S 25.1 -3.5
86 21.6 -3.5
87 18.1 -3.5
88 14.6 -3.5
89 11.1 -3.5
90 7.6 -3.5
91 4.1 -3.5
92 - 0.6 -3.5
93 0 -0.6
94 0 0 Bag 2

95 0 0
96 0 0
97 163 0 0
98 164 3.3 3.3
99 165 6.6 3.3



UbDs IM240 IM240

Actual Time Equiv Time Speed Accel Rate
secs. secs. mph mph/sec
100 166 9.9 3.3
101 167 13.2 3.3
102 168 16.5 3.3
103 169 19.8 3.3
104 170 22.2 2.4
10S 171 24.3 2.1
106 172 25.8 1.5
107 173 26.4 0.6
108 174 25.7 -0.7
109 175 25.1 -0.6
110 176 24.7 -0.4
111 178 25.2 0.5
112 179 25.4 0.2
113 181 27.2 1.8
114 182 26.5 -0.7
115 183 24 -2.5
116 184 22.7 -1.3
117 185 19.4 -3.3
118 186 17.7 -1.7
119 187 17.2 -0.5
120 188 18.1 0.9
121 189 18.6 0.5
122 190 20 1.4
123 29 20.7 0.7
124 30 21.7 1
125 31 22.4 0.7
126 32 22.5 0.1
127 33 22.1 -0.4
128 34 21.5 -0.6
129 35 20.9 -0.6
130 36 20.4 -0.5
131 37 19.8 -0.6
132 38 12 -2.8
133 53 17.1 0.1
134 54 15.8 -1.3
135 S5 15.8 0
136 56 17.7 1.9
137 57 19.8 2.1
138 58 21.6 1.8
139 191 22.2 0.6
140 192 24.5 2.3
141 66 24.7 0.2
142 67 24.8 0.1
143 68 24.7 -0.1
144 69 24.6 -0.1
145 70 24.6 0
146 71 25.1 0.5
147 72 25.6 0.5
148 73 25.7 0.1
149 74 25.4 -0.3
150 75 24.9 -0.5
151 76 25 0.1




UDDS iM240 M240

Actual Time Zquiv Time Speed Accel Rate
secs. secs. mph mph/sec
152 77 25.4 0.4
153 78 26 0.6
154 79 26 0]
155 80 25.7 -0.3
156 81 26.1 0.4
157 a2 28.7 0.6
158 193 27.3 0.6
159 194 30.5 3.2
160 195 33.5 3
161 196 36.2 2.7
162 197 37.3 1.1
163 198 39.3 2
164 199 40.5 1.2
165 200 42.1 1.6
166 201 43.5 1.4
167 202 45.1 1.6
168 203 16 0.9
169 204 46.8 3.8
170 208 47.5 0.7
171 206 47.5 0
172 207 47.3 -0.2
173 208 42.2 -0.1
174 214 47.2 0
175 215 47.4 0.2
176 216 47.9 0.5
177 217 48.5 0.6
178 218 49.1 0.6
179 219 49.5 0.4
180 220 50 0.5
181 221 50.6 Q0.6
182 222 S1 0.4
183 223 81.5 0.5
184 224 §2.2 0.7
188 225 53.2 1
186 226 54.1 0.9
187 227 54.6 0.8
188 228 54.9 0.3
189 229 55 0.1
190 230 54.9 -0.1
191 231 54.6 -0.3
192 232 54.6 0
193 233 54.8 0.2
194 234 55.1 0.3
195 235 55.5 0.4
196 236 5.7 0.2
197 237 S$6.1 0.4
198 238 56.3 0.2
199 239 56.6 0.3
200 240 56.7 0.1
201 241 S56.7 0
202 56.3 -0.4
203 56 -0.3



UDDS IM240 IM240

Actual Time Equiv Time Speed Accel Rate
secs. secs. mph mph/sec
204 55 -1
205 53.4 -1.6
206 271 S1.6 -1.8
207 272 51.8 0.2
208 273 52.1 0.3
209 274 52.5 0.4
210 275 53 0.5
211 276 53.5 0.5
212 277 54 0.5
213 278 54.9 0.9
214 279 55.4 0.5
215 280 55.6 0.2
216 281 56 0.4
217 282 56 0
218 283 55.8 -0.2
219 284 55.2 -0.6
220 285 54.5 -0.7
221 286 53.6 -0.9
222 287 52.5 -1.1
223 288 Sl -1
224 50.5 -1
225 48 -2.5
226 44.5 -3.5
227 41 -3.5
228 37.5 -3.5
229 34 -3.5
230 ' 30.5 -3.5
231 27 -3.5
232 23.5 -3.5
233 20 -3.5
234 16.5 -3.5
235 13 -3.5
236 9.5 -3.5
237 6 -3.5
238 2.5 -3.5
239 : 0 -2.5
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Acpendix 2

Comparative 3zatiszics
IM240Q, ©UTIZsg, CZITE-ZZS
Idle Modes
Numzer I fercent £ Llength I Average Standard
iile Pericds Total First Idle Idle Time Ceviatien
(sec) Schedule {sec) (sec) Idle Tire
IM2490 2.8 3.8 4.C 4.5 .7
Sjols 3.0 135.0 20.0 14.4 10.7
lZH-223 3.9 t9.9 1C.0 5.9 12.3
Speeds
Average 3cgeed
T Wizascut
Average Sceed Idle Modes Maximum Sceed
(mph) (mph) (mph)
IM240 30.0 30.8 $6.7
22 9.6 24.1 $6.7
CCH-225 22.3 27.9 51.3

10 mph Segments

Serzant of Doivirng Scohadula o aach 10 wob 2angqe
(without idle modes)

2=50 oph A0-29 oph 20~-30 mpn 20-40 oph 40-590 =zph S0-60 oph
IM240 5.2 18.3 34.3 13.9 8.7 18.1
JDDS 3.8 19.2 . 45.9 11.0 3.4 6.6
TDH-226 9.4 12.7 46.4 8.3 19.9 3.3
- 1 {m ~
0-=10 mph  10-20 mph  20-30 mph  30-40 mph  40-50 mph  20-60Q 232
IM249 3.1 1.6 0.83 0.86 0.85 0.43
UDbDsS 2.3 1.8 0.72 0.67 0.80 0.38
CDH-226 2.3 2.0 0.74 1.4 0.53 0.57
=1 ~ ™
= 10-20 gph  20-30 mph  30-40 mph  40-50 mph  50=60 Iph
IM240 3.5 2.3 1.1 1.2 2.0 0.79
UDDS 2.4 2.1 0.81 0.54 0.61 0.42
CDH-226 2.0 1.7 0.70 1.4 0.61 0.40
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1.0 Introduction

The United States Environmental Protection Agency (EPA) is
evaluating new test procedures for use as Inspection/Maintenance (I/M)
tests. Two tests under consideration are the IM240, a new driving
schedule developed by the U.S. EPA, and the CDH-226, a driving schedule
developed earlier by the Colorado Department of Health. EPA's focus on
these procedures as possible alternatives to current I/M tests has
aroused interest. The purpose of this document is to provide
descriptive information about these tests to the I/M community.
Statistical results from the first year of testing on the IM240 and the
CDH-226 will be published later.

This document also proVides information on EPA's Composite I/M
Test Procedure (CITP), a lengthy testing sequence designed to evaluate
the effectiveness of a large number of potential alternative I/M tests,
including the IM240 and the CDH-226.

The IM240 and CDH-226 driving schedules are both based on EPA's
Federal Test Procedure (FTP), which certifies compliance with federal
vehicle emission standards for carbon monoxide (CC), unburned
hydrocarbons (HC), and nitrogen oxides (NOx). Since a significant
portion of the I/M community is relatively unfamiliar with certification
procedures, the following section provides the basic background needed
to understand the foundations of the IM240 and the CDH-226.

2.0 Background

In order for vehicle emissions to be controlled effectively, they
must be evaluated under real world conditions. With this in mind, the
United States has designed its vehicle emission control strategy around
tests that measure emissions while replicating actual driving
conditions. These tests stem from the development in 1965 of the LA-4
road route, which was designed to approximate a typical morning trip to
work in rush-hour traffic in Los Angeles.l In 1972, the EPA shortened
the LA-4 from 12 to 7.5 miles and adapted it for use in the laboratory
on a chassis dynamometer, a device that simulates vehicle load and
inertia weight.?2 Since known as the Urban Dynamometer Driving Schedule
(UDDS), it is the driving schedule used to conduct the FTP.

! Hass, G. C., Sweeney, M. P., and Pattison, J. N., "Laboratory
Simulation of Driving Conditions in the Los Angeles Area,'" SAE Paper No.
660546, August 1966.

2 Kruse, R. E. and Huls, T. A., "Development of the Federal Urban
Driving Schedule, " SAE Paper No. 730553, May 1973.



_ The FTP is the "golden standard" for determining vehicle emission
levels, but it is expensive and time consuming. The EPA has approved
six shorter tests for use by I/M programs in their evaluation of in-use
vehicle emissions. All six currently approved I/M tests are steady-
state (one-speed) tests. Five are unloaded, and one is locaded. These
tests are described in the Code of Federal Regqulations, Title 40, Part
81, Sections 2209 - 2214. Considerably less resource intensive than the
FTP, short tests were designed to provide a more easily used but still
reliable method of identifying vehicles that exceed FTP standards.

3.0 The Problem

The short I/M tests do not always correlate well to the FTP,
however. Limitations in the tests themselves and, perhaps more
importantly, changes in vehicle design have undermined the ability of
current short tests to identify a vehicle's excess emissions (i.e.,
emissions above the federal standards). I/M tests originally were
designed for a vehicle fleet that is rapidly being displaced by new
technology, computer-controlled vehicles. New technology vehicles are
equipped with improved emission control components, such as three-way
catalysts, closed-loop fuel control, and fuel injection, which have
changed the way vehicles respond to emission tests.3

These changes have implications for the future effectiveness of
I/M programs. The effectiveness of short emission tests can be
expressed in terms of overall failure rate, excess emissions identified
{(identification rate), errors of commission, and errors of omission.
Errors of commission (Ec), or false failures, occur when vehicles fail
an I/M test but pass the FTP. Errors of omission (Eo), or false passes,
occur when vehicles pass the I/M test but fail the FTP. Based on these
measures, EPA studies indicate that current short tests have become less
effective in identifying excess emissions since the introduction of new
technology vehicles in 1981. The challenge now is to ensure that I/M
tests keep pace with changing technology so that they remain an
effective tool for vehicle emission control.

3 Armstrong, J., Brzezinski, D. J., Landman, L., and Glover, E. L.,
"Inspection/Maintenance in the 1990's," SAE Paper No. 870621, February
1987.



4.0 0ld Technology versus New Technology

0ld technology, pre-computer-controlled vehicles have emission-
related components that operate on a continuum. For example, if the
air-fuel mixture at idle is too rich, then the air-fuel mixture is
likely to be too rich across much of the operating range of the vehicle
{i.e., cruise, acceleration, deceleration). For this reason a test
performed only at idle or only at 30 mph is likely to identify pre-
computer-controlled vehicles that malfunction to a sufficient degree to
fail the FTP test also. This continuum characteristic is an inherent
feature of many mechanically controlled systems, including other
emission-control components like the ignition system’s distributor,
which controls the ignition timing.

The newer, computer-controlled vehicles that are becoming an ever
larger fraction of the fleet are not constrained by the continuum
characteristic of mechanical devices. A computer can include discrete
instructions for the air~fuel mixture at idle that have little bearing
on the mixture at 30 mph or during an acceleration from 10 mph to 20
mph. For this reason, a vehicle with low emissions at idle or 2500 rpm
or 30 mph can in principal have unacceptably high emissions during other
modes. Furthermore, EPA studies show that some vehicles with very high
FTP emissions do indeed pass a steady-state test, such as an idle test.
By the same logic, a vehicle with high idle emissions may pass the FTP
because the emissions are low through most of the vehicle’s other
operating modes. An idle test falsely fails such vehicles. Transient
tests, on the other hand, are responsive to changing emission levels
during different modes of vehicle operation and thus overcome the
limitations of steady-state testing on computer-controlled vehicles.

5.0 IM240 versus CDH-226

In the face of changing technology, EPA’s objective was to find a
short transient test that would identify high emitting vehicles as
defined by their FTP emissions, while minimizing errors of commission.
Initially, the CDH-226% seemed to offer the best possibility for a
viable I/M test. Since then, EPA has developed the IM240 as a possible
improvement on the CDH-226.

4 Ragazzi, R. A., Stokes, J. T., and Gallagher, G. L., "An Evaluation of
a Colorado Short Vehicle Emission Test (CDH-226) in Predicting Federal
Test Procedure (FTP) Failures,”" SAE Paper No. 852111, October 198S.



A characteristic of the CDH-226 that stands out when compared to
the UDDS is that the CDH-226 is smoother (i.e., less transient), so it
requires less throttle action (see Figure 1 on page 5). Throtrtle action
is an important variable affecting vehicle emissions and could be
important in identifying malfunctioning vehicles.

Take oxygen sensor operation as an example. AsS oxygen sensors
deteriorate, their response time lags. This deteriorating response time
can allow the air-fuel mixture to increasingly deviate from
stoichiometric (14.7:1), the ratio at which 3-way catalysts most
efficiently oxidize HC and CO and simultaneously reduce NOx (see Figure
2 below). This is important because three-way catalyst conversion
efficiency rapidly deteriorates with air~fuel mixture deviations from
stoichiometric. During steady-state operation, the fuel metering system
adjusts to deliver a stoichiometric mixture, which should stay
relatively constant. Throttle movement often causes the mixture to
change, and as throttle action increases, the ability of the metering
system to maintain stoichiometry becomes increasingly dependent on the
response time of the oxygen sensor. A highly transient driving schedule
requires more throttle action than a smooth schedule, so a detericrated
oxygen sensor is more likely to be identified on a highly transient
schedule than on a smooth schedule. The same logic can also be extended
to other components of emission control systems. A driving schedule can
be made too transient, however. An I/M test requiring more throttle
action than the UDDS might unacceptably increase test variability and
thereby increase the error of commission rate.

Figure 2: Air-Fuel Ratios and Conversion Efficiency
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Figure 1. Comparison of Dynamometer Driving Schedules
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For these reasons, EPA decided to develop a more transient
alternative to the CDH-226, to make the new test similar to the UDDS,
and to evaluate both procedures to determine which is better for I/M
testing. EPA’s alternative was dubbed the IM240 since it was designed
for I/M testing with a duration of 240 seconds.

6.0 IM240 Description

The IM240 driving schedule is depicted graphically in Figure 1.
Appendix 1l provides a speed-versus-time table in one-second increments.
The table also lists the UDDS segments that were used to create the
IM240.

The IM240 was patterned closely on the first two "hills" of the
UDDS. It uses actual segments of the UDDS and incorporates the UDDS's
peak speed of 56.7 miles per hour. Testing over the entire range of
speeds was considered important to detect malfunctioning vehicles given
the discontinuous operating characteristics of computer-controlled
vehicles. Using actual segments of the UDDS was considered important to
help improve correlation and minimize errors of commission and errors of
omission.

The two large decelerations from hills 1 and 2 are the only
segments that were not taken directly from the UDDS. The deceleration
rate for Soth hills was set at 3.5 mph/sec, whereas the maximum
. deceleration rate from the UDDS is 3.3 mph/sec. The higher deceleration
rate prevents the IM240 from exceeding four minutes, which was taken
somewhat arbitrarily to be a measurable upper limit for a test time that
would allow an adequate rate of vehicle processing, or throughput. The
3.5 mph/sec rate, which has been used successfully in the CDH-226, also
allows time for an idle and an additional transient portion on hill 2
(between 140 seconds and 158 seconds).

As seen in Appendix 2, the IM240 differs statistically from the
CDH-226. Because of differences in design, it was speculated that one
of the tests might correlate better than the other to the FTP.

The IM240 test is run in two segments. The shorter segment is %4
seconds in duration, which was an informed guess as to the minimum
amount of time needed to realize significant improvements in FTP
correlation. For comparison, EPA has divided the CDH-226 into two
segments as well, the shorter segment being 86 seconds. By dividing
each test into two parts, EPA can evaluate the effectiveness of the
entire test as well as the effectiveness of each of the shorter
segments. '



The test procedure stipulates that the engine is running with the
transmission in gear before the driving schedule begins. Zxhaust
sampling begins simultaneously with the start of the driving schedule.

IM240 testing is being performed separately and in conjunction
with other short tests, including the CDH-226, in the Ccmposite I/M Test
Procedure, which is described below,

7.0 Composite I/M Test Procedure

The EPA has devised the multi-purpose Composite I/M Test Procedure
(CITP) to evaluate the effectiveness of the IM240, the CDH-226, and
potential steady-state alternatives to current I/M tests. The gcal of
the program is to identify emission tests which balance the need Z:zr
high FTP correlation and high identification rates against cost,
equipment, and time requirements. Acceptable alternative tests would be
sophisticated enougn to measure the emissions of new technology
vehicles adequately while conforming to the constraints of an I/M
program.

CITP testing is being performed at EPA's Motor Vehicle Emission
Laboratory (MVEL) in Ann Arbor, Michigan and under contract at the
Automotive Testing Laboratories (ATL) facility in New Carlisle, Indiana,
just outside of South Bend. All Emission Factor Program® test vehicles
receive the CITP after the as~-received FTP test on Indolene test fuel.

7.1 Dynamometer Settings

The CITP sequence consists of 11 test modes run over 77 minutes.
At EPA's lab, the CITP is divided into two parts, A and B, which differ
by the dynamometer settings used (see Table 1). (Because of different
equipment configurations, testing at the ATL facility is done in four
parts.) Part A is performed using the certification dynamometer
settings, which require an expensive multiple curve dynamometer and a
complicated process for determining the proper road load and inertia
weight settings for each vehicle., In Part B, the dynamometer settings
are limited in order to evaluate the tradeoff between cost and FTP
correlation that is associated with less sophisticated dynamometers.

5 The Emission Factor Program tests vehicles owned by the general
public. Data from these in-use vehicles are used with a computer model
known as MOBILE4 to calculate the emission rates of in-use vehicles.
These emission rates are then used with air quality models to estimate
the contribution of mobile source emissicns to ambient air pollution.
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Specifications for Electric Chassis Dynamometers

1.0 General Featyres

Federal regulations for exhaust emissions and fuel economy of motor vehicles specva tests
using chassis dynamometers. The purpose of the chassis dynamometer is to duplicate the
forces encountered by a vehicle moving on a road by modeling those characteristics with a
stationary vehicle on a rotating surface. EPA envisions a variety of testing needs to address
future reguladons. A key feature of the recent Clean Air Act Amendments is that the test
conditions appropriately simulate "real-world" conditions.

The optimal dynamometer utilizes the latest technology through a digitally-controlled,
electrically-activated, motor-absorber that supplements mechanical inerta, optional
flywheels, and frictional forces with electrical load forces based on specific equations and
coefficients. The test cell, dynamometer, and vehicle operate as a system under various
ambient conditons to provide maximum flexibility and ease of operation. In all cases, the
loading capabilities, control algorithms and other operating characteristics of these
dynamometers must be able to accurately and precisely simulate the forces encountered by a
vehicle on the road.

While twin roll dynamometers have traditionally been used at MVEL for most testing, this
acquisition allows vehicle loading by means of cither a twin roll or single roll configuraton
if the performance specifications contained herein are met. The twin roll configuration shall
have synchronous roll speeds and shall apply the total load force through a symmetrically
balanced design so that the forces at the roll/tire contact points contribute uniformly to the
total simulation of the road forces. The single roll dynamometer shall have a 48" diameter
roll and shall be the system conﬁgumnon installed in the Cold Test Facility (CTF) at a
minimum.

The chassis dynamometer shall conform to the requirements specified herein.

1.1 Equipment

The dynamometer shall be designed and constructed to be capable of operating on a
continuous basis (24 hours per day, 7 days per week). It shall withstand all static and
dynamic loads which are encountered during vehicle testing, and shall not produce any
vibrations which may impair the operation of the vehicle or dynamometer.

The dynamometer components shall be capable of withstanding shock loading ﬁ-om
maximum acceleradon/deceleration forces, such as locked vehicle brake at 60 mph, wide
open throttie (WOT), emergency shutdown, or any system malfuncnon(s) that induces
abrupt forces, without damage to any component(s).

The dynamometer system shall consist of the following components, at a minimum,
arranged in a configuration that optimizes the physical dimensions, system response
characteristics, and flexibility to simulate various loading schemes:

- the roll(s) in a structure or frame suitable for this application

- a vehicle inertia simulation system

- an electric motor-absorber system

- all pneumatic and/or hydraulic components

- all operator and driver interface panels, displays, controls, and interface wiring for
the computer system.

- all calibration devices

- a means to ensure safe and efficient installation and removal of the vehicle

- a vehicle restraint system to limit the dynamic lateral and fore/aft travel of the -

vehicle :
Page 1 6/581 _4:50PM
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1.2

1.3

- safety equipment, including noise and EFI suppression

- all electncal cabling, piping, tubing, and cabinets

- installadon, checkout, and warranty

- complete documentation including construction, installation, operation, service,
parts, etc.

Additional details of these requirements are contained in other paragraphs throughout this
document.

The dynamometers shall be installed in the test cells as specified by Delivery Order, which
shall include a test cell configuration plan.

Repair service and spare parts shall be available within one working day of request during
the one year warranty period.

Component Preparation
All surfaces of the dynamometer system shall be treated with protective coatings (such as

plating, primers, epoxy, etc.) or made from materials that will prevent rust, scaling,
flaking, or chalking under all the operating conditions of the test cell environment.

Rotating parts such as roll(s), flywheels or shafts, and other non-paintable parts, shall be
protected from corrosion by applying suitable reatments.

Rocumentation

Five (5) copies of the documentation of the dynamometer system shail be provided to the
Project Officer upon delivery of each dynamometer. The documentation shall be in English
ana shall include, at a minimum, the following:

- the dynamometer mechanical layout

- schematics of all pneumatic and hydraulic components

- color coded and/or numbered schematics and wiring lists of all electric components

- technical and operational manual(s), including a complete description of the systern
control algorithms, performance measures, calibration procedures, system hardware
and software operation, response characteristics and system source code.

- parts list(s)

- recommended, on-hand, spare parts list

- maintenance and calibration instructions

The operation manual(s) shall include complete information on the dynamometer's
functions, capabilities and user interface procedures.
The parts list shall include, at 2 minimum, the following:

- All subcontractors’ parts, to enable the government to obtain precise information,
including addresses and phone numbers
- The model and/or part number designations of all component parts

One set of recommended on-hand spare parts shall be supplied, at time of installation, for

each dynamometer provided. As an option, the contractor may guarantee delivery of these
parts per the one working day time period specified in Section 1.1.
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Specifications for Electric Chassis Dynamometers

1.4

1.5

bient Operacing Conditions

The dynamometer shall be used to test vel’ucles exposed 10 the following ambient
conditons: (See Note)

test cell temperature: Oto+110°F
relative humidity: 010 90%
altrude: up to 3,300 feet for all units except the Denver locadon

Note: The dynamometer performance shall not be affected by the conditions applied to the
vehicle test environment. The vehicle test environment and dynamometer operating -
environment may be separately controlled spaces. The objecuve is to maintain frictional
stability and to minimize component exposure to adverse conditions. Air for the
temperature control of the dynamometer shall be taken from a dry air source so that
condensaton in the dynamometer system is prevented.

Elecrical Specificas

The sysiem shall operate with the following electrical voltages:

120V (£ 10%) 60 Hz instrumentation only
480V (+ 10%) 60 Hz (three phase, four wire)

The motor-absorber electrical interface shall be regenerative (x e., generated power shall be
fed back to the grid.)
The equipment shall be grouped into the following sections:

1. electronic and display
2. power

The electronic and display section shall be installed in a standard 19" rack, which may be in
a separate cabinet from the power section. The operator interface cabinet shall be located in
the dynamometer control room for operator access.

The controls at the electronic and display section shall include, at a minimum:

- emergency stop switch
- operator interface and displays

Two switches shall also be accessible from the vehicle driver’s seat door. If these switches
are operable from the control room, a safety interlock or alert to the driver shall be instailed.

- vehicle alignment switch
- lift platform switch
- roll brake switch

The minimum requirements for instrumentation at the power section are as follows:

- emergency stop switch

- main power switch

- armature-current display (may be installed inside the cabinet)
- armature-voltage display (may be installed inside the cabinet)
- running-time (hour) meter
- fault protection circuit(s)
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1.6

1.7

Installation shall conform to the latest editions of the Nadonal Electric Code (NEC) and
Building Officials Code Administrators International (BOCA).

El i Conmol

The speed and load control circuitry shall be based on digital microcomputers or
microprocessors. Low current or power conversion circuitry may be excluded from this
requirement.

The electrical power driving all electrically actuated relays, solenoids, valves, and motors
shall be electrically isolated from the power source for the dynamometer control circuitry,
computer, and interfaces.

All electrically actuated relays, solenoids, and valves shall be protected by zero switching
or diode clamping so that no back EMF electrical noise is generated.

The electrical power driving the dynamometer control circuits shall be immune to all
electrical noise. The system shall not feed damaging or detrimental electrical noise into the
power grid. Electromagnetic fields caused by the dynamometer shall be controlled or
suppressed to prevent any interference in the test vehicle or dynamometer
electrical/electronic control systems. The contractor shall provide and install any isolation
devices required for operation.

The dynamometer shall be protected from uncontrolled acceleration of the motor-absorber.
The motor-absorber shall als» have current limit protection to prevent system damage from
power grid faults of short dvration (<20 ms).

Roll(s)

A roll shall be defined as a cylindrical contact surface that applies the load forces to the dres
on the test vehicle's drive axle(s). A roll may be a single cylinder or mechanically linked
multiple cylinders. A twin roll dynamometer cradle consists of two rolls per vehicle drive
axle which operate at synchronous speeds and impose forces at each tire coatact point that
are similar in magnitude. A single roll dynamometer consists of one roll per vehicle drive
axle. The rolls, bearings, and power transfer loading devices shall be sized and configured
to withstand the road load forces and axle loads of the specific test vehicles. These forces
and loads shall include those values typically encountered from on-road vehicle
performance tests conducted at wide open throttle from zero up to a maximum of 100 mph.

The requirements shall be the following:

nominal roll diameter (twin roll) 20 inches

tire contact angle (twin roll center spacing) 66° on a 24" contact circle
twin roll center spacing = 2 (roll diamv2 + 24/2)(sin 33°)
nominal roll diameter (single roil) 48 inches

roll diameter determination tolerance 1 0.02% of nominal diameter

difference in cylinder diameters per roll set + 0.02% of nominal diameter
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1.8

roll width spacing shall accommodate:

vehicle inside rack width (LDV) * 36 inches

vehicle outside track width (LDV) 86 inches

vehicle inside rack width (MDV) * 36 inches

vehicle outside rack width (MDYV) 108 inches
roll surface roughness (See Note)
roll surface minimum hardness Rockwell B30
roll dynamic balance quality (twin roll) ANSI STD G2.5
roll dynamic balance quality (single roll) ANSI STD G6.3
roll axis parallelism (twin roll) 0.020 inches TIR *
roll concentricity (twin roll) 0.004 inches TIR
roll concentricity (single roll) 0.010 inches TIR

* LDV =Light Duty Vehicle

MDYV = Medium Duty Vehicle
TIR = Total Indicated Runout

- Note: Roll surface finish shall provide minimum tire slippage and a tractive effort that is

comparable to a vehicle operating on a typical dry, road surface. Roll surface roughness
shall also not produce abnormal tire tread wear.

The speed of twin rolls shall be synchronized to within £ 0.1 mph at all operating
conditions. Synchronization shall be accomplished by mechanical or electrical coupling.
The total force applied by the roli(s) to the vehicle shall be the sum of the forces (including
inertia) from each tire/roll contact point. The parasitic loss of the coupling device shall be
stable and compensated for during all modes of vehicle or dynamometer operation.

For the 4WD system, the dynamometer rolls shall be nominally installed flush with the
level, finished floor. When testing on a 2WD system, the contractor shall provide a
method for maintaining the vehicle in a horizontal (+ 1% grade) attitude when the drive dres
are supported by the roll(s). The overall width of the LDV dynamometer shall be
minimized to fit within the test cell, which will have an interior width of 16 feet. The
overall width of the MDYV dynamometer shall be less than 20 feet. The dynamometer
frames shall be supported above the subfloor space in a manner that allows air recirculaton
in the subfloor area. The test vehicle is 0 be approximately located at the geometric center
of the air flow stream of the test chamber, and in a consistent relation to the exhaust
sampling system connectors which shall be in fixed locations in the subfloor space. The
dynamometer(s) and the vehicle restraint system(s) shail be capable of testing both rear
wheel drive vehicles and front wheel drive vehicles.

[nertia Simulari

The total inertia (mechanical plus electrical) to be simulated shall be selectable to within at
least + 10 pounds. This value shall be used to calculate the total road force required. The -
accuracy of the total road force imposed, including the inertia force, shall be within £ 1%
of this calculated formula value under ail operating conditions within acceleration rates of
8 mph/sec. The electrical inertia simulation shall provide response characteristics that
result in total torque wheel loading that is comparable to a mechanical inertia system. For
LDV dynamometers, the range of total inertia simulation shall be from 1,000 Ibs. 0 6,000
lbs. For MDYV vehicles, the range of total inertia simulation shall be from 1,000 lbs. to
12,000 1bs.
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1.9

1.10

The contractor shall measure and verify the value of the base inertia and all incremental
mechanical inertia values of the dynamometers. Results of these tests shall be included in
the documentation.

Any mechanical flywheels used as part of the inertia shall be dynamically balanced to the
same quality standard, or better, as used for the roll(s). The control panel shall provide an
indicadon and verification of the positive engagement and disengagement for each
flywheel. The contractor shall provide, during any continuous closed throttle deceleration
to zero, a means of reducing the braking force required from the drive axle. This force
reduction shall be sufficient to prevent drive axle brake damage or failure.

Vehicle Resmaint §

A vehicle restraint system shall be provided and installed with each dynamometer in a
manner that enables unobstructed vehicle ingress and egress from any perimeter wall of the
test cell.

The vehicle restraint system shall safely restrain all vehicles at all operaring conditions. The
vehicle restraint system shall center the drive wheel(s) of the vehicle on the roll(s).

The vehicle restraint system shall limit lateral and fore/aft motion of the vehicle o £0.5"
without imparting any adverse vertical or horizontal forces on the vehicle or vehicle tires,
and shall be easily installed, or engaged by the operator in less than ten minutes. Vehicle
removal from the restraint system and the test cell shall be possibie in less than two
minutes.

Lift Platform and Roll Brakes
A lift platform situated between the rolls (on a twin roll configuration) shall be installed.
A roll brake which securely locks the roll(s) shall be installed.

When the lift platform is raised and the roll brake is actuated, the vehicle shall enter and
leave the dynamometer without causing roll spin.

Operation of the roll brake shall be independent of the lift platform.

The lift platform shall be capable of being activated by a driver seated in the vehicle.

The lift platform shall be operable only when the roll(s) are not rotating. A roll speed
interlock system shall prevent raising of the lift platform and non-emergency cngagemcnt of
the roll brakes while the roll(s) are rotating.

The lift platform shall be capable of holding a vehicle mdmmsedposmonforamuumum
of 24 hours.

The roll brake and lift platform shall be replaceable within four hours and without removing
any system components which may change the dynamometer calibration.

Safety Devices

All safety devices for protection of the equipment shall be as independent of the processor
_ as practical.
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‘Warning lights on the dynamometer, indicating the status of the lift platform and roll
brakes, shall be visible from the driver of the vehicle.

The dynamometer shall have the following personnel safety devices:

A safety barrier shall be installed to prevent personnel contact with the roll(s) during
vehicle testing and during dynamometer roll operation without a vehicle. If a single
roll dynamometer consists of two roller cylinders, or a twin roll cradle consists of

four roller cylinders, the area between the rolls/cylinders shall be covered to provide -
a surface that facilitates personnel safety and allows vehicle movement.

~ An emergency stop switch shall be installed in the dynamometer test cell, at the
vehicle, and at the electronic and display cabinet, and also at the power cabinet if it
is separate. The emergency stop function shall cause shutdown (braking) of the
dynamometer using the electric motor-absorber working at the maximum cusrent
limits. In the event the electric motor-absorber is unable to decelerate the roll(s) o
zero, the roll brake may be used. In all cases, the roll(s) shall be decelerated to zero
mph in less than 5 seconds and shall not damage the dynamometer system.

An emergency shutdown function shall be riggered automatically by the processor
when any of the following limits are exceeded:

- dynamometer's maximum speed (fixed value)
- vehicle's maximum speed (value input during calibration)
- vehicular movement (>0.5 inches)

An emergency warning function shall be triggered automatically by the processor
when any of the following limits are exceeded:

- excessive armature or field current of the motor-absorber

- overheating of the motor-absorber

- malfunction of the dynamometer cooling system

- malfunction of the power transfer system

- power failure

- other conditions needed to protect the dynamometer or personnel

These conditions do not warrant an immediate shutdown of the dynamometer
system but rather a warning of a condition that requires immediate attention.

" An indicator of activation of the emergency stop function, shutdown, or wamning
shall be installed in the dynamometer test cell (visible from the vehicle driver's seat)
and in the dynamometer control room. The indicator shall be operational at all
times, including during power failures.

1.12  [nstrumentation

Display meters shall be installed to provide for speed, force, and horsepower readings for
both the vehicle driver and the operator console.

The roll revolution and associated speed measurements shall be monitored by digital or
optical sensors. A speed measurement method on each roll, and one for the vehicle wheel
shall be installed to monitor roll(s) speed, to determine the angular velocity of the drive dre,
and to verify roll speed synchronization under all test conditions. Measured speed shall
have an accuracy and a resolution of a minimum of + 0.05 mph at any speed. The speed
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1.13

measurement system shall be drift-free and shall fequim no analog calibration. Test
distance driven shall be determined to a resolution of one part in 2000.

The acceleration and deceleration rates (mph/sec) of the roll(s) shall be determined by
electrical or numerical methods. All acceleration rates shall be accurate to within £ 0.01
mph/sec or £ 1% of the acceleration rate, whichever is greater, and shall be determined
within 100 ms of true occurrence.

The dynamometer shall have a torque measurement system to indicate the forces being
applied to the dynamometer roll(s). This system shall be capable of indicating torque
readings to a resolution of 0.05% of rated output or £ 0.2 ft-1bs, and shall be capable of
sampling data at a rate of 1 KHz or higher.

The performance specifications of the torque transducer shall be the following:

hysteresis: less than + 0.1% of rated output
zerofshunt drift: less than + 0.1% of rated output in a 24 hour penod
repeatability: less than £ 0.05% of rated output
nonlinearity: less than + 0.1% of rated output (See Note) :
accuracy: less than £ 0.1% of rated output at all values between |
_ £ 10-100% of rated output based on the best fit
calibration regression

Note: Nonlinearity is defined as the deviation at mid-
scale from a straight line connecting the zero and * full-
scale values, expressed as a percent of the rated output.

Calibration of the torque transducer for both positive and negative torque by the dead
weight lever arm technique shall be provided. An electronic shunt calibration value shall be
correlated to this dead weight technique. Torque transducer verification procedures under
dynamic operation shall also be provided.

Elapsed time measurements shall have an accuracy and resoluton of at least + 0.01
seconds.

The design of the road load control system shall measure the force and determine the
horsepower delivered at the roll surface(s) based on the applied torques, accelerations, and
speeds of the roll(s). This system shall compensate for the mass and parasidc friction both
inside and outside the control loop of the dynamometer.

Separate digital displays, casily seen by the dnver. shall be provided for the following
parameters, at a minimum:

Roll speed (mph)
Tractive force (1bs)
Tractive horsepower (hp)

Beari | Lubrication I !

All bearings, gears, or coupling devices shall be designed to have minimum and stabxhzed
fricdonal losses.

All bearings shall have a service life of at least 30,000 hours. All parts requiring

lubrication shall be lubricated before delivery. All lubrication points shall be easily

accessible and well documented. The lubricants, lubrication system, or the dynamometer
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1.14

2.0

2.1

system configuration shall not generate, into the test cell enclosure, hydrocarbon emissions
that would adversely affect a vehicle running loss test at 100 °F.

The frictonal losses of the dynamometer at all environmental conditions shall be
thoroughly characterized for all modes of operation. Steady speed (50 mph) frictional
losses shall remain within £ 0.1 hp of the final stabilized value following a ten minute
warm-up period.

Covering of the D P

| The area around the roll(s) shall be covered by slip-resistant plates capable of supporting
test vehicles.

All floor plates shall be secure, and if moveable during dynamometer wheelbase
adjustments, shall not cause any opening in the floor surface following the adjustment.

The weight of a single plate shall not exceed 115 lbs.
\ Wheel-Drive Chassis D Reaui

The basic requirements for a 2WD chassis dynamometer shall also apply to the 4WD
version. Additional 4WD requirements are described in this section, and are to be applied
as appropriate to single or twin roll configurations.

Set-up

The dynamometer chassis frames shall be installed on a support base and shall provide
torsional stiffness and alignment performance.

The front and rear roll, orsctsofrolls,shallbcpanlleltommmoosmchesasmcasured
by the centerline differental across the maximum roll width.

The front and rear roll, or sets of rolls, shall be electrically or electrohydraulically
adjustable to the vehicle wheelbase. This adjustment process shall indicate the final
wheelbase distance and shall utilize adjustment methods to assure the vehicle tire contact
points are uniformly loaded. After adjustment, the roll chassis positions shall remain
positively fixed on the base frame, even during power or hydraulic failures.

Operation of either 4WD or 2WD shall be seiectable. Operation in the 2WD mode shall be
possible with either roll or set of rolls. The non-driven rolls, in a twin roll configuration,
shall be locked with the lift platform down to act as a vehicle wheel chock.

On a twin roll configuration, a mechanism or method controlled by the pmccssor shali
provide speed synchronization between the front and rear roll of each drive axle cradle.

On a twin roll configuration, to ensure ease of vehicle handling when entering or leaving

the dynamometer, each set of twin rolls shall have a lift platform and a roll brake. The
raising and lowering of both lifts shall be synchronized in the 4WD mode.
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~o
~

2.3

2.4

2.5

Requi for Roll Svnchronizar
The speed of all rolls shall be synchronized to within + 0.1 mph at all operating conditions.
The parasitic losses of any mechanical synchronization shall be independent of the selected

wrézelbase and shall be stabie and compensated for, by the system, under ail operating
modes

Operation Mode 2WD/4WD

The 4WD dynamometer shall be usable as a 2WD dynamometer as well. Either roll or set
of rolls (front or back) shall be usable for 2WD operation.

The synchronization of the rolls or roll sets shall be controllable by the processor. The
display shall indicate the configuration of the dynamometer at all times.

The configuration of the dynamometer (4WD or 2WD) shall be stored in the road load
model or test data set.

Thuc t:‘oll or set of rolls which is not used in the 2WD configuration shall be locked using the
roll brake.

The calibration, compensation, and storage of the dynamomctcr losses shall be maintained
in both 2WD and 4WD configurations.

Wheelbase Adjusument
The distance between the front and back roll, or sets of rolls, shall be continuously
adjustable between 80 and 130 inches. The time required for adjusting the dynamometer to

any wheelbase in the 80 to 130 inch range shall not exceed five minutes. A provision to
extend the wheelbase to 180 inches shall be installed with setup requiring no more than one

- hour.

The wheelbase spacing shall be automatically adjustable to the vehicle wheelbase, this
condition shall be indicated by a zero speed, null restraint force and centered axles.

The wheelbase shall be adjustable while the dynamometer is in either 2WD or 4WD
configuration.

The value of the final whéelbase setting shall be read and stored to within £ 0.2% of the
nominal wheelbase.

Vehicle Resraint §

A vehicle restraint system shall be installed with each dynamometer that enables
unobstructed vehicle ingress and egress from any perimeter wall of the test cell.

The vehicle restraint system shall be capable of safely mstmmng all vehicles at all operating
conditions.

The vehicle restraint system shall limit lateral and fore/aft motion of the vehicle to £0.5"
without imparting any adverse vertical or horizontal force on the vehicle, and shall be easily
installed, or engaged by the operator in less than ten minutes. Vehicle removal from the
restraints and test cell shall be possible in less than two minutes.
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3.0 System Processor Reguirements
3.1 General Computer Requirements

The signal cabling shall not cause malfunctions due to capacitive or inductive interference.

Dynamometer operating system software, control software and parameters, and data
acquisition interfaces shall be stored and accessed using commercially available standard
microcomputer hardware. The contractor shall provide a complete description of the
hardware and operating software. Access to all software (including source code) and
operation parameters shall be provided.

All analog input and output signal converters shall have a nominal + ten volt range with a
minimum of 0.005 volts per bit resolution.

All digital input/output channels shall be 0 to 5 volt TTL (transistor-transistor-logic) and
shall be opdcally isolated from their source.

Error messages and the operating hours counter shall function at all times.

It shall be possible for personnel without special computer experience to operate the
dynamometer processor and the peripheral units, including the input of parameter changes.
The dynamometer shall operate in both a local mode without interaction with a remote
computer system, and in a client/server mode, while connected to a remote system that
contains vehicle test parameters and data sets,and may be used to receive or send data sets
of test information or calibration.

3.2 Processor Mcdes/Functions

The dynamometer processor shall support, at a minimum, the following operation modes
and tests:

- road load simulation mode

- self-motoring mode

- dynamometer coastdown test
- quick check coastdown test

- speed control mode

- torque control mode

- acceleration mode

- deceleration mode

- calibration mode

The dynamometer processor shall check all processor functions (e.g., CPU, memory, and
input/output channels) using an on-line diagnostics program. :
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3.2.1 Road Load Inertia Simulation Mode

The load applied by the dynamometer shall simulate the rolling resistance, aerodynamic
drag, and inertia forces that occur on the road according to the following formula:

FR = A + B*V + C*V2 + D*W + M*dV/dt (See Note)

where:

FR= total vehicle road load force to be applied at the surfaces of the rolls

A = constant load coefficient (friction) ,

B = load coefficient dependent on velocity (speed boost)

C = load coefficient dependent on velocity squared (windage)

D = grade coefficient (-,+) [sin © ]

W = weight of vehicle

M = effective vehicle mass, taking into account the rotational masses

V =velocity of the roller surfaces

dV / dt = acceleration rate of the roller surfaces

Note: The total force is the sum of the individual forces applied by each roller surface.

The simulation of the total road force, including the inertia force shall be £ 1 % of its
formula value under all operating conditions and at all velocities. All dynamometer
configurations, mechanical and electrical, shall produce comparable results that are not
significandy different from the standpoint of accuracy, precision, or reproducibility.

The system response time shall be less than 100 milliseconds. System response time shall
be defined as the time lag between a step change in demanded force at the roll surface, and
the occurrence of 90% of the final demand value. Total response shall include mechanical
delay, measurement lag, computational time, and power control electrical response
parameters that will be combined to provide a critcally damped response function.
Appendices E and F provide response definitions.

In road load simulation mode, sets of coefficients containing road load curves and inertias
shall be directly accessible from the system storage device within ten seconds.

All data sets shall have a sufficient number of characters in their nomenclature to provide
uniquely identifiable names for retrieval.

In simulation mode, all functions shall be performed, and the error value monitored by the
dynamometer processor.

Calibration for frictional losses shall be automated.

For any inertia configuration, the processor shall determine a friction curve using a steady
speed, constant acceleration or deceleration, or a coastdown procedure. The user shall
have the capability to manually set the frictional loss coefficients.

The fricdonal losses shall be compensated for over the entre speed range.
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The frictional losses shall be modeled by the following equation:
= * . .. *(m*
Fo ao + bo v + c° v + do vV o+ eo (m * dv/dt) (See Note)
‘where:
F = twotal dynamometer frictional losses outside the force control loop
= constant frictional loss coefficient
b =frictional loss coefficient dependent on velocity
¢ = frictional loss coefficient dependent on velocity squared
d = frictional loss coefficient dependent on velocity cubed (optional)
e = frictional loss coefficient dependent on acceleration

m = effective vehicle mass, taking the rotational masses into account
v = velocity of the roll surfaces

0 0 0O 0o O o

Note: Frictional losses shall be determined on each roll, incremental mechanical inertia,
and coupler and shall be compensated for in the road load function. These losses shall also
be determined as a function of the acceleration power transfer.

The system shall support polynomial fits up to 3rd order.

The dynamometer processor shall retrieve historical data sets from on-line disk storage or
from a remote server.

The prevailing dynamometer rotational direction shall be part of the stored calibration data,
. as well as a specific date/time stamp associated with each run.

All dynamometer loss coefficients shall be part of the long-term data storage, and shall be
readily available for trend analysis and quality control functions.

3.2.2 Self-motoring Mode

The motor-absorber system shall motor both the roll(s) and the inertia system. This shall
allow the following procedures to be executed, at a minimum:

- vehicle alignment

- dynamometer warm-up

- coastdown and acceleration tests
- speed signal checks

- dynamometer calibration

- dynamic torque verification

- system response characterization

The desired acceleration/deceleration rate and final speed shall be specified by the operator
and automatically controlled through the dynamometer processor.

The roll(s) shall be motored, or "jogged”, during vehicle ilignmcnt by use of a momentary
contact device.

The motor-absorber shall be capable of accelerations and decelerations of the base
mechanical inertia at any rate between 0 and 10 mph/sec.
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3.2.3 Dynamometer and Vehicle Coastdown Test

The dynamometer shall perform continuous or incremental coastdown tests. These tests
shall be performed with or without a vehicle on the roll(s). If a vehicle is used, the
ransmission shall be in neutral during the coastdown.

During the coastdown test, the dyﬁamometer shall achieve a stabilized speed above the
selected upper speed limit (v ) and then coast down to the selected lower speed limit

up
(Viowep) under the influence otpge selected road load model. Speed, torque, acceleration,

time, and other pertinent data shall be digitally recorded or logged at the specific sampling
rate (0.1 or 1.0s) for subsequent regression analysis.

The maximum v, shall be 80.0 mph.

The minimum V;peer o) Shall be 5.0 mph.
The coastdown range is Vupper ® Viower

The number of coastdowns to be performed shall be selectable by the operator.
At the conclusion of each coastdown the following values shall be displayed, at a

minimum;
Eor the selected coastdown range:
- the upper and lower speeds of the range
- the elapsed range time: t, -t
upper lower

- calculated coefficients a bo, and <, using the coastdown data of the entire

curve
E I I I I . l K l . I I .
- the upper and lower speeds of the interval

- the elapsed interval time: - tv2
1

- actual absorbed horsepower
- difference between motor-absorber power and actual absorbed power.
The operator shall have the ability w automaticaily conduct the standard coastdown test as

defined in 40CFR §86.118-78. Title 40: Chapter I - Environmental Protection Agency,
Part 86, Subpart B, Section-86.118-78 - Dynamometer Calibration.
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33

3.4

Interface with Master/Host Computer System
The dynamometer processor shall have the ability to communicate usmg, at 4 minimum, an
RS-232 interface to a master/host computer system. [EEE-488, RS-422, Ethernet, and

Appletalk are acceptable supplemental protocols. The specifications for the RS-232
communication to the master/host computer shall be as follows: .

selectable baud rate(s): 1200, 2400, 4800, 9600, or 19200 bits per second
selectable character size: 7 bits, or 8 bits

selectable parity: " even, odd, or none

selectable parity bit: 0 bit, or 1 bit

The dynamometer processor shall exchange all necessary information; including
commands, data, error messages, and reports with the master/host computer system. The
dynamometer processor shall provide the remote computer system with the following
values, at a minimum:

- all site and vehicle data relevant to the test setup

- operation mode

- data set name of road load model

- mechanical, electrical, and total inertia simulated on each roll
- coefficients of road load model

- coefficients of dynamometer loss curve on each roll

- the effective rolling radius of the tires, as determined under minimum load (neutral
coast down or steady speed motoring) at 50 mph.

The dynamometer shall be operational in a remote mode with minimal interaction by the
operator. In this mode, any test data or commands that must be entered to configure or
control the dynamometer for a test may be accessed from a remote computer system instead
of from the dynamometer processor’s input devices, such as keyboard, keypad, or mouse.

Real-Time Dara Monitori
During dynamometer operation, the following real-time data (either as analog, digital, or

computed data) shall be available for a remote computer, either directly from the
dynamometer hardware or from the dynamometer processor for each roll(s):

- wheel speed and accel/decel rate ‘
- front/rear roll speed and accel/decel rate (actual and demand)
(twin roll dynamometer)
-roll 81s;;eeduam'l accel/decel rate (actual and demand)
(single roll dynamometer) . ,
- torques : (actual, demand, and error)
- horsepowers ' ' (actual, demand, and error)
- inertia simulations (actual, demand, and error)
- distances ’ (roll revolutions pulses)
- status of roll brake (on, off)
- status of vehicle lift (up, down)
- status of local/remote control (local, remote)

The dynamometer system shall log or store data for later batch transfer as a tab delimited
text file or in a compatible format to a remote computer.
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3.5

Electic D Dara Acquisition Pact

Each dynamometer shall be supplied with a separate microcomputer capable of running the
EPA Video Driver's Aid (VDA) application module and accessing the VDA file server via
the EOD Laboratory Network System. This microcomputer system shall collect the
dynamometer speed signals and monitor all other test parameters. The system (or
equivalent) shall include, at a2 minimum:

-One Macintosh IIfx chassis with 6 NuBus slots, 8 MBytes RAM, 210MB internal disk,
and extended keyboard.
-One Color monitor 19" or larger diagonal screen at 70-75 pixels per inch, including video
card(s).
-One LabView 2.0 (runtime) or later software to access data from the NuBus hardware.
-Three NuBus cards from National Insaruments
NB-MIO-16XL18, NB-MIO-16XH18, and NB-DMA2800
-One NB Series RTSI Bus cable from National Instruments
-Two SSR (8 module mounting racks) with SC-2050 Adapters and 2 CB-50 Terminal
Strips
-One NuBus card to enable Ethernet communications
-One NuBus card to generate the video signal for a color projector to display the VDA trace
as a rear screen image from outside the vehicle test cell.

One system shall be used in the instrumented vehicle for the acceptance testing. Therefore,

it shall be shipped to EPA a minimum of 60 days pnor to commencement of contractor
performance testing.
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4.0
4.1

4.2

3 l! E .

The contractor shall completc all performance tests before shipment of the dynamometer(s)
to EPA.

The contractor shall supply complete procedures for performing parasitic loss corrections
for EPA review before beginning any testing.

The contractor shall supply all collected data for EPA review before shipment of the
dynamometer(s). EPA shall complete all reviews within 15 days of receipt.

EPA shall reserve the right to observe the performance tcstmg at the contractor's facility.
The contractor shall give the EPA Project Officer a minimum of 15 days written notice prior
to the start of any performance testing. _

No authorization to ship the dynamometer(s) shall be made until acceptance of the
dynamometer’s performarnce is approved by the EPA Project Officer. The contractor shall
accept full responsibility for any equipment, supplies, or materials shipped prior to
Government approval.

Testine Requi 4 Overyi

EPA shall reserve the right to waive specific testing 1f othcr means or data are available to
verify the criteria and/or performance.

Appendix A is a cross reference guide to specific dynamometer requirements and the
subsequent tests which will be used to verify the requirements.

Reporting
The contractor shall submit a report to the EPA Project Officer for each dynamometer

within 30 days of completion of the contractor's performance testing. The report shall
contain, at a minimum, all infarmation required under Sections 4.2.4 and 4.3, as well as:

A. A complete description of all parameters related to and mcludmg the raw test data
: collected including:

Test dates

Personnel

Location (test site and dynamometer serial number)

Ambient conditions (including time of day, barometer, temperature, and
humidity)

Exact tire specification and configuration {tire pressure, tire radii (free-
hanging, flat surface, and dynamometer roller-to-axle center)]

Axle loads (both drive and non-drive)

Total empty vehicle weight

Driver weight

Percent fuel fill and tank capacity (in gallons)

0.  Vehicle drive axle brake and bearing drag

SOPNO L AwN-
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B. A summary table for the testing results (Section 4.4.3.5) indicating all speeds and
torque measurements and statistics on the repettive tests.

C. All setup parameters used in the configuration of the subject dynamometer to
perform the requirements of Section 4.0.

D. A complete list of all test and signal conditioning equipment, including make, model
number, resolution, and measurement rates for each parameter.

4.2.2 Yehicle Torque Whee| System

A vehicle shall be inscrumented with torque wheels for the tests in sections 4.4.3.2 thru
4.4.3.5. The wheel torque measurement system shall have a torque reading resolution of £
0.05% of each dead weight data point when calibrated using certified weights (£0.1%
accurate), traceable to an international standards organization. The dead weight calibration
shall have uniformly spaced calibration points from maximum to minimum and all response
readings shall deviate less than 0.2% of point for each calibration point (from -100 to +100
percent of the torque ransducer’s full scale) for both positive and negative torque
calibrations. Weights shall be applied both sequentally and in random order as shown in
the table below, in percent of full scale:

Positive Negative Random

Load Unload Load Unload

2ero/shunt 100% zero/shunt -100% 20% -40%
10% 90% -10% -90% 80% -10%
20% 80% -20% -80% 30% -20%
30% 70% -30% -70% zero/shunt  zero/shunt
40% 60% -40% -60% -80% 50%
50% 50% -50% -50% -30% 40%
60% 40% -60% -40% -100% 100%
70% 30% -70% -30% zero/shunt  zero/shunt
80% 20% -80% -20% 10% -30%
90% 10% -90% -10% 90% -80%
100% zero/shunt -100% zero/shunt 60% -90%

The torque wheel system shall totalize wheel revolutions and vehicle positive and negative
torqucd' separately, as well as sampling wheel angular speed and torque at least 20 times per
secon

The speed used for a driver's trace and the speed used for the dynamometer load setting
control loop shall be synchronized within £ 0.1 mph for all required tests.
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4.2.3 Data Acquisition (Hardware/Software)

The contractor shall provide a vehicle with a General Motors five lug bolt pattern on the
wheels (4.5" center-to-center spacing between every other lug nut) to measure and record
test data using R14 wheels and steel belted radial tires. Test data shall be collected using
torque wheels and data acquisition equipment supplied by EPA. EPA will use a Macintosh
[Ix computer with National Instruments 16-bit resolution hardware and LabVIEW 2.0
software to acquire all data.

4.2.4 Data Analysis and Presentation
All testing results shall be supplied with summary tables containing the following, at a

minimum:
1. Elapsed Time (seconds; xxx.xx)

2. Driver's Trace and Vehicle Speed (mph; xx.xx

3. Wheel Encoder Frequency (Sample Period Hz and Total Counts)

4, Wheel Angular Velocity and Accelerations (mph, mph/sec ; xx.xx)

5. * Front Roll Encoder Readings (Sample Period Hz and Total Counts)
6. * Front Roll Velocities and Accelerations (mph, mph/sec ; xx.xx)

7. * Rear Roll Encoder Reading (Sample Period Hz and Total Counts)
8. * Rear Roll Velocities and Accelerations (mph, mph/sec; xx.xx)

9. Power Absorption Unit Torque (Ft-Lb; xxx.x)

10.  Power Absorption Unit Horsepower (hp; xx.xx)

11.  Power Absorption Unit Amperage (Amps; xx.xx)

12.  Vehicle Wheel Torque (Ft-Lb; xxx.x) :

13.  Vehicle Wheel Horsepower (hp; xx.xx)

14.  Drive Trace Roll to Vehicle Drive Wheel Angular Velocity Ratio
15.  All Dynamometer Settings

* Note: Ona singlé roll dynamometer, a single roll reading shall be supplied.
The specified data for all tests shall be supplied in tab delimited ASCII text filesasa
function of sample collection time, sampled at least 20 times per second. The data may be

recorded in SI or English units and converted to the units specified above providing the
resolution and format of the raw data complies with the required specifications.

4.3  Component Review and Calibration Tests

4.3.1 Installation and Mechanical Review
Typical installation diagrams and pit specificatioas shall be provided for evaluation. Final
installation diagrams and pit specxﬁmnonsshan bepnmded with the requirements of the
performance data.

4.3.2 Suucrural and Dimensional Review

4.3.2.1 Eame
Ffame deflection shall not adversely affect dynamometer performance or operation. Front
andrearmllparallehsnandahgnmentshallnotchangeovatherangeot‘testvemclesthe

dynamometer is capable of testing. Engineering data and/or analysis shall be provided to
document this requirement.
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4322 Bearings and Lubrication

4.3.2

4.3.3

4.3.3

Motoring torque versus elapsed time data shall be provided to document this characteristc.
Parasitic losses shall be stable to within £ 0.1 hp in ten minutes or less at an average speed
of 50 mph, after the dynamometer is started from a two-hour idle period, with a
dynamometer enclosure temperature of 70-80 °F. Stabilized bearing friction shall remain
constant within + 2% between the dynamometer contractor's recommended calibration
periods for vehicle test environment temperatures between 0 and 100 °F. The contractor
shall include the parasitic calibration frequency per 1000 miles of use needed t eliminate
changes > 0.1 hp at 50 mph.

.3 Roller Geometry

The contractor shall document physical measurements that confirm dimensional
requirements such as diameter, roller set parallelism, roll spacing, and surface finish.

S Onera { Calibration Revi

The contractor shall submit, for EPA review, the torque, speed, and acceleration calibraton
procedures as well as the proposed electrical and base mechanical inertia simulation
verification procedure 15 days before the performance and submission of results from
calibrations.

1 Mechanical [nertia D I

The contractor shall supply a complete summary of all physical components of the
dynamometer and their individual contribution to total calculated mechanical ineria. The
description shall include diagrams of physical layout and specific definidon of which
components are inside or outside the dynamometer's control loop.

The contractor shall provide verification of physical measurements to document that
components have been built to specification. The total system inertia for each flywheel
combination shall be verified t0 £ 0.15% of stated value. The total system inerta shall be
verified through dynamic tests using the dynamometer system.

The contractor shall submit documentation that the mechanical inertia weights are balanced
to within the tolerances specified by the balance quality level specified in Section 1.7. The
documentation shall contin the actual procedure and data or information generated as proof
of compliance with this requirement.
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4.3.3.2

T Cell Calibra

The contractor shall provide all measurement data including documentation of the effective
fixture arm length. The dead weight calibration shall have uniformly spaced calibration
points from maximum to minimum. All calibration points must be accurate to < £0.1% of
full scale (FS) for each calibration point (from -100 to +100 percent of the torque
ransducer's FS) for both positive and negative torque calibration weights. Calibration
weights (£ 0.1% accurate) shall be directly traceable to an international standards
organization. On both positive and negative torque calibrations, weights shall be applied
both sequentially and in random order shown in the table below, in percent of full scale.
The contractor shall supply data to substantiate that the dynamometer torque measuring
system satisfies the following requirements:

Positive Negative Random
Load Unload Load Unload
zero/shunt 100% zero/shunt -100% 20% -40%
10% 90% -10% -90% 80% -10%
20% 80% -20% -80% 30% -20%
30% 70% -30% -70% zgro/shunt  zero/shunt
40% 60% -40% -60% -80% 50%
50% 50% -50% -50% -30% 40%
60% 40% -60% -40% -100% 100%
70% 30% -70% -30% zero/shunt  zero/shunt
80% 20% -80% -20% 10% -30%
90% 10% -90% -10% 90% -80%
100% zero/shunt -100% zero/shunt 60% -90%
Hysteresis 1 0.1% of full scale
Repeatability % 0.05% of full scale
Non-Linearity 1 0.1% of full scale
Zero and Shunt Drift 1+ 0.1% over 24 hours
Rise Time t0 90% of Load < 10 milliseconds
Time Constant < 50 milliseconds
4333 Torque Transducer Viral Span & Zero

Dynamometer controller software calculations may be used to minimize torque transducer/signal
conditioning drift. The following equations describe this software technique. Other methods may

be described or proposed if shown to produce comparab

these techniques, test data shall be provided to verify the accurate performance.

Vc = Vm(G) +B
where:

Vc = Corrected Output
-V_ = Measured Output
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Fef - Zep
G =—m@8m——
(Sact ) Zm)
Sref * Zep)
B =—mm—
(Sact ) zact)

S ef = The expected shunt resistor reading determined
during transducer calibration

S 3¢ = The actual shunt reading

Z,o¢ = The expected transducer output with 0 torque

Z, . = The actual zero reading |

4.3.3.4 Spesd Measurement

Spgeodm&smmcntaccumcyshanbedcmommwdmdvaiﬁedwbeammwm“ddﬁn
1 0.05 mph.

4335 Acceleration Measurement

Measurement or determination of angular acceleration shall be demonstrated and verified to
be accurate 10 £ 0.01 mph/sec or £ 1% whichever is greater over a range of 0 to eight
mph/sec.

4.3.3.6 Time Measurement

Time measurement shall be demonstrated and verified to be accurate to the nearest 0.01
second while totalizing 1000 seconds.

4.3.3.7 Computer

The computer system shall transfer test data sets to a remote Macintosh computer. One
megabyte of sample data shall either be directly ransferred to the Macintosh computer in
less than ten minutes or the data shall be stored as tab delimited ASCII text on an MS-DOS
or Macintosh formatted 3.5" floppy disk capable of holding 1.4 megabytes per floppy.

4.4  Dynamometer Characterization Tests

4.4.1 Endurance Testing

The dynamometer shall be fully warmed and then operated for two hours at a series of
various speeds including maximum plus/minus torque levels. The requirements of the
remainder of Section 4.0 shall be performed after the dynamometer has been shut off for a
minimum of 24 hours.
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A maximum shock loading test shall be performed, to establish the structural integrity of all
system components. This test sequence shall consist of:

1. The dynamometer, set at its base inertia weight, shall motor itself from 0 to 60 mph
at the maximum motor hp and the emergency stop shall be activated to decelerate the
dynamometer to zero mph five consecutive times within one half hour.

Immediately followed by:

2. A vehicle shall be properly positioned and normally restrained on the dynamometer.
The vehicle shall be operated at wide open throttle for approximately five seconds,
then the vehicle brakes locked for approximately one second (undl the driver's wrace
speed decreases discernibly). This sequence shall be repeated until the vehicle's
speed reaches 60 mph.

4.4.2 Electrical Inertia Simulation Response

Simulation response shall be reported as the dynamometer torque response to a simulated
step change in speed signal. The response definitions are contained and illustrated in
Appendices E and F. The inertia settings shall be base mechanical inertia, 2,000 and 5,300
Ibs. Six mph/sec and 0.5 mph/sec acceleration and deceleration sawtooth profiles and
square wave steady speeds shall be simulated using a signal generator.

Response time in all cases shall be less than 100 milliseconds.

4.4.3 QOperational Response Characterization

4.4.3.1 Dynamometer Self-motoring
The following tests shall be performed before shipment.

A. Parasitic Losses Determinations and Stability:

The dynamometer shall assess and compensate for the vehicle loads that are artributable to
tire/roller and dynamometer mechanical parasitic losses. The following tests are designed
to simulate daily use and subsequent stability of the dynamometer parasitic losses.

The subject dynamometer shall perform coastdowns (with and without a vehicle), with all
dynamometer load coefficients set at zero, and calculate the equation of parasitic losses
(1bs. force) from 60 to 10 mph. The dynamometer shall accept a target total vehicle road
load curve and calculate the required coefficients necessary to match the vehicle load curve
and compensate for the previously calculated parasitic losses.

Once the dynamometer has been warmed according to the contractor’s published
procedure, the dynamometer shall perform a no load coastdown (at dynamometer base
inertia weight) and calculate the coefficients to describe the parasitic losses.

An assessment of the parasitic friction transient behavior shall be performed. The
dynamometer shall be allowed to sit for a minimum of two hours. The dynamometer shall
then motor itself through a series of steady speeds each 30-seconds in duration, at 10, 20,
30, 40, 50, and 60 mph, followed by a no load neutral coastdown from 65 to 10 mph. The
steady state/coastdown sequence shall be repeated for a total of five sequences performed
within one hour.

NOTE: If ihc coastdown exceeds five minutes with no electrical load, a constant electrical
force may be applied to limit the coastdown to five minutes.
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On the final sequence following the 60 mph steady state, the dynamometer shall motor
itself to 80 mph within ten seconds and maintain this speed for 30 seconds prior to the no
load neutral coastdown.

The data supplied shall verify all coastdown calculation capabilities.
. Steady State Verification of Parasitic Friction Stability:

The measu:ed steady state horsepower values after ten minutes shall be within + 0. 1hp of
the stabilized values, calculated using the dynamomcxcr-produced parasitic loss equation.

. Mechanical Base Inertia Verification:

The dynamometer shall be programmed to operate at its base inertia weight. (Base inertia
shall be defined as the inerua weight with no electrical or incremental mechanical inertia
engaged.) Using a constant acceleration rate the dynamometer shall accelerate 1o 65 mph
and then decelerate at the same rate to 0 mph. The collected force data shall be corrected for
the parasitic forces and then used to verify the mechanical base inertia by the following
equation:

Force = (—"‘i a
8
where:
w = Base Inertia Weight (Ibs)
g = Gravitational Constant (32.17 ft/secz)
a = Accel/Decel Rate

combining with g produccs the following calculated inertia equation:
Wealced =F/0.045585(dV/dt)m

where:
Waiced = Calculated Mechanical Inertia Weight (1bs.)
F . = Sample Interval Net Roller Surface Force
Measured by Dynamometer (1bs.)

(dV/dt)y, =Measured Interval Acceleration (mph/sec)

The accel/decel procedure shall be repeated five times at rates of 1, 3, and 6 mph/second or
whichever of these rates the dynamometer can achicve, as well as the maximum
dynamometer motoring horsepower.

The average value of Weajced at each accel and decel rate shall be within £0.2% of the
contractor's specified Base Inertia Weight. These tests shall be applied to verify the
incremental mechanical inertia valua available.
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D. Verification of Friction Compensation:

Friction compensation accuracy shall be checked with a warmed dynamometer and all road-load

simulation coefficients (F = A + BV + CV2) set to zero for each of three separate inertia weight
settings (Base Inertia Weight, 2000 1bs., and 5500 lbs.). After motoring to 50 mph, the
dynamometer shall be switched to road simulation mode and shall compensate for all parasitic
losses. Speed drift versus time shall be used to determine the compensation error.

ferrar = compensation error (Ibs) = m (AV) (0.045585VAt
where: m =actualinerta
AV = speed drift (mph)
At =tme over speed change (sec)

In addition, the friction compensation accuracy shall be recorded at steady speeds of 10,
20, 30, 40, and 60 mph for ecach of the above inertia settings.

The compensation error at each speed shall not exceed the equivalent of £ 0.1 hp at any
steady state speed.

E. Road-Load Curve Simulation and Repeatability:

Accuracy and repeatability of the road load curve shall be determined from five separate 65
to 10 mph continuous neutral coastdown tests (without a vehicle) at each load setting from

below. Coastdown force shall be determined at speeds of 60, 50, 40, 30, 20, and 10 mph.
The error (ej) at each coastdown point is the difference between the calculated force and the

measured coastdown force: :

% =F ed T
Foe =A+B*V+C*V2
F, = (0.045585) (I) (dV/dt)

where:
dv/dt = Measured (or calculated) Sample Interval
Acceleration (20 samples/sec sampling rate)
I = Inerua weight setting (Ibs) g
The following road-load harsepower and inertia conditions shall be measured:
DYNAMOMETER BASE INERTIA
A=B=C=0 and I = Dynamometer Base Inertia
LDY MINIMUM
A=26251b.,B=C=0, andI= 2,000lb.

LRY MAXIMUM
A=18751b,B=C=0, andl= 55001b.
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. Accuracy shall be defined as the average force error. Repeatability shall be defined as two
tmes the standard deviation, for each speed point. :

Coastdown accuracy and repeatability versus speed shall be documented for the minimum
and maximum force curves and shall not be significandy different, at a 930% statistical
confidence level, from the subject dynamometer's own accuracy and repeatability at its base
mechanical inertia weight setting.

4.43.2 Sieady State Speed Loading
This shall be performed before shipment, with a vehicle.

The stabilized dynamometer shall be programmed with two loading curves (see Appendix
B Figure 2). The contractor shall perform steady state tests ranging from 10 to 60 mph in
five mph increments. Each shall be of 30 seconds duraidon, (ascending or descending
order) for each dynamometer load set curve. Five replicates of each run shall be recorded.
All load setting and driver's trace speed signals shall remain within £ 0.1 mph during the
data recording periods.

The dynamometer and vehicle wheel force data from each steady state/speed shall be
graphed versus speed (mph). The dynamometer force data from five runs shall be within
1 1 % of a curve of the mean values (from 10 to 60 mph ) for the five replicate runs. The
mean values for each speed increment shall be calculazed by the formula in the example at
the end of this section. The data shall be graphed in the same manner as shown in
Appendix C, Figure 4.

4433 Eixed Acceleration Rate
This shall be performed before shipment, with a vehicle.

The dynamometer shall compensate for all dynamometer and vehicle tire/roll interface
parasitic losses (i. e., the measured wheel torque, at steady state speeds, shall equal 0).
The vehicle shall accelerate the dynamometer for 2000 and 5500 pound inertia weight
settings. The contractor shall perform acceleration test sequences for 1, 3, and 6 mph/sec
accelerations from 0 to 60 mph. The sequences shall consist of one run per acceleraton
rate and inerta setting (six runs). .

The dynamometer roller force and vehicle wheel force data from each acceleration shall be

graphed versus the dynamometer acceleration rate (dV/dt). All dynamometer roller force
data shall be within £ 1 % of a curve of the calculated force values versus acceleration rate.
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The vehicle wheel force data shall not exhibit a variability greater than that exhibited for the
same acceleration rates performed under test track conditions. Each ideal inertial
acceleration force value shall be calculated by the following formula:

Feaiced = Mgt (0.045585)(dV/dt)_

where:
Fcalked = Calculated Instantaneous Force (lbs.)
M = Set Inertia Weight (1bs.)
dV/dt  =Measured (or calculated) Sample Interval Acceleration
(at 20 samples/sec sampling rate)

See Appendix C Figure 3 for an example of how the data shall be graphed.

4.4.3.4 Neutral Coastdown Rolling Load
This shall be performed before shipment, with a vehicle.

The contractor shall perform neutral coastdown tests from 65 to 10 mph consisting of five
replicate runs per inertia weight using the load curves and inertia weights (2000 and 5500)
used in Sections 4.4.3.2 and 4.4.3.3.

The dynamometer and vehicle wheel force data shall be graphed versus dynamometer
speed. The dynamometer roller force data shall be within £ 1 % of a curve of the mean

values (from 60 to 10 mph ) for the five runs. The data shall be graphed in the same
manner as in Appendix C, Figure 4.

4.4.3.5 Urban Dynamometer Driving Schedule (UDDS-505 seconds)
This shall be performed before and after shipment, with a vehicle.

Testing at the contractor’s facility shall consist of the collection of the same data on each
dynamometer which the contractor shall deliver under this contract. Each set of 4WD
dynamometer roll(s) shall be tested in the 2WD dynamometer configuration.

The testing shall be conducted on a dynamometer with a vehicle using load curves and a
test inertia weight specified by EPA. A minimum of five sequendal UDDS - 505 tests shall
be run for each test specified.

The data required under Sections 4.2.1 and 4.2.4 shall be logged at a sample rate of 20Hz
and stored in a disk file by the system computer for the first 505 seconds of the UDDS.

The collected data shall be supplied to EPA for review and evaluation. Statistical analysis
of the replicate tests shall be performed by EPA to quantify the performance characteristics
of the dynamometer/vehicle system operating under transient driving schedules. The
contractor shall correct all performance deficiencies that are found to be statistically
significant relative to the other dynamometers produced and tested.

Real Time Performance Monitor:

The dynamometer controller software shall perform the following analysis of the force
error profile. Statistics on the values of the force error versus reference force and velocity
shall be generated. The dynamometer software shall report the minimum, maximum,
average, standard deviation, and number of values collected for the force error for each ten
mph speed interval during the test phase. The contractor shall state the calculation
frequency and cutoff speed used for data acquisition. This technique shall be used w0
monitor all tests.
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System performance shall be verified through the analysis of the force error signal. The
equation for the force error signal is as follows:

E, =100*En-F)F

where:
Em = Force Error Signal
Fm = Measured Force
Fr = Reference Force

Measurements shall be made during each vehicle UDDS - 505 seconds sequence performed
in this section.

The average force error signal over the UDDS - 505 seconds shall be within £+ 1% over the
entire speed range.
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Appendix A

Electric Dyno Acceptance Cross Reference

General
Mechanical
Ambient Conditions Operation
a  Narrative

Wheel Base Adjustment

a  Within £0.08"

Roll Balance

[W Determination

Calibradons

1. Speed Measurement Accurscy
a £0.0.5 MPH

2. Acceleration Measurement
a. 0-10 MPH/sec Range
b. £ 0.01 MPH/sec Accuracy

3. Elspsed Time
o +0.01 seconds
4. Torque

& t0.2 ft-lbe( min 1000 samples/sec)
b. £0.1% hysteresis
¢. £0.1% zero shume drift
d. $0.1% Repeatability
e. +0.1% Linearity
5. Responss
L <100 msec to 90%

Motwr Mode

1. Align Vehicle Procedure
2. Warm-Up
3. Coasudowr/Acceleration
& Any from 0 w0 10 MPH/sec
OR Max Avail power
( 1. 3. 6 MPH/sec Accels)
b. Base [nertia Verification
4. From Panel by Operator
5. Steady States Parasitic Losses Suability
& Shall remain < £ 0.1 HP (ALL Speeds)

Accel/Decel

I[nentia Simuladon
a. Parasitic Losses Compensated
b. 2000 & 5500 Ibs W
(1,3, 6§ MPH/sec)
c. MsF/(dV/d)
Acceleration Measuremant
a. Include Zero
b. Within 100 millisecs.

. Response

a. < 100 millisec lag o 90%

Tests Performed With a Vehicle ‘

Steady States

1. Road Load Simulation Accuracy
8 Repeatable £ 1%

2 Access coefficients within
10 secs

1. Roll Synchronization
+0.1 MPH ALL Tests

Restraing System

A —— 2
' s $205°

FTP
(503s)

1. Test Distance

. &1 Point in 2000

2. Positive Load Repeatability
3. Negative Load Repeatability
4. Error Signal Verification

Coastdowns

1. Road Load plus Inertia Simulation
& £ 1% of Value Set
2. Max Velocity 80 MPH
3. Min Velocity $ MPH
4. Min Inierval S MPH
5. Data Display .
& Upper & Lower Speeds of Range
and [nterval
b. Elspsed Time
¢. Caiced Coeffients
d. Acmal Power Absorbed
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Appendix D

Symbols and Specification Terminology

UNITS
Constant rolling resistance parameter N, Ib
Constant friction characteristic N, Ib
Speed proportional rolling resistance parameter N/kph, Ib/mph
Speed proportonal friction characteristic N/kph, Ib/mph
Speed squared (wind) resistance parameter N/(kph)?, 1b/(mph)?

- Speed squared fricdon characteristic N/(kph)2 , 1b/(mph)2
Parameter for braking and miscellaneous forces dimensionless
Thrust parallel to road or tangential to roll N, b
Force Error N, b
Force error fraction dimensionless
Gravitational acceleration _ 9.807 m/sec? or 35.32 kph/sec
32.17 f/sec? or 21.93 mph/sec

Effective mass N, b
Number of data points
Power ransmitted through roll surface kW, hp
Regression coefficient dimensionless
Distance roll surface moved since dxstancc counter reset m, ft
Sine of hill angle above (+) or below (-) horizontal dimensionless
Time - sec
Derivative of time <ec
Finite dme interval , - sec
Speed over road or roll surface kph, mph
Speed error kph, mph
Derivatdve of speed kph, mph
Finite change of speed kph, mph
Gross weight of vehicle including passengers N, b
Angular velocity rads/sec
Linear acceleration m/sec?, fUsec?
Angular acceleration ‘ rads/sec?
Average
Calculated

Device which provides load in a complex chassis roll system
Correction for gravitational and engineering units:
gd;lnphed by 35.31 kph/sec in SI

Muldplied by 21.93 mph/sec in Imperial system
Inside contol loop

Measured

Outside control loop

Road equivalent

From point 1, 1 t0 2,2 to 3, etc.



‘Appendix E

Glossary of Acceptance Criteria Terminology

Overshoot

Percent Overshoot

Delay Time (Tq)

Rise Time (Ty)

Settling Time (Ts)

Time Constant (1)

Transport Lag (Tp

. Reactdon Time

Response Time

The overshoot is the maximum difference between the transient
and steady-state output of a system in response to a unit step
input. Overshoot is a measure of relatve stability and is often
represented as a percentage of the final value of the steady-state
output.

= [(Mpy - C5g) / Cs5) *100%
where: Mp' = peak value
Css = steady state or final value of c(t)

P

The time delay is defined as the time required for the response to a
unit step function input to reach SO percent of the final value.

The rise time is customarily defined as the time required for the
response to a unit-step function input to rise from 10 to 90 percent
of the final value.

The settling time is defined as the time required for the response to
a unit-step function input to reach and remain within a specified
percentage (frequently 2 to § percent) of its final value.

The predominant time constant is an alternative measure of settling
time. The envelope of the mansieat response decays to 37 percent
of its inidal value in t seconds. :

The transport lag is the delay in the onset of a change in feedback
as a response to a change in system output.

The system reaction time is defined as the minimum time lag
between an input change and the resultant change in system output
and is the direct summation of the unrelated, forward transport
lags in the system. Reaction time is sometimes incorrectly
referred to as Response Time.

The response time is defined as the lag between an input change
and the time the response rises 0 90 percent of the final value.



RESPONSE CHARACTERISTICS OF A SECOND ORDER SYSTEM TO A UNIT STEP FUNCTION
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Engineering Operations Division Test Procedures

TP

TP

TP

TP

TP

TP

TP

TP

TP

TP

TP

TP

TP

TP

TP

TP

TP

TP

TP

TP

TP

TP

TP

TP

TP

TP

TP

TP

TP

TP

TP

101
1054
403
502

1068
108A
109

202
204
205
207A
210
211

213A
214

215
302A
303

701B
702D
703C
704C
705B
707C

708C
709C
7108
711A
712A
713B

714A

Gas Laboratory

Preparation of Gravimetric Binary Gas Mixtures
Gas Naming
Gas Correlation
Gas Cylinder Changé
istry Laborator
Analysis of Alcohols Extracted from Gasoline
Vapor Pressure of Gasoline and Gasoline—Oxygenate Blends

Test for Lead-in-Gasoline by Atomic Absorption Spectrometry

. . . pe .
«

Dynamometer Calibration - Frictional Horsepower

Gas Analyzer Calibration Curve Generation

Span Point Change Notice

Dynamometer Calibration - Rocad Load Power Control Electronics
Critical Flow Orifice Calibration

Calibration, Operational Verification, and Preventive Maintenance of the
Leeds and Northrup Ambient Temperature Monitoring System

Calibration and Verification of Digital Barometers

Calibration, Operational Verification, and Preventive Maintenance of General
Eastern Dew-point Meters

Dry Gas Meter Calibration
Dynamometer Calibration Verification

Analyzer Monthly Curve Verification

Vehicle Emission Lal

Vehicle Inspection and Acceptance

Vehicle Fuel Exchange

Vehicle Preconditioning (Video Drivers Aid)
Diurnal Heat Build (No Evap) Test

Diurnal Evaporative Emission (Heat Build) Test

Sample Collection of the Urban Dynamometer Exhaust Emission Test (Video
Drivers Aid)

Sample Analysis of the Urban Dynamometer Exhaust Emission Test

Hot Soak Evaporative Emission Test

Sample Collection of the Highway Fuel Economy Test (Video Drivers Aid)
Sample Analysis of the Highway Fuel Economy Test

Quick Check Coastdown

Sample Collection, Continuous Hydrocarbon Analysis, and Particulate
Collection of the Light Duty Diesel Test
Diesel Particulate Filter Handling and Weighing

Please complete the back section before returning this form



Engineering Operations Division Procedure Documentation Request

Please type or clearly print your name, mailing address, and business phone number in
the area provided below.

Please register my name on the Quality Control External Mailing. I wish to

receive future documentation for the procedures checked on the front of
this form.

Name:

Address:

Phone: Area Code ( )




S:" % ] - UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
§$ | 4"? . ANN ARBOR. MICHIGAN 48105
Ve o
May 23, 1986 OFFICE OF
- AIR AND RADIATION
FEMCRANDUM

SURJECT: Calibration and Maintenance Services

e
FRONM: David W. Perkins, Supervisor L}égi»—y////
Calibration and Xaintenance Group 4//’

TO: James D. Carpenter, Chief
Facility Support Branch

A

Attached is a summéry of the services currently provided by the Gas
tnalysis Lab, It covers the service, tolerances, frequency and it identifys
the group to whom these services are provided.

Also attached, are updated versions of diegnostic and other test equipment
checks performed by the Calibration and Maintenance Group.

If you have any questions or comments please contact me.

Attachments



GAS LAB SFRVICES

ARFA FRFQUENCY TOLFRANCE GROUP COVERED
Provide NBS and Gravimetric standards 2 years or +0.5% TPB, TEB(EOD),
' as required _ SDSB(HD)
Provide Secondary standards Renamed every +0.3% "
year or as
required
Provide working gases As required +1.0% "
Provide specialty gases As required - "
Provide pure propane for CFO Kits As required less than 0.5% contamination "
Provide FID fuels As required +2% of 40-60% blend "
Provide No As required less than 1 ppmC hydrocarbon, "

1 ppm CO, 400 ppm CO» and
0.1 ppm NO contamination
Provide zero grade air As required 18 - 21% 02,1éss than 1 ppmC "
hydrocarbons, 10 ppm CO, 400 ppm
COp and 0.1 ppm NO contamination



Test Equipment Checks - Analysis Systems

AREA

I.

Analysis System Checks

A.

D.

Blended Cas
Cross-check Bag (SAC)

CH4 Sample Correlation

NOx Analyzer Converter
Efficiency Check

NO/NOx Flow Balance
1. Check the NO and NOx response

with a known .concentration of
NO/NOx

CHy Peaking and Characterization
1. CHy SAE procedure J-1151A

FREFQUENCY

TOLERARCE GR

OUP COVERED

Daily

2 VWeeks

Weckly

4 months

3 months

Response based on standard
deviation (sigma) levels

listed in QC comments.

Includes all laboratory
analysis sites.

Any reading outside of 3

sigma - immediate shut down.
Rerun of analyzers affected
after repair.

Two of three readings outside
of 2 sigma - Investigate within
1-2 days. Rerun of analyzers
affected after repair. ,
Four of five reading outside of
1l sigma - Investigate within
3-4 days. Rerun of analyzers
affected after repair.

Trends or biases - investigated
as time permits and at scheduled
monthly curve verifications.

Response based on the criterion
listed above. ,
90% minimum conversion of-

NO2 to NO. Investigation
required below 95% level.

NO should read
less than NOx,
+1 ppm from tag

Outlined in procedure

TPB

TPB, TEB (E&D),
SDSB (HD)

TPR, TEB (E&D)
SDSR (HD)



ARFA
1I. Analyzers
A. HC
1. Calibration Gases
a. Zero - HC free air
b. Major - Air
¢. Minor - CzHg
2. Types of FIDs
a. Cold FIDs
1) Bag Measurement
2) SHED Measurement
b. Heated FIDs
1) Diesel Measurement
3. Types of Fuels
a. Ho/N Bag
b. Hp/He Diesel & SHED
4. PFlow
a. 4 scfh bypass
5. Verifications
6. New Curves

1. Per final draft issued 6/1/82.

TEST

EQUIPMENT CHECKS - Analyszers

FREQUENCY

TOLER ANCE

GROUP COVFRED

.

Monthly

As needed

Per Proc. 303

Per Proc. 204Al

TPB, TEB (F&D),
SDSB (HD)

TPB, TEB (E&D),
SDSB (HD)

TPB, TEB (E&D),

SDSB (HD)

TPB, TEB (E&D),
SDSB (HD)

TPBR, TER (E&D),

SDSB (HD)

TPR, TEB (E&D),
SDSB (HD)
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TEST EQUIPMENT CHECKS - Analyzers

ARFA ' FﬁEOUENCY TOLER ANCE GROUP COVERED

a. Curve Fit Deviations? ~———- Secondaries :}% of point.
On-line working gas + 1%
of Nominal concentration
Ave. Dev +0.5% of point

b. Degree of Fit -——— 3rd

c. Number of data points ——- 7 or more including zero.

7. Special checks

a. Methane Response Monthly 1.10 to 1.203 TPB, TEB (F&D),
SDSB (HD)
B. CO»o
1. Calibration Gases —— ——— TPB, TEB (E8&D),
' SDSB (HD)
a. Zero - N2
b. Major - Np
¢. Minor - CO
2. Optical Filter — — TPB, TEB (E&D),
SDSB (HD)
a. CaPFo
3. Cell Length — —— TPB, TEB (E&D),
SDSB (HD)
a. 0.3 inch
4. Flow ——— —— TPB, TEB (EF&D),
SDSB (HD)

2. In special cases or ranges tolerances can exceed these limits, but still meet Federal Register tolerances on
non-certification sites.
5. Ratio of the response to a 50 ppm CHy cylinder. Response in CzHg x .3

CHy Concentration of the cylinder




AREA

5. Verifications

6.

7.

New Curves

a. Curve Fit Deviations?

b. Degree of Fit
c. Number of data points
d. Nonlinearity

Special CO» Curves
Monthly Updates4

co (LCo & HCO)

1.

Calibration Gases

a. Zero - No
b. Major - Np
¢. Minor - COsp

Optical Filters

a. HCO (MSA)
. 1) CaPFp
b. LCO (Bendix)
1) Optical and Band
Pass Filter

1.

Per final draft issued 6/1/82.

2. In special cases or ranges tolerances

non-certification sites.

4. Per EPCN No. 046 4/2/82

TEST EQUIPMENT CHECKS - Analyzers

FREQUENCY

-6-

GROUP COVFRED

Monthly

As needed

As needed

TOLERANCE

Per Proc. 303

Per Proc. 204Al

Secondaries +1% of point.
On-line working gas + 17
of Nominal concentration
Ave. Dev +0.5% of point
3rd -

9 or more including zero.
Less than 15.0%

+0.1 defections

TPB, TEB (E&D),
SDSB (HD)

TPB, TEB (E&D),
SDSB (HD)

TPB

TPB, TEB (E&D),
SDSB (HD)

TPB, TEB (E&D),
SDSB (HD)

can exceed these limits, bub still meet Federal Register tolerances

on
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TEST EQUIPMENT CHECKS - Analyzers

AREA FREQUENCY TOLFRANCE GROUP COVERED
3. Cell Length —— ———— TPB, TEB (E&D),
SDSB (HD)

a. HCO (MsA)
1) 3.5 inch
b. 1CO (Bendix)
1) 11 1/8 inch

4. TFlow — ‘ —-- TPB, TEB (E&D),
SDSB (HD)
a. 6 scfh (HCO & LCO)
5. Verifications Monthly Per Proc. 303 TPB, TEB (E&D),
SDSB (HD)
6. New Curves As needed Per Proc. 204Al - TPB, TEB (Eé&D),
SDSB (HD)
a. Curve Fit Deviations? ——— Secondaries :}% of point.

On-line working gas + 1%
of Nominal concentration
Ave. Dev +0.5% of point

b. Degree of Fit -——— 3rd5
c. Number of data points ——— 9 or more including zero.
d. Nonlinearity
HCO & LCO : ——— Less than 15.0%
D. NOx ,
1. Gases —— ——— - TPB, TEB (E&D),

SDSB (HD)
a. Zero ~ HC free air
b. Major - N,
¢. Minor - NO

1. Per final draft issued 6/1/82.

2. In special cases or ranges tolerancee can nxceed these 11m1ts, but still meet Federal Register tolerances on
non-certification sites.

‘5. Can be 4th for rangas 22 (0 - 10,000ppm) and above.
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TEST EQUIPMENT CHECKS -~ Analyzers

AREA FREQUENCY TOLERANCE GROUP COVFRED
2. Flow ———— ——— TPB, TEB (E&D),
- SDSB (HD)
a. 2.0 lpm
3. Verifications Monthly Per Proc. 303 TPB, TEB (E&D),
SDSB (HD) .
4. New Curves As needed Per Proc. 204Al TPB, TEB (E&D),
SDSB (HD)
a. Curve Fit Deviations? ——— Secondaries :}% of point.

On-line working gas :_1%
of Nominal concentration
Ave. Dev +0.5% of point

b. Degree of Fit ——— 2nd
c. Number of data points ——— 7 or more including zero.
E. CH4
1. Gases ——- ——- TPB, TEB (E&D),
SDSB (HD)
a. Zero - HC free air
b. Major - Air
¢c. Minor - CH4
2. Fuel _——— ———— ., TPB, TEB (E&D),
: . SDSB (HD)
a. H2/He
3. Flow —— —— TPB, TEB (E&D),
. SDSB (HD)
a. 3.5 scfth
4. Verifications Monthly Per Proc. 303 TPB, TEB (E&D),
SDSB (HD)

1. Per final draft issued 6/1/82.

2. In special cases or ranges tolerances can exceed these limits, but still meet Federal Régister tolerances
non-certification sites. '



Test Equipment Checks - Analyzers

TOLER ANCE

AREA FREQUENCY
5. New Curves As needed

a. Cﬁrve Fit Deviations? ————

b. Degree of Fit _—

¢. Number of data points -—-

1. Per final draft issued 6/1/82.

2. In special cases or ranges tolerances can exceed these

on non-certification sites.

Per Proc. 204Al

Secondaries +1% of point.
On-line working gas + 1%
of Nominal concentration
Ave. Dev +0.5% of point.
2nd

7 or more including zero.

limits, but still meet Federal

-9-

GROUP COVERED

TPB, TEB (E&D),
SDSB (HD)

Register tolerances



Test Equipment Checks - VA&T Diesel Site

-10-

AREA FREQUENCY TOLFRANCE GROUP COVFRED
II1. VA&T Diesel Site
A. Blower (over Room 532)
1. Check o0il level Weekly Add or change TPB
as needed
B. Pump Operation
1. Check sample and fluid Weekly ———— TPB
pump operation
C. Bulk Stream Filter
1. Check the differential pressure Weekly Less than 6" Hy0 drop TPB
across the filter on the 700 cfm
range
D. AOO4 Operation
1. Check AOO4 zero, span, sample Weekly 40,2 deflection TPB
E. AOl6 Operation A
1. Check AOl6 zero, span, sample Weekly 40.2 deflection TPB
F. Temperatures and Oven
1. Check the system temperatures Veekly As posted TPB
G. Tunnel Inspection
1. Visually inspect the tunnel 6 Months Clean as needed TPB
D. Motors on Pumps and Circulators
1. 0il each motor and pump bearing 3 Months —-——— TPB
E. Meter Calibration
1. Check fuel dispensed with 6 Months + 0.1 gal TPB
5-gallon standard
F. Temperature Calibration
1. Check fuel temperature with 6 Months + 2°F TPB

temperature standard



Test Equipment Checks - VA&T Diesel Site

~11-

AREA FREQUENCY TOLFR ANCE GROUP COVFRED
G. Fuel Filters
1. Replace filters in dispenser 6 Months ——— TPB
H. Process Fluid
1. Check level 6 Months 1/2 to 7/8 full TPB
2. Check inhibitor level in fluid Yearly ’
I. Process Tank Bottoms
1. Draw off sediment from four Yearly —— TPB
process tank bottoms
J. Liquid Hydrocarbon Detectors
1. Calidbrate and test for proper Yearly — TPB
operation .
K. Diesel Particulate Dry Gas
Meter Calibration
1. Verification Monthly 19.5% Dev. from best fit TPB, TEB (F&D)
line. Slope +0.5% from
active slope.
2. Tylan Adjustment As needed . +2.0% TPB



Test Equipment Checks - Analysis Systems

AREA FREQUENCY

TOLFRANCE

GROUP COVFRED

F. CO Analyzer Hp0/COp Interference
1. Inject 3% CO, bubbled through Yearly
room temperature water using
the LCO and HCO analyzers

G. Replace FID batteries Yearly

Federal Register
tolerance = 4+ 14
of full scale or *+3 ppm
on ranges below 300 ppm

TPB, TEB (E&D)
SDSB (HD)

TPB, TEB (E&D),
SDSB (HD)



Test Equipment Checks - Alarms

ARFA

IV. Alarms

A. Toxic Gas Warning System
1. Force cal and sample 50 ppm
CO check one site
2. Sample a bag of 25 ppm NOx and
50 ppm CO from each pick-up
3. Random check two sites

B. Combustible Gas Alarms
1. Check calibration of meters with
a bag of 5250 ppm propane

-12-

every 2 yrs)

FREQUENCY TOLFRANCE GROUP COVFRED

‘Weekly + 5 ppm TPB, TEB (E&D)
- SDSB (HD)

6 Months + 5 ppm TPB, TEB (E&D)
- SDSB (HD)

2 Weeks + 5 ppm TPB, TEB (E&D)

SDSB (HD)

Yearly Meter set 25% of LEL, TPB - SHEDS &

(Change (Alarm set 20% fueling area

transducers of LEL)



Test Equipment Checks - Soak Area

AREA FREQUERCY

13-

V. Soak Area

-

A. Check soak area temperature recorder 2 Months
B. Check Laboratory Barometers

1. Calibrate barometers monthly
as outlined in TP 213 Procedure

2. Verify barometers calibration as weekly
outlined in TP 213 Procedure

TOLER ANCE GROUP COVERED
+ 1°F TPB
+.03 "HG TPB, TEB(E&D),
SDSB(HD)
+.05 "HG



Test Equipment Checks - Fuel System

ARFA

VI.

Fuel System

A. Temperature Controls
1. Check fuel temperature

B. Visual Check, Indoor, and Outdoor
1. Check reteniton dike and pits
for debris and water
2. - Check for leaks at fittings
3. Manually cycle pneumatic valves

C. Heat Pump Air Filters
1. Visually inspect and change
if needed

-14-

FREQUENCY TOLFRANCE GROUP COVERED
Daily at 45-52°F Test TPB

startup 45-T0°F Prep

Weekly —— TPB

Weekly ——— TPB

Weekly ———— TPB

2 Veeks ———— TPB



Test Equipment Checks - CVS's

-15-

AREA FREQUENCY TOLERANCE GROUP COVFRED
VIiI. CVS
A. Tracer Gas Injection Weekly :?.O% recovery. Failure TPB
require two additional
propanes within +1.8%.
Includes diesel heated
FID bag and continuous
integrated samples.
B. Venturi Cleaning and Operational
Checks
1. Visuslly inspect venturi Yearly Clean if necessary TPB, TEB (E&D)
2. Check pressure and temperature Yearly +24 of calculated TPB, TEB (E&D)
transducers and Vmix computer - ‘
3. Check CVS dilution filters Yearly Less than 1" H,0 drop TPB, TEB (E&D)
SDSB (HD)
C. CVS Maintenance
1. Change sample filter elements Weekly ——— TPB
2. Clean probes, check fittings Monthly Probe vacuum less TPB
' and lines than 12" Hg
3. Check cyclonic separators Monthly —— TPB
4. Visually check exhaust pipe Weekly Replace as necessary TPB
gaskets and boots ,
5. Pressure check exhaust pipe Yearly - TPB
6. CFO Kits. Verify active Yearly + 0.5% TPB, TEB (E&D)

coefficients

SDSB (HD)



Test Fquipment Checks -~ SHED's

-16-

AREA FREQUENCY TOLERANCE GROUP COVERED
VIII. SHEDS
A. Air Flow and Visual Inspection :
1. Check mixing air flow rate Yearly 600-1000 CFM TPB
2. Visually inspect for leaks Yearly ——— TPB
3. Safety check the door and cable Yearly ———— TPB
B. Background Check
1. Check the background at the Yearly + 0.4 grams/4hrs TPB
beginning and end of a 4-hour
period, with the door closed.
C. 4-hour Retention Monthly +4% Retention of TPB
: injected propane for )
a 4-hour period. Rerun
retention after repairs -
are completed.
D. SHED Volumetric Check Monthly :?% Measured versus . TPB
calculated volume
(based on FID response).
E. SHED SAC Veekly Any reading outside TPB

of the analysis sites,
three sigma.



Test Equipment Checks - Dynamometer

-17-

AREA FREQUENCY TOLERANCE GROUP COVERED
Dynamometers
A. Dynamometers Calibration Weekly +1 second - actual TPB

Verification Procedure
TP-302A

B. Dyno Maintenance
1. Check mag plugs
2. Clean screeng in water lines,
fittings and lines
3. Lube bearings and couplings
4. Check bonding on rolls

C. Ho0 Softeners
1. Check with soap test

D. QC Timers

1. Check set points 4.50 and 5.50
volts and the 5.00 volt drivers aid

cal signal

E. Dew Point Meters
1. As outlined in Procedures
TP 211 and TP 214 Procedures
2. Clean mirrors

Monthly
Monthly

6 Months
Monthly

6 Months
(Replace
yearly)

4 Months

Weekly and
Monthly
30 days

versus theoretical
coastdown times. +0.2
HP thumbwheel versus
indicated. 10.1 second
QC timer versus master
timer. Rerun procedure
for area affected after

repair.
" Replace if needed TPB
— TPB
— TPB
Replace if needed TPB

If less than a 50%
reduction in hard
water content, replace

softner
+ 0.01 volts - TPB

Per test procedure TPB

——- TPB

TPB, TEB (E&D)
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Test Equipment Checks - Dynamometer

AREA FREQUENCY TOLFRANCE GROUP COVERED

F. Tire Gauges ;
1. Check on site tire gauge with 6 Months + 2 psi TPB
master gauge

G. Raw Exhaust Analyzers
1. HC, CO, and COp Span Check 2 Veeks + 5% Full Scale TPB
with bottles
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. Purpose

The purpose of this procedure is to calibrate the Critical Flow Orifice (CFO) Kit for verifying
Constant Volume Sampler (CVS) performance.

o

T

Arti Description

Critical flow orifices are used for propane tracer gas injections.

3. References

3.1 "Instruction Manual for the Critical Flow Orifice Kit Model 210;" Horiba Insouments
Inc.; November 1978

3.2 Letter from Horiba Instruments, Inc., to MSAPC QA Staff, August 1979

3.3 "Brooks Vol-U-Meter Operating Instructions,"” Models 1052 through 1058; Brooks
Instrument Division, Emerson Electric Company, 407 West Vine Street, Hatfield, PA
19440; December 1977; Revision A

3.4  Code of Federal Regulations, Vol. 40; Revised as of July 1, 1990; Parts 86 to 99,
Section 86.119 '

3.5  Memo; David L. Munday; November 5, 1991; Subject: "Equations for CFO Calibration”

4. Required Equipment

The following is a list of the equipment used to perform a CFO calibration:

4.1
4.2
4.3

Instrument grade propane
Conoflow single stage regulator; 0-125 Ib spring, non-relief type

Shutoff valve
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4.4

4.5

4.6

4.7
4.8

4.9

4.10
4.11
4.12
4.13

The following components are contained in the CFO kit (see Attachment A, page 15):

4.4.1  Precision pressure gauge; 0-100 psig, 8-inch diameter scale or larger, graduated
in 0.2-psig increments

4.4.2  Thermometer, 0-120 °F, graduated in 0.5 °F increments

The following components are contained in the Brooks Vol-U-Meter System (see
Attachment B, page 16):

4.5.1  Brooks Vol-U-Meter Control Box
4.5.2  Valves; 3-way solenoid activated; two required
4.5.3  Connection tubing and large, non-restricting vent and dump lines

4.5.4  Back-pressure manometer; 0-4 inches of water, graduated in 0.5-inch
- Increments

4.5.5  Brooks Vol-U-Meter, Model 1057; 3500-cc capacity (this is known as the
Brooks Prover)

Seeka F5 optical sensors; two required

: One sensor is mounted at the 500-cc mark and the other is mounted at the 2000-cc mark

(see Attachment B, Figure 2, page 16).
DCI Timer with toggle switch

Mensor Digital Pressure Gauge (central barometer), Model 11900; 0-32 inches of Hg,
graduated in 0.001-inch increments.

Vertex Floor Scale, Model 2158; equipped with Toledo Indicators, Model 8146
The scale is located in the large soak area.

CFO Kit/Cart Information (see Attachment C, page 17)

Form 210-01, "CFO Calibration Data" (see Attachment D, page 18)

"CFO Calibration Report" (see Attachment E, page 19)

"MTS CFO Implementation Report” (see Attachment F, page 20)
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5. Precautions

5.1 Cylinders containing compressed gases are used for this procedure. The technician must
be familiar with the "EPA Laboratory Safety Manual" sections dealing with the sate
handling, storage, and use of compressed gas cylinders.

5.2 The gas cylinders and equipment must be checked for leakage, damage, and cleanliness.

5.3  Use the Brooks Vol-U-Meter only with approved gases (see the operating manual for
details).

5.4  Although CFO kits have orifices for use with CO, pure CO should not be used because
of its extremely toxic properties. For safety reasons, EPA does not permit CO injections
as a routine practice.

5.5  The CFO kit must be in the gas lab prior to the start of the calibration for a minimum of
20 minutes to ensure the kit is at room temperature.

5.6  After each adjustment is made to the targeted pressure, the flow rate is allowed to stabilize
for a minimum of two minutes.

5.7  The precision pressure gauge is graduated in 0.2-psig increments but must be read to the
nearest 0.1 psig.

6. Visual In jon

6.1  Inspect all fittings with a leak detection fluid when the system is pressurized to 83 psig
(see Section 7 for details).

6.2 Venfy that the CFO kit precision pressure gauge reading is zero when the shutoff valve is
closed.

6.3  Verify that the Brooks Vol-U-Meter back-pressure manometer reading is zero on the left
side of the u-tube when the Control Box is in the "off" position. If it is not zero, release
the set screws on the sliding metal scale and adjust it so the zero mark lines up with the
bottom of the meniscus (on the left side).

7. Test Arti Preparation
7.1  Disconnect the rosette from the cylinder pressure line.
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7.2

7.3

7.4

7.5

7.6

1.7
7.8

7.9

7.10

7.12

Using the Vertex floor scale, weigh the CFO kit/cart (CFO kit, propane cylinder, and
cart). Record the CFO total weight on Form 210-01. The CFO Calibration Program
calculates the net weight of the propane in the tank by subtracting the tare weight
(displayed on each kit/cart combination) from the total CFO kit/cart weight. (See
Actachment C, page 17 for details.)

For a valid calibration, the net weight of the propane in the tank must be greater than 25
Ibs. If it is not, replace the propane cylinder.

Ensure that the DCI timer and the Brooks Vol-U-Meter Control Box are plugged into an
electrical outlet. If not, plug them in and allow the equipment to warm up for a minimum
of two hours.

Push the Brooks Vol-U-Meter Control Box button to the "off" position.

Connect:the cylinder pressure line to the Brooks Vol-U-Meter Control Box inlet pressure
fitting. '

Adjust the regulator to 85 psig and allow the pressure to stabilize for a minimum of two
minutess

Push the Brooks Vol-U-Meter Control Box button to the "flow" position.

Verify that there are no fluctuations in the piston movement and back-pressure manometer
reading. " If fluctuations exist, notify the Calibration and Maintenance (C&M) Manager.

When the piston reaches the top optical sensor, turn the cylinder valve counterclockwise
to the "elosed" position. The system will now be pressurized.

Inspect all fittings with a leak detection fluid.
Push the Brooks Vol-U-Meter Control Box button to the "off" position.
On Form:210-01, Section A, record all the required data. The previous calibration date

and active coefficients are stored in the CFO folder. The CFO folder is stored in the Gas
Lab. The cylinder number, purity, and vendor are located on the tank.
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8. Test Procedure

A total of 24 data points are collected for a CFO calibration. Each data point consists of a
measured supply pressure, within the 60 to 95 psig range, and an elapsed time reading. The
target pressure starts at 60 psig and increases t0 95 psig, in 5-psig increments, then decreases
from 95 to 60 psig in 5-psig increments.

To provide random confirmation data, the operator then sets 60, 75, 85, 70, 90, 95, 80, and 65

psig.

- For each of the target pressures, perform the following steps:

Sequence
100
101
102

103

104
105

106

107

Description
Turn the cylinder valve clockwise to the "open" position.

Push the Brooks Vol-U-Meter Control Box button to the " off" position.

Adjust the regulator to set the supply pressure to within +0.4 psi of the target pressure,
e.g., 60 psig must be 59.6 - 60.4 psig, 75 psig must be 74.6 - 75.4 psig, etc., for all
target data points.

Allow the set pressure to stabilize for a minimum of two minutes. The stabilized
pressure must be within 0.4 psig of the target pressure.

Read the precision pressure gauge to the nearest 0.1 psig.

On Form 210-01, Section B, record the observed pressure under the column Actual
psig.

When the Brooks Vol-U-Meter piston has descended to the bottom of the chamber,
push the DCI toggle switch to the right to stop the timer. Reset the timer to zero by
pushing the toggle switch to the left.

If this is the start of the calibration process, the piston will already be at the bottom of
the chamber.

Push the Brooks Vol-U-Meter Control Box button marked "flow." This directs the
flow into the Brooks Vol-U-Meter, causing the piston to rise.
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108

Description

Verify that the Brooks Vol-U-Meter back-pressure manometer reading is 1.5 inches of
water. If it is not, notify the C&M Manager.

109 The DCI timer will start when the optical sensor is activated by the top edge of the
piston reaching the 500 cc mark on the steel scale.

110 Continue to flow the gas until the piston reaches the upper optical sensor (2000-cc
mark). The DCI timer will automatcally stop when the top edge of the piston reaches

- this point, thus indicating the elapsed time to flow 1500 cc.

111 Push the Brooks Vol-U-Meter Control Box button marked " off."
On Form 210-01, under the column marked At seconds (XX.XXX), record the
elapsed time obtained from the timer readout.

Note: The At must be recorded before the Brooks Vol-U-Meter piston reaches the lower
optical sensor (timer automatically resets). If the time has not been recorded prior to the
piston reaching this point, repeat Steps 102 through 111.

112 Repeat Steps 102 through 111 for each of the 24 calibration target pressures listed on
Form 210-01 and record the required data. Each target pressure must be set in the
order shown on Form 210-01.

113 When all of the required data points have been collected, complete Form 210-01,
Section C.

Note: See the Data Processing Flow Chart on page 9.

9. Data Input

9.1  The technician opens the CFO Calibration Program (on the C&M Macintosh computer)
and enters the data recorded on Form 210-01.

9.2 When all data has been entered, use the scroll bar and move the screen view to the right
and preview the "CFO Calibration Report.”

9.3 The technician verifies that the "CFO Calibration Report" does not contain any acceptance
criteria flags. If flags appear, see Section 12 for corrective action.
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Data Processing Flow Chart
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9.4

9.5

9.6

9.7

9.8

9.9

The technician saves the file by pressing the "Save Report" button. This will
automatically save the data to the CFO Calibration folder on the hard drive and assign the
file name as "CFO Cal Kit # NNNNN MM/DD/YY." The NNNNN will contain the kit
number, and the MM/DD/YY will have the date that the data were entered into the
computer.

The technician then prints the "CFO Calibration Report" by clicking on the " Print
Report" button.

A technician, other than the one performing the CFO calibration, verifies that the data in
the "CFO Calibration Report" and Form 210-01 are the same.

If no corrections are needed, the technician signs and dates the "CFO Verification
Report." The report is taken to the C&M Manager.

If corrections are needed, they are identified on the report and it is returned for corrective
action to the technician who performed the CFO calibration. The technician makes the
corrections and repeats Steps 9.1 through 9.5.

The C&M Manager then signs and dates the "CFO Calibration Report,” indicating that the
coefficients can be updated on MTS.

The technician inserts a blank 4-inch floppy diskette into the Macintosh drive. He/She
opens the CFO Calibration folder and copies the file named 1011D-CFOCAL onto the

floppy.

At the computer input/output window, the technician completes a job request form.
He/She then places the job request form, the 4-inch floppy diskette (with the electronic
copy of the 1011D-CFOCAL file), and the signed paper copy of the "CFO Calibration
Report " into an envelope.

The envelope is then placed in the input basket. Computer operations will check that the
C&M Manager has signed the report before implementing the MTS coefficients.
Implementation of the new coefficients on MTS makes them available to the Tracer Gas
Injection Program (1011S-TGI).
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10.

9.10

9.12

9.13

Computer operations will generate an MTS CFO Implementation Report (see attached
sample) containing the following information:

Kit #

Coefficients A, B, and C

Entered By

Implementation Date

The envelope containing the 4-inch floppy diskette and paper copies of the "CFO
Calibration Report” and the "MTS CFO Implementation Report" are placed in the output
basket where they can be picked up by the technician.

The technician verifies that the data in the "CFO Calibration Report" and "MTS CFO
Implementation Report" are the same. If no corrections are needed, the technician signs

and dates the "CFO Calibration Report."

If corrections are needed, they are identified on the "MTS CFO Implementation Report”
and it is taken to the Laboratory Automation Group for corrective action.

When Steps 9.1 through 9.12 have been completed, the technician opens the CFO
Calibration Program and pushes the "Update Data Base" button. This will update the
CFO calibration data file named "1011D-CFOCAL" with the new coefficients.

Data Analysis

10.1

10.2

The "CFO Calibration Report" is examined for acceptance criteria flags. [f flags appear.
see Section 12 for corrective action.

The data in the "CFO Calibration Report” and Form 210-01 are compared independently
by two technicians.
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11.

12,

10.3 The "CFO Calibration Report” is reviewed and signed by the C&M Manager authorizing
that the coefficients can be updated on MTS.

10.4  The technician compares data in the "CFO Calibration Report" and "MTS CFO
Implementation Report" to ensure that they are the same.

If no corrections are needed, the technician signs and dates the CFO Calibration Report.

Data Qutput

11.1 The "CFO Calibration Report," "MTS CFO Implementation Report," and Form 210-01
are filed in the C&M CFO folder.

11.2  The technician notifies the C&M midnight shift that the CFO kit has been calibrated and is
ready for use.

Acceptance Criteria

The data must meet the following six criteria to be valid; a flag will be displayed on the "CFO
Calibration Report"” if the data do not meet the criteria.

12.1  The net weight of propane in the tank must be greater than 25 1bs. prior to the start of the
calibration. If not, Flag #1 appears on the spreadsheet and the calibration is void.
Replace the propane cylinder, return to Section 7, complete a new Form 210-01, and
repeat the calibration procedure.

12.2  The difference between the start and end back-pressure readings must be 0.0 inches H,0
(a reading other than zero indicates friction in the Vol-U-Meter tube). If it is not zero,
Flag #2 appears on the spreadsheet and the calibration is void. Notify the C&M
Manager, return to Section 7, complete a new Form 210-01, and repeat the calibration
procedure.

12.3  The difference between the start and end barometric pressure readings must be less than
or equal to 0.12 inches Hg. If not, Flag #3 appears on the spreadsheet and the
calibration is void. Return to Section 7, complete a new Form 210-01, and repeat the
calibration procedure. If after a second calibration attempt the data are not within this
limit, notify the C&M Manager.




Revision: 0 TP 210A

Critical Flow Orifice Calibration
Date: 02-03-92 Page 13 of 20

12.4  The difference between the start and end CFO kit thermometer temperature readings must
be less than or equal to 2.0 °F. If not, Flag #4 appears on the spreadsheet and the
calibration is void. Allow the kit temperature to stabilize for a minimum of two hours,
return to Section 7, complete a new Form 210-01, and repeat the calibration procedure.
If after a second calibration attempt the data are not within this limit, notify the C&M
Manager.

12.5 The percent of point deviation from the best fit curve must be within +0.3% . If not,
Flag #5 appears on the spreadsheet and the out-of-tolerance data points (actual psig and
At seconds) may be rerun one more time. Cross out the bad data with a single line and
- initial the area. Open the CFO Calibration Program and make the necessary changes. If
the flag persists, the calibration is void.

12.5.1 Clean the CFO kit ruby orifice fitting in a sonic bath.

12.5.2 Return to Section 7, complete a new Form 210-01, and complete the calibration
procedure.

12.5.3 If after a second complete calibration attempt the data are not within the
specified tolerance, replace the ruby. Return to Section 7, complete a new
Form 210-01, and complete the calibration procedure.

12.6  The previous calibration date entered into the computer must match the previous
calibration date stored in the data base. If not, Flag #6 appears on the spreadsheet
indicating that the coefficients are inactive. Look up the previous calibration date in the
CFO folder and verify that the correct date has been recorded on Form 210-01. If the
calibration date is recorded correctly, a computer problem may exist or a report may be
missing in the CFO folder; notify the C&M Manager.

13. Quali ntrol Provision

13.1 The fittings are inspected with a leak detection fluid.

13.2  The CFO kit precision pressure gauge is verified to read zero when the shutoff valve is
closed.

13.3 The Brooks Vol-U-Meter back-pressure manometer is verified to be reading zero (for the
left side of the u-tube) when the Control Box is in the " off" position and the piston is at
rest on the bottom.
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13.4  If the DCI timer and the Brooks Vol-U-Meter Control Box are not plugged in, they are
allowed to warm up for a minimum of two hours.
13.5 The piston movement and back-pressure manometer reading are verified to ensure that
there are no fluctuatons.
13.6  The flow rate is allowed to stabilize for a minimum of two minutes after each adjustment.
13.7 The net weight of the propane in the tank must be greater than 25 1bs.
- 13.8  The CFO kit temperature is allowed to stabilize for 20 minutes prior to performing the
calibration.
13.9  When the piston is moving, the back-pressure manometer must read 1.5 inches of water.

13.10 Actual pressure must be within 0.4 psig of the target pressure.
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CFO KiyCart Informarion
The propane weight is determined by subtracting the CFO kit/cart tare weight, displayed on each
kit/cart combination, from the CFO kit/cart total weight. The propane weight must be greater
than 25 lbs. for a valid calibration.
The following items contribute to the CFO kit/cart total weight:
1. CFOkit
2. Propane cylinder with valve, regulator, and propane gas
3. Portable cart
The following items conuibute to the CFO kiv/cart tare weight:
l. CFOKkit
2. Empty propane cylinder with valve and regulator

3. Portable cart

Listed below are the tare weights of the CFO kits currently in use. Note that the CFO tare
weights differ from kit to kit.

Kit Number Empty Propane CFO Kit/Cart Tare Weight
Cylinder (1b) (1b) (Ib)
038625 95 183 278
086942 95 180 275
181102 95 150 245
181103 95 150 245

106380 95 182 277
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CFO Calibration Data

Section_A:
Technician's Name: Cylinder #:
CFO Kit Number: Cylinder Vendor:
Current Date: Cylinder Purity:
Date of Previous Calibration: CFO Total Weight: b
Calibration Start Time: Start Back Pressure: inches H,O
Start CFO Kit Thermometer Temp: °F  Start Barometer: //\\ inches Hg
Section B: Collect 24 calibration points in the order listed below. 4

Target psig Actual psig, (XX.X) At seconds) XXX)

® 60 M )

(2) 65 (2)

3 70 (3)

4 75 (4)

(5) 80 (%)

(6) 85 (6)

90 (7)

® 95 (8) ®

©® 95 ©) \ ©)

(10 90 (10) (10)

(1) 85 N (11) _

(12) 80 1y

(13 75 ' 3) (13)

(14) 70 %i 0L ) R—

(15) 65 1) - as ___

(16) 60 (1) (16)

(17) 60 (17) 17

(18) 75§ (18) (18)

(19) 85 (19) (19)

200 70 (20) (20)

1) 90 (21) (21

22) 95§ (22) 22)

(23) 80 (23) (23)

(24) 65 (24) (24)
Section C:
Calibration End Time: End Back Pressure: inches H,O
End CFO Kit Thermometer Temp: °F End Barometer: inches Hg
Ruby Cleaned YES NO Ruby Replaced YES______NO
Comments:

Form 210-01:02-03-92




CRO Kit No: 106380 OFQ Qulibrution Repart Procesned: Jn-30-1992 13:34
CFOKit Tedhmician Cylinder Cylinder Cylinder CFQ Total |Dake of l&reﬂt
Number Name Number Purity VYendor . Woht (Iba) |Previous Calibeatian Date
106380 Parker RCS864 QD508 |Liquid Carbionic 300 |eri/el 117801
Back |Berom Kit Delta o 811,91 New
Presure Presmre Temp Gl Yol Tare Veight|CoeHicients Caefficients
(H20) (4g) F L ——Time {cx) (1ba) Az . 2561 13E-06 A= ~300518E-06
START 15 2026 755 rg‘sj 1500 277 B= 744287€-03 B= Q4308GE-03
END 16 2920 745 1 Propanc c= ~1.3361 8E-02 c= -1.21324E-01
AYG 16 2023 //750 I Z Weight
Ramge -ai Q06 (1D (Ibs) RUBY YEEMNOD
FLAGS €2 X 7 23 CLEANED No
N %/M €1 REPLACED o
Aclual  Deltat ¥ Actual Dellat 0 ¥
o | puic  (sers) £ITabd [P abs 4B 2004 | g iy g nk/ ’ PSIG (£ErS) 3.2 2] [P0 +BOR06tC] g pigg FLAGS
i | 600 134061 | 0S3ox2 Q530606 -0.08% { / [ %o 134061 0530202 0530646 -0.08%
2| &S0 124454 | 0S1I227 Q571006 Q04% 16 6 133854  QS53I112 0530606 00aR
3] 700 117014 | 0507547 as10871 -a54% g ] 0 1331626 0532011 0530606 05R
4| 750 100334 085004 0650200 -a01% % 2|/ /65 2«54 as11z27 0571006 G04%
s{ aop 102084 | Q680646 Q680364 a0eR 1 s/é} 0560822 0571006 0218
6| aso Q1812 Q726660 a727%3 -Q.i5% 22/ /67/1 146 Q572644 0571006 0Xx%
7| eoo 02053 Q764414 Q765877 -a.l4R 3 \/7 / 1 nm}\om&ﬂ as10471 —G54% €5
8| es0 ap.4al 0503376 Q403515 008 14 0400715 astom| -ale%
| 950 a8547 0403230 20315 Q0% 20 A au omsm 061087 -044% €5
10| <00 Q2775 0266279 Q765477 005% 4 75 Q65020 YIL
11] 850 Q155 0727242 a727%3 -0.08% 13 nsmo 0650200 020%
12| 800 102711 Q£Q215| Q680064 Y] ¢s 18 7s 1oa 55241 0550290 oR €5
13| 750 100021 Q852000 Q650200 ang 3 maou o TN 0580264 GO6%
14] 700 116508 | 0600115 astoa?i Q1R 12 102711 st | 0680264 Q2R es
15| 650 124761 05602 Q571006 -021% 23 ao 10203~ 080056 0680264 0.14%
16| 600 133654 | 0s31112 Q530606 008% 6 as Q726660 7273 0.I5%
17| 600 133628 | 0532011 05306406 (P13 " 8s < 0727242 Ms -008%
18| 7s0 108050 | ass241 Q45020 (Rt €s 19 as m 298 0726437 0.72793 -0.12%
10| aso Q1746 07264837 a727%3 -aiar 7 ) 024053 \32” 76 -al4%
20| 700 116604 | Q508171 0510471 -Q44% ¢S 10 00 02715 766210 <§m§> 06R
21| «oo Q2847 0765685 0765877 -aMmK 21 00 02847 09585~ /\ 78 038
22| @S0 an3d7 0.20432( 0403515 0.108 3 05 an4ql 0203%Y Z08%B15 -amx
23| ano 102903 | Q056 Q580264 0.14% ¢ ' an507 0203230 0403515 -004%
24| 650 124146 | 657244 as71006 LT 22 (5 aB367 Q204321 \ =0 803515 0.10%
COMFENTE  OC Limit Flags are present
Thia (F0 Kit hes problema. This ia s sample report. DATA YERIFIED BY: DATE:
COEFFICIENTS OK
TO IMPLEMENT: DATE:
COEFFICIENTS VERIFIED BY: DATE:

3 uswiydeny voiecdl c6-£0-¢0 -8jeq

02 4o 61 abed
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MTS CFO Implementation Report

Kit :

New Coefficients;

Entfred By: L%w

Implementation Date: \ ?§ :




EOD TEST PROCEDURE Page 1 of 12
TITLE NUMBER
Gas Analyzer Calibration Curve Generation TP 204
ORIGINATOR IMPLEMENTATION DATE
Linda Hormes 11-14-79
RESPONSIBLE ORGANIZATION ESTZQ) 5FOF!M NO.
Laboratory Engineering Branch, Calibration and Maintenance Group DB-AA-601
TYPE OF TEST REPORT COMPUTER PROGRAM
Analyzer Calibration Curve Analysis 1251C-CALB
REPORT DISTRIBUTION SUPERSEDES
C&M, Analyzer Sites, QC, and Data Validation N/A
REMARKS/COMMENTS
REVISIONS

REVISION | REVISION | EPCN
NUMBER | DATE | NUMBER DESCRIPTION

(1) 12/15/88 EPCN 70 | This EPCN authorized use of the Horiba NDIR CO/CO2 analyzers.

IMPLEMENTATION APPROVAL

Test Procedure authorized on 11/14/79
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Purpose

The purpose of this procedure is to generate analyzer calibration curves for all ranges of all
analyzers used by Light Duty, Heavy Duty, and Evaluation and Development. These curves are
then used in the monthly analyzer calibration verifications (TP-303) which are done to assess
analyzer curve stability. A new curve must be generated whenever an existing curve is found to
be out of tolerance, when a new analyzer is placed into service, when two or more secondary
standard cylinders have been replaced, or when the top secondary standard cylinder is named or
replaced. NOTE: Whenever a new curve is generated, a Span Point Change Notice must be
completed. Refer to Test Procedure 205, Span Point Change Notice.

Test Article Description

All gas analyzers used for measuring vehicle exhaust and evaporative emissions

References
3.1 Federal Register, Vol. 42, No. 124; June 28, 1977; Sections 86.121-78 to 86.124-78

3.2  EPA memo, Subject: Light Duty Testing Operations Tolerances; T. Hudyma; April 14,
1977

3.3  EPA Laboratory Safety Manual

Required Eaqui
4.1  Calibrated digital voltmeter (DVM) with .01 volt resolution or better

4.2  Secondary standard calibration cylinders for the appropriate gas and range being
analyzed. See Step 7.13 for the method of selecting the correct cylinders. All secondary
cylinders must have undergone Test Procedure 403, Gas Correlation, before they may be
used as calibration gases.

4.3  Portable calibration line of Teflon covered with braided stainless steel for introducing the
calibration gases into the analysis system

4.4 Form AA-601, Exhaust Gas Analyzer Data Form
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4.5  Form LB-205, Span Point Change Notice

5. Precautions

5.1  The technician performing the calibration must be familiar with the Laboratory Safety
Manual, especially Chapters 2 through 6, which deal with the safe handling of
compressed gases.

5.2 Cylinder carts must not obstruct doorways at the analysis sites. Doorways must remain
closed to insure effectiveness of the fire extinguishing system.

5.3 The technician must insure that there is no leakage of toxic gases and that the analyzer is
properly vented to the exhaust ventilation system.

5.4  Anytime a new curve is generated or updated, a span point change notice must be filed

and the new span point posted at that analysis site as soon as the point is known. No
official testing may be done until the new span point is posted.

6. VYisual Inspection

Inspect the portable calibration line for cracks, bends, worn spots, etc.

7. Test Article Preparation

7.1  Verify that the analyzer is operating according to the specifications given in the instruction
manual and/or in-house analyzer specification sheet.

(n 7.2 Verify that the analyzer is set in the proper operating configuration:

NOx analyzer (TECO 10A): OZONE - "ON"
POWER - "ON"
NO-NOx - "NOx"

Methane analyzer: "CONTINUOQUS CYCLE"
(Bendix 8295) timer switch - "AUTO"
valve switch - "AUTO"
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7.3
7.4

7.5
7.6

1.7
7.8

7.9

7.10

Values for pressure, temperature, and flow rates which must be observed are posted at
the individual sites and on the curve printout. Refer to the instruction manual and/or the
in-house analyzer specification sheet for more detailed instructions, or consult with the
Team Leader.

Check that the strip chart recorder has sufficient paper and is inking properly.

Check the calibration label on the calibrated DVM to insﬁre that the due date has not been
exceeded. If it has, the DVM must be recalibrated before the curve generation can
proceed.

Allow the strip chart recorder sufficient warm-up time (minimum of 20 minutes).

Check the electrical zero of the strip chart by shorting the input terminals and adjusting to
zero + .1% of full scale.

Attach the calibrated DVM to the analyzer output jack.

Using the on-line working gases, zero and span the instrument on the appropriate
muitiplier range to verify that the strip chart recorder reading and analysis bench DVM
reading equal the calibrated DVM reading + .2% of full scale. If this tolerance is
exceeded, make the necessary adjustments to the recorder or bench DVM and repeat the
zero and span check.

While performing Step 7.8, verify that the analyzer output noise level is less than + .5%
of full scale. Noise is defined as short-term cyclical variation of a signal from some
average value.

While performing Step 7.7, verify that the analyzer output drift does not exceed + .2% of
full scale per two minutes. Drjft is defined as long-term directional change of value.
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7.11

7.12

7.13

Record the following data on the strip chart:

Analyzer vendor

Date

Test site number

Operator's name and ID number

Gas analyzed and dilutent gas (e.g., CO/N3)
Full scale (100%) voltage

Sample flow rate

Monitor set point on magnehelic

Zero gain setting

Span gain setting

Air pressure (FID and GC analyzers)

Fuel pressure (FID and GC analyzers)
Sample pressure (FID and GC analyzers)
Fuel type (FID and GC analyzers)

Standard laboratory range

Full scale concentration value of range being analyzed
Analyzer property ID number

At analysis sites where a calibration port IS provided, turn off the span gas flow to the
untested analyzers by closing the valves of the appropriate gases located in the master gas
control box at the site. This prevents waste of span gases. Switch the analyzer being

used to the OFF mode and select SPAN for the on-site analyzers not being tested. This

prevents waste of calibration gases.

At analysis sites where a calibration port is NOT provided, switch the analyzer to the

SPAN mode.

Select the proper secondary standards to be used as data points in the curve. The curve
should include these cylinders whose concentrations will produce the following

approximate deflection reading at the range being calibrated:
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Nonlinear Analyzers
(NDIR - minimum of 8 data points) 95

Linear Analyzers
(FID, HFID, Chemil, 90
GC minimum of 6 data points) 75

45
30
15

If enough cylinders are not available to meet these requirements, consult the Team Leader
for further action. More cylinders may be used in the curve to provide Quality Control
data on gas concentration uniformity.

All secondary standards must have black sticker labels giving the EPA-named
concentration.

8. Test Procedure

Test Sequence Test Description
101 Using the portable calibration line, connect the top secondary cylinder to be used in the
curve to the appropriate instrument gas input port.
102 Adjust the instrument gas flow rate and pressure as closely as possible to the rates
posted at the analysis site. Continue to monitor them throughout the procedure.
103 using the on-line zero gas adjust the zero potentiometer until a

stable and accurate zero is obtained.
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Test Sequence Test Description

104

105

106

107

108

A stable reading is defined as one minute of measurement in which the drift variation is
not more than + .2% of full scale from the set point and the noise variation is not more
than + .5% from that same set point. The numerical value of the reading is the

operator’s estimate of the average reading occurring during the measurement period.
The calibrated DVM is used for all measurements.

Span the instrument by connecting the highest concentration secondary cylinder to the
analyzer and adjusting the span potentiometer until the DVM reading reflects the percent
of the actual concentration compared with the full scale of the range being analyzed.
For example, if the range is 0-250 ppm and the top bottle is 230 ppm, adjust the DVM
reading to 92% of full scale (230 ppm = 92% of 250 ppm). Or the span reading from
thelprevmus curve may be used again if the top bottle has not been renamed or
replaced.

and allow the reading to stabilize. If the original zero does not
return within + .3% of full scale, adjust the potentiometer until it does and repeat Step
104. Indicate the measurement area on the strip chart.

Span the instrument using the highest concentration secondary cylinder and allow the
reading to stabilize without adjusting the potentiometer. If the DVM reading does not
match the original span reading obtained in Step 104, repeat Steps 105-106. For each
reading taken, write the cylinder number, the EPA-named concentration, and the
observed DVM reading on the strip chart near the measurement area. Circle the DVM
reading.

Run the curve.

Introduce the sequence of secondary calibration cylinders to be used as data points in
the curve, in descending order of concentration. Obtain a stable DVM reading for each
without adjusting the potentiometer.

Zero the instrument.

After the lowest concentration standard has been recorded, reintroduce the zero gas and
obtain a stable reading. If the reading has drifted more than + .3% of full scale from
the reading obtained in Step 105, repeat Steps 101-108. If the tolerance limit is still
exceeded, the drift problem must be corrected before the curve can be completed.
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Test Sequence Test Description

109

110

111

112

Respan the instrument.

Reintroduce the highest concentration standard for a reference span point. If the
reading has drifted more than + .3% of full scale from the reading obtained in Step 106,
repeat Steps 101-108. If the tolerance limit is still exceeded, the drift problem must be
corrected before the curve can be completed.

and obtain a stable reading without adjusting the
potentiometer. Record the reading on the strip chart where it occurs along with the
actual concentration and cylinder number. (This step provides information for TP-
20S.)

Zero the instrument.

If the zero point has drifted more than + .3% of full scale, repeat Steps 103-110. If the
zero point is still out of tolerance, the drift problem must be corrected before the curve
can be completed.

After testing is completed, turn the site span gases back on if they have been shut off.

9. Data Input

9.1  The operator writes the cylinder number, the EPA-named concentration (found on the
sticker tape attached to the cylinder), and the observed DVM reading on the strip chart
near the measurement area. Zero and span points are indicated as such. The on-line
working gas is identified as "WG." All DVM readings are circled.

9.2 The operator completes Form AA-601 for each range analyzed.

9.2.1 Lines 1-3, Instrument Identification, are completed using the codes on the back

of the form.

9.2.2  Line 4, Limits, is completed. The deflection limits define the upper and lower

limits of valid deflection readings on the DVM. The range change limits define
the upper and lower deflection readings on the DVM that signal the need for a
range change to computers on real-time systems.
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On Line 5, Operator's Comments, the range being analyzed is given in % or
ppm. The reason for the curve generation is given (e.g., analyzer maintenance,
new top cylinder, old curve out of tolerance, etc.). Any special operating
instructions or comments about the test must appear here.

Columns 1-11 of Line 7 are completed using the codes on the back of the form

as follows:
Cols. 1-2
Cols. 4-5
Col. 8

Col. 11

Col. 23

"zero-span type" - always "01" (no software zero and span)
"curve form" - "01," which forces the curve through Zero

"degree of fit" - depends on the linearity of the analyzer;
usually "2" for NOx, methane and "3" for CO, CO2, and HC

"weight factor" - always "2," which minimizes percent of
point deviations

"X" in "tO m ﬁled"

9.2.5 Lines 10-29 are concerned with the cylinders involved in the analysis.

Cols. 1-12
Col. 14
Col. 16
Cols. 20-32
Cols. 34-44
Col. 46

the cylinder numbers are listed

applicable only if a gas blender was used

"X" if the cylirider is "to be named" (working gases)

not applicable

the known or nominal concentration is listed for each cylinder

"X" if the cylinder is to be used as a calibration data point
(secondary standard cylinders)

All such cylinders must have a known concentration value.

Cols. 48-55

the DVM readings written on the strip chart are entered

9.3  The operator completes Form LB-205 for each range analyzed. Refer to TP-205.
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10. Data Handling

10.1

The completed Form AA-601 is submitted for processing.

10.2  The printout, Analyzer Calibration Curve Analysis, is obtained after processing.

11. Data Review and Validation

11.1

The technician examines the Analyzer Calibration Curve Analysis for each analyzcr range
and determines the validity of the curves.

11.1.1

11.1.2

11.1.3

11.1.4

All figures in the column under "curve fit deviation" marked "% point" must be
within + 1% for the curve to be valid. The "average deviation" found at the
bottom of this section may not be more than + .5%.

Percent deviations should be random with respect to +/- signs. If like signs are
clustered in the center and/or at the ends of the curve, the degree of fit may have
to be increased by one order. Consult with the Team Leader in such cases.

If inflection points are flagged in the printout, these must be investigated by
Quality Control before the curve is accepted.

The percent of nonlinearity should not be more than 10% for all analyzers
except NDIRs. If the nonlinearity of an NDIR exceeds 15%, it is investigated
by the Team Leader before the curve is accepted.

If the curve is valid, the procedure is complete and a Span Point Change Notice
must be generated. Refer to TP-205.

If the curve is not valid, refer to the attachment, Troubleshooting Flowchart for
Invalid Analyzer Curves, for corrective measures.

12. Acceptance Criteria

12.1

All zero and span rechecks must fall within + .3% of full scale of the original readings.

The curve must be valid according to the criteria set in Section 11.1.
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13. Quality Control Provisions

13.1

13.2

13.3

All analytical instruments must be properly warmed up and in a test-ready mode prior to
use.

All DVMs used in the procedure must have undergone a routine calibration within the
past 90 days.

At least eight data points should be used in curves for nonlinear analyzers. At least six
data points should be used in curves for linear analyzers. If these numbers cannot be
met, the Team Leader is consulted before the curve is run.

14. Documentation

14.1

14.2

14.3

Copies of the Analyzer Calibration Curve Analysis are signed and dated by the
Calibration and Maintenance Supervisor and distributed as follows:

One copy is retained by Computer Operations for update purposes.

One copy is stored in the Calibration and Maintenance active curve file, replacing the old
curve if applicable. The old curve is stored in the inactive file.

One copy is kept in a file at the analyzer site. The old curve is destroyed.
One copy is sent to Quality Control through Computer Operations.

The Span Point Change Notice is submitted to Data Validation for verification and
distribution. '

The strip chart is filed in Calibration and Maintenance under the analyzer site number and
date of completion.

A copy of Form AA-601 is filed under the analyzer site number and date of completion
in Calibration and Maintenance.
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1.

Purpose

This procedure is used to verify several aspects about the calibration of a Clayton ECE-50
dynamometer in fulfillment of the requirements of 40 CFR 86. The verificaton involves making
simple checks on the control and display functions and performing several coastdowns at
different inertia weight and horsepower settings. It is assumed that the electronics have been
calibrated as specified in the Clayton manual and TP 207A and that the dynamometer has been
calibrated using TP 202.

Test Article Descripti

2.1 A direct drive, variable inertia (1000-6875 in 125-pound increments) chassis
dynamometer (Clayton ECE-50) with automatic road load power control capability and
digital display of horsepower and speed

2.2 The original Clayton circuit has been rewired so that the indicated horsepower is based
solely on front roll speed and torque, but the front/rear roll speed indication is still
selectable. '

2.3  Some dynamometers have been modified to display a 5-volt reference signal for driver
trace recorders and speed displays.

References
3.1  Federal Register; Vol. 42, No. 124; Tuesday, June 28, 1977; 86.116-82 (d)(3), 86.118-
78 (b)

3.2  Clayton Instruction Manual R-8713

3.3  "Proceedings of the Quality Control Symposium on Dynamometers" - June 27, 1977,
held at EPA

3.4  Engineering Operations Division files on dynamometers

Required Equipment

4.1  Dyno calibrator vehicle - 4000 point, V-8, fitted with lifting jacks and recording
equipment
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4.2  Master coastdown timer and cabling, plus the 60-tooth gear speed sensor assembly

4.3  Extension cords, as required

4.4  Data Sheet (Form EOD 302-01)

5. Precautions

5.1 Inflate the drive tires to 45 psig to protect against damage from heat and distortion.

5.2 Align the vehicle on the dynamometer rolls and attach the cable winch loosely enough to
allow the vehicle to rise to its full lift height.

5.3  Operate the cooling fan within 12 inches of the vehicle radiator.

5.4  Vent the vehicle exhaust to the building exhaust system.

5.5  The coastdowns should be run right after warm-up of the dynamometer to insure that the
bearing friction remains stable.

5.6  The cable between the master coastdown timer and the dynamometer electronics box must
be securely connected to insure good electrical contact.

5.7  Verify the action of the vehicle lift while the car is stopped. It should raise quickly but
lower slowly.

5.8  Always verify that the cable, chocks, and electrical lines to the vehicle are disconnected

before the vehicle is removed from the dyno.

6. Visual Inspection

6.1

6.2

Verify that the speed and torque meters read 00.0 when the car is off the dynamometer
and the roll brake is not applied. Have C&M check and adjust the voltages or meters if
the readings exceed + .1.

Other visual inspections are performed as part of the test procedure.
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7. Test Article Preparation

7.1  Place the coastdown vehicle on the dyno and set the MECO brake switch on to enable the
lift; connect the 60-tooth gear, torque and speed signals, and the 115 VAC power plug.

7.2 Chock the front wheels and attach the winch cable Joosely.

7.3 Verify the proper operation of the vehicle lift jacks, coastdown timer, and totalizing
counters.

7.4  Verify that the vehicle factor pot is set to a value of zero.

7.5  Verify that the master timer is triggered by the Clayton tach signal and that the speed
counter totalizes the "digital" tach signal from the 60-tooth gear.

8. [Test Procedure

Eight inertia weights are verified twice a month. Four weights and horsepowers are done each
week as shown in Table A and on the data sheet. The rear roll friction is verified weekly as part
of the warm-up process.

Sequence Description
101 Obtain a blank data sheet (Form EOD 302A-01) for the dyno being tested.

102 Enter all data and obtain the calibration thumbwheel values needed for the coastdowns.
These are on the dyno calibration tables and/or on a lookup table in the calibrator
vehicle.

103 Review the recent data for the dynamometer to highlight aspects which may require
close observation or need to be noted in the comments.

201 Engage the 6875-pound inertia and set the thumbwheel to the value shown in the
current version of Table A.




Révlsion: 0

TP 302A

Date: 8-16-82

Dynamometer Calibration Verification

Page 6 of 12

202
203

204

205

206

207

208

209

210

211

212

D ipti
Place the speed selector to FRONT.

Lower the dyno lift brake and slowly turn the rollers to verify all flywheels are
engaged.

Accelerate to a steady 50 mph and maintain this speed to warm up the PAU and
flywheel bearings. Perform Steps 205-210 during this warm-up period.

Dial the four thumbwheel values shown on line 2 of the data sheet and record the
indicated horsepower at FR=50 mph.

Set TW=10 and set the timer module to MANUAL/STOP. Reset all counters to zero.
Resume and maintain the speed a FR=50+ .1 mph.

Switch the Count/Stop switch to COUNT for about 10 seconds. On the data sheet,
record the torque, speed, and time counts, as well as the IHp meter reading. Reset the
timer module to AUTQ/STOP. Verify that the set points are dialed to 45 and 55.

Verify the operation of the coastdown timer module four times during the last 5 minutes
of warm-up by performing a dyno coastdown (vehicle lift activated). The 6875-pound
inertia is used; the thumbwheel setting is selected to give AHp equal to 13.5. The
thumbwheel can be selected from the dyno calibration or the current version of Table A.

Record the coastdown time for each run on line 3 of the data sheet. This time should be
approximately 31 seconds.

If the difference in times (MAX-MIN) is less than .3 seconds, the dynamometer is
stable and the inertia coastdowns may begin. If not, perform additional coastdowns to
see if four consistent values can be obtained. If the tolerance cannot be achieved,
continue testing but report the condition to C&M and VA&T.

Change the coastdown timer trigger input from the Front Roll to the Rear Roll tach
banana jack on the dyno.

Accelerate to 60+ 2 mph, hold that speed for about five seconds, and activate the
vehicle lift, allowing the dyno to coast down by itself to 30 mph.
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213

214

215

216

217

218

219

220

221

222
223

224
225

Descrinti

Record the RR coastdown time on line 3 of the data sheet and the value of RRFHp Cal
from the current version of Table A.

Listen for abnormal noise during this coastdown and verify that the coastdown timer
trigger points are functioning within + .1 mph of 55 and 45.

Lower the vehicle and stop the dyno.

Raise the dyno lift and engage the 4000-pound inertia. Set the thumbwheel to a value
of 10.0. Change the coastdown input to the Front Roll tach banana jack and set the
master timer selector to AUTQ/STOP.

Trace the template ramp-up and ramp-down profiles (0-60 @ 2.5 mph/sec separated by
a 1-minute cruise at 60 mph) on a driving trace. Thread the driver's aid to prepare for
the transient PAU performance test.

Set the low trigger point at S mph. Leave the high trigger at 55 mph.

Lower the dyno lift. Accelerate to 50 mph FR to verify the horsepower and inertia
operation. Stop the vehicle. Reset the counters.

Turn on the driver's aid chart feed. When the ramp trace is reached, accelerate the
vehicle at the constant rate to 60 mph, staying within + 2 mph at any point in time.

Switch the Auto/Manual switch to MANUAL to hold the counts until they can be
recorded on line 4 of the data sheet.

Maintain about 60 mph, switch to AUTO, and reset the counters.

When the ramp-down trace is reached, decelerate at the constant rate to a complete stop.
Record the counter readings.

Shut off the driver’s aid. Reset the low trigger point to 45 mph.
Remove the driver’s trace so it can be stapled to the data sheet later.
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Sequence
300
301

302
303

304

305

306
307

308
309
310

311

312
313

D <.
INERTIA COASTDOWN TESTS

For each inertia coastdown shown in Table A, perform the following steps:

Stop the vehicle and raise the roll brake.

Select the inertia weight and set the thumbwheel horsepower determined from the
current version of Table A. Inertia weights are to be run in the sequence specified in
Table A for the respective weeks. _

Lower the roll brake and verify the inertia flywheel engagement.

Accelerate to 50 mph as indicated on the speed meter and note the indicated horsepower
at a steady 50 mph.

Record the indicated horsepower on the data sheet.

Accelerate to 60 mph and maintain speed until the readings stabilize. Set to
AUTO/STOP and reset all the counters to zero.

Activate the vehicle lifting device, maintaining dyno speed until the tires clear the
rollers; then release the accelerator pedal.

Allow the inertia assembly to decelerate through the 55-45 speed interval. Note the
indicated horsepower as the inertia speed passes 50 mph.

Record this indicated horsepower on the data sheet.

Record the times from the master and quick check timers on the data sheet. If the
master timer does not work, record the quick check timer data in the master time
column and indicate the switch in the comments on Line 1.

Repeat Steps 302 - 312 for each inertia included on the schedule specified in Table A.

Lower the vehicle, stop the dyno, and raise the lift brake.
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S Descripti

314 Perform the visual check of the 1-second tolerance (master-theoretical) and submit the
data for computer processing as specified in Section 10. Validate the results as
specified in Section 12. Repeat any points that exceed the tolerances.

315 If all results are acceptable, disconnect all electrical wires and restraints from the
vehicle.

316 Verify that the lift pads are fully retracted, turn off the MECO brake switch, and remove
the vehicle from the dyno site.

9. Data Input

9.1  Verify that all entries on the data sheet are complete and within the ranges of
reasonableness. Data not collected can be blank or zeros.

9.2 Submit the data sheet to Operations for processing by the LCS program E.DCHECK.

10. Data Handling
10.1 The attached flow chart illustrates how the data are processed and stored.
10.2 Data sheet entries should be keypunched and batch processed on LCS.

10.3  The report will be printed and the data stored. The report consists of three pages - the
data echo, the verification report, and a quality control summary. These are shown in the
attachments. Read/Write errors on the data file are also indicated by a record dump in the

QC summary.

10.4 The results also are written to an LCS file for statistical and graphical analyses, obtainable
by typing BREAK, then "$RUN DYPLOT" on a production "Prod" DecWriter.
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11. Data Review and Validation

11.1

11.2
11.3

All entries and calculations are checked by Data Control for reasonable results. If entry
errors are detected, the data is corrected and reprocessed.

Data Control verifies that the acceptance criteria of Section 12 are met.
Any data or results on the printout that do not meet the criteria are either flagged on page

2 under Quality Control Comments or circled in black ink by Data Control. This printout
is used for the copy distribution.

12. Acceptance Criteria

The following criteria are checked by the technician responsible at the time the procedure is
performed. These criteria represent Federal Register compliance. If either of them cannot be
met, the dynamometer is immediately removed from service, and may not be used until C&M has
resolved the problem and verified the acceptability of the dynamometer:

12.2

12.3

al): (Step 311) This
value must not excced + 1 0 second Any value outs1de thcse hmns should be
reconfirmed by the technician performing the verification.

Yerification Data [Hp @ Steady 50 mph: (Step 306) All values must be less than or
equal to + 0.2 Hp of the thumbwheel setting.

The following criteria are checked by Data Control after the data are processed and are
either flagged under Quality Control Comments or circled if they are exceeded. Copies of
the data report are distributed to the C&M and VA&T Supervisors for evaluation. The
C&M Supervisor is responsible for resolution of the indicated problem(s) as soon as time
permits. The dynamometer remains in use until the investigation is complete. At that
time, the C&M Supervisor will document the justification for deviation or remove the
dynamometer from service.

Wanp-up Thumbwheel Check: (Step 205) The differences between IHp @ 50 readings
and the thumbwheel settings should not exceed + 0.3. The average difference should not
exceed + 0.2.
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12.4

12.5

12.6

12.7

12.8

12.9

PAU Hysteresis Check: (Steps 220-223) The hysteresis between ramp-up and ramp-
down data should not exceed 1 mph, 1 ft-1b, or 0.4 Hp.

Warm-up Coastdown: (Step 209) The difference (MAX-MIN) in coastdown times
should not exceed 0.3 seconds.

S0 mph Speed Check, 60-Tooth Gear: (Step 207) The front roll speed calibration should
agree within + 0.2 mph of the 60-tooth absolute measurement. If the speed calibration is
acceptable, the torque and Hp differences from theoretical should be + 1 ft-lband + 0.4 -
Hp, or approximately + 4%.

Rear Roll FHp Check: (Step 213) This value should not be less than 0.150 FHp and not
greater than 0.350 FHp.

i ion Data i ¥n: (Step 310) These values should
not cxceed +0.2 Hp of the indicated horscpower ata steady 50 mph and should not
exceed + 0.3 Hp of the thumbwheel setting.

: The quick check timer on the site should agree with
the master timer within + 0.1 second.

13. Quality Control Provisions

13.1

13.2

13.3

The acceptance criteria in Section 12 are monitored by the Quality Control Group for
trends and offsets. If a significant offset is noticed, QC immediately brings it to the
attention of C&M, who must take corrective action to restore the central tendency of the
data to near the zero line. If the four-month average of the verification coastdowns
exceeds + 0.5 seconds, C&M will investigate the trend.

The general behavior of each dynamometer is presented at the monthly diagnostic meeting
and priorities for corrective action are set at that time. Any outstanding deviations (Steps
12.3-12.9) are also discussed.

Corrective actions must be reviewed and approved by the C&M Supervisor before the
dyno site is released for testing. Verbal notification of approval should be made to the
VA&T Supervisor. A written description of the corrective action should be sent to
VA&T and QC for documentation purposes.
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13.4

After any repair that does not require a full calibration (TP 202 or TP 207A), this
procedure or the applicable parts should be repeated before the dyno is accepted for
testing.

14. Documentation

14.1

14.2

The monthly summaries are copied and distributed to VA&T, C&M, and Quality Control.
The data sheet, printout, and ramp trace are filed in a dyno file folder as specified.

Corrective actions must be documented in sufficient detail to provide a "before" and
"after" comparison of dynamometer performance. Quality Control must receive a copy
for audit purposes.




DYNAMOMETER CALIBRATION VERIFICATION DATA SHEET

DYNO DATE TIME OPERATOR
GENERAL SITE MO DAY YR | HR MIN| BARO "HG EPA ID COMMENTS
INFORMAT ION 0 lln l I + ‘l‘l : ]
r
WARM-UP and CHECK TW v.s. IHp SPEED CHECK 60 TOOTH GEAR TW=10
50mph FR TW=10.0 |m=5.0 J=15.0 h'w=10.0J SPEED COUNTS | TORQUE coumsl AT ITHp 50
1u-6875 oK ] & HLE[TH i - B
05 10 15 20 25 30 35 40 45
, Flip CAL
WARM-UP ™ v ATy ATy 4T; AT, REAR ROLL AT 'RI‘AR ROLL
COASTDOWNS 0f3 ‘ [ l l

RAMP-UP (5-55) @ 2.5 mph/sec RAMP-DOWN (55-5) @ 2.5 mph/sec

SPEED TORQUE SPEED COUNTS OROUF. COUNTSE SPEED COUNTS lTORﬂUE (‘OU\ITS
AU HYSTERESIS ol K ilhll I%lllllﬁ LT 1 &d | IIEJH | kd |11 lﬂl[ll |

05 10 15 20 25 40
First and Third Weeks of Month

Hp @, Hp @ .

VERIFICATION )N AH W 50 s | 50 cd !AT MASTER AT QCHECK Alp INERTIA THEOR. AT
_DATA 7.6 2500 19.977
6.9 2250 19.803
6.5 2125 19.850
6.0 2000 20.243

AAARRRAAK NOTE ARhAkhkrxk Second and Fourth Weeks of Month

AT (MASTER-THEOR.) MUST
BE LESS THAN

AHp INERTIA THEOR. AT

*1.00 SECONDS 15.2 5000 19.977
12.2 4000 19.911

IF NOT, REPEAT THAT 10.6 3500 20.052
COASTEOWN (CARD 09) 9.2 3000 19.803

[ T A P D R W A B



TABLE A - DYNAMOMETER VERIFICATION TEST DATA (AS OF 07/01/82) AND FLYWHEEL ENGAGEMENT CHART

DYNO
SITE

D001
D002
D003
D004
D005
D006
D007

D207
D208
D209

CAL DATE
MM-DD-YY

08-14-81
02-23-81
05-19-82
10-30-80
03-27-80
09-26-81
01-30-80

03-23-81

06-25-80
08-09-79

FLYWHEEL

ENGAGEMENT

CHART

AVG.
RRFHP

.308
«262
.169
.239
.235
«257
.301

.195
272
L] 341

Il ot
&

2Ky
2Kq
1K
TRIM
500
250
125

TP-302A

THUMBWHEEL HP SETTINGS FOR PREP AND VERIFICATION COASTDOWNS

6875 5000 4000 3500 3000 2500 2250 2125 2000
13.5 15.2 12.2 10.6 9.2 7.6 6.9 6.5 6.0
30.927 19.977 19.911 20.052 19.803119.977 19.803 19.850 20.24%
10.6 12.9 10.2 8.8 7.5 5.9 5.2 4.8 4.4
10.2 12.7 9.9 8.4 7.1 5.5 5.0 4.6 4.2
10.8 13.1 10.1 8.6 7.5 5.6 4.8 4.6 4.2
10.4 12.8 10.0 8.8 7.5 5.8 5.2 4.9 4.5
10.2 12.9 10.1 8.5 7.4 5.6 5.0 4.7 4.3

9.9 12.4 9.5 8.1 7.1 5.2 4.5 4.2 3.8

9.5 12.2 9.4 7.9 6.8 5.2 4.5 4.1 3.8
10.5 12.7 9.9 8.7 7.5 5.7 5.1 4.7 LA

9.7 12.2 9.4 8.0 7.1 5.3 4.7 4.5 4.1

9.8 12.2 9.4 8.1 6.8 5.2 4.5 4.0 3.8
PREP FIRST & THIRD WEEKS SECOND & FOURTH WEEKS

X X

X X X X X

X X X X X X

X X X X X X X X X

X X X

X X

X X
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in water, the water in the exhaust gas must not be allowed to condense.
The NO; sample train must be heated to about 175°F.

Exhaust gas samples (such as those collected in bags), which have been
allowed to stand for a few minutes or longer, will contain larger concentra-
tions of NO; than tail pipe exhaust samples which were analyzed immedi-
ately, because upon standing the NO oxidizes to NO,.

C2.1 Theory—The principle of operation of the ultraviolet analyzers
is based on the differential absorption of light energy at 4000 A where
NO; has a strong absorption band. Light is supplied by a tungsten filament
lamp with calibration accomplished with known low concentrations of

25.105

NO: in stainless steel cylinders. Extreme caution must be used in achieving
a clean sample system for calibration and exhaust analysis.
C2.2 Interference—No response is obtained from an NO, ultraviolet
analyzer with a 13.5 in cell for the following gases:
12% CO; + 5% CO
567 ppm hexane
1000 ppm propane
Water saturated N,
There is a slight interference from NO. Approximately 1 ppm NO; is
indicated for each 130 ppm of NO.

CONSTANT VOLUME SAMPLER SYSTEM FOR EXHAUST

» EMISSIONS MEASUREMENT—SAE J1094a

SAE Recommended Practice

Report ot Automotive Ensvions Commutee approved june 1974 and completely revsed by Autamanne Enrssions Commsonee Apnd 1978, Editonai dange Novemier 1978

Scope—This SAE Recommended Practice describes uniform laboratory
techniques for emploving the constant volume sampler (CV'S) system in
measuring various constituents in the exhaust gas of gasoline engines installed
on passenger cars and light trucks. The techniques described relate particu-
larly to CV'S systems emploving positive displacement pumps. In some areas
of CVS practice, alternate procedures are given as a guide toward develop-
ment of uniform laboratory techniques.

‘The report includes the following sections:

1. Introduction
. Definitions
. Test Equipment

3.1 Sampler
3.2 Bag Analysis
3.3 Modal Analysis
3.4 Instrument Operating Procedures
3.5 Supplementary Discussions
3.6 Tailpipe Connections
3.7 Chassis Dynamometer
4. Operating and Calibrating Pracedure
4.1 Calibration
4.2 Operating Procedures
5. Data Analysis
5.1 Bag Analysis
5.2 Modal Analysis
5.3 Background
5.4 Fuel Economy

6. Safety

1. Introduction: Development of CVS System—Constant volume sampler
(CVS) systems have been used since the late 1950s. The engine exhaust to be
sampled is diluted with ambient air so that the total combined flow rate of
exhaust and dilution air mix is nearly constant for all engine operating
conditioris. The CVS system is sometimes called a variable dilution sampler.
Recently constant volume sampler systems have been abbreviated PDP-CVS
or CFV-CVS. The PDP-CVS system is the older system that uses a positive
displacement pump to maintain a constant total fow. The CFV-CVS system
uses a critical flow venturi to maintain a nearly constant total flow. Some of
the newer CFV systems no longer use a heat exchanger to bring the mix of
engine exhaust and dilution air to a constant temperature, but instead moni-
tor the mix temperature continuously in order to calculate the total flow
accurately. These CFV systems are not constant volume samplers, but since
they are used to measure emissions, the units are discussed here.

Hydrocarbons in the dilution air were recognized from the first as a prob-
lem in the CVS procedure. Studies were initiated on the feasibility of remov-
ing the unwanted hydrocarbons. As a result, the installation of charcoal filters
in the dilution air system was chosen as the most practical solution. Charcoal
does not remove any of the hydrocarbon materials, but it does stabilize their
concentration level during a given test and thereby permit the collection of an
accurate background sample.

2. Definitions—The following definitions apply to the term indicated as the
term is used in this recommended practice.

2.1 Analytical Train—A general term to define the entire system re-
quired to sample and analyze a particular constituent in exhaust gas. Typi-
cally, this train will include items such as tubing, condenser, particulate filter,
sample pump, analytical instrument, and flow meter.

2.2 Calibration Curve—Normally, the dependent variable y, the concen-
tration of the calibration gas, is plotted as a function of the independent
variable x, the instrumental voltage. For nonlinear analyzers, a polynomial of
degree no greater than the fourth power is used. Sufficient data points should
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be used to adequately define the analvzer response. The calibration curve
should agree to within 1% of the measured data point.

2.3 Calibration Frequency—Analyzers should be checked at least
monthly to determine if significant change has occurred in the calibration. In
addition, the calibration should be verified when a problem is suspected and
when large gain shifts are observed.

2.4 Calibrating Gas—A gas mixcure of accurately known concentration
which is used pericdically to calibrate the analytical instruments. Usually,
calibration requires a number of mixtures of different concentrations. Cali-
brating gases are usually divided into groups such as NBS standard reference
gases, golden standards, primary standards, and working gases. The naming of
the working gases should be traceable to the NBS standard reference gases.

2.5 Chassis Dynamometer—A laboratory power absorption unit capable
of simulating to a limited degree the road operation of a vehicle. The dyna-
mometer should possess the capability to simulate the inertia and road load
power developed by a vehicle.

2.6 Chemiluminescent (CL) Analyzer—An instrument which measures
nitric oxide by measuring the intensity of chemiluminescent radiation from
the reaction of nitric oxide with ozone. The addition of a converter will permit
the measurement of the oxides of nitrogen,

2.7 Chock—A block or wedge that prevents movement of the wheels of a
vehicle.

2.8 Coastdown—The procedure used to determine the total horsepower
absorbed by a dynamometer at 50 mph (80 km/h). The time required for the
rolls to coast down from 55-45 mph (88-72 km/h) is observed.

2.9 Constant Volume Sampler (CVS)—A device for collecting sampiles
of diluted exhaust gas. The exhaust gas is diluted with air in a manner that
keeps the total flow rate of exhaust gas and dilution air constant throughout
the test. The device permits measuring mass emissions on a continuous basis
and also, through use of a second pump, allows a proportional mass sample to
be collected.

2.10 Converter—A thermal or catalytic reaction device which usually
precedes the chemiluminescent analyzer and converts oxides of nitrogen to
nitric oxide. The converter may also convert ammonia and other nitrogen
containing compounds to nitric oxide.

2,11 Counter—A mechanical and/or electrical device that totalizes the
number of revolutions of the CVS for each test phase.

2.12 Curve Fitting—See calibration curve, Lagrangian fit, polynomial fit.

2.13 Detector—That component in an analytical instrument which is
sensitive to a particular gas.

2.14 Dilution Air—Ambient air which is passed through filters to stabi-
lize the background hydrocarbon concentration and which is used to dilute
the vehicle exhaust,

2.15 Dilution Factor—Based on stoichiometric equation for fuel with
composition CH | g, the dilution factor is defired as:

13.4
CO, + (HC + CO) x 10-*

where CO, is equal to the concentration in dilute exhaust sample in mole
percent, HC in ppm carbon equivalent, and CO in ppm corrected for water
vapor and CO, extraction.

2.16 Dilution Ratio—The ratio of CVS volume to exhaust volume,
usually found by dividing the undiluted exhaust CO, concentration by the
dilute CO, concentration.

2.17 Driver Aid—An instrument used to guide the vehicle driver in
operating the vehicle in accordance with the specified acceleration, decelera-
tion, and cruise operating modes of a specific driving procedure.

2.18 Exhaust Emissions—Substances emitted to the atmosphere from
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any opening downstream from the exhaust port of a motor vehicle engine.

2.19 Fifth Wheel—A calibrated wheel, axle and tachometer generator
assembly that can be used to determine the true speed of the vehicle tby
towing the wheel assembly), or true speed of the dynamometer rolls (by
permitting the' rolls to drive the fifth wheel assembly).

2,20 Filter Ceil—That portion of the NDIR instrument which is tilled
with a particular gas in order to reduce interference signals.

2.21 Flame lonization Detector (FID)—A hydrogen-air flame detector
that produces a signal proportional to the mass flow rate of hydrocarbons
entering the tlame per unit time.

2,22 Hang-Up—The absorption-desorption of sample (mainly higher
molecular weight hvdrocarbons) from the surfaces of the sample system that
can cause instrument response delay and lower concentration at the analyzer,
followed by higher readings in subsequent tests.

2.23 Heat Exchanger—An air-to-air or air-to-water heat exchanger,
which is used to control the temperature of the dilution air-exhaust gas
mixture.

2.24 Horsepower

2.24.1 Ansorsep Horsepowkr—Total horsepower absorbed by the absorp-
tion unit of the dynamometer and by the frictional components of the dyna-
mometer.

2.24.2 Assorsep Horsepower AT 30 mp (80.5 kM/H) Roap Loap—The
dynamometer setting values for various inertia weight vehicles published in
the Federal Register.

2.24.3 Frictional. Horsepower—~—Horsepower absorbed by the frictivnal
components of the dynamometer.

2.24.4 Inpicatep  HorsepowerR-—Horsepower values indicated by the
horsepower meter of the dynamometer.

2.24.5 Innicatep Horsepower at 50 men (80.5 km/H) Roan Loap—The
dynamometer setting values. determined by calibration, that correspond to
the dynamometer setting values published in the Federal Register.

2.25 Inertia Weights—A series of rotating disks used on a chassis dyna-
mometer to simulate to the nearest 125, 250, or 500 b (57, 113, or 227 kg)
increments of the test weight of a vehicle during accelerations and decelera-
tions. The inertia weights have no ctect during steady states.

2.26 Lagrangian Fit—A computer technique used to interpolate polyno-
mial curves generated from a set of data points (calibration points). ¥ data
puints are required to generate a curve to N — | deg. A feature of this
technique is that the interpolated curve goes through each data point exactly.

2.27 Laminar Flow Element (LLFE)—A flow rate measuring device that
has a linear relationship between flow rate and pressure drop.

2.28 Light-Duty Vehicle—A motor vehicle designed for transportation of
persons or property on a street or highway and weighing 6000 {b (2722 kg)
gvw or less.

2.29 Loaded Vehicle Weight—The curb weight of a light-duty vehicle
plus 300 1b (136 kg).

2.30 Mixing Device—A device that is used in the main flow stream of a
CVS to promote mixing of the exhaust gas with the dilution air.

2.31 Mode—A particular operating condition (for example, acceleration,
cruise, deceleration, or idie) of a test cycle.

2.32 Nondispersive Infrared (NDIR) Analyzer—An instrument to de-
termine carbon monoxide, carbon dioxide, nitric oxide, and hydrocarbons in
exhaust gas. Now primarily being used for carbon monoxide and carbon
dioxide determinations.

2.33 Normalizing Gas (Span Gas)—A single calibrating gas blend rou-
tinely used in calibration of each analytical instrument.

2.34 Optical Filter—That portion of the NDIR instrument which elimi-
nates wavelength regions where interference signals are obtained.

2.35 Oxides of Nitrogen—The sum total of the nitric oxide and nitrogen
dioxide in a sample expressed as nitrogen dioxide.

2.36 Ozonator—An electrical device that generates ozone from oxygen-

or air.

2.37 Parts per Million Carbon—The mole fraction of hydrocarbon
measured on a methane equivalence basis. :

2.38 Polynomial Fit—A technique of generating a calibration curve from
a set of points.

2.39 Positive Displacement Pump—A CVS blower, gas pump, or con-
stant displacement pump that delivers a metered amount of air per revolution
measured at inlet conditions.

2.40 Probe—A sample line inserted into the exhaust stream of a vehicle
or engine in such a manner as to obtain a homogeneous or well-mixed exhaust
sample.

2.41 Reference Cell—That portion of the NDIR instrument that is
usually filled with air (sometimes nitrogen) and provides the reference signal
to the detector.

2.42 Remote Filter Box—Particular CVS design that has the dilution air
filters and mixing chamber housed in a separate cabinet which can be located
close to the tailpipe of the test vehicle.

2.43 Sample Cell—That portion of the NDIR instrument which contains
the flowing sample gas.

2.44 Stratification— Variation in concentration of a sample stream when
samples are taken at different points on a cross section of the mixed CVS
stream just ahead of the CVS positive displacement pump.

~2.45 Tailpipe Pressure—The static pressure measured at the tailpipe
when a CVS is connected to a test vehicle.

3. Test Facilities and Equipment

3.1 Sampler—CVS systems can exist in a variety of physical configura-
tions, but all of them permit measuring emissions of vehicles.

3.1.1 Basic EQuipMeNT—The principal component of a CVS is either the
positive displacement pump (PDP) of the older models or the critical flow
venturi (CFV) of more recent designs. The positive displacement pump
consists of a pair of symmetrical rotating. two-lobe impellers driven in oppo-
site directions and encased by a housing. A critical low venturi CVS has a
CVS compressor unit that is used in conjunction with the critical flow venturi.
Fig. | shows a sketch of a CFV-CVS.

3.1.1.1 A dilution air filter system consisting of a particulate (dust) filter,
a charcoal filter, and a second particulate filter which removes airborne
particles, stabilizes hydrocarbons, and traps charcoal particles.

~ 3.1.1.2 A flexible coupling to the tailpipe of the test car brings in undi-
luted exhaust gas to the mixing chamber.

3.1.1.3 A mixing chamber combines the automotive exhaust from the
test car and the dilution air into a homogeneous {nonstratitied) mixture,

3.1.1.4 A heat exchanger is used to control the temperature of the ex-
haust gas dilution air mixture. The heat exchanger should be capable of
controlling the temperature of the dilute exhaust gas = 10°F (5.6°C) during
testing. In some models of CVS, a temperature controller regulates both the
flow of cooling water or hot water (from a hot water heater) through the heat
exchanger to control mixture temperature. In other models of CVS, the
dilution air is preheated so that the temperature controller regulates the flow
of cooling water through the heat exchanger in order to control the mixture
temperature.

3.1.1.5 A secondary heater system maintains the heat exchanger at a
temperature to prevent water condensation.

3.1.1.6 A sampling system transfers the exhaust-air mixture from the
positive displacement pump inlet to the bag at a constant flow rate. The
minimum sample Aow rate should be 10 fi*/h (0.28 m3/h). Each sampling
system consists of fiberglass filter, a diaphragm type pump, a How control
valve, and a flow meter or other gas measuring device. All of the surfaces in
contact with the sample air or air-gas mixture are stainless steel or other
nonreactive material.

3.1.1.7 A similar sampling system collects dilution air from a point just
downstream of the air filter and transfers it (0 a separate bag.

3.1.1.8 An evacuation and purge pump to remove the excess sample from
the bags and purge the bags with clean air.

3.1.1.9 A set of bags (sample and background) and appropriate controls
is needed for each of the test phases.

3.1.2 SuppLEMENTARY EQuipMENT—In addition to the above basic equip-
ment, the following items can be added for operating convenience:

3.1.2.1 A muffler located after the CVS pump to reduce the noise.

3.1.2.2 A four-speed motor, transmission, or other suitable means for
driving the positive displacement pump will permit a choice of different
dilution ratios.

3.1.2.3 An optional remote control operating station containing the
counter, the operations logic module, and the various control function
switches and indicator lights that permit convenient operator control at a
distance from the CVS console.

3.1.2.4 Optional modal analysis at the analytical bench during the filling
of the bag is made possible through the use of a separate sampling probe(s).
One probe is used if continuous modal analysis is conducted using undiluted
exhaust.! The second probe in this case is used to monitor diluted CO, which
is used as a tracer gas to determine engine flow. Tail pipe sample should either
be returned to the CVS bulk stream if the amount withdrawn is a significant
fraction of total exhaust flow (greater than 1%}, or the loss in tail pipe sample
should be corrected mathematically.

3.2 Analysis Instrumentation—Bag Analysis

3.2.1 Scuematic—Fig. 1 is a sketch of the sampling and analysis train that
is a typical flow schematic for the bag analysis of engine exhaust using the
CVSs.

3.2.2 CompoNeNnT Descriprion—The following components are suggested
for the CVS bag sampling and analytical systems for the analysis of carbon
monoxide (CO), hydrocarbons {HC), nitrogen oxides (NO,), carbon dioxide
(COy), and oxygen (O,):

"T'wo probes are required if continuous modat analysis is conducted using undiluted
exhaust,
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3.2.2.1 NDIR analyzers for measurement of CO and CO, with cells of
appropriate length for concentration ranges being measured. Typical ranges
are shown in Table 1. .

3.2.2.2 Chemiluminescent (CL) NO analyzer or equivalent NDIR NO
analyzer are both equipped with a bypass and NO, to NO converter for the
measurement of NO, with concentration range selection as shown in Table 1.

3.2.2.3 FID for measurement of HC. The instrument employed should be
capable of measuring HC for ranges shown in Table 1.

3.2.2.4 Oxygen analyzer for measurement of O, with range of measure-
ment as shown in Table 1.

3.2.2.5 Values V|, used 1o direct the sample or purge air to the analyzers.

3.2.2.6 Valves V,, V,, V; (optional). Vg, and V,, used to direct the
sample, zero gas, or span gas streams to the analyzers.

3.2.2.7 Filters F; and F, for removing particulate materials from the
sample prior to analysis. A glass fiber filter of at least 7cm diameter is
suitable.

3.2.2.8 Pumps P, and P, to move the sample through the system. Pumps
should have stainless steel or aluminum chambers with diaphragms and valves
made from or covered with an inert material, such as Teflon. Free air capacity
should be approximately 40 ft3/h (1.1 m*/h). Pumps P, for bypass flow of
chemiluminescent analyzer and vacuum pump P, (optional depending upon
the design of the chemiluminescent analyzer) for evacuation of the chemi-
luminescent reactor chamber.

3.2.2.9 Needle valves N, N, N, and N, to regulate sample gas flow to
the analyzers.

3.2.2.10 Needle valves N,, N5, Ng, and N, to regulate span gas flow to
the analyzers.

3.2.2.11 Optional valve Vg used to direct CO, span gas through the
water bubbler for checking the performance of drier and absorber system or to
check the H,O and CO, interference rejection characteristics of the CO
analyzer. Needle valve N, is used to regulate CO, flow.

3.2.2.12 Needle valves N3, Ng, Ng, N5, and N to regulate zero gas flow
to the analyzers.

TABLE 1 —TYPICAL LOW RANGES FOR ANALYSIS OF HC, CO, CO,,
NO_, AND O, IN SPARK IGNITION ENGINE EXHAUST

Ranges
Comp +
CVS Bag Sample Undiluted Exhaust Gas

HC 0-30 ppmC 0-500 ppmC
co 0-100 ppm 0-0.3%
NO,

1975 0-250 ppm 0-2500 ppm

19768 0-10 ppm 0-250 ppm
O, 0-2.0% 0-15%
Dilute CO, — 0-5%
o, 0-21% 0-10%

3.2.2.13 Flow meters FL,, FL,, FL3, and FL, to indicate span gas, zero
gas, and sample flow to the analyzers.

3.2.2.14 Water trap T,, if necessary, to partially remove water and a
valve Ny, to allow the trap to be drained.

3.2.2.15 Optionai? sample conditioning columns CR, and CR, contain-
ing ascarite to remove CO, from the CO analysis stream, and WR, and WR,
containing indicating CaSO, or indicating silica gel to remove the remainder
of the water. Equivalent drying techniques such as diffusion driers may be
used.

3.2.2.16 Optional valves Vg and V, to permit switching from exhausted
absorbing columns to fresh columns.

3.2.2.17 Optionai water bubbler W, to allow saturation of CO, span gas
to check the efficiency of the absorbing columns in the CO system.

3.3 Analysis Instrumentation—Modal Analysis (Undiluted Exhaust Gas)

3.3.1 GeneraL—Fig. 3 is a schematic drawing of the sampling and analysis
train that is recommended for the modal analysis of spark ignition engine
exhaust using the CVS. The system is very similar to that required for bag
analysis, with the exception that water traps are required on all instrument
sampling streams and an additional CO, analyzer is required. [n addition,
instruments of only approximately %, the sensitivity of those used for bag
analysis are needed. This system is based upon measuring continuously undi-
luted exhaust gas concentrations of HC, CO, NO,, and CO, and the diluted
exhaust CO, concentration.

The undiluted and diluted exhaust CO, concentrations are used to calcu-
late a dilution factor which, in conjunction with the total diluted volume, can
be used to calculate the vehicle exhaust volume. With the calculated exhaust
volume and the undiluted exhaust concentrations, the modal mass emissions
of each pollutant can be calculated as described in paragraph 5.2.2.

3.3.2 Comeonent Descrirrion—The following components are recom-
mended for the analytical systems for the modal analysis of CO, HC, NO,,
CO,, and O,.

3.3.2.1 NDIR analyzers for measurement of CO and CO, with cells of
appropriate length for the concentration ranges being measured. Typical
ranges are shown in Table 1.

3.3.2.2 The CO, analyzer for the measurement of CO; in the diluted
exhaust stream can be modified to the extent that the reference cell is replaced
with a second sampling cell through which dilution air is passed during
sampling. This feature will automatically correct the measured CO, in the
diluted exhaust for the amount of CO, in the dilution air.

3.3.2.3 Chemiluminescent (CL) NO analyzer equipped with a bypass

2The criteria for CO interference by CO, and water is given in the Federal Register,
Vol. 39, No. 101, May 23, 1974: “A CO instrument will be considered to be essentiaily
free of CO, and water vapor interference if its response to a mixture of 3% CO; in N,,
which has been bubbled through water at room temperature (68-86°F), produces an
equivalent CO response, as measured on the most sensitive CO range, which is lcss than
1% of full scale CO concentration on instrument ranges above 300 ppm CO or less than
3 ppm on instrument ranges below 300 ppm CO.”
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and a NO, 10 NO converter for the measurement of NO, with the concentra-
tion range selection as shown in Table 1.

3.3.2.4 FID for measurement of HC. The instrument should be capable
of measuring HC for the ranges shown in Table 1.

3.3.2.5 Oxygen analyzer for measurement of O, with range of measure-
ment shown in Table 1.

3.3.2.6 Valves V| and V,, used to direct the sample of purge air to the
analyzers or to purge air to the blowout traps.

3.3.2.7 Valves V,, V,, V,, Vi, Vi, and V,, used 1o direct the sample,
zero gas, or span gas streams (o the analyzers. Valve V, is used to direct the
span gas to the O, sensor.
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3.3.2.8 Filters F,, F.. Fy. and F, for removing the particulate from the
sample prior to analysis. A glass tiber type of at least 7 cm in diameter is
suitable.

3.3.2.9 Pumps Py, P.. P,, and P, 10 move the sample through the system.
Pump P; for bypass flow of the chemiluminescent analyzer and vacuum pump
P, (optional dependent on design of chemiluminescent analvzer) for evacua-
tion of the chemiluminescent reactor chamber. Pumps should have stainless
steel or aluminum chambers with diaphragms and valves made from or
covered with an inert material, such as Teflon. Free air capacity should be
approximately 40 ft'”h (1.1 m*/h).

3.3.2.10 Needle valves Na, N3 Ny Nyao Ny;oand Nog to regulate sample
gas flow to the analyzers.

3.3.2.11 Needle valves N,. N Ny, Ny, and N.., to regulate span gas flow
to the analyzers.

3.3.2.12 Optional valve V., used to direcct CO, span gas through the
water bubbler for checking the performance of the absorbers in the CO
analvzer stream. Needle valve N, (optional) is used to regulate CO, flow,

3.3.2.13 Needle valves Ny, N;. N4 Ny.. Ny, and N, to regulate zero gas
flow to the analvzers.
) 3.3.2.14 Flow meters FM . FM.,. FM, FM FM; and FM, to indicate
span gas, zero gas. and sample flow to the analyzers.

3.2.2.15 Water traps T,. T,. and T, to partially remove water and valves
N.yo Nyj. and Nug to allow the traps to be drained.

Ih 6
3.2.2.16 Opuonal sample conditioning columns C:R | and CR,, containing
ascarite to remove CO, from the CO analysis stream. and WR, and WR,
containing indicating CaSQO), or indicating silica gel 1o remove the remainder
of the water. Ascarite produces water when it removes (O, from the stream.
Equivalent dryving techniques such as diffusion driers may be used. The
volume of the conditioning columns must be suthicient to be etfective for the
duration of the test. Some operational ranges for continuous analysis may not
require water and CO, removal. Some new CO instruments do not have
water or (O, response,

3.3.2.17 Optional valves V, and V., to peemit switching from the
exhausted absorbing columns to fresh columns.

3.3.2.18 Optional water bubbler W, to allow saturation of CO, span gas
to check the efficiency of the absorbing columns in the CO system.

3.3.2.19 Needle valves N;. Ny, N|,, and N, to regulate the bypass
sample {low.

3.4 Instrument Operating Procedures—Follow the instrument manufac-
turer’s start-up and operating procedure for the particular type instrument
being used. In addition, the following minimum calibration and instrument
checks should be included.

341 Intriar—The following instrument checks should be accomplished
prior to making emission measurements with the instruments:

3411 Optinize FID Response

(a) Set burner fuel and air settings as prescribed by the manutacturer.
Present burner fuel composition now recommended is 60% He, 407 H..
However, best composition for burner fuel is now being investigated. Ignite
the burner and set sample flow. Wait until the analvzer stabilizes before
proceeding. Optimize the FID as suggested in SAE Procedure J254 ( June,
1971).

{b) Determine the optimum burner fuel low for maximum response. A
blend of 60% He and 40% H, is reccommended for use as the burner fuel. The
use of other fuels could produce a correlation problem. Introduce propane in
N, at a concentration level of approximately 300 ppm( for undiluted gas
analysis and propane in air for bag analysis. Vary the burner fuel flow to
obtain the peak response. Normally, there is a plateau in the region of peak
response. Select a flow in this region which results in the least variation in
response with minor fuel flow variations.

(c) Determine optimum airflow. Set the burner fuel flow as determined in
paragraph 3.4.1.1(b) and vary airflow to obtain maximum response. If the
airflow is too high, excessive noise may result.

(d) If the airflow is significantly different from that used in paragraph
3.4.1.1(b), repeat step (b) with the new airflow.

3.4.1.2 Determine Oxygen Response of FID Analyzer—WVariations in the oxy-
gen content of the sample can affect the FID response. This effect must be
determined and minimized.

(a) CVS bag analysis

(1) Set flows as determined in paragraph 3.4.1.1 and ignite the burner.
Wait for stabilization. Normally, the burner is operated continuously to avoid
the stabilization problem.

(2) Zero the analyzer on HC free air.

(3) Determine the oxygen response by introducing propane gas at a
concentration of approximately 30 ppmC in the following diluents: 100% N,,
95% N,/5% O,, 90% N,/10% O,, 85% N,/15% O,, and 100% air.

(4) Using the propane in the air gas as the baseline for no O, correction,
plot a curve of the oxygen correction factor versus the percent O, in the
sample:



(4-8B)

O, correction factor = 1.0 — 3

where: 4 = HC response in N,/O, blends
B = HC response in air

(5) Check the effect of O, using a propane concentration of 50 ppmC. If
it is significantly different from the 30 ppmC correction data, establish a curve
and apply the O, correction on a prorated basis as a function of HC concen-
tration.

(6) If the O, correction factor is less than 0.96 over the normal O, range
encountered in CVS sampling, see paragraph 3.5.2.

(7) Itis recommended that a different detector be obtained if the oxygen
correction factor is less than 0.90 for the O, range found in CVS samples.

(b) Modal Analysis—Undiluted Exhaust Gas

(1) Set flows as determined in paragraph 3.4.1.1 and ignite the burner.
Wait for stabilization. Normally, the burner is operated continuously to avoid
the stabilization problem.

(2) Zero the analyzer with N,.

(3) Determine the oxygen response by introducing propane gas at a
concentration of approximately 300 ppmC in the following diluents: 100% N,,
95% N,/10% O,, 85% N,/15% O,, and 100% air.

(4) Using the propane in N, (0% O,) as the baseline for no O, correction,
plot a curve of the oxygen correction factor versus the percent O, in the
sample, where:

HC response with propane in 100% N,
O, corr factor =

HC response with propane in O, blends

(5) If the O, correction factor is greater than 1.05 over the range of
0-10% O, see paragraph 3.5.2.

(6) It is recommended that a different detector be obtained if the oxygen
correction factor is greater than .10 for the O, range found in the undiluted
exhaust gas samples.

3.4.1.3 Determine Linearity of FID Response

(a) Set up the FID as determined in paragraphs 3.4.1.1 and 3.4.1.2, Set the
sample flow rate at a low value (approximately 5 ml/min) consistent with
good signal to noise ratio.

(b) Using propane in air, or Ny, vary the concentration of HC over the
expected HC range. If the response is linear, a sample linear calibration factor
can be used. If the response is not linear, prepare a calibration curve,

3.4.1.4 Optimize Performance of NDIR— After adjusting the analyzers for
optimum performance using the manufacturer’s recommended procedures, a
calibration curve must be generated for the ranges of the instrument that will
be used. All emission measuring instruments are comparative devices. The
generation of the calibration curves using standard gases (paragraph 3.5.1)
should be as accurate as possible. Since many analyzers are connected to
computers, a variety of curve-fitting techniques are being used. No specific
technique will be recommended here. Polynomial and Lagrangian curve
fitting techniques are widely used. [t is recommended to examine carefully an
accurate plot of the calibration curve to verify that a smooth curve was
generated. rather than a curve that has only high correlation at the data
points.

3.4.1.5 Optimize Performance of Chemiluminescence NO Analyzer—Using the
manufacturer’s recommended procedures, adjust the analyzer for optimum
performance. In addition, determine the efficiency of the NO, to NO con-
verter, at the converter temperature recommended by the manufacturer,
using the flow system shown schematically in Fig. 4. A suggested procedure is
given in Appendix A,

If the converter efficiency is below 90%, the converter temperature should
be increased and the efficiency rechecked. Converter temperature should be
set at a minimum required for near 100% conversion efficiency.

Care must be used to prevent condensation due to pressure buildup in the
NO, sample train between the sample pump and the analyzer. This has been
found to be a critical area of the NO_ sample train, since condensation causes
a lowering of the measured NO, concentration and, therefore, an incorrect
NO, emission measurement.

3.4.2 MonTtHLY—The following checks are to be made monthly or more
frequently if there is any doubt regarding the accuracy of the analyses.

3.4.2.1 Calibrate the NDIR analyzers using the same gas flow rates as
when sampling exhaust.

(a) Allow 2 h warmup of analyzers.

(b) Tune analyzer.

(c) Set zero and span using prepurified N, and the 100% range calibration
gas.
(d) Recheck zero and repeat step 3.4.2.1(c), if necessary.

(e) Calibrate each analyzer with calibrating gases that are approximately
15, 30, 45, 60, 75, and 90% of each range used. The concentration of the
standard gases should be known with at least 2% accuracy. If the analyzer
proves to be non-linear, use an eight point calibration with a set of calibration
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ANALYSIS SYSTEM

gases spread approximately uniformly over the analyzer range in question.

(f) Compare values with previous curves. Any significant change reflects
some problem in the system. Locate and correct the problem and recalibrate.

3.4.2.2 Check FID analyzer O, response and HC response.

(a) Ignite the burner and then set the fuel, air, and sample flow rates as
determined in paragraphs 3.4.1.1 and 3.4.1.2,

(b) Introduce HC free air zero gas (CVS bag analysis) or N, (Modal-undi-
luted exhaust gas analysis) and zero analyzer.

(c)} Check O, effect an the response by introducing the calibration gases of
propane in air, propane in N,, and propane in 30% N,/10% Q,.

(d) Compare the O, response values with the previous curves. Any signifi-
cant change (*10%) indicates a change in the burner operating characteris-
tics. Check the burner system and measure the Hows. If the change in the
response cannot be resolved, establish a new O, response curve as per para-
graph 3.4.1.2.

(e) Check the calibration curve or response data as per paragraph 3.4.1.3.

3.4.2.3 Calibrate chemiluminescent analyzer using same flow rates as
when sampling exhaust.

(a) Set the sample flow and oxygen Hlow to the recommended settings.

(b) Turn the ozone generator on and allow a 10 min warmup period.

(c) Using nitrogen, zero the meter on the most sensitive range or the range
to be used by means of the dark current suppression adjustment.

(d) Set the span, using 100% range calibration gas on the range to be used.

(e) Calibrate the analyzer with gases blended in N, that are approximately
25, 50, 75, and 100% of the range being used.

(f) Check the values with the previous curves. Any significant change
reflects some problem in the system. Locate and correct the problem and
recalibrate.

(g) Caution. The correct standby position for the NO, converter is depend-
ent on the converter type. See manufacturer’s instructions.

(h) Caution. Some NO, to NO converters can be rendered useless for many
hours if they are allowed to sample exhaust gas (even momentarily) from over
rich vehicles where high levels of CO, low levels of O,, and free H, are
produced. ’

3.4.3 WeekLy—Check the converter of the chemiluminescent analyzer
using the procedure outlined in paragraph 3.4.1.5.

3.4.4 Dawy—Prior to daily testing carry out the following:

3.4.4.1 NDIR Analyzers—Normally, power is left on the NDIR analyzers
continuously. Only the chopper motors are turned off. In some cases, more
dependable performance has been achieved by leaving the chopper motors on.

(a) Zero on prepurified N,.

(b) Introduce span gas and set the gain to match the calibration curves.
Use the same flow rate for calibration, span gas, and exhaust gas to avoid
correction for the sample cell pressure change. Use span gas having a concen-
tration of the constituent being measured that will result in 75-95% of full-
scale deflection. If the gain has shifted significantly, check the tuning; if
necessary, check the calibration.

(c) Check nitrogen zero and repeat steps 3.4.4.1(a) and 3.4.4.1(b), if neces-
sary.

(d) Repeat steps 3.4.4.1(a) through 3.4.4.1(c) prior to each exhaust gas
analysis.

(e) Span and zero should be rechecked after bag measurements.
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3.4.4.2 FID Analyzer

(a) Ignite the burner and then set the fuel, air, and sample flow rates as
determined in paragraphs 3.4.1.1 and 3.4.1.2.

(b) Introduce zero gas (HC-free air for CVS analyzers, N, for undiluted
exhaust gas analvzers) and zero analyzer.

(c) Introduce HC span gas (propane in HC-free air for CVS analyzers,
propane in N, for undiluted exhaust gas analyzers) of appropriate concentra-
tion to result in a response of at least 3077 of full-scale on the range anticipated
for use. If the calibration curve and span value disagree adjust the span
potentiometer of the FID. Sample flow for zero and span must be the same as
that used for analyzing exhaust sample.

(d) Repeat steps 3.4.4.2(a) through 3.4.4.3(c) prior to cach exhaust gas
analysis,

(e) Span and zero should be rechecked after bag measurements.

3.4.4.3 Chemtluminescent Analyzer—Normally power is left on continuously.
Operate converter in standby mode as recommended by the manufacturer.
Vacuum pumps are normally kept on continuously on those model analyzers
using vacuum pumps. The ozonator should not be left on continuously for
safety reasons. Vacuum pump and ozone problems can be minimized by
replacing the pump oil with perfiuorinated polvether fluid.

(a) Turn on the sample pumps.

(b) Set O, (in some models air is used) and sample flows using nitrogen.

(¢) Turn on ozone generator and allow a 10 min warmup.

¢d) With the converter in the NO mode. adjust the dark current suppres-
sion to zero the meter on the most sensitive range or the range to be used,
using prepurified N,

(e) Introduce span gas and set gain to match the calibration curves. Use a
span gas having an NO concentration that will result in 75-95% of full-scale
deflection.

(F) Check dark current suppression and repeat steps 3.4.4.3(d) and
3.4.4.3(¢) if necessary.

(g) Span and zero should be rechecked after bag measurements.

3.4.4.4 Oxygen Analyzer

{a) Introduce oxygen-free nitrogen and set zero.

(b) Introduce air and set O, span. This is usually done concurrently when
setting the zero on the FID analyzer.

(c) Sample tlow for zero and span must be the same as that used when
analyzing exhaust gas samples.

3.5 Supplementary Discussion

3.5.1 CauiraTionN Gases— There are several suppliers of calibration gases
in the ranges used in this procedure. These can be obtained with an analysis
accuracy of 2% or better. Stated gas analysis accuracies should be explicitly
defined in terms of traceability to NBS standard reference gases or applicable
gravimetric standards. It is recommended that all working gases be renamed
using NBS standard reference gases or in-house primary reference gases. If a
reference gas cylinder value does not fall on a smooth calibration curve, then
that cylinder must not be used.

The CO and CO, gas can be purchased as a mixture in nitrogen. NO
calibrating gas should be diluted with oxygen-free nitrogen and must not be
mixed either with CO or CQ,. Propane calibrating gases are purchased with
HC-free air as the diluent for use in CVS bag analysis and with N, as the
diluent for use in undiluted exhaust gas analysis.

Zero gas impurity concentration should not exceed 1 ppm for HC, 1 ppm
for CO, 0.1 ppm for NO, 400 ppm (0.04%) for CO,, and 3 ppm for H,O.

3.5.2 Reoucine THe Oxvcen EFrect on Response—The oxygen correction
for FID should be reduced to attain the limits described in paragraph 3.4.1.2.
The oxygen effect on response for a particular FID burner design may depend
upon (a) the type of burner fuel used, for example H,, 40% H,/60% N, or
40% H,/60% He; (b) on the sample flow rate into the burner; and (c) the air
and fuel rate to the burner.

3.6 Tailpipe Connections—To obtain a good constant volume sample of
exhaust gas it is imperative that no leakage, cither into or out of the sampling
system, occur at the tailpipe connection between the vehicle and the CVS
sampler. The CVS sampler must be provided with dual inlets to accommo-
date vehicles with dual exhaust systems. When a vehicle with a single exhaust
is being tested, the second sampler inlet must be tightly capped to prevent
leakage.

Piping between the sampler and the vehicle should be kept to a minimum
length and be of adequate diameter. (See Section 4 for more detail on this
subject.) ‘I'he actual connection between the vehicle tailpipe and the flexible
tubing of the CVS can be made in one of two ways:

(a) A flanged fitting such as a Marmon coupling. One end of this cou-
pling is welded to the flexible piping from the CVS and a mating section is
welded to the exhaust pipe(s) of each vehicle 10 be tested.

(b) A silicone rubber boot clamped to the exhaust pipe and inlet plumb-
ing to the CVS.

The first method, a flanged fitting, should be used whenever possible.
However, when fittings cannot be welded to each vehicle to be tested, the

silicon boot alternative has to be used. The main drawback of the silicone boot
is that the hot exhaust gas causes rapid deterioration of the silicone. When
vehicles with advanced control devices are tested, the very hot exhaust gases
produced by these systems may cause the boot to crack internally after a single
test.

3.7 Chassis Dynamometer

3.7.1 ProceDURE FOR DvNAMOMETER ABSORBED HORSEPOWER CALIBRA-
Tion—The following procedure describes one method for determining the
absorbed horsepower of a chassis dynamometer. The measured absorbed
horsepower includes the dynamometer frictional horsepower as well as the
power absorbed by the power absorption unit. The dynamometer is driven
above the test speed range to 60 mph (96 km/h). The device used to drive the
dynamometer (in most cases a vehicle) is then disengaged from the dyna-
mometer and the roll(s) allowed to coast down. The kinetic energy of the
system is dissipated by the dynamometer friction and absorption unit. This
method neglects the variations in roll bearing {riction due to the drive axie
weight of the vehicle and also neglects the variations in friction due to
different inertia weights. The difference in coastdown time of the free (rear)
roll relative to the drive (front) roll may be neglected in the case of dyna-
mometers with paired rolls.

3.7.1.1 Equipment

(a) Fifth wheel, tachometer generator. or other device to measure the speed
of the front roll.

(b) Hydraulic jack or other equipment to lift vehicle's drive wheels from
the rolls.

(c) Stop watch or other timing device to measure the time it takes the rolls
speed to decrease from 35 to 45 mph (88.5 o 72.4 km/h).

(d) Pair of chocks. vehicle tie-downs, and other safety devices used to assure
sate operation of a vehicle on the rolls.

3.7.1.2 Preparation

(a) Place the vehicle on the dynamometer rolls and set chocks against the
front wheels. Tie-downs should be slack enough to allow the vehicle to be
lifted from the rolls.

{b) Verify the calibration of the fifth wheel, tach generator, or other speed
monitoring equipment.

(c) Position the lifting device at the rear of vehicle.

(d) Place the lift pads under the rear bumper, adjacent to the bumper
brackets.

(e) Practice lift technique in disengaging the rear wheels to develop a
familiarity with the lifting device's response.

(f) When satisfied, raise the lift pads until they are in contact with the
bumpers so that there is sufficient tension to keep the lift pads in place until
ready to use.

(g) Set dynamometer inertia to 4000 Ib (1816 kg) or to the more common
weight class to be tested.

3.7.1.3 Test Procedure

(a) Drive the dynamometer with the test vehicle to 50 mph (80.5 km/h).

{b) Adjust the dynamometer power absorption unit to an indicated 2.5 hp
(L9 kW),

(¢) Accelerate the dynamometer test vehicle to 60 mph (96 km/h). At this
point, disengage the drive wheels from the rolls by means of the lifting device.

(d) Record the time for the dynamometer to coast down from 55 to 45 mph
(88.5 to 72.4 km/h).

(e) Repeat steps 3.7.1.3(c) and 3.7.1.3(d) two more times.

(f) Calculate an average from the three coastdown times.

(g) Repeatsteps 3.7.1.3(a) through 3.7.1.3(f) for 5.0, 7.5, and 10.0 indicated
hp (3.7, 5.6, and 7.4 kW) and calculate the average coastdown times for each.

3.7.1.4 Calculations—Calculate actual absorbed road horsepower {rom:

1 W, (V2= VY 0.06073 Iy,
HP, = — — =
2 322 3501 t
where: W, = equivalent inertia, Ib
V, = initial velocity, ft/s (35 mph = 80.67 ft/s)
V, = final velocity, ft/s (45 mph = 66.00 ft/s)
t = elapsed time for rolls to coast down from 55 to 45 mph (88 to

72 km/h)

3.7.1.5 Belt Drive Dynamometers—The procedure outlined above has been
applied extensively to belt drive dynamometers. The next step is to plot the
indicated road load horsepower at 50 mph (80 km/h) versus the actual road
horsepower at 50 mph (80 km/h). Fig. 5.

The Federal Register advises running coastdowns at the inertia weight most
frequently used. Common practice is to run coastdowns at either all inertia
weight settings of a dynamometer or at least all inertia weights that are used
for testing.

3.7.1.6 Direct-Drive Dynamometers—The same procedure can be used for
direct-drive dynamometers as for belt drive dynamometers and should be used
for manual loading calibration of these units. However, automatic loading
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features of the new direct-drive dynamometers can improve the coastdown
procedure. An outline of a direct-drive dynamometer procedure is given in
Appendix C.

The direct-drive dynamometer procedure sets up the dynamometer for
operation at the desired operating points rather than finding a linear range for
each inertia weight. This procedure is rapid and reproducible in both running
coastdowns and in operation: It is recommended that a plot of frictional
horsepower versus inertia weight be made for each set of coastdown data.
These plots can aid in determination that the coastdown data is valid.

In Fig. 6, the frictional power is plotted as a function of inertia weight for
nine automatic loading direct-drive dynamometers. The data show that the
frictional powers are confined to an approximate 1 hp (745 W) band. On these
plots, the “over 5500" values are plotted at 6000 for convenience.

An example of the effect of recalibration is shown in the frictional power
versus inertia weight plot in Fig. 7. A dynamometer recalibration indicated a
shift of over 0.5 hp (0.3 kW) friction. A recalibration showed that a speed
calibration error had been made. After correction, a typical shift of less than
0.5 hp (0.3 kW) was observed.

3.7.2 DYNAMOMETER PROCEDURE .

3.7.2.1 The vehicle shall be tested from a cold start. Engine startup and
operation over the driving schedule make a complete test run. Exhaust emis-
sions are diluted with air 1o a constant volume and a portion is sampled
continuously during each of the three test phases. ‘The composite samples,

collected in three bags, are analyzed for HC, CO, NO,. and CO,. Three
parallel samples of dilution air are similarly analyzed. CO, is mcasured
because it is needed in determining the carbon balance fuel economy.

3.7.2.2 A fixed-speed cooling fan with a nominal capacity of 5300 {t*/min
(150 m*/min) is positioned during dynamometer operation so as to direct
cooling air to the vehicle in an appropriate manner with the engine compart-
ment cover open. In the case of vehicles with front engine compartments, the
fan is squarely positioned between 8 and 12 in (200 and 300 mm) in front of
the cooling air iniets (grill). In the case of vehicles with rear engine compart-
ments (or if special designs make the above impractical), the cooling fan or
fans should be placed such that engine/vchicle temperatures normally en-
countered during road operatiqn are approximated. The vehicle should be
nearly level when tested in order to prevent abnormal fuel distribution.

3.7.2.3 Flywheels, electrical, or other means of simulating inertia as
shown in Table 2 should be used. If the equivalent inertia specitied is not
available on the dynamometer being used, the next higher equivalent inertia
available, not exceeding 250 Ib (113 kg), should be used.

3.7.2.4 Power Absorption Unit Adjustment

(a) The power absorption unit is adjusted to reproduce absorbed horse-
power at 50 mph (80 km/h) road load. The relationship between absorbed
power and indicated power for a particular dynamometer should be deter-
mined by the procedure previously outlined.
(b) The absorbed power listed in Table 2 is used or the vehicle manufac-
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turer may determine the absorbed power by the following procedure and
request its use:

(1) Measure the absolute manifold vacuum of a representative vehicle of
the same equivalent inertia weight, when operated on a level road under
balanced wind conditions at a true speed of 50 mph (80 km/h).

(ii) Note the dynamometer indicated power setting required to repro-
duce the manifold vacuum, when the same vehicle is operated on the dyna-
mometer at a true speed of 50 mph (80 km/h). The tests on the road and on
the dynamometer should be performed with the same vehicle ambient abso-
lute pressure (usually barometric), that is, within =5 mm of Hg.

(iii) The absorbed power values are listed in Table 2.

3.7.2.5 The vehicle speed must be measured by a tachometer generator
installed on the rear (or idler) roll. A tachometer generator installed on the
front (or drive) roll is used to measure coastdown speed. Even though most
tests conducted integrating front and rear tachometer generator speeds over
the test cycle have shown only small differences in total distance, the rear (or
idler) roll must be used to measure vehicle speed because of tire distortions
that occur on accelerations which change the rolling radius.

3.7.2.6 The Federal Register recommends that minimum throttle action
should be used to maintain the proper speed-time relationship. When using a
two-roll dynamometer, a truer speed-time trace may be obtained by minimiz-
ing the rocking of the vehicle in the rolls. The rocking of the vehicle changes
the tire rolling radius on each roll. The rocking may be minimized by re-
straining the vehicle horizontally (or nearly so) by using a cable and winch.
Care must be used to prevent tightening this cable too much as this could
cause vehicle to be puiled off rolls.

TABLE 2—EQUIVALENT INERTIA WEIGHT AND ABSORBED POWER

Ablorbod/?owov at 50 mph
< " Equivalent (80 km/h) Without and
Loaded Vehicle Waight Inertio Weight With Air Conditioning
Lood Simulation
Without With
b kg b kg
hp kw hp kw
Up to 1125 Up 1o 511 1000 454 59 4.4 6.5 4.8
1126 to 1375 512 10 624 1250 568 6.5 4.8 7.2 5.4
1376 to 1625 425 to 738 1500 481 71 5.3 7.8 5.8
1626 to 1875 739 to 851 1750 895 7.7 5.7 8.5 8.3
1876 to 2125 852 to 975 2000 908 8.3 6.2 9.1 6.8
2126 to 2375 976 10 1085 2250 1022 8.8 6.6 9.7 7.2
2376 to 2625 1086 to 1195 2500 1135 9.4 7.0 10.3 7.7
2626 to 2875 1196 to 1306 2750 1250 9.9 7.4 10.9 8.1
2876 1o 3250 1307 10 1475 3000 1362 10.3 7.7 1.3 8.4
3251 to 3750 1476 to 1700 3500 1590 1.2 8.4 12.3 9.2
3751 10 4250 1701 to 1930 4000 1816 12.0 8.9 13.2 9.8
4251 to 4750 1931 10 2150 4500 2045 12,7 9.5 140 10.4
4751 to 5250 2151 to 2380 5000 2270 13.4 10.0 14.7 11.0
5251 to 5750 2381 to 2610 5500 2500 13.9 10.4 15.3 11.4
5751 or more 2611 oc mare 5500 2500 14.4 10.7 15.8 11.8

3.7.2.7 Drive wheel tires must be inflated to a coid gage pressure of 40 psi
(280 kPa). This recommended practice acknowledges that all is not fully
understood regarding the rolls-tire interaction. Recent tests using vehicles
having engines of 100-450 in® (1.6-7.4 x 10~% m?) displacement show that the
average drive wheel tire pressure increased from gage pressure of 40 psi
(280 kPa) to 47 = 3 psi (320 * 21 kPa) alter running the 1975 Federal Test
Procedure. When the 75 FTP was immediately followed by a Highway
Driving Cycle, the average gage pressure at the end of the test was 50 = 3 psi
(340 = 20 kPa). These observed tire pressure increases are approximately
twice those observed when vehicles are run on the road, confirming that the
tire deflections on rolls probably generate more heat and thereby increase the
tire pressure. Further study is needed in this area. The cold gage pressure
recommended above is an initial step to minimize tire variations.

3.7.2.8 Warmup of Dynamemeter—If the dynamometer has not been oper-
ated during the 2 h period immediately preceding the test. it should be
warmed up for 15 min by operating it at 30 mph (48 km/h) using a nontest
vehicle.

4. Calibrating and Operating Procedure

4.1 Calibration Procedure—The purpose of this procedure is to provide
a reliable method for calibrating CVS systems.

A detailed discussion of the major requirements for conducting an accurate
CVS calibration follows. The individual sections are arranged in proper
sequential order and provide detailed instructions for conducting the neces-
sary checks that must be performed for satisfactory results.

4.1.1 PREPARATION OF CVS SysTEM FOR CALIBRATION

4.1.1.1 Installation of Sampling Taps and Lines—For measurement of the
pressure differential across the CVS pump, install static pressure taps of the
type shown in Fig. 8 at the top and bottom of the CVS pump drive head
plate, centering on the inlet and outlet pump cavities. The same static pres-
sure taps used for CVS calibration should be used for vehicle emission testing.
The location should provide at least one diameter of straight pipe up and
downstream from the tap to minimize flow disturbances. If a straight length of
pipe is not available, a piczometer ring from which a single gage connection is
led may be used.

4.1.1.2 If the straight section of pipe is vertical, the static tap can be
installed anywhere around the periphery. If the pipe is horizontal, the tap
should be located in the periphery of the upper half (above the pipe center-
line). The pump inlet pressure tap should be located downstream from the gas
sample probes.

The diameter and hole edge rounding of the pressure tap should conform
with the recommendations shown in Table 3.

Note: It is realized that it will seldom be practical and, generally, it will be
impossible actually to measure the radius of the hole-edge rounding. However,
if any dulling or rounding is done, the values in Table 3 offer a guide for
estimating the maximum desirable degree of edge rounding.?

All burrs and irregularities should be removed from the inner wall surface
near the static tap.

3*Static Pressure Cups and Fluid Meters— Theory and Application,” Fifth Chapter, Section
A3, pp. 18-19. American Society of Mechanical Engineers, 345 East 47th Street, New
York, New York 10017.
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4.1.1.3 The sample probes should be made of stainless steel and be of the
design shown in Fig. 7. They should be faced upstream directly into the flow.
All sample lines leading from the probes should be routed upward. This will
allow any water which may condense to drain out of the lines and thereby
prevent hvdraulic blockage. (Similar precautions should be taken when in-
stalling static pressure lines.)

4.1.2 FLANGE GaskeTs—When installing the plumbing on the inlet sndc of
the pump, compression of the gasket may cause a decrease in its inside
diameter. If this occurs, it will affect the restriction on the pump and may
affect the accuracy of the static pressure reading if the gasket protrusion is
upstream of the static tap. Therefore, when assembling the plumbing insure
that the gasket ID as installed is not smaller than the pipe ID.

The placement of modal analysis probes relative to the bag sample probe
can also disrupt sampling. It has been shown that the backflushing of a modal
analysis cart through a probe can significantly atfect the bag sampling probe
sample during a CVS calibration verification with propane injection.

+4.1.3 Primary CVS Cavsration with Lasinar Frow ELement

+.1.3.1 This procedure utilizes a laminar flow element and a variable
restriction device to generate a pump performance curve (flow rate as a
function of pressure differential). Fig. 9 is a schematic of the test lavout and
instruments required to perform this calibration. The volumetric How is
determined by a laminar flow element (LFE) placed upstream of the CVS
pump (as shown in Fig. 9} to avoid introducing flow disturbances in the LFE.
A straightener section of 10 times the exit diameter is added to the outlet of
the LFE. This is followed by an adjustable restriction valve. Since the LFE
and the pump are in series, it is necessary that all connections between these
two items be free of leakage. It is advisable to plug all openings and pressure
test the system to insure that the system is free of leaks.

Some LFE have straightener sections built into the device. This obviates the
use of a straightener section. However, these LFEs are subject to calibration
shifts if they are disassembled for cleaning. If these units are cleaned, they
should be recalibrated.

When conducting calibration, the restriction device should be used to
generate data points above and below the normal CVS system operating
pressure. Data should be obtained beginning with the pump inlet depression

TABLE 3—PRESSURE TAP HOLES

Nominal Inside Pipe Pressure Hole Hole-Edge Rounding
Dia Dia Radius

in m in mm in mm
Under 2 Under § 1/4 = 1/8 6.4 3.2 About 1/64 About 0.4

2103 5t0 7.5 3/8 = 1/8 9.5 3.2 Less 1/32 Less 0.8

4108 10 to 20 1/2 - 1/8 12.7 - 3.2 Less 1/32 Less 0.8

+ 1/4 + 6.4
10+ 25 + 3/4 2 1/4 19.0 = 6.4 less 1/16 Less 1.6
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corresponding to LFE as the only restriction. Pump inlet depression should be
increased by increments of 2-5in H,O (500-1250 Pa) until 6-8 data points
are determined. Usually, it is difficult to get points below the normal CVS
system operating pressure unless the heat exchanger is removed from the
system. Most calibrations are done with the heat exchanger n the system.
The following listing of the data to be recorded. unit conversions, and
calculations will be followed by a sample calculation and a computer print-
out,
4.1.3.2 Data Recorded
(a) LFE inlet depression, in H,O (Pa).
(b) Delta P LFE, in H,O (Pa).
(c) LFE inlet temperature, °F (°C).
(d) Pump inlet depression, in H,O (Pa).
(e) Pump inlet temperature, °F (°C).
(f) Delta P pump, in H,O (Pa).
(g) Barometric pressure, in Hg (Pa).
(h) Pump rpm.
4.1.3.3 Cunversion of Units
(a) Convert in H,O to in Hg pressure:

LFE inlet depression (in Hg) = LFE inlet depression (in H,0Q)
x 0.07355 in Hg/in H,O

Pump inlet depression (in Hg) = Pump inlet depression (in Hg)
X 0.07355 in Hg/in H,O

(b) Convert from degrees Fahrenheit 10 degrees Rankine:

LFE inlet temperature (R) = LFE inlet temperature (°F) + 460
Pump inlet temperature (R) = pump inlet temperature (*F) + 460

(c) Conversion to absolute pressure:

Absolute pressure (in Hg) at LFE inlet = barometric pressure (in Hg)
— LFE inlet depression (in Hg)
Absolute pressure (in Hg) at pump inlet = barometric pressure (in Hg)
-~ pump inlet depression-(in Hg)
4.1.3.4 Calculations

(a) Determine air viscosity correction factor for LFE inlet air temperature
from LFE correction curve obtained from LFE manufacturer.

(b) Determine pressure correction factor for LFE inlet pressure from LFE
correction table obtained from LFE manufacturer.

(¢) Determine uncorrected volume flow rate from curve supplied by LFE
manufacturer and pressure drop. Then determine corrected volume flow rate
by multiplying uncorrected volume flow rate X air viscosity correction fac-
tor X pressure correction factor.

(d) Using Ideal Gas Law, convert the volume flow rate at LFE standard
conditions (530 R, 29.92 in Hg) to the volume flow rate at the pump inlet
temperature and pressure:

pump inlet
i .92 t t R
Pump fi3/min = LFE £i*/min X 29 . emperature (R)
pump abs inlet 530

pressure (in Hg)
(e} Determine pump ft3/rev by dividing ft3/min by the pump rpm.
(f) Plot pump ft3/rev versus the square root of pump delta P. Determine
the first degree equation of the line by the least squares method.
4.1.3.5 Example of Calculations for LFE CVS calibration, using typical data
from a 400 ft3/min LFE.
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Data Recorded
(a) LFE inlet depression = 1.00in H,O.
(b) Delta P of LFE = 6.520in H,O.
(¢} LFE inlet temperature = 75.5°F.
(d) Pump inlet depression = 37.8 in H,O.
{e) Pump inlet temperature = 78.0°F.
(f) Delta P pump = 60.0in H,0.
(g) Barometric pressure = 29.34in Hg.
(h) Pump rpm = 1421,
Conversion of Units:
(a) LFE inlet depression = 0.07355 in Hg.
{b) Pump inlet depression = 2.78 in Hg.
(c) LFE inlet temperature = 535.5 R.
(d) Pump iniet temperature = 538 R.
(e) LFE inlet, absolute pressure = 29.27 in Hg.
(f) Pump inlet. absolute pressure = 26.56 in Hg.
Calculations:
(a) Air viscosity correction factor at 75.5°F (from LFE manufacturer’'s
curve) = 1.006.
. 29.27
(b) Pressure correction factor = —>— = ().9783.
29.92
(¢) Uncorrected flow rate (from LFE manufacturer's curve) = 342.8
ft!/min.
1d) Corrected volume flow rate = 342.8 x 1.006 X 0.9783 = 337.4.

L 29,92 538
e) Pump ft%/min = 3374 x === x —— = 85.8.
e} Fume X 2656 330

(f) Pump ftd/rev = %5—8 = (.2715.
1.1.4 Gas StraTiFication CHECK
4.1.4.1 With the CVS operating in its testing configuration. introduce a
tracer gas, such as 1007 propane, into the vehicle exhaust inlet of the CVS
system as shown in Fig. 10. The tracer gas should be introduced at a rate that
will give a bag sample which produces at least a ¥, full-scale deflection on the
HC range normally used for reading bags. The use of a continuous HC
analyzer on the dilute continuous sampling probe makes this rate determina-
tion simple. The continuous analyzer is needed for the profile determination
of paragraph 4.1.4.2.
4.1.4.2 Starting with the sample probe inlet opening at one side of the
dilute streamn, run a cross-sectional profile of the pipe, sampling at 0.5 in
(13 mm) intervais (wall to wall). Record the concentration at each sampling
point location. Conduct a second cross-sectional profile at 90 deg to the first
profile. If concentrations from wall to wall vary more than 1%, there is
incomplete mixing.
4.1.5 INDEPENDENT CVS SvSTEM VERIFICATION
4.1.5.1 Introduction—The system verification technique involves the intro-
duction of a measured quantity of a tracer such as propane (or CO) at the
tailpipe sampling location. If all components of the system are functioning
properly, the quantity of tracer calculated from that collected in the sample
bag should agree closely with the quantity which was injected. A measured
amount of tracer gas partially diluted with air from a small auxiliary blower
(Fig. 11) is then mixed with dilution air in the main stream of the CVS. To
avoid possible leakage, the tracer gas should be introduced downstream of the
auxiliary blower. The auxiliary blower is needed to aid mixing of the 0.02 ft*
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{0.56 L) of propane that is used in a test. When propane is used as the tracer
gas, it may be necessary to remove the charcoal filter from the CVS. This wili
equalize the HC background in the two dilution air streams.

4.1.5.2 Equipment

(a) CVS system to be checked.

(b) A container of instrument grade tracer gas.

(¢) Analytical balance with a capacity to weigh the charged gas container
and flow regulator with a resolution of 0.01 g.

Instead of the weighing technique, flow measurement techniques can be
used to determine the amount of tracer gas injected into the CVS. These °
include: wet test meter, rotometer, and critical flow orifice.

(d) A tracer gas flow regulator which is capable of adjustment to yield bag
concentrations which are normally encountered during testing.

(¢) An auxiliary blower of 10-30 ft*/min ((.005-0.014 m%/s) capacity.

(f) Analyzers to measure tracer gas.

4.1.5.3 Procedure

(a) Turn on CVS and allow stream pressure and temperature to stabilize.

(b) Weigh gas container with the flow regulator connected and record
weight. :

(c) Purge the gas sample bags with dilution air.

(d) Simultaneously, activate CVS mixture and dilution air bag sampling
and the positive displacement pump revolution counter.,

(e) After 30 s, begin injecting tracer gas into the CVS. Set tracer gas flow
rate to yield sample stream concentrations approximating those encountered
during vehicle testing.

(f) Record CVS data during tracer gas injection:

Average pump inlet temperature, °F (°C).
Average pump inlet pressure, in H,O (Pa).
Average pump differential pressure, in H,O (Pa).

(g) After 14 min 30 s total elapsed time, stop the tracer gas injection.

(h) After 15 min total elapsed time, stop the CVS mixture and dilution air
bag samples and the pump revolution counter simultaneously. Record total
CVS pump revolutions.

(i) Analyze gases in the CVS mixture and dilution air sample bags. Record
concentrations.

(j) Weigh tracer gas container and record weight.

(k) Determine the injected weight of tracer gas by subtracting weight
measured in step 4.1.5.3(j) from weight measured in step 4.1.5.3(b). Record
difference.

4.1.5.4 Calculations

(a) Determine the mass of injected tracer gas indicated by the CVS using

the following formula:

Calculated mass = V_;, X density X conc

=K Vo X N X -—P’
X
1 o X Tp

where: Vinix

528 R

Ky= oo
29.92in Hg



Vy = volume of gas pumped by the positive displacement pump,
ft3/rev at ambient conditions. This volume is dependent on
the pressure differential across the positive displacement
pump

N = number of revolutions of the positive displacement pump
during the test while samples are being collected

P, = absolute pressure of the dilute exhaust entering the positive

displacement pump, that is, barometric pressure minus the
pressure depression below atmospheric of the mixture en-
tering the positive displacement pump
T, = average temperature of dilute exhaust entering positive
displacement pump during test while samples are being
collected, R
Density = density of tracer gas, g/ft? ac 68°F and 29.92 in Hg pres-
sure.
Example: Propane = 51.91 g/fi®
CO = 3297 g/fl3
Conc = concentration of gas in sample bag minus concentration of
gas in background bag.

(b) Compare the measured tracer gas weight to the calculated tracer gas
weight and determine the percent difference, based upon the measured weight.

(c) If the difference is greater than 2% investigate possible sources of
error and repeat the verification.

4.1.5.5 Critical Flow Orifice—A simpler alternative to the gravimetric
procedure described above for CVS system verification is the use of a critical
flow orifice (CFO). The advantage of a calibrated CFO is that the weighing
steps are replaced by a single determination of a high pressure level reading.
Appendix D is an example of a data and calculation sheet for use with a CFO.
The CVS measurement is compared to the CFO measurement using the CFO
measurement as the standard. Again, if the percent difference is greater than
*+2%, investigate possible sources of error and repeat the verification.

4.2 Operating Procedure—A wide variety of CVS configurations are
currently available. The detailed operating procedure for each configuration
will be unique, and will depend upon the nature of the test being performed.
Requirements for hot and cold. weighting and inclusion of multiple back-
ground bags all necessitate changes in the detailed operating procedure.
Furthermore, the required degree of operator attention to the CVS console
during performance of an emission test varies from installation to installation.
Fully automated systems require almost no attention to detail. Once the test is
initiated. all functions including the diverting of exhaust gas into the appro-
priate sample bags at the correct times and even changing of the paper filters
are all accomplished automatically. Other units may require the operator to
perform each of these operations manually. As a result of these many factors
(configuration of equipment, interfacing equipment for automatic control,
and test procedure), no attempt will be made here to provide a detailed
step-by-step procedure. Any such procedure would be specific for a particular
unit and test objective, rather than of universal value. Each operator should,
of course, follow the instructions of the CVS manufacturer and/or system
designer as well as the test procedure outlined in the appropriate governmen-
tal regulations. The remainder of this section will be devoted to items which
may be best described as “‘good operating practice” and are more universally
applicable.

First, it should be pointed out that the concept of CVS sampling is still
evolving. Areas of uncertainty still exist. Such an area is that of defining the
acceptable “tailpipe depression” at idle or positive pressure during modes
such as acceleration and cruise, which the CV§ may exert upon the vehicle
during the performance of an emissions test. The objective of the operator
should be to employ his given CVS unit in a way which will minimize its
effect upon vehicle operation. Actual CVS design has a large impact on
tailpipe depression or pressurization. Above and beyond this the operator can
minimize effects by insuring that connections between the vehicle and the
CVS are relatively short (5-6 ft (1.5-1.8 m)), of large enough diameter (4 in
(100 mm) or larger) and that the inside wall of this flexible connection is
relatively smooth (interlock type tubing).

A second area which deserves attention is that of preventing moisture
condensation in the CVS or sampling lines. Condensation may remove soluble
gas species from the sample stream and interfere with the accuracy of NO,
measurements. The dew point of concentrated exhaust gas is typically 120-
130°F (49-54°C). Therefore, it is essential that the exhaust temperature not
approach this range before dilution in the CVS mainstream. The use of a
short (5-6 ft (1.5-1.8 m)) connection between the vehicle tailpipe and the
CVS inlet will help prevent condensation in the connecting line. If the CVS
configuration is such that the exhaust gas is cooled prior to mixing with the
dilution air, it will be necessary to insure that condensation does not occur
before dilution. Dilution of the exhaust gas should be sufficient to preclude
condensation of moisture in the main fow stream.

Condensation of the dilute exhaust sample may occur in sample lines,
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pumps, filters, and meters. particularly when the relative humidity ot the
dilution air exceeds 50%. Unless bubbles appear in the How meters, this
condensation may be difficult 1o detect. Dampness in the paper tilters in the
sample streams is an indication that condensauon is occurring. If condensa-
tion is a problem, it may be necessary to install drain lines to divert the
condensation back into the main flow path of the CVS upstream of the
positive displacement pump. Better approaches to avoid the condensation
problem are to match the sample pump capacity more closely to the sampling
system and to use back-pressure regulated sample pumps to reduce the maxi-
mum pressure to which the sample is exposed and thus reduce the tendency
for condensation to occur. Usually, humidity is added to the test area so that
the relative humidity is maintained near 50%, so that the NO,_ correction
factor will be near unity.

Deposits will slowly build up in the CVS. These are most likely to occur in
the heat exchanger. Good operating practice dictates regularly scheduled
cleaning. Increase of depression at the pump inlet is a good indicator of
deposit buildup. Even though the CVS flow conditions are corrected for the
changing operating conditions, the deposit buildup is not uniform and conse-
quently can cause stratification at the sample probe. Deposit buildup will be a
function of the number and type of tests. For a very active testing program,
monthly cleaning would be recommended.

CVS pumps have been known to seize. Usually, this is due to deposits and
moisture that remain in a CVS after a series of intermittent tests. This
problem can be avoided by connecting the CVS outlet to a laboratory exhaust
system that has sufficient capacity to rotate the blower slowly when the CVS
is off. The laboratory exhaust is effective in removing the moisture.

Foreign objects can enter the CVS inlet and effectively destroy mixing or
cause severe stratification. Large mesh screens have been used effecuively to
prevent foreign objects from reaching the mixing arca and the heat exchanger.

The dilution air tilter is not intended to remove all hydrocarbons from the
inlet air, but rather to stabilize their level. Precautions should be taken o
insure that the dilution air is not contaminated with excessive HC vapor from
spilled gasoline, etc. The dilution air filter package is normally a set of three
24 x 24 in (600 x 600 mm) filters. The first is a dust filter, the second a char-
coal filter, and the third filter to remove charcoal particles from the dilution
air stream. These filters can become loaded with dirt. An acceptable method
for determining the useful life of these filters is to monitor the pressure drop
across the filter when the CVS blower is operating at high speed. When the
pressure drop across the three filters reaches 0.5 in H,O (125 Pa), the filter set
should be changed. If desired the charcoal could be reactivated and reused.

A detailed calibrating procedure appears in another section. It should be
noted that, while this procedure is intended to uncover mechanical and flow
problems which may exist, it is not a cure-all. Actual operating conditions are
somewhat different from calibrating conditions. For example, the temperature
and flow rate entering the CVS during calibration is ditferent than the
temperature and flow rate of exhaust entering during vehicle emission testing.
The degree of stratification under actual test conditions could differ from that
observed during calibration. Mixing difficultics at other than calibrating
conditions will lead to a situation where, even though a CVS checks out
during the calibration, during actual operation the mass obtained by inte-
grating the continuous diluted exhaust stream concentration does not agree
with that collected in the bags. When a situation like this is observed, it will
be necessary to repeat the stratification check outlined in the calibrating
procedure with exhaust gas supplied by a vehicle operating at 50, 40, and
30 mph (80.5, 64, and 48 km/h) steady-states. If mixing is not complete it may
be necessary to experiment with unique mixing devices to aid or replace those
supplied with the CVS unit. Considerations such as those outlined above
emphasize the importance of paying careful attention to each step of CVS
operation even when the unit is completely automated. Each configuration
has its unique advantages and problems. Furthermore, changes in a given unit
may occur from time to time, so that what is not a problem at one moment
may become one later.

5. Data Analysis—Two types of data analysis are possible, bag and modal.
Bag analysis will yield emission values which are the composite for a complete
test. This kind of analysis is simpler to perform, and is satisfactory for deter-
mining whether a vehicle will pass a given test. Therefore, bag analysis is used
for surveillance or compliance testing. For development of emission control
systems, modal analysis is necessary to determine the relationships between
emissions and driving mode.

5.1 Bag Analysis—The HC, CO, NO, (NO + NO,), and CO, concen-
trations are measured in the diluted exhaust and the background bags. De-
pending upon the specific cycle used. more than one exhaust and one back-
ground bag may be needed. For the 1975 Federal Test Procedure, separate
exhaust bags are needed for the cold transient. cold stabilized, and hot
transient phases of the driving cycle, thus atlowing weighting factors 1o be
applied to the cold and hot transient phases of the test. It is good practice to
use a separate background bag for each sample bag used. in case the back-
ground concentrations change during a test.
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5.1.1 Exnaust Emission CavcuLations—One diluted exhaust sample bag
and one backeround bag are required for each test phase. The concentrations
of HC. CO. NOy. and CQO, in the bags are determined by passing the gases
through the analyzers described in paragraph 3.2.

5.1.1.1 The final reported test results are computed as follows:

Yem = (X, Y + XoYs + X,V3)/7.5 miles

w

where: Vim

= weighted mass emissions of each pollutant, that is, HC,
CO. and NO,, g/vehicle mile

XX, Ny = 0430 1.0, 0.57, respective weighting factors for each test

phase

mass emissions for each phase, g/phase

3 =

| = cold transient test phase
2 = cold stabilized test phase
3 = hot transient test phase

5.1.1.2 The mass of cach pollutant for each phase of the test is deter-
mined from the following:

(a) HC mass:
. HC,,,.
HCmux = vmu X dcnsn(y"c X m;%
(b) CO mass:
. . CO,one
cO = V,uix X densityqq X -

- “~mass mix m

) NO, mass:

NO, = Vi X densitygg X —l-%o?ﬁ— X Kh
td) CO, mass:

. , . CO,,

CO, . = Vo X densitygg X lO('Jm

3.1.1.3 Meanmng of Symbols
HC,,,,, = hvdrocarbon emission, g/test phase
Density; . = density of hydrocarbons in the exhaust gas, assuming an
average carbon-to-hydrogen ratio of 1:1.85 g/ft® at 68°F
(20°C) and 29.92in Hg (101 kPa) pressure (16.33 g/ft)*

HC,, .. = hydrocarbon concentration of the dilute exhaust sample cor-
rected for background, ppm carbon equivalent, that is equiv-
alent propane x 3

HC .. = HC, — HC,(1 - 1/DF)

HC, = hydrocarbon concentration of the dilute exhaust sample as

measured, ppm carbon equivalent

hydrocarbon concentration of the background as measured,

ppm carbon equivalent

carbon monoxide emissions, g/test phase

density of carbon monoxide g/ft* at 68°F (20°C) and 29.92 in

Hg (101 kPa) pressure (32.97 g/ft%)

carbon monoxide concentration of the dilute exhaust sample

corrected for background, water vapor, and CO, extrac-
tion, ppm

CO,pne = CO, — COL1 - 1/DF)

‘0, = carbon monoxide concentration of the dilute exhaust sample
corrected for water vapor and carbon dioxide extraction,
ppm. The calculation assumes the hydrogen-carbon ratio of
the fuel is 1.85:1

CO, = (1 - 0.01925 CO,, — 0.000323 R)CO,

(CO, =
CO, = carbon monoxide concentration of the dilute exhaust sample
as measured, ppm

HC,

CO

i mass
Density,

CO,

“*eone

CO'».' if instrument has no CO, or H,O response)

COZ' = carbon dioxide concentration of the dilute exhaust sample,
mol %
R = relative humidity of the dilution air, %
CO, = carbon monoxide concentration of the background air cor-

rected for water vapor extraction, ppm
CO,4 = (1 — 0.000323 R)CO,

(CO, = CO, , if instrument has no H,O response)
. 2
CO,4 = carbon monoxide concentration of the background air sample
-..
as measured, ppm
O, = oxides of nitrogen emissions, g/test phase

Densityy,, = density of oxides of nitrogen in the exhaust gas, assuming
" they are in the form of nitrogen dioxide, g/ft* at 68°F (20°C)
and 29.92 in Hg (101 kPa) pressure (54.16 g/ft?)

* Density of emissions are based on Idcal Gas Law. Density is equal to 1.17714 times the
molecular weight.

NO, = oxides of nitrogen concentration of the dilute exhaust sample
"™ corrected for background, ppm
NO, ~=NO, - NO,(l - 1/DF)
NO, = oxides of nitrogen concentration of the dilute exhaust sample
*  as measured, ppm
NO,, = oxides of nitrogen concentration of the background as meas-
ured, ppm
CO,_, = carbon dioxide emissions, g/test phase

Densityg,. = density of carbon dioxide g/ft? a1 68°F (20°C) and 29.92 in
" Hg (101 kPa) pressure (51.81 g/ft¥)
CO, = carbon dioxide concentration of the dilute exhaust sample
"™ corrected for background, %
CO,__=CO, - CO, [l - I/DF)

“ronc
CO, = carbon dioxide concentration of the dilute exhaust sample as
,
measured, %

CQO,, = carbon dioxide concentration of the background as meas-

ured, %
DF = 13.4
CO,, + (HC, + CO,) 10-+
Vpix = total dilute exhaust volume, ft/test phase corrected to
standard conditions (68°F, 29.92 in Hg) (528 R, 101 kPa)
Vaiz = Vo X N X (£,/29.92)(528/T))
V, = volume of gas pumped by the positive displacement pump,

ft3/rev. This volume is dependent upon the pressure differen-
tial across the positive displacement pump

N = number of revolutions of the positive displacement pump
during the test phase while samples are being collected

P, = absolute pressure of the dilute exhaust entering the positive
displacement pump, in Hg, that is, barometric pressure
minus the pressure depression below atmospheric of the
mixture entering the positive displacement pump

T, = average temperature of dilute exhaust entering the positive
displacement pump during test while samples are being
collected

Py = barometric pressure, in Hg

T, = wet bulb temperature, °F

T, = dry bulb temperature, °F

P, = saturation water vapor pressure, in Hg at wet bulb tempera-
ture

P, = —4.1443810"3 4 5766451077, — 6.32788 10-°7, 2 +
212294 10-5T7, % — 7.8541510-°T,* + 6.5526310-"'T >,
This equation is a least squares fit of the Keenan and Keyes
“steam table”. It reproduces steamn table values within
*0.001 in Hg for temperatures of 20-110°F.

P, = saturation water vapor pressure in Hg at dry bulb tempera-
ture. Same equation as for P, except T is used instead of 7,

A = experimentally derived constant for use in Ferrel’s equation
as recommended by NBS

A = 3.67107% (1 + 0.00064) (T, - 32)

P, = partial pressure of water vapor, in Hg (found from Ferrel's
equation)

P, =P, — A P (T, — T,), Ferrel’s equation

H = absolute humidity, grains H,O/Ib dry air

H = 13478 P,

P, — P,

K, = humidity correction factor
1

1 — 0.0047(H — 75)

R = relative humidity, %

Pl)
R = x 100
Pd

5.1.1.4 Calculation of Mass Emission Values—Computers are generally used
to determine the mass emission values. To verify computer programs, Appen-
dix E detailing hand calculations can be used.

5.2 Modal Analysis—Modal analysis is necessary for the development of
emission controls because it relates cause and effect. The cause is the particu-
lar engine system at a specific operating point. The effect is the resulting
emissions. Mode of operation can be defined as an idle, cruise, acceleration,
and deceleration. The length of 2 mode couid be several minutes or as short as
I s. At least two methods of modal analysis are available: continuous analysis
of diluted vehicle exhaust, and continuous analysis of undiluted exhaust using
the CO, tracer technique.



5.2.1 ConTtiNnvous ANALYSIS Using DiLutep VEHICLE ExHAUST—Any driv-
ing schedule can be broken down into arbitrary modes such as idle, accelera-
tion, cruise, and deceleration. For each mode, the mass emission of each
pollutant can be computed using the equations of paragraph 5.1.1.2 modified
slightly. The modifications are: The HC, CO, and NO, masses will be in
grams per mode. Generally, a computer will be advantageous for performing
the large amount of calculation required for continuous modal analysis.
5.2.1.1 Calculation of V,_;, for One Mode—The diluted exhaust volume,
ft3/mode, can be calculated as in paragraph 5.1.1.3, except that N should be
taken as the number of pump revolutions for the individual mode being
calculated. The number of pump revolutions can be sensed with magnetic or
photocell pickups and fed into the computer. For short modes, it may be
necessary to measure partial pump revolutions in order to obtain sufficient
accuracy.

5.2.1.2 Calculation of HC_ ., CO, .., and NO‘rm—Thesc quantities have
the same meaning as in paragraph 5.1.1.2, except that they now are the
average concentrations for each mode. The output of the HC, CO, NO,, and
CO, analyzers can be continuously monitored by a computer, with suitable
provisions for time delays between the vehicle driver's mode changes and the
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corresponding analyzer output change. The computer can be programmed to
time average the concentrations for the specified intervals corresponding to
the individual modes, and make the required corrections. However, it is
difficult to measure the background HC. CO, NO,, and CO, concentrations
continuously in the dilution air unless separate analyzers are available, which
is not usually the case. Therefore, some approximation may be necessary, such
as measuring the background before and after the test and assuming a linear
relation in between, or collecting an average background dilution air sample
for the entire test.

5.2.2 MopaL Anatvsis Using CO, Tracer MetnHoo—There are many
inherent difficulties in continuously analyzing diluted vehicle exhaust, pri-
marily because of the very low diluted concentrations obtained for some
modes. These problems can be avoided by continuously measuring the undi-
luted exhaust concentrations of HC, CO, NO,, and CO,. If the undiluted
exhaust CO, concentration is also mecasured continuously, it is possible to
calculate the vehicle exhaust volume for each mode. From the exhaust volume
and the undiluted exhaust concentrations. the modal mass of each pollutant
can be calculated. Actually, any constituent of the exhaust can be used as the
tracer, but CO, is a good choice because it occurs in the largest and most
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FIG. 12—EXAMPLE OF HOT TRANSIENT MODAL DATA AND

MODAL TEST SUMMARY
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constant concentration and, therefore, is easiest to measure accurately even
after dilution:

5.2.2.1 Exhaust Modal Mass Flow Calculations Using CO, Tracer Method—
Assume that the modal average undiluted exhaust HC, CO, NO,, and CO,
concentrations are measured, and that the modal average CO, concentrations
are measured in the diluted exhaust stream. The diluted exhaust volume
ft3/mode, V,;,, can be calculated as described in paragraph 5.2.1.1. Assuming
a constant for background CO,, the average exhaust dilution ratio for each
mode can be calculated as follows:

CO, exhaust — CO, background
CO, CVS — CO, background

DR =

The undiluted exhaust volume, ft3/mode, is:

Vo4 = Vimia/DR

u mix;
The modal mass is given by following:
Hcconcund X vund X dcnsilyHC

HC 106

modal mass

CO,oncund X Ving X densitygg
108

CO,

modal mass
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The upper portion of Fig. 12 shows only a hot transient modal mass output.
Several pages may be required for a complete test. The mass emissions for
individual modes can then be summed for the complete test, and these values
compared with the mass emissions computed from the bags. Theoretically, the
total of the modal masses should be equal to the mass emissions calculated
from the bag data. In practice, there will not usually be perfect agreement,
but the bags should agree with the modal total for each phase within a few
percent. Fig. 13 is an example of a computer mass summary. The weighted
mass values of Fig. 13 can be compared to the weighted modal data of Fig. 12.
Fig. 14 shows the results of the bag versus modal NO, comparison when the
chemiluminescent NO, analyzer was used.

5.3 Background—The exhaust dilution inherent in the operation of the
constant volume sampler results in low concentrations of pollutants being
presented to analyzers. Under some conditions, such as testing vehicles with
very low emission levels, the diluted exhaust concentrations are not far above
the background level of pollutants found in the dilution air. Therefore, it is
important that background levels of pollutants be taken into account when
measuring vehicle emissions.
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wrre TEST VARIABLES ®#e®

TEST DATE 7-27-74 TEST NO. 4H 26 6012 TESY TIME 1067 &

DRY BULB v/ WET DW.B &7 BAROMETER 29. 2% ODOMETER 13278

VEM NO. 402 MODEL NO. 3D%7 cip 360 TRANS L]
COLD TRANS. COLD STAD HOT TRANS.

DILUTION FACTOR 4. 902 8. 194 6. 323

FELATIVE HMIDITY (X) 60 60 60

MM CORR. I-NCTOR 1. 047 1. 047 1 047

CVS REVOLUTIONS es70 13070 . 8800

MAX CVS TeMPERATURE (DEG. F) 102 104 102

MIN. CVS TEMPERATURE (DEG. F) 68 S0 es

AVO. CVE TEMPERATURE (DEG. F) 96 99 3

MAX. IMLET I%iR.  (IN H20) 0.3 8. 1 83

MIN. IMLET DEPR.  (IN H2O) 7.1 7.7 7.4
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MAX PRESSURLE DIFF.  (IN H20) 14.0 13. 9 14. 4
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AVG. MODAI.-CO2 RATIO 4 32 7. 04 3. 20

FIG. 13—EXAMPLE OF BAG DATA
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Fig. 15 is a parual schematic diagram of a constant volume sampier. The
following equations apply:

\' +\I)—\’nux h
where: V. = volume of \‘thclc exhaust
Vi, = volume of dilution air
Vaix = volume of diluted exhaust
V C ‘E + \'I)CD - \/nnx( mix (“,)

where: Cg
C,

concentration of a given pollutant in the undiluted exhaust
concentration of same pollutant in the dilution air (back-
ground)
Caix = concentration of the same pollutant in the diluted exhaust
P 1 .
v (l- = \mu( x \l)c‘l’) - \/nnxc mix (\'mlx - \H)CD
Vil = VidCuix = Cp) + VGy th

Eq. 3 expresses the correct way of calculating the true mass emission of the
test vehicle, which is the quantity, Vi .C.. However, the application of Eq. 3
requires that Vi be measured, which is not done in practice. An approxima-
tion to the correct vatue of V (g can be obtained by neglecting the V,.C,y
term in the right-hand side of hq 3. The background concentration is muel\
substracted from the diluted exhaust concentration of the same pollutant.
This method may be satisfactory if the background concentration and/or V.
is small comparcd to \/"m However, for very low emitting vehicles whose
diluted exhaust concentrations approach the background concentrations, it is
necessary to apply Eq. 3 more rigorously, which requires the determination of
either vehicle exhaust or the dilution air flow. The procedure of paragraph

DILUTION
AIR

e

Rz

EXHAUST __{L,,
INLET

Ve

—4—
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3.1.1 may be used, wherein the exhaust dilution factor is estimated by means
of the empirical equation:

13.4
€O, + (HC, + CO,) 167

Then'Vy is approximately equal to V . divided by DF. With Vi known,
Eq. 3 can be used. This technique avoids the need to measure either the
exhaust flow or the dilution air flow, and may be satisfactory for all but the
most rigorous testing. £q. 3 is applicable to continuous modal analysis as well
as to bag samples.

5.4 Fuel Economy Calculation from Exhaust Emissions—It is possible to
calculate fuel economy from a vehicle's exhaust emissions using a form of
carbon balance. The carbon in the fuel can be calculated as follows:

Fuel density, g/gal = 8.331 X 0.740%4 x 453.6 = 2798
8.331 Ib/gal = density of water
0.7404 = specitic gravity of typical gasoline
- 433.6 g/lb = conversion factor

DF =

Weight fraction of carbon in fuel. assuming fuel of composition CH, 4, =
12.011/(12.011 + (1.85 X 1.008)) = 0.866

12.011 = atomic weight of carbon
1.008 = atomic weight of hvdrogen

Grams of carbon per gallon of fuel = (fuel density, u.
2798 x 0.866 = 2423
The carbon in the exhaust can be calculated as follows:

‘gal)(wt C in fuel) =

Mass C in HC = (HC g/milexwt’d C in HC molecule, assume CH, )
(HC g/mile)().866)

(CO g/mile}wt¥ C in CO molecule)

(CO g/mile)(12.011/12.011 + 16)

(CO g/mile)(0.429)

(CO, g/mile)(wt% C in CO, molecule)

(CO, g/mile)(12.011)/(12.011 + (2 X 16)

(CO, g/mile)(0.273)

g/mile = 0.866 HC g¢/mile + 0.429 CO

1]

Mass C in CO

Mass C in CO,

(L1 T T ]

Total mass of C in the exhaust,
g/mile + 0.273 CO, g/mile
The vehicle fuel economy can be calculated as follows:
miles/gal = (g C/gal fuel)/(g/mile C in exhaust)
2423
0.866 HC + 0.429 CO + 0.273 CO,

2798
HC + 0.495 CO + 0.315 CO,

where HC, CO, and CO, represent the grams/mile of these respective exhaust
emissions for the vehicle.

Different values for fuel density and/or fuel H/C ratio will yield a slightly
different equation.

5.4.1 WetcHTeD Fuel EcoNnomy—"Weighted” fuel economy is the carbon
balance fuel economy based on weighted emission values found from the 1975
Federal Test Procedure. This weighted fuel economy is identical to the fuel
cconomy that would be obtained if the fuel economies were calculated for
each of the three phases of the 75 FTP, and then weighted in the same manner
as the emissions. The proof follows: Subscript w refers to the 75 FTP weighted
emissions, subscript 1, 2, and 3, refer to the 75 FTP phase. The distance for
phase 1 and phase 3 is 3.59 miles, and the distance for phase 2 is 3.91 miles.
The weighting factor for phase ! is 0.43 and for phase 3 is 0.57.

FE, = 2423 "
0.866 HC,, + 0.429 CO,, + 0.273 CO,_
He, = 043(3.59) HC, + 391 HC, + 057(3.59) HC, @
5
0.43(3.59) CO, + 3.3 CO, + 0.57(3.39) CO,
co, = (3.59) L+ - . + (L.37(3.39) 3 (3)
15
‘ 0.43(3.59) CO,, + 3.91 COyy + 0.57(3.59) CO,,
o,, = 73 )

Substituting Egs. 2, 3, and 4 into Eq. | and rearranging terms gives:

FE 2423(7.5) )
T 0.43(3.59)(0.866 HC, + 0.429 CO, + 0.273 COy) +
{3.91)(0.866 HC, + 0.429 CO, + 0.273 CO,.) +
0.57(3.59)(0.866 HC, + 0.429 CO, + 0.273 COyy)
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The carbon balance formula applied to the emissions for each test phase is
given by:
4
FE, = 2423
0.866 HC, + 0.429 CO, + 0.273 CO,

(6)

where: n indicates the test phase. Substituting Eq. 6 into Eq. 5 gives

FE, = 3.59 '755 3.59 M
043332 4 391 | 57359
FE, | TE, FE,

The denominator is simply the gallons for each test phase weighted in the
same manner as emissions.

5.4.2 Fuer Economy CycLe—The carbon balance fuel economy can be
determined from any cycle, where emissions have been measured and are
expressed in grams/mile. Recently EPA has developed a Highway Driving
Cycle for fuel economy measurements. The driving sequence for this cycle is

shown in Appendix F. This 12.75 min cycle has an average speed of 48.20 mph
(77.6 km/h) and covers 10.24 miles (16.5 km).
6. Safety Recommendations
6.1 Dynamometer—The test vehicle should be restrained on the dyna-
mometer by using tie-downs or other suitable means. The maximum speed
and acceleration/deceleration rates of the dynamometer must not be ex-
ceeded.
6.2 Calibration Gas Cylinders
6.2.1 HanpoLing—Gas cylinders must not be moved unless the safety cap is
securely screwed on the cylinder. Gas cylinders must always be supported by
chains or other suitable means when in use, transported, or in storage.
6.2.2 Toxic or Dancerous Gases—Gases such as CO and NO, must be
used in an area with adequate ventilation. An ambient CO monitor for the
emissions laboratory area is suggested.
6.3 Vehicle Fuel (Gasoline)—Vehicle fuel must always be contained in
safety containers.

APPENDIX A
NO, CONVERTER EFFICIENCY CHECK
- (See Fig. 4)

1. Attach NO/ N, supply to NO inlet on NO,_ generator at C2 (NO concentration opproxi-
mately 95% of tull-scale), O, or air supply at C) and efficiency checker to analyzer at C3.

2. With ozonator of NO_ generator off, oxygen or air supply off, and anciyzer in byposs
modse, odjust NO ‘N, flow 10 analyzer. Zero analyzer and odjust span calibration to indicate
opproximately 100% of tull-scale while flowing NO from NO, generator.

Record octval readi

3. Turn oxygen or air supply of NO,_ generator and adjust MV to obtain anclyzer reading of
approximately 90% of fuil-scale.

Record actual ding

4. Turn on ozonator power and adjust varioc to obtain approximate 20% full-scale reading.

Record actual reading

[l

. Place analyzer in converter mode.
Record actual readi

6. Turn off ozonator.
4

Record actual r ing

7. Repeat steps 4 through 6 os necessary.

8. Colculate efficiency os follows:

W
»

l

% Efficiency = X 100%

o
]
»

% Efficiency =
Note: Converter efficiancy must be greater than 90% ond should be grecter than 95%.
Check efficiency weekly.
Record Test Cell, Analyzer, Date and Operator

APPENDIX B
STANDARD REFERENCE GASES FOR
AUTOMOTIVE EMISSIONS ANALYSIS

The NBS Office of Standard Reference Materials announces the availabil-
ity of Nitric Oxide in Nitrogen SRMs as its fourth series of SRMs for mobile
source emission analysis. These SRMs are individually certified. and are
available at the following nominal concentrations:

SRM 1683—Nitric Oxide in Nitrogen, 50 ppm
SRM 168+—Nitric Oxide in Nitrogen, 100 ppm
SRM 1685—Nitric Oxide in Nitrogen, 250 ppm
SRM 1686—Nitric Oxide in Nitrogen, 500 ppm
SRM 1687—Nitric Oxide in Nitrogen, 1000 ppm

The availability of the first two series, Propane in Air and Carbon Dioxide
in Nitrogen, were announced in February 1973, and consist of the following
nominal concentrations:

SRM 1665—Propane in Air. 2.8 ppm

SRM 1666—Propane in Air, 9.5 ppm ®
SRM 1667 —Propane in Air, 48 ppm

SRM 1668—Propane in Air, 95 ppm

SRM 1669—Propane in Air. 475 ppm

SRM 1673—Carbon Dioxide in Nitrogen, 0.95%.
SRM 1674—Carbon Dioxide in Nitrogen, 7.2%
SRM 1675—Carbon Dioxide in Nitrogen, 14.2%

The availability of the third series, Carbon Monoxide in Nitrogen, was
announced in January 1974, and consists of:

SRM 1677—Carbon Monoxide in Nitrogen, 9.74 ppm
SRM 1678—Carbon Monoxide in Nitrogen, 47.1 ppm
SRM 1679—Carbon Monoxide in Nitrogen, 94.7 ppm
SRM 1680—Carbon Monoxide in Nitrogen, 484 ppm
SRM 1681 —Carbon Monoxide in Nitrogen, 957 ppm

The development of these SRMs is a cooperative effort by National Bureau
of Standards and the Environmental Protection Agency to provide standards
that are needed to monitor compliance with automotive emission laws.

These standard reference gases are not to be considered as daily working
standards, but rather as primary standards to be used in the calibration of daily
working standards obtained from commercial sources, and by gas manufac-
turers to help control the quality of the working standards during processing.
Thus, they provide a traceability of all gas standards used in mobile-source
emission analysis back to a central reference point, the Nationai Bureau of
Standards.

These gases are supplied in cylinders with a delivered volume of 31 fi? at
STP. The cylinders conform to the DOT 3AA-2015 specification.

The certified concentration of gas in each cylinder is given on the certifi-
cates issued at the time of purchase. For propane, carbon dioxide, and nitric
oxide, cylinder labels list only the nominal concentration and these SRMs
should be used only in conjunction with the printed Certificate of Analysis.
Because the Certificate of Analysis may not accompany the cylinders, pur-
chasers are requested to list the name of the actual user on the purchase order
so that the Certificate of Analysis can be mailed directly to the user.

The cost of these SRMs includes the cost of the cylinder: for Propane in Air
(SRMs 1665-1669) and Carbon Dioxide in Nitrogen (SRMs 1673-1675) the
cost is $280 per cylinder; for Carbon Monoxide in Nitrogen (SRMs 1677-
1681) the cost is $303 per cylinder; and for Nitric Oxide in Nitrogen (SRMs
1683-1687) the cost is $303 per cylinder. Purchase orders for these SRMs
should be sent to the Office of Standard Reference Materials, B311 Chemis-
try, National Bureau of Standards, Washington, DC 20234.



APPENDIX C
PROCEDURE FOR AUTOMATIC LOADING
DIRECT-DRIVE DYNAMOMETER

Procedure: .
1. Verify dynomometer speed and indicated horsepower calibrations.
2. Use typical weight car to run caastdowns after verifying speed calculation
3. Set inertia weight to 1750, horsepower to 7.7 {indicated about 6 hp)
4. Run coastdown recording time between 55 mph ond 45 mph
{a) Read horsepower directly with computer if available, or
{b) Determine coostdown time between 55 and 45;
5. If necessary adjust internal pot. on auto. dyno. Repeat coastd until horsep or time {depending upon your system) 15 within 0.1 hp or O.1.
8. Repeat coastd ithout further pot. adjustment.
7. Record FINAL repeated HORSEPOWER or TIME value.
8. Drive vehicle ot 50 mph. Record INDICATED HORSEPOWER os observed on meter.
9. Repeat above for all inertia weights.
10. Check ) or 2 coastdowns W/AC set point. Friction should be the same at each inertia weight.
11. Find friction horsepower at each inertia weight, plot and compare with previous coastdown results.
LOCATION ROLLS ENGINEER
ROLLS S/N COASTDOWN DATE
COAST FINAL FINAL INDICATED FRICTION ABS HP
wg‘g"‘? AT 50 oW DOWN HP TIME OF HP HP AT 50
ib WO/AC TIME FROM COAST AT 50 AT 50 MPH
H Comp. DOWN MPH MPH W/AC
1750 7.7 13.80 —_— —_ —_ —_ 8.47
2000 8.3 14.63 —_ _ — —_ 9.13
2250 8.8 15.53 —_ —_ — — 9.48
2500 9.4 16.15 — —_ — — 10.34
2750 9.9 16.87 —_ —_ — —_ 10.89
3000 10.3 17.86 —_ —_ — —_— 11.33
3500 11.2 18.98 —_ —_ —_ 12.32
4000 12.0 20.24 —_ —_ — 13.20
4500 12.7 21.52 —- —_ 13.97
5000 13.4 22.66 —_ —_ _ — 14.74
5500 13.9 24.03 —_— — 15.29
over
5500 14.4 23.20 — —_ — —_ 15.84

Run a sufficient number of coastdowns to verify that W AC switch is increasing horsepower by 10%, as indicoted in Table 2.
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CVS {MANF.-NUMBER} =

ENGINEER

APPENDIX D

CRITICAL FLOW ORIFICE (CFO) PROPANE INJECTION

DATA AND CALCULATION SHEET

CVS Inlet Depression {pressure) =

CVS Delto P =

STD. CVS FLOW =

DATE
REMARKS
Barometer = in Hg
- in H,O = in Hg
13.596 Enter Dif. of above in
STD. CVS FLOW equotion
in H,0: CVS Flow at Operating Conditions found
from LFE Calibration Curve
528
o
29.92 480 + . F
Sample ppm
- Bkg. ppm
i) /rev x_5l.903 X x 10-¢ rev
_________ CFO Goge —  —_____psiG

Barometer =

0.4912 X Barometer =

A, B, and C below are constants for o particuler CFO. Each CFO would have its own constants.

i n

0.
0.
0.
0.

004 105 79

A
BP, = 0.006 811 90 P,
cp,? = 0.000 004 652 42 P,?
SUMm
CFO GRAMS = 51.908 x X
60
CFO Temperature = _____ 'F: (460 + T}!''2 = from Table
CFO G =
TEST ERROR = CVS CALCULATED G _ CFO CAlCULATEDG ________ ~~~—————7==77=77

CFQ CALCULATED G

X 10-2

% POSITIVE ERROR or NEGATIVE ERROR

{circle)



AMBIENT CONDITIONS
Corrected Barometric Pressure (P,

b)
Wet Bulb Temperature (T,)

Dry 8ulb Temperature (T,)

CONSTANT VOLUME SAMPLER PARAMETERS

Average Delto P, in H,0

in Hg
°F
°F

Phase 1

Phase 2

APPENDIX E
HAND CALCULATION FORM—i975 FEDERAL TEST PROCEDURE

Phose 3

Averoge Flow, ft3/rev
Averoge P, in H,0
Averoge T, °F

Tonss Ty + 460, R

Dilution Air Temp, Dry Bulb

Dilution Air Temp, Wet Bulb

Dilution Air Relative
Humidity (R), %

CVS Revolutions, rev

BAG CONCENTRATIONS
Dilution Bog
_HC,, ppm

€O, . ppm
NO,,, ppm

CO, , ppm
NO._,, ppm

€O, %

Facility — — — e e e e e

TEST PHASE CONCENTRATIONS
HC,,,. = HC, — HCy (1 — 1/DF)
€O, pne = €O, ~ €O, (1 — 1/DF)
NO, ... = NO*™ — NO™ (1 — 1/DF)

xcone

Phase |

1/DF

Phase 2

{1 - 1/0F)

HC,
HC41 — 1/DF)

HC,

HC ooc: PP

o,

€O, (1 — 1/DF)
co

CO¢oncr PPM

Nold

NO, (1 — 1/DF)

NO_,
NO, cones PPM

co,,

€0, (1 — 1/DF)

co,, —_

co,

conc

Foclity — = — — — - e e e Date . _ .

Phase 3

CORRECTED BAG CONCENTRATIONS

Dilution Bog CO, = (1 — 0.000323 R) CO.,I"
R Phase 1 Phase 2
0.000323 R
1 ~ 0.000323 R
CO,
COdl,"ppm —_—
Sample Bag CO, = (1 —~ 0.01925 CO,P -~ 0.000323 R) CO,"‘
co,
0.01925 €O,
! - 0.01925 CO, - 0.000323 R
co, ’
Co.inppm
DILUTION FACTORS
DF = 13.4
€O, +(HC, +CO10 ¢
HC, enters into this equation as ppm carbon equivalent.
HC,
co,
HC, + CO,
€O, +(HC, + €O, 10 *
DF
Focility — — @ o e e e e DOt — e e e e e
NO* HUMIDITY CORRECTION FACTOR .
Phase | Phose 2
Py
‘W
T
Pw
Py
A
PV
43478 P,
P, — P,
H
0.0047 (H - 75)
1 — 0.0047 (H — 75)
Ky
R
Foeility — — - e e Date _ __ e ——
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APPENDIX E
HAND CALCULATION FORM—1975 FEDERAL TEST PROCEDURE (continued)

ABSOLUTE INLET PRESSURE
Phase 1 Phase 2 Phase 3

P, (obsolute) = P, — P, /13.596
PIll

P, 13.596

Ph

P, (absolute)

CORRECTED CVS FLOW PER PHASE
P (abs) 528

2992 X7

obs

CVS Flow (V) = V4 X X revs

v,

P, {abs}; 29.92
528/1,,
fevs

Vv, Sid ft?

auzs

NO_ HUMIDITY CORRECTION FACTOR

P, = —4.14438 10 ’ 4 5.7464510 ’T_ - 6.32788 10 °T?

+ 2.12294 10 ¢T.0 — 7.8541510 °T ¢ 4+ 6.55263 10 V' 1%
A = 3.7 10 ‘() + 0.00064(T, — 32))
P, =P, ~ AP(T, — T}

4347.8 P,
=
P, — P,
]
K, = ——————
t - 0.0047(K — 75)
P, 100 )
R=— where P, from first equation above using T, instead of T,.
Py
Facility e e — Dote — — — e e e - -
PHASE MASS
HCuaa = Vine X HC 0 X 1633 x 10 ¢
COuave = Yiue X €O e X 3297 x 10 ©

NO iass = Vi X NO 0 X 5416 X 10 * X K,

€O mams = Yiux X COppqpe X 51.81 X 10 2
Phase 1 Phase 2 Phase 3

v
e

HC

HC e 9

co

€O\ 8

Noll'lllll‘

Kn

NO, ihassr 9

€Oy e

CO; s 9
WEIGHTED MASS

Weighted Moss = 0.43 Phose | Mass + Phose 2 Mass + 0.57 Phase 3 Moss

HC co NO, co,

cone

o

0.43 Phose 1 Mass
1.00 Phase 2 Mass
0.57 Phase 3 Mass
Weighted Mass, g

Weighted Emissions,
grams/mile (Hand Calc}

Weighted Emissions,
grams/mile {Comp Calc)

(Computer — Hand Calculation)
% Difference = - X 100
Hand Calculation

% Difference

Facility — — — — e e e e Date — — — — — e ——



APPENDIX F

EPA HIGHWAY DRIVING CYCLE 25.125
TIME-SPEED TRACE

Time mph km/h Time mph km/h Time mph km/h Time mph km/h Time mph km/h Time mph km/h
/] 0.0 0.0 90 46.3 74.5 180 43 69.4 270 46.7 75.2 360 57.4 92.4 450 58.2 93.7
1 0.0 0.0 o 46.2 74.4 181 42.2 67.9 71 46.2 74.4 361 57.2 921 451 58.1 ?3.5
2 0.0 0.0 92 46.3 74.5 182 41.5 66.8 272 46.0 74.0 362 57.1 91.9 452 58.0 3.3
3 2.0 3.2 93 46.5 748 183 41.5 66.8 273 45.8 73.7 363 57.0 9v.7 453 58.0 93.3
4 4.9 7.9 o4 44.9 75.5 184 421 67.8 274 45.6 73.4 364 57.0 9.7 454 58.0 93.3
5 8.) 13.0 95 47.) 758 185 42.9 69.0 275 45.4 73 365 56.9 9.6 455 58.0 93.3
6 11.3 18.2 96 47.4 7863 186 43.5 70.0 276 45.2 727 366 56.9 ?1.6 456 58.0 93.3
7 14.5 23.3 97 47.7 76.8 187 43.9 70.7 277 45.0 72.4 367 56.9 91.4 457 58.0 93.3
8 17.3 27.8 98 48.0 77.2 188 43.6 70.2 278 44.7 719 368 57.0 9.7 458 57.9 93.2
9 19.6 3.5 99 48.2 77.6 189 43.3 69.7 279 44.5 71.6 369 57.0 9.7 459 57.9 93.2
10 218 35.1 100 48.5 78.1 190 43.0 69.2 280 44.2 710 370 57.0 V.7 460 58.0 93.3
11 24.0 38.6 101 48.8 78.5 191 431 69.4 281 43.5 70.0 kYA 57.0 9.7 461 58.1 93.5
12 25.8 41.5 102 491 79.0 192 43.4 69.8 282 42.8 468.9 372 57.0 9.7 462 58.1 93.5
13 27.1 43.6 103 49.2 79.2 193 43.9 70.7 283 420 67.6 373 57.0 7 463 58.2 93.7
14 28.0 451 104 491 79.0 194 44.3 71.3 284 40.1 64.5 374 57.0 (A4 464 58.3 93.8
15 29.0 46.7 105 49.1 79.0 195 44.6 71.8 285 38.6 621 378 57.0 91.7 465 58.3 93.8
16 30.0 48.3 106 49.0 78.9 196 44.9 72.3 286 37.5 60.4 376 57.0 91.7 466 58.3 93.8
17 30.7 49 .4 107 49.0 78.9 197 44.8 721 287 35.8 57.6 377 56.9 91.8 467 58.2 93.7
18 31.5 50.7 108 49,1 79.0 198 44.4 71.5 288 347 55.8 378 56.8 91.4 468 58.1 3.5
19 32.2 51.8 109 49.2 79.2 199 43.9 70.7 289 340 54.7 379 56.5 90.9 469 58.0 93.3
20 32,9 52.9 10 49.3 793 200 43.4 69.8 290 333 53.6 380 56.2 90.4 470 57.8 93.0
21 3335 53.9 i 49 .4 79.5 201 43.2 69.5 291 325 52.3 a8 56.0 90.1 471 57.5 92.5
22 34,0 54.9 M2 49.5 79.7 202 43.2 69.5 292 N7 510 382 56.0 90.1 472 57 1.9
23 34.6 55.7 [ R K] 49.5 79.7 203 431 69.4 293 30.6 49.2 383 56.0 90.1 473 57.0 1.7
24 34.9 56.2 114 49.5 79.7 204 43.0 69.2 294 29.6 47.6 384 56.1 90.J 474 56.6 P11
35 351 56.5 115 49.4 79.5 203 43.0 69.2 295 28.8 46.3 38s 56.4 0.8 475 56.1 90.3
26 5.7 57.5 1Mé 491 79.0 206 43.1 69.4 296 28.4 45.7 386 56.7 91.2 476 56.0 90.1
27 5.9 57.8 nz 48.9 78.7 207 43.4 69.8 297 28.6 46.0 387 56.9 91.6 477 55.8 §89.8
28 35.8 57.6 118 48.6 78.2 208 43.9 70.7 298 29.5 47.5 388 57.1 91.6 478 55.5 89.3
29 35.3 56.8 e 48.4 77.9 209 44.0 70.8 299 314 50.5 389 57.3 92.2 479 55.2 88.8
30 34.9 56.2 120 48.1 77.4 210 43.5 70.0 300 33.4 53.8 390 57.4 92.4 480 55.1 8.7
3t 34.5 55.5 2 47.7 76.8 m 42.6 48.6 301 35.6 57.3 391 57.4 92.4 48) 55.0 88.5
32 346 55.7 122 47.4 76.3 22 41.5 66.8 302 37.5 60.4 392 57.2 92.1 482 549 88.4
33 34.8 56.0 123 47.3 76.1 213 40.7 65.5 303 9.1 62.9 393 57.0 91.7 483 54.9 88.4
34 35 56.5 124 47.5 76.4 214 40.0 64.4 304 40.2 64.7 394 56.9 91.6 484 54.9 88.4
35 35.7 57.5 125 47.8 76.9 215 40.0 64.4 305 4.1 66.1 39S 56.6 1.1 485 54.9 88.4
36 36.1 58.1 126 47.9 77 216 40.3 64.9 306 41.8 67.3 396 56.3 90.6 486 54.9 88.4
7 36.2 58.3 127 48.0 77.2 217 41.0 66.0 307 42.4 68.2 397 56.1 90.3 487 54.9 88.4
8 36.5 58.7 128 47.9 771 218 42.0 67.6 308 42.8 68.9 398 56.4 90.8 488 55.0 88.5
39 36.7 59.1 129 47.9 IZA 219 42.7 68.7 309 43.3 69.7 k144 56.7 91.2 489 55.0 88.5
40 36.9 59.4 130 47.9 771 220 43.1 69.4 310 43.8 70.5 400 571 ?1.9 490 55.0 88.5
41 37.0 59.5 131 48.0 77.2 221 43.2 69.5 n 44.3 71.3 401 57.5 92.5 491 55.0 88.5
42 7.0 59.5 132 48.0 77.2 222 43.4 69.8 32 44.7 7.9 402 57.8 93.0 492 55.0 88.5
43 37.0 59.5 133 48.0 77.2 223 43.9 70.7 nl 45.0 72.4 403 58.0 93.3 491 55.0 88.5
44 37.0 59.5 134 47.9 771 224 443 71.3 314 45.2 72.7 404 58.0 93.3 494 55.1 88.7
45 37.0 59.5 135 47.3 76.1 2235 447 71.9 315 45.4 731 405 58.0 93.3 495 55.1 88.7
46 37.0 59.5 136 46.0 74.0 226 451 72.6 s 45.5 73.2 406 58.0 93.3 496 55.0 88.5
47 371 59.7 137 43.3 69.7 227 45.4 730 Nz 45.8 73.7 407 58.0 933 497 54.9 88.4
48 37.3 60.0 138 41.2 66.3 228 45.8 73.7 318 46.0 74.0 408 58.0 3.3 498 54.9 88.4
49 37.8 60.8 139 39.5 63.6 229 46.5 748 e 46.1 74.2 409 57.9 93.2 499 54.8 88.2
50 38.6 621 140 39.2 831 230 46.9 75.5 320 46.5 74.8 410 57.8 93.0 500 54.7 88.0
51 39.3 63.2 141 39.0 62.8 23 47.2 76.0 3 46.8 75.3 41 57.7 92.9 501 54.6 87.9
52 40.0 64.4 142 39.0 62.8 232 47.4 76.3 322 47.1 75.8 412 57.7 92.9 502 54.4 87.5
53 40.7 65.5 143 39.1 62.9 233 47.3 76.1 323 47.7 76.8 413 57.8 930 503 54.3 87.4
54 41.4 66.6 144 39.5 63.6 234 47.3 76.1 324 48.3 77.7 414 57.9 93.2 504 543 87.4
55 42.2 67.9 145 40.1 64.5 235 47.2 76.0 325 49.0 78.9 415 58.0 93.3 505 54.2 87.2
56 429 69.0 146 41.0 66.0 236 47.2 76.0 326 49.7 80.0 416 580 93.5 506 54.1 87.1
57 43.5 70.0 147 42,0 67.6 237 47.2 76.0 327 50.3 81.0 417 58.4 94.0 507 54 871
58 44.0 70.8 148 43.1 69.4 238 47.1 75.8 328 5.0 8.1 418 58.9 94.8 508 54.1 87.1
59 44.3 71.3 149 43.7 70.3 239 47.0 75.6 329 57 83.2 419 59.1 95.1 509 54.0 86.9
60 44.5 7.6 150 44.1 710 240 47.0 75.6 330 52.4 84.3 420 59.4 95.6 510 54.0 86.9
61 44.8 72 151 44.3 713 241 46.9 75.5 N 53.1 85.5 42) 59.8 96.2 1) 54.0 86.9
62 44.9 72.3 152 44 .4 7n.s 242 46.8 75.3 332 5.8 86.6 422 59.9 96.4 512 54.0 86.9
63 45.0 72.4 153 44.6 71.8 243 46.9 75.5 33 54.5 87.7 423 59.9 96.4 513 54.0 86.9
o4 45.1 72.6 154 44.7 71.9 244 47.0 75.6 34 55.2 88.8 424 59.8 96.2 514 54.0 86.9
'H 45.4 731 155 44.9 72.3 245 47.2 76.0 335 55.8 89.8 425 59.6 95.9 515 54.0 86.9
66 45.7 73.5 156 45.2 72.7 246 47.5 76.4 336 56.4 90.8 426 59.4 95.6 516 54.0 84.9
67 46.0 74.0 157 45.7 73.5 247 47.9 77 337 56.9 91.6 427 59.2 95.3 517 54.3 87.1
68 46.3 74.5 158 45.9 73.9 248 48.0 77.2 338 57.0 91.7 428 59.1 95.1 518 54.2 87.2
69 46.5 748 159 46.3 74.5 249 48.0 77.2 339 57.1 1.9 429 59.0 95.0 519 54.5 87.7
70 46.8 753 160 46.8 75.3 250 48.0 77.2 340 57.3 92.2 430 58.9 94.8 520 54.8 88.2
71 46.9 75.5 16t 46.9 75.5 251 48.0 77.2 34 57.6 92.7 4 58.7 94.5 521 54.9 88.4
72 47.0 75.6 162 47.0 75.6 252 48.0 77.2 J42 57.8 3.0 432 58.6 94.3 522 55.0 88.5
73 47.1 75.8 163 47.1 75.8 253 48.1 77.4 343 58.0 93.3 433 58.5 941 523 55.1 88.7
74 47.2 76.0 164 47.6 76.6 254 48.2 77.6 344 58.1 93.5 434 58.4 94.0 524 55.2 88.8
75 47.3 761 165 47.9 77.1 255 48.2 77.6 345 58.4 94.0 435 58.4 94.0 525 55.2 88.8
76 47.2 76.0 166 48.0 77.2 256 48.1 77.4 346 58.7 94.5 436 58.3 93.8 526 55.3 89.0
77 47.) 75.8 167 48.0 77.2 257 48.6 78.2 347 58.8 4.6 437 58.2 93.7 527 55.4 89.2
78 47.0 75.6 168 47.9 771 258 48.9 78.7 348 58.9 94.8 438 58.1 93.5 528 55.5 89.3
79 46.9 75.5 169 47.8 76.9 259 49.1 79.0 349 59.0 95.0 439 58.0 93.3 529 55.6 89.5
80 44.9 75.5 170 47.3 76.1 260 49.1 79.0 350 59.0 95.0 440 57.9 93.2 330 55.7 89.6
1] 46.9 75.5 7 46.7 75.2 261 49.1 79.0 kL) 58.9 94.8 441 57.9 93.2 531 55.8 89.8
82 47.0 75.6 172 46.2 74.4 262 49.1 79.0 352 58.8 94.6 442 57.9 93.2 532 55.9 90.0
83 471 75.8 173 45.9 73.9 263 49.1 79.0 353 58.6 94.3 443 57.9 93.2 533 56.0 90.1
84 47.1 75.8 174 45.7 73.5% 264 49.0 78.9 354 58.4 94.0 444 57.9 93.2 534 56.0 90.1
85 47.2 76.0 175 45.5 73.2 265 48.9 78.7 355 58.2 93.7 443 58.0 93.3 535 |. 56.0 920.1
86 471 75.8 176 45.4 73.1 266 48.2 77.6 356 58.1 3.5 446 58.1 93.5 536 56.0 90.1
87 47.0 75.6 177 45.3 72.9 267 47.7 76.8 357 58.0 93.3 447 58.1 93.5 537 56.0 90.1
88 46.9 75.5 178 45.0 72.4 268 47.5 76.4 358 57.9 93.2 448 58.2 93.7 538 56.0 90.1
89 46.5 74.8 179 44.0 70.8 269 47.2 76.0 359 57.6 92.7 449 58.2 93.7 539 56.0 90.1

(Table continued next page)
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APPENDIX F
EPA HIGHWAY DRIVING CYCLE
TIME-SPEED TRACE (continued)

Time mph km/h Time mph km/h Time mph km/h Time mph km/h Time mph km/h Time mph km/h

540 56.0 90.1 580 51 82.2 620 49.7 80.0 660 51.0 82.1 700 54.2 87.2 740 48.5 781

541 56.0 90.1 581 50.7 81.6 621 50.6 81.4 661 510 82.2 701 54.5 87.7 741 47.6 76.6

542 56.0 90.1 582 50.3 81.0 622 51.5 82.9 662 51.4 82.7 702 54.8 88.2 742 46.8 75.3

543 56.0 90.1 583 49.8 80.1 623 52.2 84.0 663 51.7 83.2 703 55.0 88.5 743 45.6 73.4

544 56.0 90.1 584 49.3 79.3 624 52.7 84.8 664 52.0 83.7 704 55.5 89.3 744 44.2 AN

545 56.0 90.1 585 48.7 78.4 625 53.0 85.3 445 52.2 84.0 705 55.9 90.0 745 42.5 68.4

546 56.0 90.1 586 48.2 77.6 626 53.6 86.3 866 52.5 84.5 706 56.1 90.3 746 39.2 43.1

547 55.9 90.0 587 48.1 77.4 627 54.0 86.9 867 52.8 85.0 707 56.3 ?0.6 747 35.9 57.8

548 55.9 90.0 588 48.0 77.2 628 54.1 87.1 668 52.7 84.8 708 56.4 90.8 748 32.6 52.5

549 55.9 90.0 589 48.0 77.2 629 54.4 87.5 469 52.6 84.7 709 56.5 90.9 749 29.3 47.2

550 55.8 89.8 590 48.1 77.4 630 54.7 88.0 670 52.3 84.2 710 56.7 91.2 750 26.8 43.1

551 55.6 89.5 591 48.4 77.9 631 55.1 88.7 &N 52.3 84.2 71 56.9 91.6 751 24.5 39.4

552 55.4 89.2 592 48.9 78.7 632 55.4 89.2 672 52.4 84.3 712 57.0 9.7 752 215 34.6

553 55.2 88.8 593 49.0 78.9 433 55.4 89.2 673 52.5 84.5 713 573 92.2 753 19.5 31.4

554 55.1 88.7 594 49.1 79.0 634 55.0 88.5 474 52.7 84.8 714 57.7 92.9 754 17.4 28.0

555 55.0 88.5 595 49.1 79.0 635 54.5 87.7 675 52.7 84.8 715 58.2 93.7 755 151 24.3

556 54.9 88.4 596 49.0 78.9 636 53.6 86.3 676 52.4 84.3 716 58.8 94.6 756 12.4 20.0

557 54.6 87.9 597 49.0 78.9 637 52.5 84.5 677 521 83.8 717 591 95.1 757 9.7 15.6

558 54.4 87.5 598 48.9 78.7 638 50.2 80.8 678 51.7 83.2 718 59.2 95.3 758 7.0 11.3

559 54.2 87.2 599 48.6 78.2 639 48.2 77.6 679 51.1 82.2 719 59.1 95.1 759 5.0 8.0

560 541 87.1 600 48.3 72.7 440 46.5 74.8 680 50.5 81.3 720 58.8 94.6 760 33 5.3
- 361 53.8 86.6 601 48.0 77.2 641 46.2 74.4 481 50.1 80.6 70 58.5 94.1 761 2.0 3.2

562 53.4 85.9 602 47.9 771 642 46.0 74.0 4682 49.8 80.1 722 58.1 93.5 762 0.7 1

563 53.3 85.8 603 47.8 76.9 643 46.0 740 683 49.7 80.0 723 57.7 92.9 7683 0.0 0.0

564 53.1 85.5 4604 47.7 76.8 644 46.3 74.5 684 49.6 79.8 724 57.3 92.2 764 0.0 0.0

565 52.9 85.1 405 47.9 771 845 46.8 75.3 685 49.5 79.7 725 57.1 219 785 0.0 0.0

566 52.6 B84.7 606 48.3 77.7 646 47.5 76.4 686 49.5 79.7 726 56.8 91.4

567 52.4 84.3 607 49.0 78.9 647 48.2 77.6 687 49.7 80.0 727 56.5 90.9

568 52.2 84.0 608 49.1 79.0 648 48.8 78.5 688 50.0 80.5 728 56.2 90.4

569 52.1 83.8 609 49.0 78.9 649 49.5 79.7 689 50.2 80.8 729 55.5 89.3

570 52.0 83.7 610 48.9 78.7 650 50.2 80.8 4690 50.6 81.4 730 54.6 87.9

571 52.0 83.7 611 48.0 77.2 651 50.7 81.6 691 510 82.2 P 54.1 87.1

572 52.0 83.7 412 47.1 75.8 452 51.1 82.2 692 51.6 83.0 732 53.7 86.4

573 52.0 83.7 613 46.2 74.4 653 51.7 83.2 693 51.9 83.5 733 53.2 85.6

574 521 83.8 414 46.1 74.2 654 52.2 84.0 694 52.0 83.7 734 52.9 85.1

575 52.0 83.7 615 46.1 74.2 455 52.5 84.5 695 521 83.8 735 52.5 84.5

576 52.0 83.7 616 46.2 74.4 656 521 83.8 696 52.4 84.3 736 520 81.7

577 5.9 83.5 617 46.9 75.5 657 51.6 83.0 697 52.9 85.1 737 51.3 82.6

578 51.6 83.0 618 47.8 76.9 458 511 82.2 698 53.3 85.8 738 50.5 81.3

579 51.4 82.7 619 49.0 78.9 659 51.0 82.1 699 53.7 86.4 739 49.5 79.7

INSTRUMENTATION AND TECHNIQUES FOR
VEHICLE REFUELING EMISSIONS
MEASUREMENT—SAE J1045

SAE Recommended Practice

Report of Autamotive Emissions and Air Poitution Committee approved August 1973,

Scope—This SAE Recommended Practice describes a procedure for measur-
ing the hydrocarbon emissions occurring during the refueling of passenger cars
and light trucks.’ It can be used as a method for investigating the effects of
temperatures, fuel characteristics, etc., on refueling emissions in the labora-
tory. It also can be used for determining the reduction in emissions achieved
with emission control hardware. For this latter use, standard temperatures,
fuel volatility, and fuel quantities are specified.

General Discussion—Refueling losses are made up of the following indi-
vidual losses:

(a) Displaced fuel tank vapor.

(b) Entrained fuel droplets in the displaced vapor.

(¢) Liquid spillage.

(d) Nozzle drip during insertion and removal from the filler neck.

Experience has shown that displaced vapor normally is 90% or more of the
total toss. The amount of displaced vapor is known to be affected by a number
of factors, particularly dispensed fuel temperature, Reid vapor pressure, and
the degree to which dispensed fuel and displaced vapor come into contact.

The measurement facility described in this SAE Recommended Practice
includes a sealed enclosure. The enclosure is identical to that described in
SAE J171, except for the minimum length specified and that a refueling hose
and nozzle has been added. The hydrocarbon measuring instrument is iden-
tical to that of SAE J171. This technique is used to measure the total loss for
the four sources listed above.

The recommended practice includes the following sections:

1. Test Fuel
2. Test Facilities and Equipment

3. Measurement Method
4. Information and Data to be Recorded.
1. Test Fuel
1.1 The test fuel should have a Reid vapor pressure of 9.0 = 0.5 psi
(62 % 3 kPa). To describe the fucl being used adequately, it should be in-
spected for these properties:

Property ASTM Test Methad

Distillation ]
18P
5%
10%
15%
20%
30%
40%
50%
90%
FBP
Reid vapor pressure, psi (Po) D
Hydrogen-carbon ratio® [}

sl titlitrite

-

AThe hydrogen.carbon (H/C) ratio is required for the calculation of losses viing the enclosure
method, The H/C ratio will be different for vapor iosses as compared to liquid losses. Therefore,
the H/C ratio should be measured for both condensed vopor and for the test fuel. Judgment
should be used in interpolating between the two values for individuol tests. H/C ratio can alter-
nately be measured by B-ray absorption, which is quick and accurate (see Jacobs, et al., Anal
Chem., Vol. 28, March 1956),
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tor signal from a gas chromatograph. which shows deflections to indicate. for
example. the presence of individual hydrocarbons.

11.14 Hang-Up—A term to describe the phenomena whereby higher
molecular weight hvdrocarbons are retained in the sample train. causing an
initial low analyzer reading. followed by higher readings in subsequent tests.
Excessive hang-up causes errors in the analysis of the hvdrocarbons in ex-
haust gas.

) 11.15 Gas Chromatograph—An instrument commonly used to detect
individual gases in compiex gaseous mixtures. NoTe: In automobile exhaust
gas analvsis such instruments can be used to separate and determine the
concentration of individual hyvdrocarbon species in a complex hydrocarbon
mixture.

o 11.16 Hexane Equivalent Concentration (ppm hexane)—The concen-
tration of a propane calibrating gas in terms of its hexane equivalent concen-
tration. For NDIR, hexane equivalent concentration has been established as
propane concentration times 0.52. For FID, hexane equivalent concentration
equals propane concentration times (.50.

) 11.17 ldle Speed—The engine’s low idle speed as specified by the manu-
lacturer.

é 11.18 Inertia Weights—A series of weights on a chassis dynamometer
used to simulate the test weight of a vehicle.

¢ 11.19 Intermediate Speed—The peak torque speed or 60° of the rated
speed. whichever is higher.

=) 11.20 Mode—A particular event (for example, acceleration, deceleration,
cruise, or idle) of a vehicle test cycle.

® 11.21 Nondispersive Infrared (NDIR)—Electromagnetic radiation used
as the light source in NDIR instruments capable of measuring CO, CO,. NO.
and unburned hydrocarbons in exhaust gas.

o 11.22 Nondispersive Ultraviolet (NDUV)—Electromagnetic radiation
used as the light source in NDUV' instruments capable of measuring NO,
concentrations in exhaust gas.

) 11.23 Non-Methane Hydrocarbons (NMHC)--All organic hydrocarbon
compounds. excluding methane, present in an exhaust sample.

[ 11.24 Smoke Opacimeter—An optical instrument designed to measure
the opacity of diesel exhaust gases. The full low of exhaust gases passes
through the optical unit. One such smoke opacimeter is described in SAE
J255 (June, 1971).

-] 11.25 Span Gas—A single calibrating gas blend routinely used in cali-
hration of an instrument such as those used for detecting hydrocarbons,
carbon monoxide, and nitric oxide.

o 11.26 Steady-State Condition—An engine operating condition at a con-
stant speed and load and at stabilized temperatures and pressures.

=) 11.27 Opacity—The fraction of light transmitted from a source which is
prevented from reaching the observer or instrument receiver, in percent
(Opacity = |1 — Transmittance} X 100).

) 11.28 Photographic Smoke Measurement—A measurement technique

METHANE MEASUREMENT USING GAS
CHROMATOGRAPHY—SAE J1151 OCT88

which relies upon an instrumental or visual comparison of the photograpy,
image of a smoke plume with an established scale of blackness or opacity lr;
determine the opacity of the original smoke piume.

11.29 Probe—A device inserted inta some portion of an engine or vehick,
system in order to obtain a representative gas or liquid sample.

11.30 Proportional Sampling—A method of obtaining a composite sam,,
ple of exhaust gas representative of all driving modes in a test cycle. Ty,

. sample, when analyzed, will represent the average molar concentration of,

constituent properly weighted for mass flow rates.

11.31 Rated Power—The maximum brake power output of an engine,ip,
horsepower or kilowatts, as stated by the manufacturer.

11.32 Rated Speed—The engine speed at which the manufacturer speci.,
fies the rated brake power of an engine.

11.33 Rated Torque—The maximum torque produced by an engine, a,
stated by the manufacturer.

11.34 Reid Vapor Pressure—The vapor pressure of gasoline at 100°F,
(37.8°C) determined in a special bomb in the presence of a volume of ar
which occupies four times the volume of liquid fuel (ASTM procedure D 323,

11.35 Reference Cell—That portion of the NDIR instrument which:
provides the reference signal to the detector.

11.36 Resolution—The minimum distinguishable reading, for a given,
trace width and scale combination, expressed as a percent of full-scale.

11.37 Sample Cell—That portion of the NDIR instrument which con-,
1ains the sample gas being analyzed.

11.38 Sampling—The technique of obtaining an accurate sample o s
exhaust gas for analysis. Sampling may be grab, continuous, or proportional

11.39 Test Cycle—A sequence of an engine or vehicle operating modes
usually designed to simulate road usage of the vehicle.

11.40 Test Fuel—A fuel for use in a given test and having specific¢
chemical and physical properties required for that test.

11.41 Transmittance—That fraction of light transmitted from a source. ¢
through a smoke-obscured path, which reaches the observer or instrument
receiver.

Opacity)
100

11.42 Variable Dilution Sampling—Use Constant Volume Sampling. ¢

11.43 Variable Rate Sampling—A technique to obtain an exhaust sam-o
ple which takes a specific and constant fraction (for example, ¥jg00) of the
total exhaust stream at each mode so that when the aggregate sample ¢
analyzed for its molar constituents. it is weighted in proportion to the averag
flow rate through the cycle.

11.44 Visual Smoke Measurement—A measurement technique whiche
relies upon human observation of an engine's smoke plume to rate tha
plume’s appearance against an established scale of blackness or opacity (usv
ally a gray scale on either a transparent or opaque white base).

(Transminancc =1-

SAE Recommended Practice

Repurt of the Automotive Emissions Committee, approved August 1976, completely revised June 1983, and reaffirmed October 1988.

1. Purpose—This SAE Recommended Practice provides a means for
a batch measurement of the methane concentration in light-duty vehi-
cle exhaust samples. Nonmethane hydrocarbon concentration can be
obtained by subtracting the methane concentration from the total hy-
drocarbon concentration obtained by a separate measurement made in
accordance with accepted practices such as SAE J1094, J254, or a cur-
rent Federal Test Procedure.'
2. Scope—This SAE Recommended Practice describes instrumenta-
tion for determining the amount of methane in air and exhaust gas.
3. Sections—The remainder of this practice is divided into the fol-
lowing sections:
Definitions of Terms and Abbreviations.
Equipment.
Principle of Operation.
Instrument Operating Procedure.
Instrument Performance Specifications.
Maintenance.

R dbe Bl

'See Code of Federal Regulations, Title 40 Protection of Bavironment, Part
86. Subpart B, Emission Regulations for 1977 and Later Model Year New Light-
Duty Vehicles and New Light-Duty Trucks: Test Procedures (40 CFR 86.101 et
seq.) (as possibly amended by the Federal Register).

4. Definitions of Terms and Abbreviations
4.1 Terms Used
4.1.1 Vehicle emission terms are defined in SAE J1145.
4.1.2 CarriER GAs—A gas that acts as a passive vehicle to transpor!
the sample through a gas chromatograph column. )
4.1.3 Gas CHROMATOGRAPHY—A separation technique in which ')
sample in the gaseous state is carried by a flowing gas (carrier g
through a tube {column) containing stationary material. The stationd"
material performs the separation by means of its differential affinity of
the components of the sample.
4.2 Abbreviations and Symbols

°C —degree(s) Celsius
CH, —methane
co —carbon monoxide

CO,q —carbon dioxide
cm —centimeter(s)

Cvs -——constant volume sampler
FID —flame ionization detector
Fig. —figure

g —gram

GC —gas chromatograph(ic)

h —hour(s)



HC —hydrocarbon(s)
ID —inside diameter
in —inch

kPa —kilopascal
NMHC —nonmethane hydrocarbon(s)
min —minute(s)

m —meter

mm —millimeter(s)

pm —micrometer(s)
Oq —oxvgen

oD —outside diameter
ppm —parts per million

ppm C —parts per million carbon
psig —pound(s) per square inch. gage
s —second(s)

scfh —standard cubic foot per hour
SAE —Society of Automotive Engineers. Inc.
SS —stainless steel
% —percent
5. Equipment

5.1 Safety Precautions—Flammable FID fuel (containing hydro-
gen) and potentially toxic 2% CO in exhaust gas are vented from this
instrument at low flow rates of approximately 80 cm*/min (0.2 scfh).
At these low flow rates, there should not normally be a hazard from

_these gases, but precautions should be observed to insure dilution of
these potentially hazardous vented gas streams.

The instrument uses flammable fuel and the precautions specified by
the manufacturer should be observed. :

The sample bypass line in the instrument has a tlow of about 2000
cm®/min (4 scth) of automotive exhaust gas. This flow should be dis-
charged outside of the building or into an adequately ventilated area.

5.2 Instrument—A gas chromatograph is used to separate the
methane from the other constituents of an exhaust gas sample. The
concentration of methane is determined with a FID. A typical suitable
gas chromatograph is described in this section. .

5.3 Component Description—The schematic diagram in Fig. |
shows a typical gas chromatograph assembled to routinely determine
methane. The following components are typically used.

5.3.1 VaLve, V1—Sample injection and switching vaive, should be
low dead volume, gas tight, and heatable to at least 150°C.

5.3.2 VaLve, V2—Used to provide supplementary fuel to the FID
burner.
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5.3.3 Vatve, V3—Used 1o select span gas. sample, or no flow.

5.3.4 VaLve, V4—Used as a restrictor to match the tlow resistance
of the Porapak N column.

5.3.5 VaLve, V5—Used as a restrictor to match the flow resistance
of the Molecular Sieve column. This valve allows equalizing backflush
and foreflush flow rates through the Porapak column.

5.3.6 VaLve, V6—Used as a restrictor for controlling the rate of
sample flow to fill the sample loop.

5.3.7 Pressure Recurator. PRI, axp Pressure Gace. G1—To con-
trol flow rate of the fuel which is also the carrier gas.

5.3.8 Presstre RecULaTOR. PR2, axvo PressuRe Gace, G2—Back-
pressure regulator for controlling the rate of sample flow to the sample
loop in conjunction with valve V6. Should be adjusted in the pressure
range from 7 to 34 kPa (I to 3 psig).

5.3.9 GC CoLumy—Porapak N, 180/300 pm (equivalent to 50/80
mesh), 610 mm (2 ft) length X 2.16 mm (0.085 in) ID X 3.18 mm (Y4
in) OD SS, to separate air, CHy, and CO from the other sample constit-
uents. The column is conditioned 12 h or more at 150°C with carrier
gas flowing prior to initial use. Valve V1 should be in the fill/backflush
position during the conditioning.

5.3.10 GC Coiumx—Molecular Sieve Type 13X, 250/350 pm
(equivalent to 45/60 mesh), 1220 mm (4 ft) length X2.16 mm (0.085
in) ID, 3.18 mm (% in) OD SS. to separate methane from oxygen. ni-
trogen, and CO. The column is conditioned 12 h or more at 150°C
with carrier gas flow prior to initial use. Valve V1 should be in the fill/
backflush position during the conditioning.

5.3.11 -SampLe Loop—A sufficient length of SS tubing to obtain ap-
proximately | cm? volume.

5.3.12 Ovin—To maintain columns and valves at a stable tempera-
ture for analyzer operation. and to condition columns at 150°C.

5.3.13 Vaive Actuator—To actuate sample injection and switching
valve.

5.3.14 VaLve ProGraMMER—Timing unit to control valve actuator.

5.3.15 Drver—To remove water and other contaminants which
might be present in the carrier gas, a filter dryer containing Molecular
Sieve is used. If it is a visual indicating type. the drver is replaced when
the need is indicated. Otherwise, it is replaced or reconditioned month-
ly. If the dryer has a metai body, it can be reconditioned after remov-
ing it from the instrument by flowing approximately 50 cm®/min of
dry nitrogen through the dryer while it is heated to 150°C in an oven
for 12 h.

OVEN
______________________ .
| i
I MOLECULAR |
i SIEVE COLUMN PORAPAK N I
[ COLUMN } OF'D
|
®! Q] | (r3
< ume || ol
|
| O | F3 AIR
| ( 1 INLET
i G PR3
| %"6 63
|
I ®
: Fl FueL
| PRI INLET
___________ B va @
_— 1 \ Gt VENT
{ORYER |
| ¥ o)
VALVE (V1) 5 v3
POSITION SAMPLE ‘
+ INJECT v7 2 PR2
— FILL 7 BACKFLUSH ve 7
G2
SPAN GAS

FIG. 1—INSTRUMENT TO MEASURE METHANE
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5.3.16 RestricTor. R3—For controlling the rate of air flow to FID.

5.3.17 Presstre RecuraTor. PR3—Used with pressure gage, G3,
and restrictor, R3. to control air flow to FID.

5.3.18 FiLvers Fl. F3, F4—Sintered metal filters to prevent grit
from entering the instrument.

5.3.19 FiLters F2, F5—Sintered metal filters in the sample stream to
prevent grit from entering the pump or instrument. Shouid be of suffi-
ciently large area to have a pressure drop of less than 15 kPa (2 psi) at
the bypass flow rate used of approximately 2000 cm®/min (4 scfh).

5.3.20 Pump—Used to bring sample to gas chromatograph.

5.3.21 Vawve. V7—Used with flowmeter, FMI, to reguiate bypass
sample flow rate. The bypass sample flow rate should be fast enough to
flush out the entire sample line in a time less than the GC analysis time
so that while an analysis is being made. the sample loop is filled with
the next sample and is ready for the next analysis cycle. A typical by-
pass flow rate would be 2000 cm®/min (4 scfh).

5.3.22 VaLvi, V8—Used with flowmeter, FM1, to equalize bypass
flow rates of span gas and sample.

5.3.23 Recorver—The recorder or other readout device should
have an input compatible with the FID analyzer output, an accuracy (in-
cluding the effects of deadband and linearity) of +0.25% of full scale
or better, a span step response time of 0.4 s or less, and a chart speed
of approximately 25 mm/min (1 in/min).

5.3.24 FID—The flame ionization detector generates an electrical
current proportional to the flow rate of methane through the burner.
The associated electrometer amplifier acts as a current to voitage con-
verter and should have an electronic time constant of less than 0.20 s.

6. Principle of Operation—The instrument (Fig. 1) measures the
methane concentration in a sample swept from a fixed volume sampie
loop by a carrier gas stream when the valve (V1) is in the inject posi-
tion. The carrier gas can be blended FID fuel. The stream enters the
Porapak N gas chromatographic column which temporarily retains
NMHC, COs, and water, and passes air. methane, and CO to the Mo-
lecular Sieve column. As soon as all of the methane elutes from the
Porapak N column and has passed through valve V1 toward the Molec-
ular Sieve column, the Porapak N column is backflushed to waste by
switching the valve (V1) to the fill/backflush position. Switching V1
also starts filling the sample loop with the next sample. The Molecular
Sieve column separates the methane from the air and CO before pass-
ing it to the FID. The FID produces a signal peak proportional to the
methane concentration in the sample. As soon as the methane peak
passes through the FID, valve V'l can be switched back to the inject po-
sition to inject the next sample. A complete cvcle, from injection of one
sample to injection of a second. can be made in 30 s. Automation of in-
jection and backflush switching assures reproducible peak times and
shapes and is easily accomplished.

7. Instrument Operating Procedure

7.1 In general. the manufacturer’s instructions for operation of
the instrument or gas chromatograph should be followed.

7.2 Component Assembly—The assemblv of the components for
the instrument is shown in Fig. 1. The sample and switching valve V1,
restrictor valves V4 and V'3, sample loop. and the two GC columns are
instailed in the oven. The outlet of vaive V5 and the outlet from valve
V1. port 8 must discharge directly into an open area at atmospheric
pressure where there can be no effluent build-up. The other compo-
nents are connected outside the oven with all connecting tubing of
minimum length. After all of the connections have been made, as indi-
cated in Fig. 1. leak check the fittings and the instrument is ready for
adjustment of operating parameters.

7.3 Initial Adjustment of Operating Parameters—The timing se-
quence is determined by the flow rates of the carrier gas, the gas hold-
up volume of the svstem, and the column temperature. Typical flow
rates at several instrument locations identified by the encircled numer-
als in Fig. 1 are given in Table 1. The following procedure would typi-
cally be followed to determine satisfactory flow rates of the assembled
system and the switching times of the valves.

7.3.1 Set the initial operating parameters. Record oven temperature,
gas pressures, and flow rates tor later reference.

7.3.1.1 Sample—Adjust the flow of span gas or sample with V8 or
V7 so that the flow discharged to the vent is about 2000 cm®/min (4
scth). Adjust backpressure regulator PR2 so that gage G2 reads from
7 to 34 kPa (] to 5 psig). Readjust span gas or sample bypass flow to
2000 cm*/min. With valve V1 in the fill/backflush position, adjust
valve V6 so that the flow from port 8 of valve V1 is 80-100 cm®/min.

7.3.1.2 Carrier Gas—Mixed fuel is recommended to minimize the
number of gases required for vehicle exhaust measurements since
mixed fuel is aiso used for total hydrocarbon measurements (see SAE
J1094). Mixtures from 38 10 55% hvdrogen with the diluent being heli-

TABLE 1 —TYPICAL FLOW RATES .

Vaive V1 Position

Inject

Fill/Backflush

Flow Rate—cm3/min

Location (Fig. 1} (room pressure and femperature}

1. Sample Byposs Vent 2000 2000
2. Burner Air 400 400
3. Total Burner Fuel® 100 100
4. Backflush 60 60
5. Sample 95 90
6. Mokeup Fuel® 30 30
7. Poropak N Column® 70° 60
8. Molecular Sieve Column® 70° 700

Fuel: 40% Ho/60% He.
b These flow rates were measured ot locotion 3 with valve V2 closed.

um or nitrogen have been found to be acceptable. The carrier gas mix-
ture should contain less than 0.5 ppm C HC. (The oxygen peak height
(see Fig. 2) is not a direct response to oxygen, but is caused by a syner-
gistic effect of Oz on the HC impurity in the mixed fuel, therefore it
is an approximate indicator of the hydrocarbon concentration in the
fuel.)

With sampling and switching valve (V1) in the inject position and
valve V2 closed, adjust pressure regulator PR1 so that the carrier flow
rate through the columns into the FID burner is about 70 cm3/min.
Typically, the pressure regulator PR1 will be set at approximately 140
kPa (20 psig). The flow is readily measured with a soap bubble flow-
meter. The elapsed time from sample injection to the appearance of
the oxygen peak (Fig. 2) is primarily a function of the carrier flow rate.
Turn valve V1 to the fill/backflush position. Adjust valve V4 so that
the carrier flow rate through the Molecular Sieve column and into the
FID burner is the same (within 2%) as when valve V1 is in the inject po-
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siion. Check the backflush flow rate through valve V5 to contirm that
it is approximateiv equal (within 30%) to the flow rate through the col-
umns into the FID burner.

7.3.1.3 Column Conditioning—With valve V1 in fill/backflush posi-
tion and carrier gas flowing, adjust oven temperature to 150°C and
condition columns for a minimum of 12 hours. After conditioning, ad-
just oven temperature to about 55°C.

7.3.1.4 Additional Fuel—Open valve V2 to provide a total hvdro-
gen flow to the FID burner of about 40 cm’/min (for example, 100
cm3/min of 40% Hy/60% He fuel).

7.3.1.5 Air (Should Contain Less Than 0.5 ppm C HC)—Set the pres-
sure regulator PR3 so that the air tlow to the FID burner is approxi-
mately ten times the hvdrogen tlow.

7.3.1.6 Column Oven TFemperature—The column oven should be
maintained at a constant temperature. A temperature of about 55°C
will allow an analysis time of 30 seconds. The temperature can be ad-
justed between 35 and 75°C in order to give a desired analysis time. Al-
low time for oven temperature to stabilize before making measure-
ments. The temperature control setting that maintains 150°C for use
in conditioning the GC columns should be ascertained before column
installation.

7.3.2 Timinc SEQuenNce—The analvsis starts with valve V1 in the fill/
backflush position. In this position, the sample loop is flushed and filled
with sample (flow rate 80-100 cm?®/min). With a typical instrument, it
was found that if the sample select valve, V3, selected the next sample
at least 6 s before sample injection, the sample loop was fully flushed
and hence a longer flush and fill time gave the same analytical results.
The sample is injected by switching valve V1 into the inject position.
The sample passes into the Porapak N column from which air elutes
first and then methane. Carbon dioxide, higher hydrocarbons, and wa-
ter vapor are retained longer in the Porapak N column. [t is necessary
to leave valve V1 in the inject position only long enough for all the
methane to elute from the Porapak N column. If valve V1 is in the in-
ject position too long, CO; will also elute from the Porapak N column,
pass onto the Molecular Sieve column, be absorbed by and gradually
deactivate the Molecular Sieve column. The optimum time for switch-
ing is found by determining the minimum time required for maximum
methane response to be obtained. With a typical instrument at a col-
umn flow rate of 73 cm®/min, it was found that if valve V1 was manu-
ally switched from inject to fill/backflush 6 s after injection, the meth-
ane peak height was 53% of its ultimate height measured with a later
valve switching. If valve V1 was switched 7 s after injection, the meth-
ane peak height was 95% of its ultimate height, and if valve V1 was
switched 8 s after injection, the ultimate peak height was reached. For
this instrument, valve V1 was programmed to stay in the inject position
for 9 seconds. The gases in order of elution from the Molecular Sieve
column into the FID are oxygen, which gives a small peak: nitrogen;
methane, which gives the peak that is measured: and CO, which elutes
well before the next methane peak. The FID does not respond to the
nitrogen and carbon monoxide. Fig. 2 shows a gas chromatogram ob-
tained with this system. (In normal use a slower chart speed is used.)
With valve V1 in the fill/backflush position, the Porapak N column is
backflushed to waste to clean it out for the next sample. Also during
this time, the sample loop is flushed and filled with the next sampie to
be analyzed. After most of the methane peak has eluted into the FID,
valve V1 can be switched to inject the next sample. The last traces of
methane can finish eluting while the next sample is being injected. In
a typical instrument, the cycle time was 30 seconds.

7.4 Calibration—Typically, analyzer response is linear (not neces-
sarily passing through the origin) with the methane content of the sam-
ple. However, this should be verified for each analyzer prior to its in-
troduction into service and at monthly intervals thereafter. The
linearity should also be verified whenever the FID burner is serviced
and whenever the fuel carrier gas supply is changed. A series of four
or more calibration gases, containing methane of known concentration
in air, covering the range of concentrations within which sample gases
may be expected to fall, should be used for calibration. Optionaily, a
flow blender may be used to blend a single calibration gas with zero
grade air to provide a series of intermediate calibration gases. The
methane impurity of the zero grade air should be determined and con-
sidered in the calculation of the methane concentration of the interme-
diate gases. Obtain the least-squares straight line regression of the
methane concentration in the calibration gas as a function of methane
peak height (or, if used, peak area). It is recommended that the datum
point obtained with zero grade air should not be included in the regres-
sion. The reason is that if the methane concentration in the zero grade
air is lower than the methane concentration in the carrier gas, the sam-
ple of zero grade air will produce a negative methane peak. Many peak
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height or peak area measuring schemes cannot correctly determine the
height or area of the negative peak. For each range calibrated. it the
deviation of the calibration points from the regression line is 2% or less
or within 0.1 ppm methane of the value of each data point (excluding
zero), then linearity is confirmed and a linear equation may be used to
determine the methane concentration. Otherwise, attempt to find and
correct the cause of the non-linearity. If necessary, the best fit non-
linear equation which represents the data to within 2% (or 0.1 ppm
methane) of each point may be used to determine the concentration.

7.5 Emission Measurement Procedure—Fach series of sample
and dilution air bags from one vehicle test should be preceded with a
measurement of zero gas and span gas. If the instrument output for
these gases is not the same as during the last calibration, an electrical
or computational correction to the instrument output should be made.
Re-check zero. Six methane analyses can be made in 4 minutes. A mea-
surement of zero gas and span gas following the test series which is
within 2% of full scale from the initial values will confirm that there
was no substantial instrument drift during the measurement of the test
samples. The instrument should be located near the CVS in order to
minimize the length of tubing. Samples are pumped directly from the
bag via a Teflon or stainless steel tube to the sample inlet.

7.6 Data Analysis—The methane peak height is used as a measure
of the amount of methane. Peak height is the distance from the peak
maximum to the peak baseline. The peak baseline is defined as the pla-
teau immediately preceding the peak. (Alternatively, the methane peak
area, as determined with an integrator, can be used as a measure of the
amount of methane.) Methane concentrations are measured directly,
NMHC concentrations can be determined by the difference between an
independent total hydrocarbon concentration measurement and the
methane concentration.

7.6.1 MeTHaNeE—The following example for a linear analyzer illus-
trates the method of calculation:

Span—18.9 ppm C methane—50.0 chart divisions
Bag Analysis
Methane—25.0 chart divisions
Bag Concentration Calculation
25.0
Methane—18.9 X 500 = 9.45 ppm C

For calculating the mass of methane by a method analogous to that
used in the Federal Test Procedure' for hydrocarbons, the methane
density at 20°C (68°F) and 101.32 kPa (760 mm Hg) préssure should
be taken to be 0.667 kg/m* (18.89 g/ft*).

7.6.2 NonMeETHANE HyprocarBoN—NMHC data analysis is accom-
plished with calculation techniques similar to those used for total HC
CVS bag emission data analysis. The following example for a linear an-
alyzer iilustrates the method of calculation:

Span—18.9 ppm C methane—50.0 chart divisions
Bag Analysis

Methane—25.0 chart divisions

Total HC—82.56 ppm C
Bag Concentration Calculations

25.0

Methane—18.9 X 500 — 9.45 ppm C

NMHC—(total HC (ppm C) — methane (ppm C))
=82.56 — 9.45 =73.11 ppm C
The exhaust sample and the dilution-air bags should be analyzed and
the NMHC concentrations used for calculation of mass emissions as di-
rected in the Federal Test Procedure! for hydrocarbon.

It can be noted that, in general, the sum of the methane mass emis-
sions and the calculated NMHC mass emissions will not exactly equal
the total calculated HC mass emissions. This is because the FID mea-
sures carbon mass and not hydrocarbon mass. The relation between
these two masses depends on the hydrogen/carbon ratio of the hydro-
carbons in the exhaust gas and this is not determined for each sample.
Instead a nominal value for the hydrogen/carbon ratio is assumed in
the Federal Register.

'See Code of Federal Regulations, Title 40 Protection of Environment, Part
86, Subpart B, Emission Regulations for 1977 and Later Model Year New Light-
Duty Vehicles and New Light-Duty Trucks: Test Procedures (40 CFR 86.101 et
seq.) (as possibly amended by the Federal Register).
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8. Instrument Performance Specifications

8.1 Baseline Noise—The instrument shall be run for 20 min with
valve VI remaining in the fill/backflush position. The peak-to-peak
noise and drift of the baseline shall not exceed the equivaient of 0.16
ppm methane. (With a typical instrument, the peak-to-peak noise and
drift was 0.07 ppm methane.)

8.2 Precision—A span gas containing about 20 ppm methane in
air shall be read at least 25 times. Wait one cvcle period (typically 30
s) between starting the flow of span gas and the first rotation of valve
V1 into the inject position. The standard deviation of the series of span
gas readings shall not exceed 0.10 ppm methane. (With a typical instru-
ment the standard deviation of a series of span gas readings was 0.02
ppm methane.) Since the first reading of the series is most apt to show
an offset, the magnitude of the difference between the first determina-
tion of the series and the mean of the series shall be no greater than
0.14 ppm methane or 3.3 standard deviations. whichever is greater.

8.3 Column Resolution—The methane retention time (paragraph
9.2.1) divided by the peak width at half height (paragraph 9.2.2) shall
exceed 10.5. (In Fig. 2 this quotient is 11.5.)

9. Maintenance

9.1 Valve V1 Position—Except when actually injecting a sample,
vaive V1 should be kept in the fill /backflush position so as to minimize
possible contamination of the Molecular Sieve column by effluent from
the Porapak N column.

9.2 Column Performance

9.2.1 The methane retention time. which is the elapsed time frop,
sample injection (sample injection is when valve V1 rotates from (h,
fill/backflush position to the inject position) to the appearance of th,
methane peak maximum, should be measured when the instrumen is
placed in service and at weekly intervals thereafter. A change in the re.
tention time from its initial value gives an indication that the colump
has deteriorated or that the initial conditions have changed. If the re.
tention time has changed by more than 10%, the cause should be iden.
tified and corrected. Check oven temperature. Check or condition the
dryer as described in paragraph 5.3.15. Check the carrier gas flow raies
against the flow rates initially measured as described in paragraph
7.3.1.2. Check for leaks. Condition the columns as described in para.
graphs 5.3.9 and 5.3.10.

9.2.2 Time the width of the methane peak at half of its peak height
using a stopwatch or a gas chromatogram obtained with the recorder
running at a fast speed of at least 0.3 m/min (1 ft/min). Perform this
test when the instrument is first placed in service and at monthly inter-
vals thereafter. A change in the peak width at half height of more than
15% suggests that the cause be identified as in paragraph 9.2.1.

9.3 Dryer Conditioning—If an indicating type dryer is used. it
shouid be checked monthly and replaced if exhaustion is indicated. If
a non-indicating type dryer is used, it should be replaced or recond:
tioned monthly. (See paragraph 5.3.15.)



