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1.0 Introduction

The United States Environnental Protection Agency (EPA) is
eval uati ng new test procedures for use as |nspection/Mintenance (I/M
tests. Two tests under consideration are the |1 M40, a new driving
schedul e devel oped by the U S. EPA, and the CDH 226, a driving schedul e
devel oped earlier by the Col orado Departnent of Health. EPA' s focus on
t hese procedures as possible alternatives to current I/Mtests has
aroused interest. The purpose of this docunent is to provide
descriptive informati on about these tests to the |I/Mcomunity.
Statistical results fromthe first year of testing on the IM240 and the
CDH 226 will be published Iater

Thi s docunent al so provides information on EPA's Conposite |/ M
Test Procedure (CITP), a lengthy testing sequence designed to eval uate
the effectiveness of a |large nunmber of potential alternative I/Mtests,
i ncluding the 1 M40 and the CDH 226.

The 1 M240 and CDH 226 driving schedul es are both based on EPA' s
Federal Test Procedure (FTP), which certifies conpliance with federa
vehi cl e eni ssion standards for carbon nonoxi de (CO), unburned
hydr ocarbons (HC), and nitrogen oxides (NOx). Since a significant
portion of the I/Mcommunity is relatively unfanmliar with certification
procedures, the follow ng section provides the basic background needed
to understand the foundations of the | M40 and the CDH 226.

2.0 Background

In order for vehicle em ssions to be controlled effectively, they
nmust be eval uated under real world conditions. Wth this in nmind, the
United States has designed its vehicle enission control strategy around
tests that neasure em ssions while replicating actual driving
conditions. These tests stemfromthe devel opnent in 1965 of the LA-4
road route, which was designed to approximate a typical nmorning trip to
work in rush-hour traffic in Los Angeles.l In 1972, the EPA shortened
the LA-4 from 12 to 7.5 mles and adapted it for use in the |aboratory
on a chassi s dynanoneter, a device that sinulates vehicle |oad and
inertia weight.2 Since known as the Urban Dynanoneter Driving Schedul e
(UDDS), it is the driving schedule used to conduct the FTP.

1 Hass, G C., Sweeney, M P., and Pattison, J. N, "Laboratory
Sinmul ation of Driving Conditions in the Los Angel es Area," SAE Paper No.
660546, August 1966.

2 Kruse, R E. and Huls, T. A, "Devel opnent of the Federal Urban
Driving Schedul e," SAE Paper No. 730553, May 1973.



The FTP is the "gol den standard" for determ ning vehicle em ssion
levels, but it is expensive and tinme consum ng. The EPA has approved
six shorter tests for use by I/Mprograns in their evaluation of in-use
vehicle em ssions. Al six currently approved I/Mtests are steady-
state (one-speed) tests. Five are unloaded, and one is |oaded. These
tests are described in the Code of Federal Regulations, Title 40, Part
81, Sections 2209 - 2214. Considerably |ess resource intensive than the
FTP, short tests were designed to provide a nore easily used but stil
reliable method of identifying vehicles that exceed FTP standards.

3.0 The Problem

The short I/Mtests do not always correlate well to the FTP
however. Limtations in the tests thenselves and, perhaps nore
i mportantly, changes in vehicle design have undermined the ability of
current short tests to identify a vehicle's excess em ssions (i.e.
eni ssi ons above the federal standards). [|/Mtests originally were
designed for a vehicle fleet that is rapidly being displaced by new
technol ogy, conputer-controlled vehicles. New technol ogy vehicles are
equi pped with inproved em ssion control conmponents, such as three-way
catal ysts, closed-1oop fuel control, and fuel injection, which have
changed the way vehicles respond to emission tests.3

These changes have inplications for the future effectiveness of
I/ M programs. The effectiveness of short em ssion tests can be
expressed in ternms of overall failure rate, excess enissions identified
(identification rate), errors of commission, and errors of om ssion
Errors of commission (Ec), or false failures, occur when vehicles fai
an |/ Mtest but pass the FTP. Errors of omission (Eo), or fal se passes,
occur when vehicles pass the I/Mtest but fail the FTP. Based on these
nmeasures, EPA studies indicate that current short tests have becone |ess
effective in identifying excess enissions since the introduction of new
technol ogy vehicles in 1981. The challenge nowis to ensure that |/ M
tests keep pace with changi ng technol ogy so that they remain an
effective tool for vehicle enission control

4.0 dd Technol ogy versus New Technol ogy

3 Armstrong, J., Brzezinski, D. J., Landman, L., and dover, E. L.
"I nspection/ Mai ntenance in the 1990's," SAE Paper No. 870621, February
1987.



a d technol ogy, pre-conputer-controlled vehicles have emn ssion-
rel ated conponents that operate on a continuum For exanple, if the
air-fuel mxture at idle is too rich, then the air-fuel mxture 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
perfornmed only at idle or only at 30 nph is likely to identify pre-
conputer-controlled vehicles that malfunction to a sufficient degree to
fail the FTP test also. This continuum characteristic is an inherent
feature of many nechanically controlled systens, including other
em ssi on-control conmponents like the ignition systenis distributor
whi ch controls the ignition tining

The newer, conputer-controlled vehicles that are beconm ng an ever
larger fraction of the fleet are not constrained by the continuum
characteristic of nmechanical devices. A conputer can include discrete
instructions for the air-fuel mxture at idle that have little bearing
on the nmixture at 30 nph or during an acceleration from10 nph to 20
nph. For this reason, a vehicle with | ow emissions at idle or 2500 rpm
or 30 nph can in principal have unacceptably high eni ssions during other
nodes. Furthernore, EPA studies show that some vehicles with very high
FTP eni ssions do i ndeed pass a steady-state test, such as an idle test.
By the sanme logic, a vehicle with high idle em ssions my pass the FTP
because the enissions are | ow through nost of the vehicle's other
operating nodes. An idle test falsely fails such vehicles. Transient
tests, on the other hand, are responsive to changing em ssion |evels
during different nodes of vehicle operation and thus overcone the
[imtations of steady-state testing on conputer-controlled vehicles.

5.0 | M40 versus CDH 226

In the face of changing technol ogy, EPA's objective was to find a
short transient test that would identify high emtting vehicles as
defined by their FTP em ssions, while ninimzing errors of conm ssion
Initially, the CDH 2264 seemed to offer the best possibility for a
viable I/Mtest. Since then, EPA has devel oped the | M40 as a possible
i mprovenent on the CDH 226.

A characteristic of the CDH 226 that stands out when conpared to
the UDDS is that the CDH 226 is snmoother (i.e., less transient), so it

4 Ragazzi, R A, Stokes, J. T., and Gallagher, G L., "An Evaluation of
a Col orado Short Vehicle Em ssion Test (CDH 226) in Predicting Federa
Test Procedure (FTP) Failures," SAE Paper No. 852111, Cctober 1985.



requires less throttle action (see Figure 1 on page 5). Throttle action
is an inportant variable affecting vehicle enmi ssions and could be
important in identifying malfunctioning vehicles.

Take oxygen sensor operation as an exanple. As oxygen sensors
deteriorate, their response tine lags. This deteriorating response tine
can allow the air-fuel mxture to increasingly deviate from
stoichiometric (14.7:1), the ratio at which 3-way catal ysts nost
efficiently oxidize HC and CO and simultaneously reduce NOx (see Figure
2 below). This is inportant because three-way catal yst conversion
efficiency rapidly deteriorates with air-fuel nixture deviations from
stoichiometric. During steady-state operation, the fuel nmetering system
adjusts to deliver a stoichionetric mxture, which should stay
relatively constant. Throttle novenment often causes the mixture to
change, and as throttle action increases, the ability of the nmetering
systemto nmintain stoichionetry becones increasingly dependent on the
response time of the oxygen sensor. A highly transient driving schedul e
requires nmore throttle action than a snmooth schedule, so a deteriorated
oxygen sensor is nore likely to be identified on a highly transient
schedul e than on a smooth schedule. The sanme |ogic can al so be extended
to ot her conponents of em ssion control systens. A driving schedul e can
be nmade too transient, however. An I/Mtest requiring nore throttle
action than the UDDS m ght unacceptably increase test variability and
t hereby increase the error of conmission 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 nore transient
alternative to the CDH 226, to make the new test simlar to the UDDS
and to evaluate both procedures to determ ne which is better for |/ M
testing. EPA s alternative was dubbed the I M240 since it was designed
for I/Mtesting with a duration of 240 seconds.

6.0 | M240 Description

The 1 M240 driving schedule is depicted graphically in Figure 1.
Appendi x 1 provides a speed-versus-tine table in one-second increnents.
The table also lists the UDDS segnments that were used to create the
| M240.

The 1 M240 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 nmiles per hour. Testing over the entire range of
speeds was considered inportant to detect malfunctioning vehicles given
t he di sconti nuous operating characteristics of conputer-controlled
vehicles. Using actual segnents of the UDDS was considered inportant to
hel p i nprove correlation and mnimze errors of conmm ssion and errors of
omi ssi on.

The two | arge decelerations fromhills 1 and 2 are the only
segnents that were not taken directly fromthe UDDS. The decel eration
rate for both hills was set at 3.5 nph/sec, whereas the maxi num
decel eration rate fromthe UDDS is 3.3 nmph/sec. The higher decel eration
rate prevents the | M40 from exceeding four minutes, which was taken
sonmewhat arbitrarily to be a neasurable upper linit for a test tinme that
woul d al | ow 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 tine for an idle and an additional transient portion on hill 2
(between 140 seconds and 158 seconds).

As seen in Appendix 2, the M40 differs statistically fromthe
CDH 226. Because of differences in design, it was specul ated that one
of the tests might correlate better than the other to the FTP.

The 1 M240 test is run in two segnents. The shorter segnent is 94
seconds in duration, which was an informed guess as to the nini num
amount of tine needed to realize significant inprovenents in FTP
correlation. For conparison, EPA has divided the CDH 226 into two
segnents 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
segment s.



The test procedure stipulates that the engine is running with the
transm ssion in gear before the driving schedul e begins. Exhaust
sanmpl i ng begi ns simultaneously with the start of the driving schedul e.

| M240 testing is being perforned separately and in conjunction
with other short tests, including the CDH 226, in the Conposite |/ M Test
Procedure, which is described bel ow.

7.0 Conposite I/M Test Procedure

The EPA has devised the nulti-purpose Conposite I/ M Test Procedure
(CITP) to evaluate the effectiveness of the | M40, the CDH 226, and
potential steady-state alternatives to current |I/Mtests. The goal of
the programis to identify em ssion tests which bal ance the need for
hi gh FTP correlation and high identification rates agai nst cost,
equi pnrent, and tine requirenents. Acceptable alternative tests would be
sophi sti cated enough to neasure the em ssions of new technol ogy vehicles
adequately while conformng to the constraints of an |/ M program

CITP testing is being performed at EPA's Motor Vehicle Em ssion
Laboratory (MVEL) in Ann Arbor, M chigan and under contract at the
Aut onotive Testing Laboratories (ATL) facility in New Carlisle, |Indiana,
just outside of South Bend. All Enission Factor ProgranP test vehicles
receive the CITP after the as-received FTP test on Indolene test fuel.

7.1 Dynanoneter Settings

The CI TP sequence consists of 11 test nodes run over 77 m nutes.
At EPA's lab, the CITP is divided into two parts, A and B, which differ
by the dynanmoneter settings used (see Table 1). (Because of different
equi prent configurations, testing at the ATL facility is done in four
parts.) Part Ais perfornmed using the certification dynanoneter
settings, which require an expensive nultiple curve dynanoneter and a
conplicated process for determning the proper road |oad and inertia
wei ght settings for each vehicle. |In Part B, the dynanoneter settings
are limted in order to evaluate the tradeoff between cost and FTP
correlation that is associated with | ess sophisticated dynanoneters.

5> The Emission Factor Programtests vehicles owned by the general
public. Data fromthese in-use vehicles are used with a conputer nodel
known as MOBI LE4 to cal cul ate the emnission rates of in-use vehicles.
These emission rates are then used with air quality nodels to estinmate
the contribution of nobile source em ssions to anbient air pollution.



Table 1

Modes of the Conposite I/M Test Procedure
for use with Em ssion Factors Vehicles

SEQVENT MODE CUM
NO NAME MODE TYPE DYNO PAU  SAWP DUR DUR NOTES
1 1M40 (2x) [|M40 Trans Loaded Cert Cert Raw 4 4 \War nup; conpare raw vs CVS sanpling
| M240 ! ) : ! ! 4 8
2 1 M40 | M240 Tr ans Loaded Cert Cert CVS+Raw 4 12 Hgh throttle action transient
3 SS Series 20 nph Stdy St Loaded Cert Cert Raw 2 14 Conpare var-PAU fi xed-spd & var-PAU var - spd
Idle-N " Unl oaded " " " 1 15 Modes: 20/1/30/1/40/1/50/1 @ min/cruise,1 mn/l
30 mph " Loaded " " " 2 17
Idle-N " Unl oaded " " " 1 18
40 nph " Loaded " " " 2 20
Idle-N " Unl oaded " " " 1 21
50 mph " Loaded " " " 2 23
Idl e-N ! Unl oaded " ! ! 1 24
4 | M40 | M40 Tr ans Loaded Cert Cert CVStRaw 4 28 Warnup
5 CDH226 CDH226  Trans Loaded Cert Cert CVS+Raw 4 32 Mbderate throttle action transient
TECH BREAK N A 10
6 SS50 50 nph Stdy St Loaded 2-1W Cert Raw 3 3 Wr mup
7 CDH226 CDH226  Trans Loaded 2-1W Cert CVS+Raw 4 7 Conpare cert IWto sinple | Wapproach
8 2-Mvde Idleldle-N Stdy St Unloaded NA NA Raw 0.5 8 Conventional 1/ M
Rest art 2500 rpm " " " " " 0.5 8
Idle-N " " " " " 1 9
Eng. off " " " " " 0.2 9
2500 rpm " " " " " 0.5 10
I dl e-N : : : : : 1 11
TECH BREAK N A 5
9 SS50 50 nph Stdy St Loaded 2-1W Cert Raw 3 3 Var mup
10 1 M40 | M240 Tr ans Loaded 2-1W Cert CVS+Raw 4 7 Conpare cert IWto sinple | Wapproach
11 SS Series 20 nph Stdy St Loaded Trim Cay Raw 2 9 Conpare C ayton single-curve to cert curves
Idle-N " Unl oaded " " " 1 10
30 mph " Loaded " " " 2 12
Idle-N " Unl oaded " " " 1 13
40 nph " Loaded " " " 2 15
Idle-N " Unl oaded " " " 1 16
50 mph " Loaded " " " 2 18
I dl e-N ! Unl oaded " ! ! 1 19
TOTAL 77
NOTES
1. dayton loading is 30HP @50nmph (cubic curve)
2. 50 nph cruise at dayton | oadings may be dropped for snall vehicles
3. 2-IWrequires | Wsettings of 2500 or 3500, depending on vehicle
4. Dyno settings will need to be changed prior to steps 6 and 11 vsn 2.2b

11/ 16/ 89




The dynanoneter settings in Part B are linmted to two possible inertia
wei ght settings of 2500 or 3500 pounds, depending on the weight of the
vehicle. Steady-state |oaded nodes in Part B are performed with only a
single setting (30 hp @50 nph) for all vehicles to sinulate the dayton
singl e-curve dynanmoneters. A yet-to-be-conpleted conparison of test
results between parts A and Bwill help to determnine whether the expense
of certification-type dynanoneters is justified.

7.2 Sanpling Methods

The CI TP al so all ows EPA to conpare nethods of neasuring exhaust
emi ssions. The entire CI TP series undergoes second-by-second raw
exhaust neasurenents. MEL uses an Al len BAR-80 specification anal yzer
to gather and anal yze the sanple and a Maci ntosh running EPA' s GAS-4
program for data collection. ATL uses a Gordon-Darby analyzer to
anal yze the sanple and an | BM conpati ble conputer for data collection

In addition to raw exhaust measurenents, which reveal the
concentration of pollutants (percentage or parts per nmillion), |oaded
transi ent nodes al so are anal yzed usi ng Constant Vol une Sanpling (CVS),
whi ch reveal s mass emi ssions (grams per mle). Raw exhaust
neasurenents, while | ess conplicated and | ess expensive than CVS, do not
account for differences in the size of the exhaust stream and so do not
accurately neasure the total nmass of pollutants emtted.® Constant
Vol une Sanpling, on the other hand, does neasure the nmass of pollutants
but requires conplicated and expensive equipnent. [If certain
assunptions are made, nmathematical fornulas can be applied to raw
exhaust neasurenents so that they can be expressed as approxi mate nmass
nmeasurenents. By conparing the results of these calculations to the
actual CVS readings, the accuracy of the calculated nmass results can be

6 CVS nmeasurenents provide a nmuch better indication of vehicle emnission

| evel s than raw exhaust measurenents. A raw exhaust reading of 200 ppm
HC froma snmall notorcycle and the same 200 ppmreading froma | arge
truck (which is entirely possible) suggest that the two vehicles pollute
equal ly. However, such a conclusion is wong. The truck will have a
much hi gher vol une of exhaust. Over a given one-nile drive, the
notorcycle may only emt 50 cubic feet of exhaust gases, whereas the
truck may emit 500 cubic feet. Wth both vehicles emtting 200 ppm HC
over the mle, the total anount of HC enmitted by the truck will be 10
tinmes greater than the anpbunt emitted by the notorcycle. A Constant

Vol une Sanpler allows the total em ssions per mle to be neasured; a raw
exhaust anal yzer does not.



determined. |If the identification rates, errors of conm ssion, and
errors of om ssion fromthe raw exhaust cal cul ati ons conpare favorably
to the CVS readi ngs, use of the | ess expensive, |ess conplicated raw
exhaust nethod nay be justified.

7.3 CITP Steady- State Mdes

In addition to the 1 M40 and the CDH 226, the CITP includes a
| oaded steady-state test at 50 nph (SS50), a two-node idle restart test,
and a steady-state series. The steady-state test at 50 nph is run for
three mnutes as a warmup for the 1 M40 and the CDH 226. The two-node
idle segnent is approximately four minutes in duration. This test
consists of an engine restart inserted between sequences of idle and
2500 rpm operation. The two-node idle was included in the Cl TP because
it is representative of tests currently being used in many |/ M prograns.

The steady state series contains |oaded nodes at 20, 30, 40, and
50 nph separated by an idle. This series represents an internediate
step between the idle test and the | oaded transient schedule. Its
advant ages over | oaded transient cycles include the cost savings of raw
gas versus CVS analyzers and of single versus nultiple curve
dynanoneters. In addition, unlike |oaded transient cycles, the steady-
state series does not require the use of driving schedules or related
equi pment or technician skills.”

8.0 Summary

Changes in vehicle technol ogy have created the need for nore
sophisticated I/Mtests. In response to this need, the EPA has
devel oped the I M40, a short transient test, as a possible alternative
to current I/Mtests. The EPA is evaluating the | M40 as well as the
CDH 226 and several steady-state tests in the Conposite I/ M Test
Procedure. CITP testing is ongoing, and the results will be published
at a later date.

7 McCargar, J., Menorandumto Richard D. Lawence, Cctober 19, 1989,
U S. EPA, Enission Control Technol ogy Division, Technical Support Staff.

10



Appendi x 1

| M40 Speed versus Tine Tabl e

uUDDS | M240 | M240
Actual Tinme Equiv Tine Speed Accel Rate
secs. secs. nph nph/ sec

o* 16 0

1 17 0 0
2 18 0 0
3 19 0 0
4 20 0 0
5 21 3 3
6 22 5.9 2.9
7 23 8.6 2.7
8 24 11.5 2.9
9 25 14.3 2.8
10 26 16.9 2.6
11 27 17.3 0.4
12 28 18.1 0.8
13 29 20.7 2.6
14 30 21.7 1
15 31 22. 4 0.7
16 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 22.7 1.6
32 48 22.9 0.2
33 49 22.7 -0.2
34 50 22.6 -0.1
35 51 21.3 -1.3
36 52 19 -2.3
37 53 17.1 -1.9
38 54 15.8 -1.3
39 55 15.8 0
40 56 17.7 1.9
41 57 19.8 2.1
42 58 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 63 25 0.1

*Engine is running and transm ssion is in gear before
driving schedul e and exhaust sanpling begin.

A1



ubDS | M240 | M240

73 105 30.
74 106 29.
75 107 29.
76 108 30.
77 109 30.
78 110 31.
79 111 31.
80 112 32.

Actual Tinme Equiv Tine Speed Accel Rate
secs. secs. nph nph/ sec
48 80 25.7 0.7
49 81 26.1 0.4
50 82 26.7 0.6
51 83 27.5 0.8
52 84 28.6 1.1
53 85 29.3 0.7
54 86 29.8 0.5
55 87 30.1 0.3
56 88 30.4 0.3
57 89 30.7 0.3
58 90 30.7 0
59 91 30.5 - 0.
60 92 30.4 - 0.
61 93 30.3 - 0.
62 94 30.4 0.
63 95 30.8 0.
64 96 30.4 - 0.
65 97 29.9 - 0.
66 98 29.5 - 0.
67 99 29.8 0.
68 100 30.3 0.
69 101 30.7 0.
70 102 30.9 0.
71 103 31 0.
72 104 30. - 0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

OO g rorfo~wNNmEANMNON~NNO©®A©
CUUNUUAUOAUORONNPOAOTOR G EEPNROAO®NGAPP L

81 113 32.

82 114 32. -0
83 115 31. -0.
84 116 28. -3.
85 25. -3.
86 21. -3.
87 18. -3.
88 14. -3.
89 11. -3.
90 7. -3.
91 4. -3.
92 0. -3.
93 0 -0.
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 | M240 | M240

Actual Tinme Equiv Tine Speed Accel Rate
secs. secs. nph nph/ 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
105 171 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 17 -2.8
133 53 17.1 0.1
134 54 15.8 -1.3
135 55 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




ubDS | M240 | M240

Actual Tinme Equiv Tine Speed Accel Rate
secs. secs. nph nph/ 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 82 26. 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 46 0.9
169 204 46. 8 0.8
170 205 47.5 0.7
171 206 47.5 0
172 207 47.3 -0.2
173 208 47.2 -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 0.6
182 222 51 0.4
183 223 51.5 0.5
184 224 52.2 0.7
185 225 53.2 1
186 226 54.1 0.9
187 227 54.6 0.5
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 55.7 0.2
197 237 56.1 0.4
198 238 56.3 0.2
199 239 56. 6 0.3
200 240 56. 7 0.1
201 241 56. 7 0
202 56.3 -0.4
203 56 -0.3



ubDS | M240 | M240

Actual Tinme Equiv Tine Speed Accel Rate
secs. secs. nph nph/ sec
204 55 -1
205 53.4 -1.6
206 271 51.6 -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 51.5 -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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| M240
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Appendi x 2

Conparative Statistics
| M40, UDDS, CDH 226

I dl e Modes
Nunber of Percent of Length of Aver age St andard
I dl e Periods Tot al First Idle Ildle Tine Devi ati on
(sec) Schedul e (sec) (sec) Idle Tinme
2.0 3.8 4.0 4.5 0.
18.0 19.0 20.0 14. 4 10.
3.0 19.9 10.0 15.0 12.
Speeds
Aver age Speed
W t hout
Aver age Speed I dl e Mbdes Maxi num Speed
(nph) (nph) (nph)
30.0 30.8 56. 7
19.6 24.1 56. 7
22.3 27.9 51.3

10 nmph Segnents

Percent of Driving Schedule in each 10 nph Range
(wi thout idle nodes)

0-10 nph 10- 20 nph 20-30 mph 30-40 nph 40-50 nph 50- 60 nph

5.2 18.3 34. 3 13.9 8.7 19.1
13.8 19. 2 45. 9 11.0 3.4 6.6
9.4 12. 7 46. 4 8.3 19.9 3.3
Average Rate of Acceleration (nph/sec)

0-10 nph 10- 20 nph 20-30 nmph 30-40 nph 40-50 nph 50- 60 nph
3.1 1.6 0. 83 0. 86 0. 85 0. 43
2.3 1.8 0.72 0. 67 0. 80 0. 38
2.3 2.0 0.74 1.4 0.53 0.57

Average Rate of Deceleration (nph/sec)

0-10 nph 10- 20 nph 20-30 nmph 30-40 nph 40-50 nph 50- 60 nph
3.5 2.3 1.1 1.2 2.0 0.79
2.4 2.1 0.81 0.54 0.61 0.42
2.0 1.7 0.70 1.4 0.61 0. 40

A-6



