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Malfunction means the conditions 
have been met that require the activa-
tion of an OBD malfunction indicator 
light and storage of a DTC. 

MIL-on DTC means the diagnostic 
trouble code stored when an OBD sys-
tem has detected and confirmed that a 
malfunction exists (e.g., typically on 
the second drive cycle during which a 
given OBD monitor has evaluated a 
system or component). Industry stand-
ards may refer to this as a confirmed 
or an active DTC. 

Onboard Diagnostics (OBD) group 
means a combination of engines, en-
gine families, or engine ratings that 
use the same OBD strategies and simi-
lar calibrations. 

Pending DTC means the diagnostic 
trouble code stored upon the detection 
of a potential malfunction. 

Permanent DTC means a DTC that 
corresponds to a MIL-on DTC and is 
stored in non-volatile random access 
memory (NVRAM). A permanent DTC 
can only be erased by the OBD system 
itself and cannot be erased through 
human interaction with the OBD sys-
tem or any onboard computer. 

Potential malfunction means that con-
ditions have been detected that meet 
the OBD malfunction criteria but for 
which more drive cycles are allowed to 
provide further evaluation prior to con-
firming that a malfunction exists. 

Previous-MIL-on DTC means a DTC 
that corresponds to a MIL-on DTC but 
is distinguished by representing a mal-
function that the OBD system has de-
termined no longer exists but for which 
insufficient operation has occurred to 
satisfy the DTC erasure provisions. 

Rationality check, in the context of 
onboard diagnostics, means verifying 
that a component that provides input 
to a control computer provides an ac-
curate input to the control computer 
while in the range of normal operation 
and when compared to all other avail-
able information. 

Similar conditions, in the context of 
onboard diagnostics, means engine con-
ditions having an engine speed within 
375 rpm, load conditions within 20 per-
cent, and the same warm up status 
(i.e., cold or hot). The manufacturer 
may use other definitions of similar 
conditions based on comparable timeli-

ness and reliability in detecting simi-
lar engine operation. 

[74 FR 8369, Feb. 24, 2009] 

§ 86.010–18 On-board Diagnostics for 
engines used in applications great-
er than 14,000 pounds GVWR. 

(a) General. According to the imple-
mentation schedule shown in para-
graph (o) of this section, heavy-duty 
engines intended for use in a heavy- 
duty vehicle weighing more than 14,000 
pounds GVWR must be equipped with 
an on-board diagnostic (OBD) system 
capable of monitoring all emission-re-
lated engine systems or components 
during the life of the engine. The OBD 
system is required to detect all mal-
functions specified in paragraphs (g), 
(h), and (i) of this § 86.010–18 although 
the OBD system is not required to use 
a unique monitor to detect each of 
those malfunctions. 

(1) When the OBD system detects a 
malfunction, it must store a pending, a 
MIL-on, or a previous-MIL-on diag-
nostic trouble code (DTC) in the on-
board computer’s memory. A malfunc-
tion indicator light (MIL) must also be 
activated as specified in paragraph (b) 
of this section. 

(2) Data link connector. (i) For model 
years 2010 through 2012, the OBD sys-
tem must be equipped with a data link 
connector to provide access to the 
stored DTCs as specified in paragraph 
(k)(2) of this section. 

(ii) For model years 2013 and later, 
the OBD system must be equipped with 
a standardized data link connector to 
provide access to the stored DTCs as 
specified in paragraph (k)(2) of this sec-
tion. 

(3) The OBD system cannot be pro-
grammed or otherwise designed to de-
activate based on age and/or mileage. 
This requirement does not alter exist-
ing law and enforcement practice re-
garding a manufacturer’s liability for 
an engine beyond its regulatory useful 
life, except where an engine has been 
programmed or otherwise designed so 
that an OBD system deactivates based 
on age and/or mileage of the engine. 

(4) Drive cycle or driving cycle, in the 
context of this § 86.010–18, means oper-
ation that meets any of the conditions 
of paragraphs (a)(4)(i) through (a)(4)(iv) 
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of this section. Further, for OBD mon-
itors that run during engine-off condi-
tions, the period of engine-off time fol-
lowing engine shutoff and up to the 
next engine start may be considered 
part of the drive cycle for the condi-
tions of paragraphs (a)(4)(i) and 
(a)(4)(iv) of this section. For engines/ 
vehicles that employ engine shutoff 
OBD monitoring strategies that do not 
require the vehicle operator to restart 
the engine to continue vehicle oper-
ation (e.g., a hybrid bus with engine 
shutoff at idle), the manufacturer may 
use an alternative definition for drive 
cycle (e.g., key-on followed by key-off). 
Any alternative definition must be 
based on equivalence to engine startup 
and engine shutoff signaling the begin-
ning and ending of a single driving 
event for a conventional vehicle. For 
engines that are not likely to be rou-
tinely operated for long continuous pe-
riods of time, a manufacturer may also 
request approval to use an alternative 
definition for drive cycle (e.g., solely 
based on engine start and engine shut-
off without regard to four hours of con-
tinuous engine-on time). Administrator 
approval of the alternative definition 
will be based on manufacturer-sub-
mitted data and/or information dem-
onstrating the typical usage, operating 
habits, and/or driving patterns of these 
vehicles. 

(i) Begins with engine start and ends 
with engine shutoff; 

(ii) Begins with engine start and ends 
after four hours of continuous engine- 
on operation; 

(iii) Begins at the end of the previous 
four hours of continuous engine-on op-
eration and ends after four hours of 
continuous engine-on operation; or 

(iv) Begins at the end of the previous 
four hours of continuous engine-on op-
eration and ends with engine shutoff. 

(5) As an alternative to dem-
onstrating compliance with the provi-
sions of paragraphs (b) through (l) of 
this § 86.010–18, a manufacturer may 
demonstrate how the OBD system they 
have designed to comply with Cali-
fornia OBD requirements for engines 
used in applications greater than 14,000 
pounds also complies with the intent of 
the provisions of paragraphs (b) 
through (l) of this section. To make use 
of this alternative, the manufacturer 

must demonstrate to the Adminis-
trator how the OBD system they intend 
to certify meets the intent behind all 
of the requirements of this section, 
where applicable (e.g., paragraph (h) of 
this section would not apply for a die-
sel fueled/CI engine). Furthermore, if 
making use of this alternative, the 
manufacturer must comply with the 
specific certification documentation 
requirements of paragraph (m)(3) of 
this section. 

(6) Temporary provisions to address 
hardship due to unusual circumstances. 
(i) After considering the unusual cir-
cumstances, the Administrator may 
permit the manufacturer to introduce 
into U.S. commerce engines that do 
not comply with this § 86.010–18 for a 
limited time if all the following condi-
tions apply: 

(A) Unusual circumstances that are 
clearly outside the manufacturer’s con-
trol prevent compliance with the re-
quirements of this § 86.010–18. 

(B) The manufacturer exercised pru-
dent planning and was not able to 
avoid the violation and has taken all 
reasonable steps to minimize the ex-
tent of the nonconformity. 

(C) No other allowances are available 
under the regulations in this chapter 
to avoid the impending violation. 

(ii) To apply for an exemption, the 
manufacturer must send to the Admin-
istrator a written request as soon as 
possible before being in violation. In 
the request, the manufacturer must 
show that all the conditions and re-
quirements of paragraph (a)(6)(i) of this 
section are met. 

(iii) The request must also include a 
plan showing how all the applicable re-
quirements will be met as quickly as 
possible. 

(iv) The manufacturer shall give the 
Administrator other relevant informa-
tion upon request. 

(v) The Administrator may include 
additional conditions on an approval 
granted under the provisions of this 
paragraph (a)(6), including provisions 
that may require field repair at the 
manufacturer’s expense to correct the 
noncompliance. 

(vi) Engines sold as non-compliant 
under this temporary hardship provi-
sion must display ‘‘non-OBD’’ in the 
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data stream as required under para-
graph (k)(4)(ii) of this section. Upon 
correcting the noncompliance, the data 
stream value must be updated accord-
ingly. 

(b) Malfunction indicator light (MIL) 
and Diagnostic Trouble Codes (DTC). The 
OBD system must incorporate a mal-
function indicator light (MIL) or equiv-
alent and must store specific types of 
diagnostic trouble codes (DTC). Unless 
otherwise specified, all provisions of 
this paragraph (b) apply for 2010 and 
later model years. 

(1) MIL specifications. (i) For model 
years 2013 and later, the MIL must be 
located on the primary driver’s side in-
strument panel and be of sufficient il-
lumination and location to be readily 
visible under all lighting conditions. 
The MIL must be amber (yellow) in 
color; the use of red for the OBD-re-
lated MIL is prohibited. More than one 
general purpose malfunction indicator 
light for emission-related problems 
shall not be used; separate specific pur-
pose warning lights (e.g., brake system, 
fasten seat belt, oil pressure, etc.) are 
permitted. When activated, the MIL 
shall display the International Stand-
ards Organization (ISO) engine symbol. 

(ii) The OBD system must activate 
the MIL when the ignition is in the 
key-on/engine-off position before en-
gine cranking to indicate that the MIL 
is functional. The MIL shall be acti-
vated continuously during this func-
tional check for a minimum of 5 sec-
onds. During this MIL key-on func-
tional check, the data stream value 
(see paragraph (k)(4)(ii) of this section) 
for MIL status must indicate ‘‘com-
manded off’’ unless the OBD system 
has detected a malfunction and has 
stored a MIL-on DTC. This MIL key-on 
functional check is not required during 
vehicle operation in the key-on/engine- 
off position subsequent to the initial 
engine cranking of an ignition cycle 
(e.g., due to an engine stall or other 
non-commanded engine shutoff). 

(iii) As an option, the MIL may be 
used to indicate readiness status (see 
paragraph (k)(4)(i) of this section) in a 
standardized format in the key-on/en-
gine-off position. 

(iv) A manufacturer may also use the 
MIL to indicate which, if any, DTCs 
are currently stored (e.g., to ‘‘blink’’ 

the stored DTCs). Such use must not 
activate unintentionally during rou-
tine driver operation. 

(v) For model years 2013 and later, 
the MIL required by this paragraph (b) 
must not be used in any other way 
than is specified in this section. 

(2) MIL activation and DTC storage 
protocol. (i) Within 10 seconds of detect-
ing a potential malfunction, the OBD 
system must store a pending DTC that 
identifies the potential malfunction. 

(ii) If the potential malfunction is 
again detected before the end of the 
next drive cycle during which moni-
toring occurs (i.e., the potential mal-
function has been confirmed as a mal-
function), then within 10 seconds of 
such detection the OBD system must 
activate the MIL continuously and 
store a MIL-on DTC (systems using the 
SAE J1939 standard protocol specified 
in paragraph (k)(1) of this section may 
either erase or retain the pending DTC 
in conjunction with storing the MIL-on 
DTC). If the potential malfunction is 
not detected before the end of the next 
drive cycle during which monitoring 
occurs (i.e., there is no indication of 
the malfunction at any time during the 
drive cycle), the corresponding pending 
DTC should be erased at the end of the 
drive cycle. Similarly, if a malfunction 
is detected for the first time and con-
firmed on a given drive cycle without 
need for further evaluation, then with-
in 10 seconds of such detection the OBD 
system must activate the MIL continu-
ously and store a MIL-on DTC (again, 
systems using the SAE J1939 standard 
protocol specified in paragraph (k)(1) of 
this section may optionally store a 
pending DTC in conjunction with stor-
ing the MIL-on DTC). 

(iii) A manufacturer may request Ad-
ministrator approval to employ alter-
native statistical MIL activation and 
DTC storage protocols to those speci-
fied in paragraphs (b)(2)(i) and (b)(2)(ii) 
of this section. Approval will depend 
upon the manufacturer providing data 
and/or engineering evaluations that 
demonstrate that the alternative pro-
tocols can evaluate system perform-
ance and detect malfunctions in a man-
ner that is equally effective and time-
ly. Strategies requiring on average 
more than six drive cycles for MIL ac-
tivation will not be accepted. 
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(iv) The OBD system must store a 
‘‘freeze frame’’ of the operating condi-
tions (as defined in paragraph (k)(4)(iii) 
of this section) present upon detecting 
a malfunction or a potential malfunc-
tion. In the event that a pending DTC 
has matured to a MIL-on DTC, the 
manufacturer shall either retain the 
currently stored freeze frame condi-
tions or replace the stored freeze frame 
with freeze frame conditions regarding 
the MIL-on DTC. Any freeze frame 
stored in conjunction with any pending 
DTC or MIL-on DTC should be erased 
upon erasure of the corresponding DTC. 

(v) If the engine enters a limp-home 
mode of operation that can affect emis-
sions or the performance of the OBD 
system, or in the event of a malfunc-
tion of an onboard computer(s) itself 
that can affect the performance of the 
OBD system, the OBD system must ac-
tivate the MIL and store a MIL-on DTC 
within 10 seconds to inform the vehicle 
operator. If the limp-home mode of op-
eration is recoverable (i.e., operation 
automatically returns to normal at the 
beginning of the following ignition 
cycle), the OBD system may wait to ac-
tivate the MIL and store the MIL-on 
DTC if the limp-home mode of oper-
ation is again entered before the end of 
the next ignition cycle rather than ac-
tivating the MIL within 10 seconds on 
the first drive cycle during which the 
limp-home mode of operation is en-
tered. 

(vi) Before the end of an ignition 
cycle, the OBD system must store a 
permanent DTC(s) that corresponds to 
any stored MIL-on DTC(s). 

(3) MIL deactivation and DTC erasure 
protocol—(i) Deactivating the MIL. Ex-
cept as otherwise provided for in para-
graphs (g)(2)(iv)(E) and (g)(6)(iv)(B) of 
this section for diesel misfire malfunc-
tions and empty reductant tanks, and 
paragraphs (h)(1)(iv)(F), (h)(2)(viii), and 
(h)(7)(iv)(B) of this section for gasoline 
fuel system, misfire, and evaporative 
system malfunctions, once the MIL has 
been activated, it may be deactivated 
after three subsequent sequential drive 
cycles during which the monitoring 
system responsible for activating the 
MIL functions and the previously de-
tected malfunction is no longer present 
and provided no other malfunction has 
been detected that would independ-

ently activate the MIL according to 
the requirements outlined in paragraph 
(b)(2) of this section. 

(ii) Erasing a MIL-on DTC. The OBD 
system may erase a MIL-on DTC if the 
identified malfunction has not again 
been detected in at least 40 engine 
warm up cycles and the MIL is pres-
ently not activated for that malfunc-
tion. The OBD system may also erase a 
MIL-on DTC upon deactivating the 
MIL according to paragraph (b)(3)(i) of 
this section provided a previous-MIL- 
on DTC is stored upon erasure of the 
MIL-on DTC. The OBD system may 
erase a previous-MIL-on DTC if the 
identified malfunction has not again 
been detected in at least 40 engine 
warm up cycles and the MIL is pres-
ently not activated for that malfunc-
tion. 

(iii) Erasing a permanent DTC. The 
OBD system can erase a permanent 
DTC only if: 

(A) The OBD system itself deter-
mines that the malfunction that 
caused the corresponding permanent 
DTC to be stored is no longer present 
and is not commanding activation of 
the MIL, concurrent with the require-
ments of paragraph (b)(3)(i) of this sec-
tion which, for purposes of this para-
graph (b)(3)(iii), shall apply to all mon-
itors. 

(B) All externally erasable DTC in-
formation stored in the onboard com-
puter has been erased (i.e., through the 
use of a scan tool or battery dis-
connect) and the monitor of the mal-
function that caused the permanent 
DTC to be stored is subject to the min-
imum ratio requirements of paragraph 
(d) of this section, the OBD system 
shall erase the permanent DTC at the 
end of a drive cycle if the monitor has 
run and made one or more determina-
tions during a drive cycle that the mal-
function of the component or the sys-
tem is not present and has not made 
any determinations within the same 
drive cycle that the malfunction is 
present. 

(C)(1) All externally erasable DTC in-
formation stored in the onboard com-
puter has been erased (i.e., through the 
use of a scan tool or battery dis-
connect) and the monitor of the mal-
function that caused the permanent 
DTC to be stored is not subject to the 
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minimum ratio requirements of para-
graph (d) of this section, the OBD sys-
tem shall erase the permanent DTC at 
the end of a drive cycle provided the 
following two criteria have independ-
ently been satisfied: 

(i) The monitor has run and made one 
or more determinations during a drive 
cycle that the malfunction is no longer 
present and has not made any deter-
minations within the same drive cycle 
that the malfunction is present; and, 

(ii) The monitor does not detect a 
malfunction on a drive cycle and the 
criteria of paragraph (d)(4)(ii) of this 
section has been met. 

(2) These two separate criteria may 
be met on the same or different drive 
cycles provided the monitor never de-
tects a malfunction during either drive 
cycle, and if criteria (b)(3)(iii)(C)(1)(i) 
happens first then no malfunction may 
be detected before criteria 
(b)(3)(iii)(C)(1)(ii) occurs. If a malfunc-
tion occurs after criteria 
(b)(3)(iii)(C)(1)(i) then criteria 
(b)(3)(iii)(C)(1)(i) must be satisfied 
again. For the second criterion, the 
manufacturer must exclude any tem-
perature and/or elevation provisions of 
paragraph (d)(4)(ii) of this section. For 
this paragraph (b)(3)(iii)(C), monitors 
required to use ‘‘similar conditions’’ as 
defined in § 86.010–2 to store and erase 
pending and MIL-on DTCs cannot re-
quire that the similar conditions be 
met prior to erasure of the permanent 
DTC. 

(D) The Administrator shall allow 
monitors subject to paragraph 
(b)(3)(iii)(B) of this section to use the 
criteria of paragraph (b)(3)(iii)(C) of 
this section in lieu of paragraph 
(b)(3)(iii)(B). Further, manufacturers 
may request Administrator approval to 
use alternative criteria to erase the 
permanent DTC. The Administrator 
shall approve alternate criteria that 
will not likely require driving condi-
tions that are longer and more difficult 
to meet than those required under 
paragraph (b)(3)(iii)(C) of this section 
and do not require access to enhanced 
scan tools to determine conditions nec-
essary to erase the permanent DTC. 

(4) Exceptions to MIL and DTC require-
ments. (i) If a limp-home mode of oper-
ation causes a overt indication (e.g., 
activation of a red engine shut-down 

warning light) such that the driver is 
certain to respond and have the prob-
lem corrected, a manufacturer may 
choose not to activate the MIL as re-
quired by paragraph (b)(2)(v) of this 
section. Additionally, if an auxiliary 
emission control device has been prop-
erly activated as approved by the Ad-
ministrator, a manufacturer may 
choose not to activate the MIL. 

(ii) For gasoline engines, a manufac-
turer may choose to meet the MIL and 
DTC requirements in § 86.007–17 in lieu 
of meeting the requirements of para-
graph (b) of this § 86.010–18. 

(c) Monitoring conditions. The OBD 
system must monitor and detect the 
malfunctions specified in paragraphs 
(g), (h), and (i) of this section under the 
following general monitoring condi-
tions. The more specific monitoring 
conditions of paragraph (d) of this sec-
tion are sometimes required according 
to the provisions of paragraphs (g), (h), 
and (i) of this section. 

(1) As specifically provided for in 
paragraphs (g), (h), and (i) of this sec-
tion, the monitoring conditions for de-
tecting malfunctions must be tech-
nically necessary to ensure robust de-
tection of malfunctions (e.g., avoid 
false passes and false indications of 
malfunctions); designed to ensure mon-
itoring will occur under conditions 
that may reasonably be expected to be 
encountered in normal vehicle oper-
ation and normal vehicle use; and, de-
signed to ensure monitoring will occur 
during the FTP transient test cycle 
contained in appendix I paragraph (f), 
of this part, or similar drive cycle as 
approved by the Administrator. 

(2) Monitoring must occur at least 
once per drive cycle in which the moni-
toring conditions are met. 

(3) Manufacturers may define moni-
toring conditions that are not encoun-
tered during the FTP cycle as required 
in paragraph (c)(1) of this section. In 
doing so, the manufacturer would be 
expected to consider the degree to 
which the requirement to run during 
the FTP transient cycle restricts moni-
toring during in-use operation, the 
technical necessity for defining moni-
toring conditions that are not encoun-
tered during the FTP cycle, whether 
monitoring is otherwise not feasible 
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during the FTP cycle, and/or the abil-
ity to demonstrate that the monitoring 
conditions satisfy the minimum ac-
ceptable in-use monitor performance 
ratio requirement as defined in para-
graph (d) of this section. 

(d) In-use performance tracking. As 
specifically required in paragraphs (g), 
(h), and (i) of this section, the OBD sys-
tem must monitor and detect the mal-
functions specified in paragraphs (g), 
(h), and (i) of this section according to 
the criteria of this paragraph (d). The 
OBD system is not required to track 
and report in-use performance for mon-
itors other than those specifically iden-
tified in paragraph (d)(1) of this sec-
tion, but all monitors on applicable 
model year engines are still required to 
meet the in-use performance ratio as 
specified in paragraph (d)(1)(ii) of this 
section. 

(1) The manufacturer must imple-
ment software algorithms in the OBD 
system to individually track and re-
port the in-use performance of the fol-
lowing monitors, if equipped, in the 
standardized format specified in para-
graph (e) of this section: NMHC con-
verting catalyst (paragraph (g)(5) of 
this section); NOX converting catalyst 
(paragraph (g)(6) of this section); gaso-
line catalyst (paragraph (h)(6) of this 
section); exhaust gas sensor (paragraph 
(g)(9) of this section) or paragraph 
(h)(8) of this section); evaporative sys-
tem (paragraph (h)(7) of this section); 
EGR system (paragraph (g)(3) of this 
section or (h)(3) of this section); VVT 
system (paragraph (g)(10) of this sec-
tion or (h)(9) of this section); secondary 
air system (paragraph (h)(5) of this sec-
tion); DPF system (paragraph (g)(8) of 
this section); boost pressure control 
system (paragraph (g)(4) of this sec-
tion); and, NOX adsorber system (para-
graph (g)(7) of this section). 

(i) The manufacturer shall not use 
the calculated ratio specified in para-
graph (d)(2) of this section or any other 
indication of monitor frequency as a 
monitoring condition for a monitor 
(e.g., using a low ratio to enable more 
frequent monitoring through diag-
nostic executive priority or modifica-
tion of other monitoring conditions, or 
using a high ratio to enable less fre-
quent monitoring). 

(ii) For model years 2013 and later, 
manufacturers must define monitoring 
conditions that, in addition to meeting 
the criteria in paragraphs (c)(1) and 
(d)(1) of this section, ensure that the 
monitor yields an in-use performance 
ratio (as defined in paragraph (d)(2) of 
this section) that meets or exceeds the 
minimum acceptable in-use monitor 
performance ratio of 0.100 for all mon-
itors specifically required in para-
graphs (g), (h), and (i) of this section to 
meet the monitoring condition require-
ments of this paragraph (d). 

(iii) If the most reliable monitoring 
method developed requires a lower 
ratio for a specific monitor than that 
specified in paragraph (d)(1)(ii) of this 
section, the Administrator may lower 
the minimum acceptable in-use moni-
toring performance ratio. 

(2) In-use performance ratio definition. 
For monitors required to meet the re-
quirements of paragraph (d) of this sec-
tion, the performance ratio must be 
calculated in accordance with the spec-
ifications of this paragraph (d)(2). 

(i) The numerator of the performance 
ratio is defined as the number of times 
a vehicle has been operated such that 
all monitoring conditions have been 
encountered that are necessary for the 
specific monitor to detect a malfunc-
tion. 

(ii) The denominator is defined as the 
number of times a vehicle has been op-
erated in accordance with the provi-
sions of paragraph (d)(4) of this section. 

(iii) The performance ratio is defined 
as the numerator divided by the de-
nominator. 

(3) Specifications for incrementing the 
numerator. (i) Except as provided for in 
paragraph (d)(3)(v) of this section, the 
numerator, when incremented, must be 
incremented by an integer of one. The 
numerator shall not be incremented 
more than once per drive cycle. 

(ii) The numerator for a specific 
monitor must be incremented within 10 
seconds if and only if the following cri-
teria are satisfied on a single drive 
cycle: 

(A) Every monitoring condition has 
been satisfied that is necessary for the 
specific monitor to detect a malfunc-
tion and store a pending DTC, includ-
ing applicable enable criteria, presence 
or absence of related DTCs, sufficient 
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length of monitoring time, and diag-
nostic executive priority assignments 
(e.g., diagnostic ‘‘A’’ must execute 
prior to diagnostic ‘‘B’’). For the pur-
pose of incrementing the numerator, 
satisfying all the monitoring condi-
tions necessary for a monitor to deter-
mine that the monitor is not malfunc-
tioning shall not, by itself, be suffi-
cient to meet this criteria. 

(B) For monitors that require mul-
tiple stages or events in a single drive 
cycle to detect a malfunction, every 
monitoring condition necessary for all 
events to complete must be satisfied. 

(C) For monitors that require intru-
sive operation of components to detect 
a malfunction, a manufacturer must 
request approval of the strategy used 
to determine that, had a malfunction 
been present, the monitor would have 
detected the malfunction. Adminis-
trator approval of the request will be 
based on the equivalence of the strat-
egy to actual intrusive operation and 
the ability of the strategy to determine 
accurately if every monitoring condi-
tion was satisfied that was necessary 
for the intrusive event to occur. 

(D) For the secondary air system 
monitor, the criteria in paragraphs 
(d)(3)(ii)(A) through (d)(3)(ii)(C) of this 
section are satisfied during normal op-
eration of the secondary air system. 
Monitoring during intrusive operation 
of the secondary air system later in the 
same drive cycle for the sole purpose of 
monitoring shall not, by itself, be suffi-
cient to meet these criteria. 

(iii) For monitors that can generate 
results in a ‘‘gray zone’’ or ‘‘non-detec-
tion zone’’ (i.e., monitor results that 
indicate neither a properly operating 
system nor a malfunctioning system) 
or in a ‘‘non-decision zone’’ (e.g., mon-
itors that increment and decrement 
counters until a pass or fail threshold 
is reached), the numerator, in general, 
shall not be incremented when the 
monitor indicates a result in the ‘‘non- 
detection zone’’ or prior to the monitor 
reaching a complete decision. When 
necessary, the Administrator will con-
sider data and/or engineering analyses 
submitted by the manufacturer dem-
onstrating the expected frequency of 
results in the ‘‘non-detection zone’’ and 
the ability of the monitor to determine 
accurately, had an actual malfunction 

been present, whether or not the mon-
itor would have detected a malfunction 
instead of a result in the ‘‘non-detec-
tion zone.’’ 

(iv) For monitors that run or com-
plete their evaluation with the engine 
off, the numerator must be incre-
mented either within 10 seconds of the 
monitor completing its evaluation in 
the engine off state, or during the first 
10 seconds of engine start on the subse-
quent drive cycle. 

(v) Manufacturers that use alter-
native statistical MIL activation pro-
tocols as allowed in paragraph 
(b)(2)(iii) of this section for any of the 
monitors requiring a numerator, are 
required to increment the numerator(s) 
appropriately. The manufacturer may 
be required to provide supporting data 
and/or engineering analyses dem-
onstrating both the equivalence of 
their incrementing approach to the in-
crementing specified in this paragraph 
(d)(3) for monitors using the standard 
MIL activation protocol, and the over-
all equivalence of the incrementing ap-
proach in determining that the min-
imum acceptable in-use performance 
ratio of paragraph (d)(1)(ii) of this sec-
tion, if applicable, has been satisfied. 

(4) Specifications for incrementing the 
denominator. (i) The denominator, when 
incremented, must be incremented by 
an integer of one. The denominator 
shall not be incremented more than 
once per drive cycle. 

(ii) The denominator for each mon-
itor must be incremented within 10 sec-
onds if and only if the following cri-
teria are satisfied on a single drive 
cycle: 

(A) Cumulative time since the start 
of the drive cycle is greater than or 
equal to 600 seconds while at an ele-
vation of less than 8,000 feet (2,400 me-
ters) above sea level and at an ambient 
temperature of greater than or equal to 
20 degrees Fahrenheit (¥7 C); 

(B) Cumulative gasoline engine oper-
ation at or above 25 miles per hour or 
diesel engine operation at or above 
1,150 rotations per minute (diesel en-
gines may use the gasoline criterion 
for 2010 through 2012 model years), ei-
ther of which occurs for greater than 
or equal to 300 seconds while at an ele-
vation of less than 8,000 feet (2,400 me-
ters) above sea level and at an ambient 
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temperature of greater than or equal to 
20 degrees Fahrenheit (¥7 C); and, 

(C) Continuous engine operation at 
idle (e.g., accelerator pedal released by 
driver and engine speed less than or 
equal to 200 rpm above normal warmed- 
up idle (as determined in the drive po-
sition for vehicles equipped with an 
automatic transmission) or vehicle 
speed less than or equal to one mile per 
hour) for greater than or equal to 30 
seconds while at an elevation of less 
than 8,000 feet (2,400 meters) above sea 
level and at an ambient temperature of 
greater than or equal to 20 degrees 
Fahrenheit (¥7 C). 

(iii) In addition to the requirements 
of paragraph (d)(4)(ii) of this section, 
the evaporative system monitor de-
nominator(s) may be incremented if 
and only if: 

(A) Cumulative time since the start 
of the drive cycle is greater than or 
equal to 600 seconds while at an ambi-
ent temperature of greater than or 
equal to 40 degrees Fahrenheit (4 C) but 
less than or equal to 95 degrees Fahr-
enheit (35 C); and, 

(B) Engine cold start occurs with the 
engine coolant temperature greater 
than or equal to 40 degrees Fahrenheit 
(4 C) but less than or equal to 95 de-
grees Fahrenheit (35 C) and less than or 
equal to 12 degrees Fahrenheit (7 C) 
higher than the ambient temperature. 

(iv) In addition to the requirements 
of paragraph (d)(4)(ii) of this section, 
the denominator(s) for the following 
monitors may be incremented if and 
only if the component or strategy is 
commanded ‘‘on’’ for a cumulative 
time greater than or equal to 10 sec-
onds. For purposes of determining this 
commanded ‘‘on’’ time, the OBD sys-
tem shall not include time during in-
trusive operation of any of the compo-
nents or strategies that occurs later in 
the same drive cycle for the sole pur-
pose of monitoring. 

(A) Secondary air system (paragraph 
(h)(5) of this section). 

(B) Cold start emission reduction 
strategy (paragraph (h)(4) of this sec-
tion). 

(C) Components or systems that oper-
ate only at engine start-up (e.g., glow 
plugs, intake air heaters) and are sub-
ject to monitoring under ‘‘other emis-
sion control systems’’ (paragraph (i)(4) 

of this section) or comprehensive com-
ponent output components (paragraph 
(i)(3)(iii) of this section). 

(v) In addition to the requirements of 
paragraph (d)(4)(ii) of this section, the 
denominator(s) for the following mon-
itors of output components (except 
those operated only at engine start-up 
and subject to the requirements of 
paragraph (d)(4)(iv) of this section, 
may be incremented if and only if the 
component is commanded to function 
(e.g., commanded ‘‘on’’, ‘‘opened’’, 
‘‘closed’’, ‘‘locked’’) on two or more oc-
casions during the drive cycle or for a 
cumulative time greater than or equal 
to 10 seconds, whichever occurs first: 

(A) Variable valve timing and/or con-
trol system (paragraph (g)(10) of this 
section or (h)(9) of this section). 

(B) ‘‘Other emission control systems’’ 
(paragraph (i)(4) of this section). 

(C) Comprehensive component output 
component (paragraph (i)(3) of this sec-
tion) (e.g., turbocharger waste-gates, 
variable length manifold runners). 

(vi) For monitors of the following 
components, the manufacturer may use 
alternative or additional criteria for 
incrementing the denominator to that 
set forth in paragraph (d)(4)(ii) of this 
section. To do so, the alternative cri-
teria must be based on equivalence to 
the criteria of paragraph (d)(4)(ii) of 
this section in measuring the fre-
quency of monitor operation relative 
to the amount of engine operation: 

(A) Engine cooling system input com-
ponents (paragraph (i)(1) of this sec-
tion). 

(B) ‘‘Other emission control systems’’ 
(paragraph (i)(4) of this section). 

(C) Comprehensive component input 
components that require extended 
monitoring evaluation (paragraph (i)(3) 
of this section) (e.g., stuck fuel level 
sensor rationality). 

(D) Comprehensive component input 
component temperature sensor ration-
ality monitors (paragraph (i)(3) of this 
section) (e.g., intake air temperature 
sensor, ambient temperature sensor, 
fuel temperature sensor). 

(E) Diesel particulate filter (DPF) 
frequent regeneration (paragraph 
(g)(8)(ii)(B) of this section). 

(vii) For monitors of the following 
components or other emission controls 
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that experience infrequent regenera-
tion events, the manufacturer may use 
alternative or additional criteria for 
incrementing the denominator to that 
set forth in paragraph (d)(4)(ii) of this 
section. To do so, the alternative cri-
teria must be based on equivalence to 
the criteria of paragraph (d)(4)(ii) of 
this section in measuring the fre-
quency of monitor operation relative 
to the amount of engine operation: 

(A) NMHC converting catalyst (para-
graph (g)(5) of this section). 

(B) Diesel particulate filter (DPF) 
(paragraphs (g)(8)(ii)(A) and (g)(8)(ii)(D) 
of this section). 

(viii) In addition to the requirements 
of paragraph (d)(4)(ii) of this section, 
the denominator(s) for the following 
monitors shall be incremented if and 
only if a regeneration event is com-
manded for a time greater than or 
equal to 10 seconds: 

(A) DPF incomplete regeneration 
(paragraph (g)(8)(ii)(C) of this section). 

(B) DPF active/intrusive injection 
(paragraph (g)(8)(ii)(E) of this section). 

(ix) For hybrids that employ alter-
native engine start hardware or strate-
gies (e.g., integrated starter and gen-
erators), or alternative fuel vehicles 
(e.g., dedicated, bi-fuel, or dual-fuel ap-
plications), the manufacturer may use 
alternative criteria for incrementing 
the denominator to that set forth in 
paragraph (d)(4)(ii) of this section. In 
general, the Administrator will not ap-
prove alternative criteria for those hy-
brids that employ engine shut off only 
at or near idle and/or vehicle stop con-
ditions. To use alternative criteria, the 
alternative criteria must be based on 
the equivalence to the criteria of para-
graph (d)(4)(ii) of this section in meas-
uring the amount of vehicle operation 
relative to the measure of conventional 
vehicle operation. 

(5) Disablement of numerators and de-
nominators. (i) Within 10 seconds of de-
tecting a malfunction (i.e., a pending 
or a MIL-on DTC has been stored) that 
disables a monitor for which the moni-
toring conditions in paragraph (d) of 
this section must be met, the OBD sys-
tem must stop incrementing the nu-
merator and denominator for any mon-
itor that may be disabled as a con-
sequence of the detected malfunction. 
Within 10 seconds of the time at which 

the malfunction is no longer being de-
tected (e.g., the pending DTC is erased 
through OBD system self-clearing or 
through a scan tool command), incre-
menting of all applicable numerators 
and denominators must resume. 

(ii) Within 10 seconds of the start of 
a power take-off unit (e.g., dump bed, 
snow plow blade, or aerial bucket, etc.) 
that disables a monitor for which the 
monitoring conditions in paragraph (d) 
of this section must be met, the OBD 
system must stop incrementing the nu-
merator and denominator for any mon-
itor that may be disabled as a con-
sequence of power take-off operation. 
Within 10 seconds of the time at which 
the power take-off operation ends, in-
crementing of all applicable numera-
tors and denominators must resume. 

(iii) Within 10 seconds of detecting a 
malfunction (i.e., a pending or a MIL- 
on DTC has been stored) of any compo-
nent used to determine if the criteria 
of paragraphs (d)(4)(ii) and (d)(4)(iii) of 
this section are satisfied, the OBD sys-
tem must stop incrementing all appli-
cable numerators and denominators. 
Within 10 seconds of the time at which 
the malfunction is no longer being de-
tected (e.g., the pending DTC is erased 
through OBD system self-clearing or 
through a scan tool command), incre-
menting of all applicable numerators 
and denominators must resume. 

(e) Standardized tracking and reporting 
of in-use monitor performance—(1) Gen-
eral. For monitors required to track 
and report in-use monitor performance 
according to paragraph (d) of this sec-
tion, the performance data must be 
tracked and reported in accordance 
with the specifications in paragraphs 
(d)(2), (e), and (k)(5) of this section. The 
OBD system must separately report an 
in-use monitor performance numerator 
and denominator for each of the fol-
lowing components: 

(i) For diesel engines, NMHC catalyst 
bank 1, NMHC catalyst bank 2, NOX 
catalyst bank 1, NOX catalyst bank 2, 
exhaust gas sensor bank 1, exhaust gas 
sensor bank 2, EGR/VVT system, DPF, 
boost pressure control system, and NOX 
adsorber. The OBD system must also 
report a general denominator and an 
ignition cycle counter in the standard-
ized format specified in paragraphs 
(e)(5), (e)(6), and (k)(5) of this section. 
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(ii) For gasoline engines, catalyst 
bank 1, catalyst bank 2, exhaust gas 
sensor bank 1, exhaust gas sensor bank 
2, evaporative leak detection system, 
EGR/VVT system, and secondary air 
system. The OBD system must also re-
port a general denominator and an ig-
nition cycle counter in the standard-
ized format specified in paragraphs 
(e)(5), (e)(6), and (k)(5) of this section. 

(iii) For specific components or sys-
tems that have multiple monitors that 
are required to be reported under para-
graphs (g) and (h) of this section (e.g., 
exhaust gas sensor bank 1 may have 
multiple monitors for sensor response 
or other sensor characteristics), the 
OBD system must separately track nu-
merators and denominators for each of 
the specific monitors and report only 
the corresponding numerator and de-
nominator for the specific monitor 
that has the lowest numerical ratio. If 
two or more specific monitors have 
identical ratios, the corresponding nu-
merator and denominator for the spe-
cific monitor that has the highest de-
nominator must be reported for the 
specific component. 

(2) Numerator. (i) The OBD system 
must report a separate numerator for 
each of the applicable components list-
ed in paragraph (e)(1) of this section. 

(ii) The numerator(s) must be re-
ported in accordance with the speci-
fications in paragraph (k)(5)(ii) of this 
section. 

(3) Denominator. (i) The OBD system 
must report a separate denominator for 
each of the applicable components list-
ed in paragraph (e)(1) of this section. 

(ii) The denominator(s) must be re-
ported in accordance with the speci-
fications in paragraph (k)(5)(ii) of this 
section. 

(4) Monitor performance ratio. For pur-
poses of determining which cor-
responding numerator and denomi-
nator to report as required in para-
graph (e)(1)(iii) of this section, the 
ratio must be calculated in accordance 
with the specifications in paragraph 
(k)(5)(iii) of this section. 

(5) Ignition cycle counter. (i) The igni-
tion cycle counter is defined as a 
counter that indicates the number of 
ignition cycles a vehicle has experi-
enced according to the specifications of 
paragraph (e)(5)(ii)(B) of this section. 

The ignition cycle counter must be re-
ported in accordance with the speci-
fications in paragraph (k)(5)(ii) of this 
section. 

(ii) The ignition cycle counter must 
be incremented as follows: 

(A) The ignition cycle counter, when 
incremented, must be incremented by 
an integer of one. The ignition cycle 
counter shall not be incremented more 
than once per ignition cycle. 

(B) The ignition cycle counter must 
be incremented within 10 seconds if and 
only if the engine exceeds an engine 
speed of 50 to 150 rpm below the nor-
mal, warmed-up idle speed (as deter-
mined in the drive position for engines 
paired with an automatic trans-
mission) for at least two seconds plus 
or minus one second. 

(iii) Within 10 seconds of detecting a 
malfunction (i.e., a pending or a MIL- 
on DTC has been stored) of any compo-
nent used to determine if the criteria 
in paragraph (e)(5)(ii)(B) of this section 
are satisfied (i.e., engine speed or time 
of operation), the OBD system must 
stop incrementing the ignition cycle 
counter. Incrementing of the ignition 
cycle counter shall not be stopped for 
any other condition. Within 10 seconds 
of the time at which the malfunction is 
no longer being detected (e.g., the 
pending DTC is erased through OBD 
system self-clearing or through a scan 
tool command), incrementing of the ig-
nition cycle counter must resume. 

(6) General denominator. (i) The gen-
eral denominator is defined as a meas-
ure of the number of times an engine 
has been operated according to the 
specifications of paragraph (e)(6)(ii)(B) 
of this section. The general denomi-
nator must be reported in accordance 
with the specifications in paragraph 
(k)(5)(ii) of this section. 

(ii) The general denominator must be 
incremented as follows: 

(A) The general denominator, when 
incremented, must be incremented by 
an integer of one. The general denomi-
nator shall not be incremented more 
than once per drive cycle. 

(B) The general denominator must be 
incremented within 10 seconds if and 
only if the criteria identified in para-
graph (d)(4)(ii) of this section are satis-
fied on a single drive cycle. 
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(C) Within 10 seconds of detecting a 
malfunction (i.e., a pending or a MIL- 
on DTC has been stored) of any compo-
nent used to determine if the criteria 
in paragraph (d)(4)(ii) of this section 
are satisfied (i.e., vehicle speed/load, 
ambient temperature, elevation, idle 
operation, or time of operation), the 
OBD system must stop incrementing 
the general denominator. Incrementing 
of the general denominator shall not be 
stopped for any other condition (e.g., 
the disablement criteria in paragraphs 
(d)(5)(i) and (d)(5)(ii) of this section 
shall not disable the general denomi-
nator). Within 10 seconds of the time at 
which the malfunction is no longer 
being detected (e.g., the pending DTC is 
erased through OBD system self-clear-
ing or through a scan tool command), 
incrementing of the general denomi-
nator must resume. 

(f) Malfunction criteria determination. 
(1) In determining the malfunction cri-
teria for the diesel engine monitors re-
quired under paragraphs (g) and (i) of 
this section that are required to indi-
cate a malfunction before emissions ex-
ceed an emission threshold based on 
any applicable standard, the manufac-
turer must: 

(i) Use the emission test cycle and 
standard (i.e., the transient FTP or the 
supplemental emissions test (SET)) de-
termined by the manufacturer to pro-
vide the most effective monitoring con-
ditions and robust monitor provided all 
other applicable requirements of this 
section are met. 

(ii) Identify in the certification docu-
mentation required under paragraph 
(m) of this section, the test cycle and 
standard determined by the manufac-
turer to be the most stringent for each 
applicable monitor and the most effec-
tive and robust for each applicable 
monitor. 

(iii) If the Administrator reasonably 
believes that a manufacturer has deter-
mined incorrectly the test cycle and 
standard that is most stringent or ef-
fective, the manufacturer must be able 

to provide emission data and/or engi-
neering analysis supporting their 
choice of test cycle and standard. 

(2) On engines equipped with emis-
sion controls that experience infre-
quent regeneration events, a manufac-
turer need not adjust the emission test 
results that are used to determine the 
malfunction criteria for monitors that 
are required to indicate a malfunction 
before emissions exceed a certain emis-
sion threshold. For each such monitor, 
should the manufacturer choose to ad-
just the emission test results, the man-
ufacturer must adjust the emission re-
sult as done in accordance with the 
provisions of § 86.004–28(i) with the com-
ponent for which the malfunction cri-
teria are being established having been 
deteriorated to the malfunction thresh-
old. The adjusted emission value must 
be used for purposes of determining 
whether or not the applicable emission 
threshold is exceeded. 

(i) For purposes of this paragraph 
(f)(2), regeneration means an event, by 
design, during which emissions levels 
change while the emission control per-
formance is being restored. 

(ii) For purposes of this paragraph 
(f)(2), infrequent means having an ex-
pected frequency of less than once per 
transient FTP cycle. 

(3) For gasoline engines, rather than 
meeting the malfunction criteria speci-
fied under paragraphs (h) and (i) of this 
section, the manufacturer may request 
approval to use an OBD system cer-
tified to the requirements of § 86.007–17. 
To do so, the manufacturer must dem-
onstrate use of good engineering judg-
ment in determining equivalent mal-
function detection criteria to those re-
quired in this section. 

(g) OBD monitoring requirements for 
diesel-fueled/compression-ignition engines. 
The following table shows the thresh-
olds at which point certain components 
or systems, as specified in this para-
graph (g), are considered malfunc-
tioning. 

TABLE 1—OBD EMISSIONS THRESHOLDS FOR DIESEL-FUELED/COMPRESSION-IGNITION ENGINES 
MEANT FOR PLACEMENT IN APPLICATIONS GREATER THAN 14,000 POUNDS GVWR (G/BHP-HR) 

Component § 86.010–18 
reference NMHC CO NOX PM 

Model years 2010–2012: 
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TABLE 1—OBD EMISSIONS THRESHOLDS FOR DIESEL-FUELED/COMPRESSION-IGNITION ENGINES 
MEANT FOR PLACEMENT IN APPLICATIONS GREATER THAN 14,000 POUNDS GVWR (G/BHP-HR)— 
Continued 

Component § 86.010–18 
reference NMHC CO NOX PM 

NOX aftertreatment system ............................. (g)(6) 
(g)(7) 

+0.6 

Diesel particulate filter (DPF) system ............. (g)(8) 2.5x 0.05/+0.04 
Air-fuel ratio sensors upstream of 

aftertreatment devices ................................. (g)(9) 2.5x 2.5x +0.3 0.03/+0.02 
Air-fuel ratio sensors downstream of 

aftertreatment devices ................................. (g)(9) 2.5x +0.3 0.05/+0.04 
NOX sensors ................................................... (g)(9) +0.6 0.05/+0.04 
‘‘Other monitors’’ with emissions thresholds .. (g)(1) 

(g)(3) 
(g)(4) 

(g)(10) 

2.5x 2.5x +0.3 0.03/+0.02 

Model years 2013 and later: 
NOX aftertreatment system ............................. (g)(6) 

(g)(7) 
+0.3 

Diesel particulate filter (DPF) system ............. (g)(8) 2x 0.05/+0.04 
Air-fuel ratio sensors upstream of 

aftertreatment devices ................................. (g)(9) 2x 2x +0.3 0.03/+0.02 
Air-fuel ratio sensors downstream of 

aftertreatment devices ................................. (g)(9) 2x +0.3 0.05/+0.04 
NOX sensors ................................................... (g)(9) +0.3 0.05/+0.04 
‘‘Other monitors’’ with emissions thresholds .. (g)(1) 

(g)(2) 
(g)(3) 
(g)(4) 

(g)(10) 

2x 2x +0.3 0.03/+0.02 

Notes: FEL = Family Emissions Limit; 2.5x std means a multiple of 2.5 times the applicable emissions standard; +0.3 means 
the standard or FEL plus 0.3; 0.05/+0.04 means an absolute level of 0.05 or an additive level of the standard or FEL plus 0.04, 
whichever level is higher; these emissions thresholds apply to the monitoring requirements of paragraph (g) of this § 86.010–18. 

(1) Fuel system monitoring—(i) General. 
The OBD system must monitor the fuel 
delivery system to verify that it is 
functioning properly. The individual 
electronic components (e.g., actuators, 
valves, sensors, pumps) that are used in 
the fuel system and are not specifically 
addressed in this paragraph (g)(1) must 
be monitored in accordance with the 
requirements of paragraph (i)(3) of this 
section. 

(ii) Fuel system malfunction criteria— 
(A) Fuel system pressure control. The 
OBD system must monitor the fuel sys-
tem’s ability to control to the desired 
fuel pressure. This monitoring must be 
done continuously unless new hardware 
has to be added, in which case the mon-
itoring must be done at least once per 
drive cycle. The OBD system must de-
tect a malfunction of the fuel system’s 
pressure control system when the pres-
sure control system is unable to main-
tain an engine’s emissions at or below 
the emissions thresholds for ‘‘other 
monitors’’ as shown in Table 1 of this 
paragraph (g). For engines in which no 
failure or deterioration of the fuel sys-

tem pressure control could result in an 
engine’s emissions exceeding the appli-
cable emissions thresholds, the OBD 
system must detect a malfunction 
when the system has reached its con-
trol limits such that the commanded 
fuel system pressure cannot be deliv-
ered. For model year 2010 to 2012 en-
gines with a unit injector fuel system, 
this requirement may be met by con-
ducting a functional check of the fuel 
system pressure control in lieu of mon-
itoring for conditions that could cause 
an engine’s emissions to exceed the ap-
plicable emissions thresholds. 

(B) Fuel system injection quantity. The 
OBD system must detect a malfunction 
of the fuel injection system when the 
system is unable to deliver the com-
manded quantity of fuel necessary to 
maintain an engine’s emissions at or 
below the emissions thresholds for 
‘‘other monitors’’ as shown in Table 1 
of this paragraph (g). For engines in 
which no failure or deterioration of the 
fuel injection quantity could result in 
an engine’s emissions exceeding the ap-
plicable emissions thresholds, the OBD 
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system must detect a malfunction 
when the system has reached its con-
trol limits such that the commanded 
fuel quantity cannot be delivered. For 
model year 2010 to 2012 engines with a 
unit injector fuel system, this require-
ment may be met by conducting a 
functional check of the fuel system in-
jection quantity in lieu of monitoring 
for conditions that could cause an en-
gine’s emissions to exceed the applica-
ble emissions thresholds. 

(C) Fuel system injection timing. The 
OBD system must detect a malfunction 
of the fuel injection system when the 
system is unable to deliver fuel at the 
proper crank angle/timing (e.g., injec-
tion timing too advanced or too re-
tarded) necessary to maintain an en-
gine’s emissions at or below the emis-
sions thresholds for ‘‘other monitors’’ 
as shown in Table 1 of this paragraph 
(g). For engines in which no failure or 
deterioration of the fuel injection tim-
ing could result in an engine’s emis-
sions exceeding the applicable emis-
sions thresholds, the OBD system must 
detect a malfunction when the system 
has reached its control limits such that 
the commanded fuel injection timing 
cannot be achieved. For model year 
2010 to 2012 engines with a unit injector 
fuel system, this requirement may be 
met by conducting a functional check 
of the fuel system injection timing in 
lieu of monitoring for conditions that 
could cause an engine’s emissions to 
exceed the applicable emissions thresh-
olds. 

(D) Combined Monitoring. For engines 
with a unit injector fuel system, the 
manufacturer may request Adminis-
trator approval to combine the mal-
function criteria of paragraphs 
(g)(1)(ii)(A) through (g)(1)(ii)(C) of this 
section into one malfunction provided 
the manufacturer can demonstrate 
that the combined malfunction will 
satisfy the intent of each separate mal-
function criteria. For engines with a 
common rail fuel system, the manufac-
turer may request Administrator ap-
proval to combine the malfunction cri-
teria of paragraphs (g)(1)(ii)(B) through 
(g)(1)(ii)(C) of this section into one 
malfunction provided the manufac-
turer can demonstrate that the com-
bined malfunction will satisfy the in-

tent of each separate malfunction cri-
teria. 

(E) Fuel system feedback control. See 
paragraph (i)(6) of this section. 

(iii) Fuel system monitoring conditions. 
(A) With the exceptions noted in this 
paragraph for unit injector systems, 
the OBD system must monitor continu-
ously for malfunctions identified in 
paragraphs (g)(1)(ii)(A) and (g)(1)(ii)(E) 
of this section. For 2010 through 2012 
unit injector systems, where functional 
monitoring is done in lieu of emission 
threshold monitoring for malfunctions 
identified in paragraph (g)(1)(ii)(A) of 
this section, the manufacturer must 
define the monitoring conditions in ac-
cordance with paragraphs (c) and (d) of 
this section. For 2013 and later unit in-
jector systems, the manufacturer must 
define the monitoring conditions for 
malfunctions identified in paragraph 
(g)(1)(ii)(A) of this section in accord-
ance with paragraphs (c) and (d) of this 
section, with the exception that moni-
toring must occur every time the mon-
itoring conditions are met during the 
drive cycle rather than once per drive 
cycle as required in paragraph (c)(2) of 
this section. 

(B) For 2010 through 2012, the manu-
facturer must define the monitoring 
conditions for malfunctions identified 
in paragraphs (g)(1)(ii)(B), (g)(1)(ii)(C), 
and (g)(1)(ii)(D) of this section in ac-
cordance with paragraphs (c) and (d) of 
this section. For 2013 and later, the 
manufacturer must define the moni-
toring conditions in accordance with 
paragraphs (c) and (d) of this section, 
with the exception that monitoring 
must occur every time the monitoring 
conditions are met during the drive 
cycle rather than once per drive cycle 
as required in paragraph (c)(2) of this 
section. 

(iv) Fuel system MIL activation and 
DTC storage. The MIL must activate 
and DTCs must be stored according to 
the provisions of paragraph (b) of this 
section. 

(2) Engine misfire monitoring—(i) Gen-
eral. The OBD system must monitor 
the engine for misfire causing excess 
emissions. 

(ii) Engine misfire malfunction criteria. 
(A) The OBD system must be capable of 
detecting misfire occurring in one or 
more cylinders. To the extent possible 
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without adding hardware for this spe-
cific purpose, the OBD system must 
also identify the specific misfiring cyl-
inder. If more than one cylinder is mis-
firing continuously, or if more than 
one but less than half of the cylinders 
are misfiring continuously (if the man-
ufacturer can demonstrate the 
robustness of their monitor to the ap-
proval of the Administrator), a sepa-
rate DTC must be stored indicating 
that multiple cylinders are misfiring. 
When identifying multiple cylinder 
misfire, the OBD system is not re-
quired to identify individually through 
separate DTCs each of the continu-
ously misfiring cylinders. 

(B) For model years 2013 and later, on 
engines equipped with sensors that can 
detect combustion or combustion qual-
ity (e.g., for use in engines with homo-
geneous charge compression ignition 
(HCCI) control systems), the OBD sys-
tem must detect a misfire malfunction 
causing emissions to exceed the appli-
cable thresholds for ‘‘other monitors’’ 
shown in Table 1 of this paragraph (g). 
To determine what level of misfire 
would cause emissions to exceed the 
applicable emissions thresholds, the 
manufacturer must determine the per-
centage of misfire evaluated in 1,000 
revolution increments that would 
cause emissions from an emission dura-
bility demonstration engine to exceed 
the emissions thresholds if the percent-
age of misfire were present from the 
beginning of the test. To establish this 
percentage of misfire, the manufac-
turer must use misfire events occur-
ring at equally spaced, complete engine 
cycle intervals, across randomly se-
lected cylinders throughout each 1,000- 
revolution increment. If this percent-
age of misfire is determined to be lower 
than one percent, the manufacturer 
may set the malfunction criteria at 
one percent. Any misfire malfunction 
must be detected if the percentage of 
misfire established via this testing is 
exceeded regardless of the pattern of 
misfire events (e.g., random, equally 
spaced, continuous). The manufacturer 
may employ other revolution incre-
ments besides the 1,000 revolution in-
crement. To do so, the manufacturer 
must demonstrate that the strategy is 
equally effective and timely in detect-
ing misfire. 

(iii) Engine misfire monitoring condi-
tions. (A) The OBD system must mon-
itor for engine misfire during engine 
idle conditions at least once per drive 
cycle in which the monitoring condi-
tions for misfire are met. The manufac-
turer must be able to demonstrate via 
engineering analysis and/or data that 
the self-defined monitoring conditions: 
are technically necessary to ensure ro-
bust detection of malfunctions (e.g., 
avoid false passes and false detection of 
malfunctions); require no more than 
1000 cumulative engine revolutions; 
and, do not require any single contin-
uous idle operation of more than 15 sec-
onds to make a determination that a 
malfunction is present (e.g., a decision 
can be made with data gathered during 
several idle operations of 15 seconds or 
less); or, satisfy the requirements of 
paragraph (c) of this section with alter-
native engine operating conditions. 

(B) Manufacturers may employ alter-
native monitoring conditions (e.g., off- 
idle) provided the manufacturer is able 
to demonstrate that the alternative 
monitoring ensure equivalent robust 
detection of malfunctions and equiva-
lent timeliness in detection of mal-
functions. 

(C) For model years 2013 and later, on 
engines equipped with sensors that can 
detect combustion or combustion qual-
ity the OBD system must monitor con-
tinuously for engine misfire under all 
positive torque engine speed and load 
conditions. If a monitoring system can-
not detect all misfire patterns under 
all required engine speed and load con-
ditions, the manufacturer may request 
that the Administrator approve the 
monitoring system nonetheless. In 
evaluating the manufacturer’s request, 
the Administrator will consider the fol-
lowing factors: the magnitude of the 
region(s) in which misfire detection is 
limited; the degree to which misfire de-
tection is limited in the region(s) (i.e., 
the probability of detection of misfire 
events); the frequency with which said 
region(s) are expected to be encoun-
tered in-use; the type of misfire pat-
terns for which misfire detection is 
troublesome; and demonstration that 
the monitoring technology employed is 
not inherently incapable of detecting 
misfire under required conditions (i.e., 
compliance can be achieved on other 
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engines). The evaluation will be based 
on the following misfire patterns: 
equally spaced misfire occurring on 
randomly selected cylinders; single 
cylinder continuous misfire; and, 
paired cylinder (cylinders firing at the 
same crank angle) continuous misfire. 

(iv) Engine misfire MIL activation and 
DTC storage. (A) General requirements 
for MIL activation and DTC storage 
are set forth in paragraph (b) of this 
section. 

(B) For model years 2013 and later, on 
engines equipped with sensors that can 
detect combustion or combustion qual-
ity, upon detection of the percentage of 
misfire specified in paragraph 
(g)(2)(ii)(B) of this section, the fol-
lowing criteria shall apply for MIL ac-
tivation and DTC storage: A pending 
DTC must be stored no later than after 
the fourth exceedance of the percent-
age of misfire specified in paragraph 
(g)(2)(ii) of this section during a single 
drive cycle; if a pending fault code has 
been stored, the OBD system must ac-
tivate the MIL and store a MIL-on DTC 
within 10 seconds if the percentage of 
misfire specified in paragraph (g)(2)(ii) 
of this section is again exceeded four 
times during the drive cycle imme-
diately following storage of the pend-
ing DTC, regardless of the conditions 
encountered during the drive cycle, or 
on the next drive cycle in which simi-
lar conditions are encountered to those 
that were occurring when the pending 
DTC was stored. Similar conditions 
means an engine speed within 375 rpm, 
engine load within 20 percent, and the 
same warm up status (i.e., cold or hot). 
The Administrator may approve other 
definitions of similar conditions based 
on comparable timeliness and reli-
ability in detecting similar engine op-
eration. The pending DTC may be 
erased at the end of the next drive 
cycle in which similar conditions are 
encountered to those that were occur-
ring when the pending DTC was stored 
provided the specified percentage of 
misfire was not again exceeded. The 
pending DTC may also be erased if 
similar conditions are not encountered 
during the 80 drive cycles immediately 
following initial detection of the mal-
function. 

(C) For model years 2013 and later, on 
engines equipped with sensors that can 

detect combustion or combustion qual-
ity, the OBD system must store and 
erase freeze frame conditions either in 
conjunction with storing and erasing a 
pending DTC or in conjunction with 
storing and erasing a MIL-on DTC. If 
freeze frame conditions are stored for a 
malfunction other than a misfire mal-
function when a DTC is stored as speci-
fied in paragraph (g)(2)(iv)(B) of this 
section, the stored freeze frame infor-
mation must be replaced with the 
freeze frame information regarding the 
misfire malfunction. 

(D) For model years 2013 and later, on 
engines equipped with sensors that can 
detect combustion or combustion qual-
ity, upon detection of misfire accord-
ing to paragraph (g)(2)(iv)(B) of this 
section, the OBD system must also 
store the following engine conditions: 
engine speed, load, and warm up status 
of the first misfire event that resulted 
in the storage of the pending DTC. 

(E) For model years 2013 and later, on 
engines equipped with sensors that can 
detect combustion or combustion qual-
ity, the MIL may be deactivated after 
three sequential drive cycles in which 
similar conditions have been encoun-
tered without an exceedance of the 
specified percentage of misfire. 

(3) EGR system monitoring—(i) General. 
The OBD system must monitor the 
EGR system on engines so equipped for 
low flow rate, high flow rate, and slow 
response malfunctions. For engines 
equipped with EGR coolers (e.g., heat 
exchangers), the OBD system must 
monitor the cooler for insufficient 
cooling malfunctions. The individual 
electronic components (e.g., actuators, 
valves, sensors) that are used in the 
EGR system must be monitored in ac-
cordance with the comprehensive com-
ponent requirements in paragraph (i)(3) 
of this section. 

(ii) EGR system malfunction criteria— 
(A) EGR low flow. The OBD system 
must detect a malfunction of the EGR 
system prior to a decrease from the 
manufacturer’s specified EGR flow rate 
that would cause an engine’s emissions 
to exceed the emissions thresholds for 
‘‘other monitors’’ as shown in Table 1 
of this paragraph (g). For engines in 
which no failure or deterioration of the 
EGR system that causes a decrease in 
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flow could result in an engine’s emis-
sions exceeding the applicable emis-
sions thresholds, the OBD system must 
detect a malfunction when the system 
has reached its control limits such that 
it cannot increase EGR flow to achieve 
the commanded flow rate. 

(B) EGR high flow. The OBD system 
must detect a malfunction of the EGR 
system, including a leaking EGR valve 
(i.e., exhaust gas flowing through the 
valve when the valve is commanded 
closed) prior to an increase from the 
manufacturer’s specified EGR flow rate 
that would cause an engine’s emissions 
to exceed the emissions thresholds for 
‘‘other monitors’’ as shown in Table 1 
of this paragraph (g). For engines in 
which no failure or deterioration of the 
EGR system that causes an increase in 
flow could result in an engine’s emis-
sions exceeding the applicable emis-
sions thresholds, the OBD system must 
detect a malfunction when the system 
has reached its control limits such that 
it cannot reduce EGR flow to achieve 
the commanded flow rate. 

(C) EGR slow response. The OBD sys-
tem must detect a malfunction of the 
EGR system prior to any failure or de-
terioration in the capability of the 
EGR system to achieve the commanded 
flow rate within a manufacturer-speci-
fied time that would cause an engine’s 
emissions to exceed the emissions 
thresholds for ‘‘other monitors’’ as 
shown in Table 1 of this paragraph (g). 
The OBD system must monitor both 
the capability of the EGR system to re-
spond to a commanded increase in flow 
and the capability of the EGR system 
to respond to a commanded decrease in 
flow. 

(D) EGR system feedback control. See 
paragraph (i)(6) of this section. 

(E) EGR cooler performance. The OBD 
system must detect a malfunction of 
the EGR cooler prior to a reduction 
from the manufacturer’s specified cool-
ing performance that would cause an 
engine’s emissions to exceed the emis-
sions thresholds for ‘‘other monitors’’ 
as shown in Table 1 of this paragraph 
(g). For engines in which no failure or 
deterioration of the EGR cooler could 
result in an engine’s emissions exceed-
ing the applicable emissions thresh-
olds, the OBD system must detect a 

malfunction when the system has no 
detectable amount of EGR cooling. 

(iii) EGR system monitoring conditions. 
(A) The OBD system must monitor con-
tinuously for malfunctions identified 
in paragraphs (g)(3)(ii)(A), (g)(3)(ii)(B), 
and (g)(3)(ii)(D) of this section. 

(B) The manufacturer must define 
the monitoring conditions for malfunc-
tions identified in paragraph 
(g)(3)(ii)(C) of this section in accord-
ance with paragraphs (c) and (d) of this 
section, with the exception that moni-
toring must occur every time the mon-
itoring conditions are met during the 
drive cycle rather than once per drive 
cycle as required in paragraph (c)(2) of 
this section. For purposes of tracking 
and reporting as required in paragraph 
(d)(1) of this section, all monitors used 
to detect malfunctions identified in 
paragraph (g)(3)(ii)(C) of this section 
must be tracked separately but re-
ported as a single set of values as speci-
fied in paragraph (e)(1)(iii) of this sec-
tion. 

(C) The manufacturer must define 
the monitoring conditions for malfunc-
tions identified in paragraph 
(g)(3)(ii)(E) of this section in accord-
ance with paragraphs (c) and (d) of this 
section. For purposes of tracking and 
reporting as required in paragraph 
(d)(1) of this section, all monitors used 
to detect malfunctions identified in 
paragraph (g)(3)(ii)(E) of this section 
must be tracked separately but re-
ported as a single set of values as speci-
fied in paragraph (e)(1)(iii) of this sec-
tion. 

(D) The manufacturer may request 
Administrator approval to disable tem-
porarily the EGR system monitor(s) 
under specific ambient conditions (e.g., 
when freezing may affect performance 
of the system) or during specific oper-
ating conditions (e.g., transients, ex-
treme low or high flow conditions). The 
manufacturer must be able to dem-
onstrate via data or engineering anal-
ysis that a reliable system monitor 
cannot be run when these conditions 
exist because it cannot robustly distin-
guish between a malfunctioning system 
and a properly operating system. The 
manufacturer is still required to main-
tain comprehensive component moni-
toring as required in paragraph (i)(3) of 
this section. 
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(iv) EGR system MIL activation and 
DTC storage. The MIL must activate 
and DTCs must be stored according to 
the provisions of paragraph (b) of this 
section. 

(4) Turbo boost control system moni-
toring—(i) General. The OBD system 
must monitor the boost pressure con-
trol system (e.g., turbocharger) on en-
gines so equipped for under and over 
boost malfunctions. For engines 
equipped with variable geometry 
turbochargers (VGT), the OBD system 
must monitor the VGT system for slow 
response malfunctions. For engines 
equipped with charge air cooler sys-
tems, the OBD system must monitor 
the charge air cooler system for cool-
ing system performance malfunctions. 
The individual electronic components 
(e.g., actuators, valves, sensors) that 
are used in the boost pressure control 
system must be monitored in accord-
ance with the comprehensive compo-
nent requirements in paragraph (i)(3) of 
this section. 

(ii) Turbo boost control system malfunc-
tion criteria—(A) Turbo underboost. The 
OBD system must detect a malfunction 
of the boost pressure control system 
prior to a decrease from the manufac-
turer’s commanded boost pressure, or 
expected boost pressure on engines not 
equipped with a boost pressure control 
system, that would cause an engine’s 
emissions to exceed the emissions 
thresholds for ‘‘other monitors’’ as 
shown in Table 1 of this paragraph (g). 
For engines in which no failure or dete-
rioration of the boost pressure control 
system that causes a decrease in boost 
could result in an engine’s emissions 
exceeding the applicable emissions 
thresholds, the OBD system must de-
tect a malfunction when the system 
has reached its control limits such that 
it cannot increase boost to achieve the 
commanded boost pressure. 

(B) Turbo overboost. The OBD system 
must detect a malfunction of the boost 
pressure control system on engines so 
equipped prior to an increase from the 
manufacturer’s commanded boost pres-
sure that would cause an engine’s emis-
sions to exceed the emissions thresh-
olds for ‘‘other monitors’’ as shown in 
Table 1 of this paragraph (g). For en-
gines in which no failure or deteriora-
tion of the boost pressure control sys-

tem that causes an increase in boost 
could result in an engine’s emissions 
exceeding the applicable emissions 
thresholds, the OBD system must de-
tect a malfunction when the system 
has reached its control limits such that 
it cannot decrease boost to achieve the 
commanded boost pressure. 

(C) VGT slow response. The OBD sys-
tem must detect a malfunction prior to 
any failure or deterioration in the ca-
pability of the VGT system on engines 
so equipped to achieve the commanded 
turbocharger geometry within a manu-
facturer-specified time that would 
cause an engine’s emissions to exceed 
the emissions thresholds for ‘‘other 
monitors’’ as shown in Table 1 of this 
paragraph (g). For engines in which no 
failure or deterioration of the VGT sys-
tem response could result in an en-
gine’s emissions exceeding the applica-
ble emissions thresholds, the OBD sys-
tem must detect a malfunction of the 
VGT system when proper functional re-
sponse of the system to computer com-
mands does not occur. 

(D) Turbo boost feedback control. See 
paragraph (i)(6)of this section. 

(E) Charge air undercooling. The OBD 
system must detect a malfunction of 
the charge air cooling system prior to 
a decrease from the manufacturer’s 
specified cooling rate that would cause 
an engine’s emissions to exceed the 
emissions thresholds for ‘‘other mon-
itors’’ as shown in Table 1 of this para-
graph (g). For engines in which no fail-
ure or deterioration of the charge air 
cooling system that causes a decrease 
in cooling performance could result in 
an engine’s emissions exceeding the ap-
plicable emissions thresholds, the OBD 
system must detect a malfunction 
when the system has no detectable 
amount of charge air cooling. 

(iii) Turbo boost monitoring conditions. 
(A) The OBD system must monitor con-
tinuously for malfunctions identified 
in paragraphs (g)(4)(ii)(A), (g)(4)(ii)(B), 
and (g)(4)(ii)(D) of this section. 

(B) The manufacturer must define 
the monitoring conditions for malfunc-
tions identified in paragraph 
(g)(4)(ii)(C) of this section in accord-
ance with paragraphs (c) and (d) of this 
section, with the exception that moni-
toring must occur every time the mon-
itoring conditions are met during the 

VerDate Mar<15>2010 17:16 Sep 13, 2011 Jkt 223161 PO 00000 Frm 00277 Fmt 8010 Sfmt 8010 Q:\40\40V18.TXT ofr150 PsN: PC150



268 

40 CFR Ch. I (7–1–11 Edition) § 86.010–18 

drive cycle rather than once per drive 
cycle as required in paragraph (c)(2) of 
this section. For purposes of tracking 
and reporting as required in paragraph 
(d)(1) of this section, all monitors used 
to detect malfunctions identified in 
paragraph (g)(4)(ii)(C) of this section 
must be tracked separately but re-
ported as a single set of values as speci-
fied in paragraph (e)(1)(iii) of this sec-
tion. 

(C) The manufacturer must define 
the monitoring conditions for malfunc-
tions identified in paragraph 
(g)(4)(ii)(E) of this section in accord-
ance with paragraphs (c) and (d) of this 
section. For purposes of tracking and 
reporting as required in paragraph 
(d)(1) of this section, all monitors used 
to detect malfunctions identified in 
paragraph (g)(4)(ii)(E) of this section 
must be tracked separately but re-
ported as a single set of values as speci-
fied in paragraph (e)(1)(iii) of this sec-
tion. 

(D) The manufacturer may request 
Administrator approval to disable tem-
porarily the turbo boost system mon-
itor(s) during specific operating condi-
tions (e.g., transients, extreme low or 
high flow conditions). The manufac-
turer must be able to demonstrate via 
data or engineering analysis that a re-
liable system monitor cannot be run 
when these conditions exist because it 
cannot robustly distinguish between a 
malfunctioning system and a properly 
operating system. The manufacturer is 
still required to maintain comprehen-
sive component monitoring as required 
in paragraph (i)(3) of this section. 

(iv) Turbo boost system MIL activation 
and DTC storage. The MIL must acti-
vate and DTCs must be stored accord-
ing to the provisions of paragraph (b) 
of this section. 

(5) NMHC converting catalyst moni-
toring—(i) General. The OBD system 
must monitor the NMHC converting 
catalyst(s) for proper NMHC conversion 
capability. For purposes of this para-
graph (g)(5), each catalyst that con-
verts NMHC must be monitored either 
individually or in combination with 
others. For purposes of this paragraph 
(g)(5), NMHC conversion that may 
occur over the DPF or other 
aftertreatment devices is not included. 

(ii) NMHC converting catalyst malfunc-
tion criteria—(A) NMHC converting cata-
lyst conversion efficiency. The OBD sys-
tem must detect a malfunction when 
the catalyst has no detectable amount 
of NMHC conversion capability. 

(B) NMHC converting catalyst 
aftertreatment assistance functions. For 
catalysts used to generate an exotherm 
to assist DPF regeneration, the OBD 
system must detect a malfunction 
when the catalyst is unable to generate 
a sufficient exotherm to achieve DPF 
regeneration. In meeting this require-
ment, the OBD system must detect a 
malfunction when the DOC is unable to 
generate a temperature rise of 100 de-
grees C, or to reach the necessary DPF 
regeneration temperature, within 60 
seconds of initiating an active DPF re-
generation. Further, the OBD system 
must detect a malfunction when the 
DOC is unable to sustain the necessary 
regeneration temperature for the dura-
tion of the regeneration event. The 
OBD or control system must abort the 
regeneration if the regeneration tem-
perature has not been reached within 
five minutes of initiating an active re-
generation event, or if the regeneration 
temperature cannot be sustained for 
the duration of the regeneration event. 
As an alternative to these specific mal-
function criteria, the manufacturer 
may employ different criteria. To do 
so, the manufacturer must submit a de-
scription with supporting data, subject 
to Administrator approval, of their 
DPF regeneration monitoring strategy. 
The Administrator will consider the 
strategy’s equivalence to the specific 
criteria stated in this paragraph when 
considering the request. Also as an al-
ternative to these specific malfunction 
criteria, the manufacturer may employ 
an OBD monitor that detects a cata-
lyst malfunction when the catalyst 
conversion capability decreases to the 
point that NMHC emissions exceed 2.5 
times the applicable NMHC emission 
standard but must adjust emission test 
results pursuant to paragraph (f)(2) of 
this section. For catalysts located 
downstream of a DPF and used to con-
vert NMHC emissions during DPF re-
generation, the OBD system must de-
tect a malfunction when the catalyst 
has no detectable amount of NMHC 

VerDate Mar<15>2010 17:16 Sep 13, 2011 Jkt 223161 PO 00000 Frm 00278 Fmt 8010 Sfmt 8010 Q:\40\40V18.TXT ofr150 PsN: PC150



269 

Environmental Protection Agency § 86.010–18 

conversion capability unless the manu-
facturer can demonstrate that deterio-
ration or malfunction of the catalyst 
will not result in emissions that exceed 
the applicable NMHC standard. 

(iii) NMHC converting catalyst moni-
toring conditions. The manufacturer 
must define the monitoring conditions 
for malfunctions identified in para-
graphs (g)(5)(ii)(A) and (g)(5)(ii)(B) of 
this section in accordance with para-
graphs (c) and (d) of this section. For 
purposes of tracking and reporting as 
required in paragraph (d)(1) of this sec-
tion, all monitors used to detect mal-
functions identified in paragraphs 
(g)(5)(ii)(A) and (g)(5)(ii)(B) of this sec-
tion must be tracked separately but re-
ported as a single set of values as speci-
fied in paragraph (e)(1)(iii) of this sec-
tion. 

(iv) NMHC converting catalyst MIL ac-
tivation and DTC storage. The MIL must 
activate and DTCs must be stored ac-
cording to the provisions of paragraph 
(b) of this section. The monitoring 
method for the NMHC converting cata-
lyst(s) must be capable of detecting all 
instances, except diagnostic self-clear-
ing, when a catalyst DTC has been 
erased but the catalyst has not been re-
placed (e.g., catalyst over-temperature 
histogram approaches are not accept-
able). 

(6) Selective catalytic reduction (SCR) 
and lean NOX catalyst monitoring—(i) 
General. The OBD system must monitor 
the SCR and/or the lean NOX con-
verting catalyst(s) for proper conver-
sion capability. For engines equipped 
with SCR systems or other catalyst 
systems that use an active/intrusive re-
ductant injection (e.g., active lean NOX 
catalysts that use diesel fuel post-in-
jection or in-exhaust injection), the 
OBD system must monitor the active/ 
intrusive reductant injection system 
for proper performance. The individual 
electronic components (e.g., actuators, 
valves, sensors, heaters, pumps) in the 
active/intrusive reductant injection 
system must be monitored in accord-
ance with the comprehensive compo-
nent requirements in paragraph (i)(3) of 
this section. For purposes of this para-
graph (g)(6), each catalyst that con-
verts NOX must be monitored either in-
dividually or in combination with oth-
ers. 

(ii) SCR and lean NOX catalyst mal-
function criteria—(A) SCR and lean NOX 
catalyst conversion efficiency. The OBD 
system must detect a catalyst mal-
function when the catalyst conversion 
capability decreases to the point that 
would cause an engine’s emissions to 
exceed the emissions thresholds for 
NOX aftertreatment systems as shown 
in Table 1 of this paragraph (g). If no 
failure or deterioration of the catalyst 
NOX conversion capability could result 
in an engine’s emissions exceeding any 
of the applicable emissions thresholds, 
the OBD system must detect a mal-
function when the catalyst has no de-
tectable amount of NOX conversion ca-
pability. 

(B) SCR and lean NOX catalyst active/ 
intrusive reductant delivery performance. 
The OBD system must detect a mal-
function prior to any failure or deterio-
ration of the system to properly regu-
late reductant delivery (e.g., urea in-
jection, separate injector fuel injec-
tion, post injection of fuel, air assisted 
injection/mixing) that would cause an 
engine’s emissions to exceed any of the 
applicable emissions thresholds for 
NOX aftertreatment systems as shown 
in Table 1 of this paragraph (g). If no 
failure or deterioration of the reduc-
tant delivery system could result in an 
engine’s emissions exceeding any of the 
applicable thresholds, the OBD system 
must detect a malfunction when the 
system has reached its control limits 
such that it is no longer able to deliver 
the desired quantity of reductant. 

(C) SCR and lean NOX catalyst active/ 
intrusive reductant quantity. If the SCR 
or lean NOX catalyst system uses a re-
ductant other than the fuel used for 
the engine, or uses a reservoir/tank for 
the reductant that is separate from the 
fuel tank used for the engine, the OBD 
system must detect a malfunction 
when there is no longer sufficient re-
ductant available (e.g., the reductant 
tank is empty). 

(D) SCR and lean NOX catalyst active/ 
intrusive reductant quality. If the SCR or 
lean NOX catalyst system uses a res-
ervoir/tank for the reductant that is 
separate from the fuel tank used for 
the engine, the OBD system must de-
tect a malfunction when an improper 
reductant is used in the reductant res-
ervoir/tank (e.g., the reductant tank is 
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filled with something other than the 
reductant). 

(E) SCR and lean NOX catalyst active/ 
intrusive reductant feedback control. See 
paragraph (i)(6) of this section. 

(iii) SCR and lean NOX catalyst moni-
toring conditions. (A) The manufactur-
ers must define the monitoring condi-
tions for malfunctions identified in 
paragraphs (g)(6)(ii)(A) and (g)(6)(ii)(D) 
of this section in accordance with para-
graphs (c) and (d) of this section. For 
purposes of tracking and reporting as 
required in paragraph (d)(1) of this sec-
tion, all monitors used to detect mal-
functions identified in paragraph 
(g)(6)(ii)(A) of this section must be 
tracked separately but reported as a 
single set of values as specified in para-
graph (e)(1)(iii) of this section. 

(B) The OBD system must monitor 
continuously for malfunctions identi-
fied in paragraphs (g)(6)(ii)(B), 
(g)(6)(ii)(C), and (g)(6)(ii)(E) of this sec-
tion. 

(iv) SCR and lean NOX catalyst MIL 
activation and DTC storage. (A) For mal-
functions identified in paragraph 
(g)(6)(ii)(A) of this section, the MIL 
must activate and DTCs must be stored 
according to the provisions of para-
graph (b) of this section. 

(B) For malfunctions identified in 
paragraphs (g)(6)(ii)(B), (g)(6)(ii)(C), 
and (g)(6)(ii)(D) of this section, the 
manufacturer may delay activating the 
MIL if the vehicle is equipped with an 
alternative indicator for notifying the 
vehicle operator of the malfunction. 
The alternative indicator must be of 
sufficient illumination and be located 
such that it is readily visible to the ve-
hicle operator under all lighting condi-
tions. If the vehicle is not equipped 
with such an alternative indicator and 
the OBD MIL activates, the MIL may 
be immediately deactivated and the 
corresponding DTC(s) erased once the 
OBD system has verified that the re-
ductant tank has been refilled properly 
and the MIL has not been activated for 
any other malfunction. The Adminis-
trator may approve other strategies 
that provide equivalent assurance that 
a vehicle operator would be promptly 
notified and that corrective action 
would be taken. 

(C) The monitoring method for the 
SCR and lean NOX catalyst(s) must be 

capable of detecting all instances, ex-
cept diagnostic self-clearing, when a 
catalyst DTC(s) has been erased but 
the catalyst has not been replaced 
(e.g., catalyst over-temperature histo-
gram approaches are not acceptable). 

(7) NOX adsorber system monitoring—(i) 
General. The OBD system must monitor 
the NOX adsorber on engines so- 
equipped for proper performance. For 
engines equipped with active/intrusive 
injection (e.g., in-exhaust fuel and/or 
air injection) to achieve desorption of 
the NOX adsorber, the OBD system 
must monitor the active/intrusive in-
jection system for proper performance. 
The individual electronic components 
(e.g., injectors, valves, sensors) that 
are used in the active/intrusive injec-
tion system must be monitored in ac-
cordance with the comprehensive com-
ponent requirements in paragraph (i)(3) 
of this section. 

(ii) NOX adsorber system malfunction 
criteria—(A) NOX adsorber system capa-
bility. The OBD system must detect a 
NOX adsorber malfunction when its ca-
pability (i.e., its combined adsorption 
and conversion capability) decreases to 
the point that would cause an engine’s 
NOX emissions to exceed the emissions 
thresholds for NOX aftertreatment sys-
tems as shown in Table 1 of this para-
graph (g). If no failure or deterioration 
of the NOX adsorber capability could 
result in an engine’s NOX emissions ex-
ceeding the applicable emissions 
thresholds, the OBD system must de-
tect a malfunction when the system 
has no detectable amount of NOX 
adsorber capability. 

(B) NOX adsorber system active/intru-
sive reductant delivery performance. For 
NOX adsorber systems that use active/ 
intrusive injection (e.g., in-cylinder 
post fuel injection, in-exhaust air-as-
sisted fuel injection) to achieve 
desorption of the NOX adsorber, the 
OBD system must detect a malfunction 
if any failure or deterioration of the in-
jection system’s ability to properly 
regulate injection causes the system to 
be unable to achieve desorption of the 
NOX adsorber. 

(C) NOX adsorber system feedback con-
trol. Malfunction criteria for the NOX 
adsorber and the NOX adsorber active/ 
instrusive reductant delivery system 
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are contained in paragraph (i)(6) of this 
section. 

(iii) NOX adsorber system monitoring 
conditions. (A) The manufacturer must 
define the monitoring conditions for 
malfunctions identified in paragraph 
(g)(7)(ii)(A) of this section in accord-
ance with paragraphs (c) and (d) of this 
section. For purposes of tracking and 
reporting as required in paragraph 
(d)(1) of this section, all monitors used 
to detect malfunctions identified in 
paragraph (g)(7)(ii)(A) of this section 
must be tracked separately but re-
ported as a single set of values as speci-
fied in paragraph (e)(1)(iii) of this sec-
tion. 

(B) The OBD system must monitor 
continuously for malfunctions identi-
fied in paragraphs (g)(7)(ii)(B) and 
(g)(7)(ii)(C) of this section. 

(iv) NOX adsorber system MIL activa-
tion and DTC storage. The MIL must ac-
tivate and DTCs must be stored accord-
ing to the provisions of paragraph (b) 
of this section. 

(8) Diesel particulate filter (DPF) sys-
tem monitoring—(i) General. The OBD 
system must monitor the DPF on en-
gines so-equipped for proper perform-
ance. For engines equipped with active 
regeneration systems that use an ac-
tive/intrusive injection (e.g., in-ex-
haust fuel injection, in-exhaust fuel/air 
burner), the OBD system must monitor 
the active/intrusive injection system 
for proper performance. The individual 
electronic components (e.g., injectors, 
valves, sensors) that are used in the ac-
tive/intrusive injection system must be 
monitored in accordance with the com-
prehensive component requirements in 
paragraph (i)(3) of this section. 

(ii) DPF system malfunction criteria— 
(A) DPF filtering performance. The OBD 
system must detect a malfunction 
prior to a decrease in the PM filtering 
capability of the DPF (e.g., cracking, 
melting, etc.) that would cause an en-
gine’s PM emissions to exceed the 
emissions thresholds for DPF systems 
as shown in Table 1 of this paragraph 
(g). If no failure or deterioration of the 
PM filtering performance could result 
in an engine’s PM emissions exceeding 
the applicable emissions thresholds, 
the OBD system must detect a mal-
function when no detectable amount of 
PM filtering occurs. As an alternative 

to a threshold monitor, the OBD sys-
tem, on model year 2010 through 2012 
engines only, can be designed to detect 
a malfunction based on a detectable de-
crease in the expected pressure drop 
across the DPF for a period of 5 sec-
onds or more. The monitoring area for 
this alternative is determined using en-
gine speed and load points defined in 
test cycles and procedures for the sup-
plemental emissions test (SET) under 
§ 86.1360–2007. The monitoring area shall 
include all engine speed and load 
points greater than a region bounded 
by a line connecting mode numbers 2, 
6, 3, and 13 (i.e. A100, A75, B50, and C50). 
At engine speeds greater than ‘‘speed 
C’’, the monitor shall run whenever en-
gine load is greater than 50%. For pur-
poses of this paragraph, the detectable 
change in pressure drop is determined 
by operating the engine at the B50 en-
gine speed and load point (as described 
in the SET test procedures), observing 
the pressure drop on a clean, nominal 
DPF, and multiplying the observed 
pressure drop by 0.5 or other factor sup-
ported by data and approved by the Ad-
ministrator. The detectable change in 
pressure drop shall be reported in units 
of kilopascals (kPa). At time of certifi-
cation, manufacturers shall provide the 
detectable change in pressure drop 
value along with OBD data stream pa-
rameters recorded with a clean DPF 
under the following nine engine speed/ 
load operating points of the SET: A50, 
A75, A100, B50, B75, B100, C50, C75, and 
C100. The OBD data stream 
pararmeters to be reported are de-
scribed in (k)(4)(ii) of this section and 
shall include the following: Engine 
speed; calculated load; air flow rate 
from mass air flow sensor (if so 
equipped); fuel rate; and DPF delta 
pressure. 

(B) DPF regeneration frequency. The 
OBD system must detect a malfunction 
when the DPF regeneration frequency 
increases from (i.e., occurs more often 
than) the manufacturer’s specified re-
generation frequency to a level such 
that it would cause an engine’s NMHC 
emissions to exceed the emissions 
threshold for DPF systems as shown in 
Table 1 of this paragraph (g). If no such 
regeneration frequency exists that 
could cause NMHC emissions to exceed 
the applicable emission threshold, the 
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OBD system must detect a malfunction 
when the DPF regeneration frequency 
exceeds the manufacturer’s specified 
design limits for allowable regenera-
tion frequency. 

(C) DPF incomplete regeneration. The 
OBD system must detect a regenera-
tion malfunction when the DPF does 
not properly regenerate under manu-
facturer-defined conditions where re-
generation is designed to occur. 

(D) DPF missing substrate. The OBD 
system must detect a malfunction if ei-
ther the DPF substrate is completely 
destroyed, removed, or missing, or if 
the DPF assembly has been replaced 
with a muffler or straight pipe. 

(E) DPF system active/intrusive injec-
tion. For DPF systems that use active/ 
intrusive injection (e.g., in-cylinder 
post fuel injection, in-exhaust air-as-
sisted fuel injection) to achieve regen-
eration of the DPF, the OBD system 
must detect a malfunction if any fail-
ure or deterioration of the injection 
system’s ability to properly regulate 
injection causes the system to be un-
able to achieve regeneration of the 
DPF. 

(F) DPF regeneration feedback control. 
See paragraph (i)(6) of this section. 

(iii) DPF monitoring conditions. The 
manufacturer must define the moni-
toring conditions for malfunctions 
identified in paragraph (g)(8)(ii) of this 
section in accordance with paragraphs 
(c) and (d) of this section, with the ex-
ception that monitoring must occur 
every time the monitoring conditions 
are met during the drive cycle rather 
than once per drive cycle as required in 
paragraph (c)(2) of this section. For 
OBD systems designed to the alter-
native malfunction criteria of para-
graph (g)(8)(ii)(A) of this section, the 
alternative DPF monitor shall run con-
tinuously whenever engine speed and 
load conditions are within the moni-
toring area described in paragraph 
(g)(8)(ii)(A). The OBD system may 
make a malfunction or potential mal-
function determination during any suc-
cessful monitoring event but shall in-
clude in the enable criteria of any sub-
sequent monitoring events a confirmed 
successful and complete DPF regenera-
tion. The subsequent monitoring 
events must be conducted within an op-
erating period that ensures that the de-

tected malfunction has not ‘‘healed’’ 
due to trapped particulates in the com-
promised portion of the DPF substrate. 
For purposes of tracking and reporting 
as required in paragraph (d)(1) of this 
section, all monitors used to detect 
malfunctions identified in paragraph 
(g)(8)(ii) of this section must be 
tracked separately but reported as a 
single set of values as specified in para-
graph (e)(1)(iii) of this section. 

(iv)DPF system MIL activation and 
DTC storage. The MIL must activate 
and DTCs must be stored according to 
the provisions of paragraph (b) of this 
section. 

(9) Exhaust gas sensor and sensor heat-
er monitoring—(i) General. The OBD sys-
tem must monitor for proper output 
signal, activity, response rate, and any 
other parameter that can affect emis-
sions, all exhaust gas sensors (e.g., oxy-
gen, air-fuel ratio, NOX) used for emis-
sion control system feedback (e.g., 
EGR control/feedback, SCR control/ 
feedback, NOX adsorber control/feed-
back) and/or as a monitoring device. 
For engines equipped with heated ex-
haust gas sensors, the OBD system 
must monitor the heater for proper 
performance. 

(ii) Malfunction criteria for air-fuel 
ratio sensors located upstream of 
aftertreatment devices—(A)Sensor per-
formance. The OBD system must detect 
a malfunction prior to any failure or 
deterioration of the sensor voltage, re-
sistance, impedance, current, response 
rate, amplitude, offset, or other char-
acteristic(s) that would cause an en-
gine’s emissions to exceed the emis-
sions thresholds for ‘‘other monitors’’ 
as shown in Table 1 of this paragraph 
(g). 

(B) Circuit integrity. The OBD system 
must detect malfunctions of the sensor 
related to a lack of circuit continuity 
or signal out-of-range values. 

(C) Feedback function. The OBD sys-
tem must detect a malfunction of the 
sensor if the emission control system 
(e.g., EGR, SCR, or NOX adsorber) is 
unable to use that sensor as a feedback 
input (e.g., causes limp-home or open- 
loop operation). 

(D) Monitoring function. To the extent 
feasible, the OBD system must detect a 
malfunction of the sensor when the 
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sensor output voltage, resistance, im-
pedance, current, amplitude, activity, 
offset, or other characteristics are no 
longer sufficient for use as an OBD sys-
tem monitoring device (e.g., for cata-
lyst, EGR, SCR, or NOX adsorber moni-
toring). 

(iii) Malfunction criteria for air-fuel 
ratio sensors located downstream of 
aftertreatment devices—(A) Sensor per-
formance. The OBD system must detect 
a malfunction prior to any failure or 
deterioration of the sensor voltage, re-
sistance, impedance, current, response 
rate, amplitude, offset, or other char-
acteristic(s) that would cause an en-
gine’s emissions to exceed the emis-
sions thresholds for air-fuel ratio sen-
sors downstream of aftertreatment de-
vices as shown in Table 1 of this para-
graph (g). 

(B) Circuit integrity. The OBD system 
must detect malfunctions of the sensor 
related to a lack of circuit continuity 
or signal out-of-range values. 

(C) Feedback function. The OBD sys-
tem must detect a malfunction of the 
sensor if the emission control system 
(e.g., EGR, SCR, or NOX absorber) is 
unable to use that sensor as a feedback 
input (e.g., causes limp-home or open- 
loop operation). 

(D) Monitoring function. To the extent 
feasible, the OBD system must detect a 
malfunction of the sensor when the 
sensor output voltage, resistance, im-
pedance, current, amplitude, activity, 
offset, or other characteristics are no 
longer sufficient for use as an OBD sys-
tem monitoring device (e.g., for cata-
lyst, EGR, SCR, or NOX absorber moni-
toring). 

(iv) Malfunction criteria for NOX sen-
sors—(A) Sensor performance. The OBD 
system must detect a malfunction 
prior to any failure or deterioration of 
the sensor voltage, resistance, imped-
ance, current, response rate, ampli-
tude, offset, or other characteristic(s) 
that would cause an engine’s emissions 
to exceed the emissions thresholds for 
NOX sensors as shown in Table 1 of this 
paragraph (g). 

(B) Circuit integrity. The OBD system 
must detect malfunctions of the sensor 
related to a lack of circuit continuity 
or signal out-of-range values. 

(C) Feedback function. The OBD sys-
tem must detect a malfunction of the 

sensor if the emission control system 
(e.g., EGR, SCR, or NOX adsorber) is 
unable to use that sensor as a feedback 
input (e.g., causes limp-home or open- 
loop operation). 

(D) Monitoring function. To the extent 
feasible, the OBD system must detect a 
malfunction of the sensor when the 
sensor output voltage, resistance, im-
pedance, current, amplitude, activity, 
offset, or other characteristics are no 
longer sufficient for use as an OBD sys-
tem monitoring device (e.g., for cata-
lyst, EGR, SCR, or NOX adsorber moni-
toring). 

(v) Malfunction criteria for other ex-
haust gas sensors. For other exhaust gas 
sensors, the manufacturer must submit 
a monitoring plan to the Adminis-
trator for approval. The plan must in-
clude data and/or engineering evalua-
tions that demonstrate that the moni-
toring plan is as reliable and effective 
as the monitoring required in para-
graphs (g)(9)(ii), (g)(9)(iii), (g)(9)(iv) of 
this section. 

(vi) Malfunction criteria for exhaust 
gas sensor heaters. (A) The OBD system 
must detect a malfunction of the heat-
er performance when the current or 
voltage drop in the heater circuit is no 
longer within the manufacturer’s speci-
fied limits for normal operation (i.e., 
within the criteria required to be met 
by the component vendor for heater 
circuit performance at high mileage). 
The manufacturer may use other mal-
function criteria for heater perform-
ance malfunctions. To do so, the manu-
facturer must be able to demonstrate 
via data and/or an engineering evalua-
tion that the monitor is reliable and 
robust. 

(B) The OBD system must detect 
malfunctions of the heater circuit in-
cluding open or short circuits that con-
flict with the commanded state of the 
heater (e.g., shorted to 12 Volts when 
commanded to 0 Volts (ground)). 

(vii) Monitoring conditions for exhaust 
gas sensors. (A) The manufacturer must 
define the monitoring conditions for 
malfunctions identified in paragraphs 
(g)(9)(ii)(A), (g)(9)(iii)(A), and 
(g)(9)(iv)(A) of this section (i.e., sensor 
performance) in accordance with para-
graphs (c) and (d) of this section. For 
purposes of tracking and reporting as 
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required in paragraph (d)(1) of this sec-
tion, all monitors used to detect mal-
functions identified in paragraphs 
(g)(9)(ii)(A), (g)(9)(iii)(A), and 
(g)(9)(iv)(A) of this section must be 
tracked separately but reported as a 
single set of values as specified in para-
graph (e)(1)(iii) of this section. 

(B) The manufacturer must define 
the monitoring conditions for malfunc-
tions identified in paragraphs 
(g)(9)(ii)(D), (g)(9)(iii)(D), and 
(g)(9)(iv)(D) of this section (i.e., moni-
toring function) in accordance with 
paragraphs (c) and (d) of this section 
with the exception that monitoring 
must occur every time the monitoring 
conditions are met during the drive 
cycle rather than once per drive cycle 
as required in paragraph (c)(2) of this 
section. 

(C) Except as provided for in para-
graph (g)(9)(vii)(D) of this section, the 
OBD system must monitor continu-
ously for malfunctions identified in 
paragraphs (g)(9)(ii)(B), (g)(9)(ii)(C), 
(g)(9)(iii)(B), (g)(9)(iii)(C), (g)(9)(iv)(B), 
(g)(9)(iv)(C) of this section (i.e., circuit 
integrity and feedback function). 

(D) A manufacturer may request ap-
proval to disable continuous exhaust 
gas sensor monitoring when an exhaust 
gas sensor malfunction cannot be dis-
tinguished from other effects (e.g., dis-
able monitoring for out-of-range on the 
low side during fuel cut conditions). To 
do so, the manufacturer must dem-
onstrate via data and/or engineering 
analyses that a properly functioning 
sensor cannot be distinguished from a 
malfunctioning sensor and that the dis-
ablement interval is limited only to 
that necessary for avoiding 
falsemalfunction detection. 

(viii) Monitoring conditions for exhaust 
gas sensor heaters—(A) The manufac-
turer must define monitoring condi-
tions for malfunctions identified in 
paragraph (g)(9)(vi)(A) of this section 
(i.e., sensor heater performance) in ac-
cordance with paragraphs (c) and (d) of 
this section. 

(B) The OBD system must monitor 
continuously for malfunctions identi-
fied in paragraph (g)(9)(vi)(B) of this 
section (i.e., circuit malfunctions). 

(ix) Exhaust gas sensor and sensor 
heater MIL activation and DTC storage. 
The MIL must activate and DTCs must 

be stored according to the provisions of 
paragraph (b) of this section. 

(10) Variable Valve Timing (VVT) sys-
tem monitoring—(i) General. The OBD 
system must monitor the VVT system 
on engines so equipped for target error 
and slow response malfunctions. The 
individual electronic components (e.g., 
actuators, valves, sensors) that are 
used in the VVT system must be mon-
itored in accordance with the com-
prehensive components requirements 
in paragraph (i)(3) of this section. 

(ii) VVT system malfunction criteria— 
(A) VVT system target error. The OBD 
system must detect a malfunction 
prior to any failure or deterioration in 
the capability of the VVT system to 
achieve the commanded valve timing 
and/or control within a crank angle 
and/or lift tolerance that would cause 
an engine’s emissions to exceed the 
emission thresholds for ‘‘other mon-
itors’’ as shown in Table 1 of this para-
graph (g). 

(B) VVT slow response. The OBD sys-
tem must detect a malfunction prior to 
any failure or deterioration in the ca-
pability of the VVT system to achieve 
the commanded valve timing and/or 
control within a manufacturer-speci-
fied time that would cause an engine’s 
emissions to exceed the emission 
thresholds for ‘‘other monitors’’ as 
shown in Table 1 of this paragraph (g). 

(C) For engines in which no failure or 
deterioration of the VVT system could 
result in an engine’s emissions exceed-
ing the applicable emissions thresholds 
of paragraphs (g)(10)(ii)(A) and 
(g)(10)(ii)(B) of this section, the OBD 
system must detect a malfunction of 
the VVT system when proper func-
tional response of the system to com-
puter commands does not occur. 

(iii) VVT system monitoring conditions. 
Manufacturers must define the moni-
toring conditions for VVT system mal-
functions identified in paragraph 
(g)(10)(ii) of this section in accordance 
with paragraphs (c) and (d) of this sec-
tion, with the exception that moni-
toring must occur every time the mon-
itoring conditions are met during the 
drive cycle rather than once per drive 
cycle as required in paragraph (c)(2) of 
this section. For purposes of tracking 
and reporting as required in paragraph 
(d)(1) of this section, all monitors used 
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to detect malfunctions identified in 
paragraph (g)(10)(ii) of this section 
must be tracked separately but re-
ported as a single set of values as speci-
fied in paragraph (e)(1)(iii) of this sec-
tion. 

(iv) VVT MIL activation and DTC stor-
age. The MIL must activate and DTCs 

must be stored according to the provi-
sions of paragraph (b) of this section. 

(h) OBD monitoring requirements for 
gasoline-fueled/spark-ignition engines. 
The following table shows the thresh-
olds at which point certain components 
or systems, as specified in this para-
graph (h), are considered malfunc-
tioning. 

TABLE 2—OBD EMISSIONS THRESHOLDS FOR GASOLINE-FUELED/SPARK-IGNITION ENGINES MEANT 
FOR PLACEMENT IN APPLICATIONS GREATER THAN 14,000 POUNDS GVWR (G/BHP-HR) 

Component NOX NMHC CO § 86.010–18 ref-
erence 

Catalyst system .......................... 1.75x std ................... 1.75x std ................... ................................... (h)(6) 
Evaporative emissions control 

system.
................................... 0.150 inch leak ......... ................................... (h)(7) 

‘‘Other monitors’’ with emissions 
thresholds.

1.5x std ..................... 1.5x std ..................... 1.5x std ..................... (h)(1), (h)(2), (h)(3), 
(h)(4), (h)(5), 
(h)(8), (h)(9) 

Notes: 1.75x std means a multiple of 1.75 times the applicable emissions standard; these emissions thresholds apply to the 
monitoring requirements of paragraph (h) of this section; The evaporative emissions control system threshold is not, technically, 
an emissions threshold but rather a leak size that must be detected; nonetheless, for ease we refer to this as the threshold. 

(1) Fuel system monitoring—(i) General. 
The OBD system must monitor the fuel 
delivery system to determine its abil-
ity to provide compliance with emis-
sion standards. 

(ii) Fuel system malfunction criteria. 
(A) The OBD system must detect a 
malfunction of the fuel delivery system 
(including feedback control based on a 
secondary oxygen sensor) when the fuel 
delivery system is unable to maintain 
an engine’s emissions at or below the 
emissions thresholds for ‘‘other mon-
itors’’ as shown in Table 2 of this para-
graph (h). 

(B) Except as provided for in para-
graph (h)(1)(ii)(C) of this section, if the 
engine is equipped with adaptive feed-
back control, the OBD system must de-
tect a malfunction when the adaptive 
feedback control has used up all of the 
adjustment allowed by the manufac-
turer. 

(C) If the engine is equipped with 
feedback control that is based on a sec-
ondary oxygen (or equivalent) sensor, 
the OBD system is not required to de-
tect a malfunction of the fuel system 
solely when the feedback control based 
on a secondary oxygen sensor has used 
up all of the adjustment allowed by the 
manufacturer. However, if a failure or 
deterioration results in engine emis-
sions that exceed the emissions thresh-
olds for ‘‘other monitors’’ as shown in 

Table 2 of this paragraph (h), the OBD 
system is required to detect a malfunc-
tion. 

(D) The OBD system must detect a 
malfunction whenever the fuel control 
system fails to enter closed loop oper-
ation following engine start within a 
manufacturer specified time interval. 
The specified time interval must be 
supported by data and/or engineering 
analyses submitted by the manufac-
turer. 

(E) The manufacturer may adjust the 
malfunction criteria and/or monitoring 
conditions to compensate for changes 
in altitude, for temporary introduction 
of large amounts of purge vapor, or for 
other similar identifiable operating 
conditions when such conditions occur. 

(iii) Fuel system monitoring conditions. 
The fuel system must be monitored 
continuously for the presence of a mal-
function. 

(iv) Fuel system MIL activation and 
DTC storage. (A) A pending DTC must 
be stored immediately upon the fuel 
system exceeding the malfunction cri-
teria established in paragraph (h)(1)(ii) 
of this section. 

(B) Except as provided for in para-
graph (h)(1)(iv)(C) of this section, if a 
pending DTC is stored, the OBD system 
must activate the MIL immediately 
and store a MIL-on DTC if a malfunc-
tion is again detected during either the 
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drive cycle immediately following stor-
age of the pending DTC regardless of 
the conditions encountered during that 
drive cycle, or on the next drive cycle 
in which similar conditions are encoun-
tered to those that occurred when the 
pending DTC was stored. Similar condi-
tions means engine conditions having 
an engine speed within 375 rpm, load 
conditions within 20 percent, and the 
same warm-up status (i.e., cold or hot) 
as the engine conditions stored pursu-
ant to paragraph (h)(1)(iv)(E) of this 
section. Other definitions of similar 
conditions may be used but must result 
in comparable timeliness and reli-
ability in detecting similar engine op-
eration. 

(C) The pending DTC may be erased 
at the end of the next drive cycle in 
which similar conditions have been en-
countered without having again ex-
ceeded the specified fuel system mal-
function criteria. The pending DTC 
may also be erased if similar condi-
tions are not encountered during the 80 
drive cycles immediately following de-
tection of the potential malfunction 
for which the pending DTC was stored. 

(D) Storage of freeze frame conditions. 
The OBD system must store and erase 
freeze frame conditions either in con-
junction with storing and erasing a 
pending DTC or in conjunction with 
storing and erasing a MIL-on DTC. 
Freeze frame information associated 
with a fuel system malfunction shall be 
stored in preference to freeze frame in-
formation required elsewhere in para-
graphs (h) or (i) of this section. 

(E) Storage of fuel system conditions 
for determining similar conditions of 
operation. The OBD must store the en-
gine speed, load, and warm-up status 
present at the time it first detects a 
potential malfunction meeting the cri-
teria of paragraph (h)(1)(ii) of this sec-
tion and stores a pending DTC. 

(F) Deactivating the MIL. The MIL 
may be extinguished after three se-
quential driving cycles in which simi-
lar conditions have been encountered 
without detecting a malfunction of the 
fuel system. 

(2) Engine misfire monitoring—(i) Gen-
eral. (A) The OBD system must monitor 
the engine for misfire causing catalyst 
damage and misfire causing excess 
emissions. 

(B) The OBD system must identify 
the specific cylinder that is misfiring. 
The manufacturer may store a general 
misfire DTC instead of a cylinder spe-
cific DTC under certain operating con-
ditions. To do so, the manufacturer 
must submit data and/or engineering 
analyses that demonstrate that the 
misfiring cylinder cannot be identified 
reliably when the conditions occur. 

(C) If more than one cylinder is mis-
firing, a separate DTC must be stored 
to indicate that multiple cylinders are 
misfiring unless otherwise allowed by 
this paragraph (h)(2). When identifying 
multiple cylinder misfire, the OBD sys-
tem is not required to also identify 
using separate DTCs each of the mis-
firing cylinders individually. If more 
than 90 percent of the detected misfires 
occur in a single cylinder, an appro-
priate DTC may be stored that indi-
cates the specific misfiring cylinder 
rather than storing the multiple cyl-
inder misfire DTC. If two or more cyl-
inders individually have more than 10 
percent of the total number of detected 
misfires, a multiple cylinder DTC must 
be stored. 

(ii) Engine misfire malfunction cri-
teria—(A) Misfire causing catalyst dam-
age. The manufacturer must determine 
the percentage of misfire evaluated in 
200 revolution increments for each en-
gine speed and load condition that 
would result in a temperature that 
causes catalyst damage. If this per-
centage of misfire is exceeded, it shall 
be considered a malfunction that must 
be detected. For every engine speed and 
load condition for which this percent-
age of misfire is determined to be lower 
than five percent, the manufacturer 
may set the malfunction criteria at 
five percent. The manufacturer may 
use a longer interval than 200 revolu-
tions but only for determining, on a 
given drive cycle, the first misfire ex-
ceedance as provided in paragraph 
(h)(2)(iv)(A) of this section. To do so, 
the manufacturer must demonstrate 
that the interval is not so long that 
catalyst damage would occur prior to 
the interval being elapsed. 

(B) Misfire causing emissions to exceed 
the applicable thresholds. The manufac-
turer must determine the percentage of 
misfire evaluated in 1000 revolution in-
crements that would cause emissions 
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from an emissions durability dem-
onstration engine to exceed the emis-
sions thresholds for ‘‘other monitors’’ 
as shown in Table 2 of this paragraph 
(h) if that percentage of misfire were 
present from the beginning of the test. 
If this percentage of misfire is exceed-
ed, regardless of the pattern of misfire 
events (e.g., random, equally spaced, 
continuous), it shall be considered a 
malfunction that must be detected. To 
establish this percentage of misfire, 
the manufacturer must use misfire 
events occurring at equally spaced, 
complete engine cycle intervals, across 
randomly selected cylinders through-
out each 1000-revolution increment. If 
this percentage of misfire is deter-
mined to be lower than one percent, 
the manufacturer may set the malfunc-
tion criteria at one percent. The manu-
facturer may use a longer interval than 
1000 revolutions. To do so, the manu-
facturer must demonstrate that the 
strategy would be equally effective and 
timely at detecting misfire. 

(iii) Engine misfire monitoring condi-
tions. (A) The OBD system must mon-
itor continuously for misfire under the 
following conditions: from no later 
than the end of the second crankshaft 
revolution after engine start; during 
the rise time and settling time for en-
gine speed to reach the desired idle en-
gine speed at engine start-up (i.e., 
‘‘flare-up’’ and ‘‘flare-down’’); and, 
under all positive torque engine speeds 
and load conditions except within the 
engine operating region bound by the 
positive torque line (i.e., engine load 
with the transmission in neutral), and 
the points represented by an engine 
speed of 3000 rpm with the engine load 
at the positive torque line and the red-
line engine speed with the engine’s 
manifold vacuum at four inches of mer-
cury lower than that at the positive 
torque line. For this purpose, redline 
engine speed is defined as either the 
recommended maximum engine speed 
as displayed on the instrument panel 
tachometer, or the engine speed at 
which fuel shutoff occurs. 

(B) If an OBD monitor cannot detect 
all misfire patterns under all required 
engine speed and load conditions as re-
quired by paragraph (h)(2)(iii)(A) of 
this section, the OBD system may still 
be acceptable. The Administrator will 

evaluate the following factors in mak-
ing a determination: The magnitude of 
the region(s) in which misfire detection 
is limited; the degree to which misfire 
detection is limited in the region(s) 
(i.e., the probability of detection of 
misfire events); the frequency with 
which said region(s) are expected to be 
encountered in-use; the type of misfire 
patterns for which misfire detection is 
troublesome; and demonstration that 
the monitoring technology employed is 
not inherently incapable of detecting 
misfire under the required conditions 
(i.e., compliance can be achieved on 
other engines). The evaluation will be 
based on the following misfire pat-
terns: equally spaced misfire occurring 
on randomly selected cylinders; single 
cylinder continuous misfire; and paired 
cylinder (cylinders firing at the same 
crank angle) continuous misfire. 

(C) The manufacturer may use moni-
toring system that has reduced misfire 
detection capability during the portion 
of the first 1000 revolutions after en-
gine start that a cold start emission re-
duction strategy is active that reduces 
engine torque (e.g., spark retard strate-
gies). To do so, the manufacturer must 
demonstrate that the probability of de-
tection is greater than or equal to 75 
percent during the worst case condi-
tion (i.e., lowest generated torque) for 
a vehicle operated continuously at idle 
(park/neutral idle) on a cold start be-
tween 50 and 86 degrees Fahrenheit and 
that the technology cannot reliably de-
tect a higher percentage of the misfire 
events during the conditions. 

(D) The manufacturer may disable 
misfire monitoring or use an alter-
native malfunction criterion when mis-
fire cannot be distinguished from other 
effects. To do so, the manufacturer 
must demonstrate that the disable-
ment interval or the period of use of an 
alternative malfunction criterion is 
limited only to that necessary for 
avoiding false detection and for one or 
more of the following operating condi-
tions: Rough road; fuel cut; gear 
changes for manual transmission vehi-
cles; traction control or other vehicle 
stability control activation such as 
anti-lock braking or other engine 
torque modifications to enhance vehi-
cle stability; off-board control or intru-
sive activation of vehicle components 
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or monitors during service or assembly 
plant testing; portions of intrusive 
evaporative system or EGR monitors 
that can significantly affect engine 
stability (i.e., while the purge valve is 
open during the vacuum pull-down of 
an evaporative system leak check but 
not while the purge valve is closed and 
the evaporative system is sealed or 
while an EGR monitor causes the EGR 
valve to be cycled intrusively on and 
off during positive torque conditions); 
or, engine speed, load, or torque tran-
sients due to throttle movements more 
rapid than those that occur over the 
FTP cycle for the worst case engine 
within each engine family. In general, 
the Administrator will not approve dis-
ablement for conditions involving nor-
mal air conditioning compressor cy-
cling from on-to-off or off-to-on, auto-
matic transmission gear shifts (except 
for shifts occurring during wide open 
throttle operation), transitions from 
idle to off-idle, normal engine speed or 
load changes that occur during the en-
gine speed rise time and settling time 
(i.e., ‘‘flare-up’’ and ‘‘flare-down’’) im-
mediately after engine starting with-
out any vehicle operator-induced ac-
tions (e.g., throttle stabs), or excess ac-
celeration (except for acceleration 
rates that exceed the maximum accel-
eration rate obtainable at wide open 
throttle while the vehicle is in gear due 
to abnormal conditions such as slip-
ping of a clutch). The Administrator 
may approve misfire monitoring dis-
ablement or use of an alternate mal-
function criterion for any other condi-
tion on a case by case basis upon deter-
mining that the manufacturer has 
demonstrated that the request is based 
on an unusual or unforeseen cir-
cumstance and that it is applying the 
best available computer and moni-
toring technology. 

(E) For engines with more than eight 
cylinders that cannot meet the require-
ments of paragraph (h)(2)(iii)(A) of this 
section, a manufacturer may use alter-
native misfire monitoring conditions. 
Such use must be based on data and/or 
an engineering evaluation submitted 
by the manufacturer that demonstrate 
that misfire detection throughout the 
required operating region cannot be 
achieved when employing proven moni-
toring technology (i.e., a technology 

that provides for compliance with 
these requirements on other engines) 
and provided misfire is detected to the 
fullest extent permitted by the tech-
nology. However, the misfire detection 
system must still monitor during all 
positive torque operating conditions 
encountered during an FTP cycle. 

(iv) MIL activation and DTC storage 
for engine misfire causing catalyst dam-
age—(A) Pending DTCs. A pending DTC 
must be stored immediately if, during 
a single drive cycle, the specified mis-
fire percentage described in paragraph 
(h)(2)(ii)(A) of this section is exceeded 
three times when operating in the posi-
tive torque region encountered during 
a FTP cycle or is exceeded on a single 
occasion when operating at any other 
engine speed and load condition in the 
positive torque region defined in para-
graph (h)(2)(iii)(A) of this section. Im-
mediately after a pending DTC is 
stored pursuant to this paragraph, the 
MIL must blink once per second at all 
times during the drive cycle that en-
gine misfire is occurring. The MIL may 
be deactivated during those times that 
misfire is not occurring. If, at the time 
that a catalyst damaging misfire mal-
function occurs, the MIL is already ac-
tivated for a malfunction other than 
misfire, the MIL must still blink once 
per second at all times during the drive 
cycle that engine misfire is occurring. 
If misfire ceases, the MIL must stop 
blinking but remain activated as ap-
propriate in accordance with the other 
malfunction. 

(B) MIL-on DTCs. If a pending DTC is 
stored in accordance with paragraph 
(h)(2)(iv)(A) of this section, the OBD 
system must immediately store a MIL- 
on DTC if the percentage of misfire de-
scribed in paragraph (h)(2)(ii)(A) of this 
section is again exceeded one or more 
times during either the drive cycle im-
mediately following storage of the 
pending DTC, regardless of the condi-
tions encountered during that drive 
cycle, or on the next drive cycle in 
which similar conditions are encoun-
tered to those that occurred when the 
pending DTC was stored. If, during a 
previous drive cycle, a pending DTC is 
stored in accordance with paragraph 
(h)(2)(iv)(A) of this section, a MIL-on 
DTC must be stored immediately upon 
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exceeding the percentage misfire de-
scribed in paragraph (h)(2)(ii)(A) of this 
section regardless of the conditions en-
countered. Upon storage of a MIL-on 
DTC, the MIL must blink once per sec-
ond at all times during the drive cycle 
that engine misfire is occurring. If mis-
fire ceases, the MIL must stop blinking 
but remain activated until the condi-
tions are met for extinguishing the 
MIL. 

(C) Erasure of pending DTCs. Pending 
DTCs stored in accordance with para-
graph (h)(2)(iv)(A) of this section must 
be erased at the end of the next drive 
cycle in which similar conditions are 
encountered to those that occurred 
when the pending DTC was stored pro-
vided no exceedances have been de-
tected of the misfire percentage de-
scribed in paragraph (h)(2)(ii)(A) of this 
section. The pending DTC may also be 
erased if similar conditions are not en-
countered during the next 80 drive cy-
cles immediately following storage of 
the pending DTC. 

(D) Exemptions for engines with fuel 
shutoff and default fuel control. In en-
gines that provide for fuel shutoff and 
default fuel control to prevent over 
fueling during catalyst damaging mis-
fire conditions, the MIL need not blink 
as required by paragraphs (h)(2)(iv)(A) 
and (h)(2)(iv)(B) of this section. In-
stead, the MIL may be activated con-
tinuously upon misfire detection pro-
vided that the fuel shutoff and default 
fuel control are activated immediately 
upon misfire detection. Fuel shutoff 
and default fuel control may be deacti-
vated only when the engine is outside 
of the misfire range except that the 
manufacturer may periodically, but 
not more than once every 30 seconds, 
deactivate fuel shutoff and default fuel 
control to determine if the catalyst 
damaging misfire is still occurring. 
Normal fueling and fuel control may be 
resumed if the catalyst damaging mis-
fire is no longer occurring. 

(E) The manufacturer may use a 
strategy that activates the MIL con-
tinuously rather than blinking the MIL 
during extreme catalyst damage mis-
fire conditions (i.e., catalyst damage 
misfire occurring at all engine speeds 
and loads). Use of such a strategy must 
be limited to catalyst damage misfire 
levels that cannot be avoided during 

reasonable driving conditions. To use 
such a strategy, the manufacturer 
must be able to demonstrate that the 
strategy will encourage operation of 
the vehicle in conditions that will min-
imize catalyst damage (e.g., at low en-
gine speeds and loads). 

(v) MIL activation and DTC storage for 
engine misfire causing emissions to exceed 
applicable emissions thresholds. (A) Im-
mediately upon detection, during the 
first 1000 revolutions after engine start 
of the misfire percentage described in 
paragraph (h)(2)(ii)(B) of this section, a 
pending DTC must be stored. If such a 
pending DTC is stored already and an-
other such exceedance of the misfire 
percentage is detected within the first 
1000 revolutions after engine start on 
any subsequent drive cycle, the MIL 
must activate and a MIL-on DTC must 
be stored. The pending DTC may be 
erased if, at the end of the next drive 
cycle in which similar conditions are 
encountered to those that occurred 
when the pending DTC was stored, 
there has been no exceedance of the 
misfire percentage described in para-
graph (h)(2)(ii)(B) of this section. The 
pending DTC may also be erased if 
similar conditions are not encountered 
during the next 80 drive cycles imme-
diately following storage of the pend-
ing DTC. 

(B) No later than the fourth detec-
tion during a single drive cycle, fol-
lowing the first 1000 revolutions after 
engine start of the misfire percentage 
described in paragraph (h)(2)(ii)(B) of 
this section, a pending DTC must be 
stored. If such a pending DTC is stored 
already, then the MIL must activate 
and a MIL-on DTC must be stored 
within 10 seconds of the fourth detec-
tion of the misfire percentage de-
scribed in paragraph (h)(2)(ii)(B) of this 
section during either the drive cycle 
immediately following storage of the 
pending DTC, regardless of the condi-
tions encountered during that drive 
cycle excepting those conditions within 
the first 1000 revolutions after engine 
start, or on the next drive cycle in 
which similar conditions are encoun-
tered to those that occurred when the 
pending DTC was stored excepting 
those conditions within the first 1000 
revolutions after engine start. The 
pending DTC may be erased if, at the 
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end of the next drive cycle in which 
similar conditions are encountered to 
those that occurred when the pending 
DTC was stored, there has been no ex-
ceedance of the misfire percentage de-
scribed in paragraph (h)(2)(ii)(B) of this 
section. The pending DTC may also be 
erased if similar conditions are not en-
countered during the next 80 drive cy-
cles immediately following storage of 
the pending DTC. 

(vi) Storage of freeze frame conditions 
for engine misfire. (A) The OBD system 
must store and erase freeze frame con-
ditions (as defined in paragraph 
(k)(4)(iii) of this section) either in con-
junction with storing and erasing a 
pending DTC or in conjunction with 
storing and erasing a MIL-on DTC. 

(B) If, upon storage of a DTC as re-
quired by paragraphs (h)(2)(iv) and 
(h)(2)(v) of this section, there already 
exist stored freeze frame conditions for 
a malfunction other than a misfire or 
fuel system malfunction (see paragraph 
(h)(1) of this section) then the stored 
freeze frame information shall be re-
placed with freeze frame information 
associated with the misfire malfunc-
tion. 

(vii) Storage of engine conditions in as-
sociation with engine misfire. Upon de-
tection of the misfire percentages de-
scribed in paragraphs (h)(2)(ii)(A) and 
(h)(2)(ii)(B) of this section, the fol-
lowing engine conditions must be 
stored for use in determining similar 
conditions: Engine speed, load, and 
warm up status of the first misfire 
event that resulted in pending DTC 
storage. 

(viii) MIL deactivation in association 
with engine misfire. The MIL may be de-
activated after three sequential drive 
cycles in which similar conditions have 
been encountered without an exceed-
ance of the misfire percentages de-
scribed in paragraphs (h)(2)(ii)(A) and 
(h)(2)(ii)(B) of this section. 

(3) Exhaust gas recirculation system 
monitoring—(i) General. The OBD sys-
tem must monitor the EGR system on 
engines so equipped for low and high 
flow rate malfunctions. The individual 
electronic components (e.g., actuators, 
valves, sensors) that are used in the 
EGR system must be monitored in ac-
cordance with the comprehensive com-

ponent requirements in paragraph (i)(3) 
of this section. 

(ii) EGR system malfunction criteria. 
(A) The OBD system must detect a 
malfunction of the EGR system prior 
to a decrease from the manufacturer’s 
specified EGR flow rate that would 
cause an engine’s emissions to exceed 
the emissions thresholds for ‘‘other 
monitors’’ as shown in Table 2 of this 
paragraph (h). For engines in which no 
failure or deterioration of the EGR sys-
tem that causes a decrease in flow 
could result in an engine’s emissions 
exceeding the applicable emissions 
thresholds, the OBD system must de-
tect a malfunction when the system 
has no detectable amount of EGR flow. 

(B) The OBD system must detect a 
malfunction of the EGR system prior 
to an increase from the manufacturer’s 
specified EGR flow rate that would 
cause an engine’s emissions to exceed 
the emissions thresholds for ‘‘other 
monitors’’ as shown in Table 2 of this 
paragraph (h). For engines in which no 
failure or deterioration of the EGR sys-
tem that causes an increase in flow 
could result in an engine’s emissions 
exceeding the applicable emissions 
thresholds, the OBD system must de-
tect a malfunction when the system 
has reached its control limits such that 
it cannot reduce EGR flow. 

(iii) EGR system monitoring conditions. 
(A) The manufacturer must define the 
monitoring conditions for malfunc-
tions identified in paragraph (h)(3)(ii) 
of this section in accordance with para-
graphs (c) and (d) of this section. For 
purposes of tracking and reporting as 
required by paragraph (d)(1) of this sec-
tion, all monitors used to detect mal-
functions identified in paragraph 
(h)(3)(ii) of this section must be 
tracked separately but reported as a 
single set of values as specified in para-
graph (e)(1)(iii) of this section. 

(B) The manufacturer may disable 
temporarily the EGR monitor under 
conditions when monitoring may not 
be reliable (e.g., when freezing may af-
fect performance of the system). To do 
so, the manufacturer must be able to 
demonstrate that the monitor is unre-
liable when such conditions exist. 

(iv) EGR system MIL activation and 
DTC storage. The MIL must activate 
and DTCs must be stored according to 
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the provisions of paragraph (b) of this 
section. 

(4) Cold start emission reduction strat-
egy monitoring—(i) General. If an engine 
incorporates a specific engine control 
strategy to reduce cold start emissions, 
the OBD system must monitor the key 
components (e.g., idle air control 
valve), other than secondary air, while 
the control strategy is active to ensure 
proper operation of the control strat-
egy. 

(ii) Cold start strategy malfunction cri-
teria. (A) The OBD system must detect 
a malfunction prior to any failure or 
deterioration of the individual compo-
nents associated with the cold start 
emission reduction control strategy 
that would cause an engine’s emissions 
to exceed the emissions thresholds for 
‘‘other monitors’’ as shown in Table 2 
of this paragraph (h). The manufac-
turer must establish the malfunction 
criteria based on data from one or 
more representative engine(s) and pro-
vide an engineering evaluation for es-
tablishing the malfunction criteria for 
the remainder of the manufacturer’s 
product line. 

(B) Where no failure or deterioration 
of a component used for the cold start 
emission reduction strategy could re-
sult in an engine’s emissions exceeding 
the applicable emissions thresholds, 
the individual component must be 
monitored for proper functional re-
sponse while the control strategy is ac-
tive in accordance with the malfunc-
tion criteria in paragraphs (i)(3)(ii) and 
(i)(3)(iii) of this section. 

(iii) Cold start strategy monitoring con-
ditions. The manufacturer must define 
monitoring conditions for malfunc-
tions identified in paragraph (h)(4)(ii) 
of this section in accordance with para-
graphs (c) and (d) of this section. 

(iv) Cold start strategy MIL activation 
and DTC storage. The MIL must acti-
vate and DTCs must be stored accord-
ing to the provisions of paragraph (b) 
of this section. 

(5) Secondary air system monitoring—(i) 
General. The OBD system on engines 
equipped with any form of secondary 
air delivery system must monitor the 
proper functioning of the secondary air 
delivery system including all air 
switching valve(s). The individual elec-
tronic components (e.g., actuators, 

valves, sensors) that are used in the 
secondary air system must be mon-
itored in accordance with the com-
prehensive component requirements in 
paragraph (i)(3) of this section. For 
purposes of this paragraph (h)(5), ‘‘air 
flow’’ is defined as the air flow deliv-
ered by the secondary air system to the 
exhaust system. For engines using sec-
ondary air systems with multiple air 
flow paths/distribution points, the air 
flow to each bank (i.e., a group of cyl-
inders that share a common exhaust 
manifold, catalyst, and control sensor) 
must be monitored in accordance with 
the malfunction criteria in paragraph 
(h)(5)(ii) of this section. Also for pur-
poses of this paragraph (h)(5), ‘‘normal 
operation’’ is defined as the condition 
when the secondary air system is acti-
vated during catalyst and/or engine 
warm-up following engine start. ‘‘Nor-
mal operation’’ does not include the 
condition when the secondary air sys-
tem is turned on intrusively for the 
sole purpose of monitoring. 

(ii) Secondary air system malfunction 
criteria. (A) Except as provided in para-
graph (h)(5)(ii)(C) of this section, the 
OBD system must detect a secondary 
air system malfunction prior to a de-
crease from the manufacturer’s speci-
fied air flow during normal operation 
that would cause an engine’s emissions 
to exceed the emissions thresholds for 
‘‘other monitors’’ as shown in Table 2 
of this paragraph (h). 

(B) Except as provided in paragraph 
(h)(5)(ii)(C) of this section, the OBD 
system must detect a secondary air 
system malfunction prior to an in-
crease from the manufacturer’s speci-
fied air flow during normal operation 
that would cause an engine’s emissions 
to exceed the emissions thresholds for 
‘‘other monitors’’ as shown in Table 2 
of this paragraph (h). 

(C) For engines in which no deterio-
ration or failure of the secondary air 
system would result in an engine’s 
emissions exceeding the applicable 
emissions thresholds, the OBD system 
must detect a malfunction when no de-
tectable amount of air flow is delivered 
by the secondary air system during 
normal operation. 
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(iii) Secondary air system monitoring 
conditions. The manufacturer must de-
fine monitoring conditions for mal-
functions identified in paragraph 
(h)(5)(ii) of this section in accordance 
with paragraphs (c) and (d) of this sec-
tion. For purposes of tracking and re-
porting as required by paragraph (d)(1) 
of this section, all monitors used to de-
tect malfunctions identified in para-
graph (h)(5)(ii) of this section must be 
tracked separately but reported as a 
single set of values as specified in para-
graph (e)(1)(iii) of this section. 

(iv) Secondary air system MIL activa-
tion and DTC storage. The MIL must ac-
tivate and DTCs must be stored accord-
ing to the provisions of paragraph (b) 
of this section. 

(6) Catalyst system monitoring—(i) Gen-
eral. The OBD system must monitor 
the catalyst system for proper conver-
sion capability. 

(ii) Catalyst system malfunction cri-
teria. The OBD system must detect a 
catalyst system malfunction when the 
catalyst system’s conversion capability 
decreases to the point that emissions 
exceed the emissions thresholds for the 
catalyst system as shown in Table 2 of 
this paragraph (h). 

(iii) Catalyst system monitoring condi-
tions. The manufacturer must define 
monitoring conditions for malfunc-
tions identified in paragraph (h)(6)(ii) 
of this section in accordance with para-
graphs (c) and (d) of this section. For 
purposes of tracking and reporting as 
required by paragraph (d)(1) of this sec-
tion, all monitors used to detect mal-
functions identified in paragraph 
(h)(6)(ii) of this section must be 
tracked separately but reported as a 
single set of values as specified in para-
graph (e)(1)(iii) of this section. 

(iv) Catalyst system MIL activation and 
DTC storage. (A) The MIL must acti-
vate and DTCs must be stored accord-
ing to the provisions of paragraph (b) 
of this section. 

(B) The monitoring method for the 
catalyst system must be capable of de-
tecting when a catalyst DTC has been 
erased (except OBD system self era-
sure), but the catalyst has not been re-
placed (e.g., catalyst overtemperature 
histogram approaches are not accept-
able). 

(7) Evaporative system monitoring—(i) 
General. The OBD system must verify 
purge flow from the evaporative sys-
tem and monitor the complete evapo-
rative system, excluding the tubing 
and connections between the purge 
valve and the intake manifold, for 
vapor leaks to the atmosphere. Indi-
vidual components of the evaporative 
system (e.g. valves, sensors) must be 
monitored in accordance with the com-
prehensive components requirements 
in paragraph (i)(3) of this section. 

(ii) Evaporative system malfunction cri-
teria—(A) Purge monitor. The OBD sys-
tem must detect an evaporative system 
malfunction when no purge flow from 
the evaporative system to the engine 
can be detected by the OBD system. 

(B) Leak monitor. The OBD system 
must detect an evaporative system 
malfunction when the complete evapo-
rative system contains a leak or leaks 
that cumulatively are greater than or 
equal to a leak caused by a 0.150 inch 
diameter hole. 

(C) The manufacturer may dem-
onstrate that detection of a larger hole 
is more appropriate than that specified 
in paragraph (h)(7)(ii)(B) of this sec-
tion. To do so, the manufacturer must 
demonstrate through data and/or engi-
neering analyses that holes smaller 
than the proposed detection size would 
not result in evaporative or running 
loss emissions that exceed 1.5 times the 
applicable evaporative emissions 
standards. Upon such a demonstration, 
the proposed detection size could be 
substituted for the requirement of 
paragraph (h)(7)(ii)(B) of this section. 

(iii) Evaporative system monitoring con-
ditions. (A) The manufacturer must de-
fine monitoring conditions for mal-
functions identified in paragraph 
(h)(7)(ii)(A) of this section in accord-
ance with paragraphs (c) and (d) of this 
section. 

(B) The manufacturer must define 
monitoring conditions for malfunc-
tions identified in paragraph 
(h)(7)(ii)(B) of this section in accord-
ance with paragraphs (c) and (d) of this 
section. For purposes of tracking and 
reporting as required by paragraph 
(d)(1) of this section, all monitors used 
to detect malfunctions identified in 
paragraph (h)(7)(ii)(B) of this section 
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must be tracked separately but re-
ported as a single set of values as speci-
fied in paragraph (e)(1)(iii) of this sec-
tion. 

(C) The manufacturer may disable or 
abort an evaporative system monitor 
when the fuel tank level is over 85 per-
cent of nominal tank capacity or dur-
ing a refueling event. 

(D) The manufacturer may request 
Administrator approval to run the 
evaporative system monitor during 
only those drive cycles characterized 
as cold starts provided such a condition 
is needed to ensure reliable moni-
toring. In making the request, the 
manufacturer must demonstrate 
through data and/or engineering anal-
yses that a reliable monitor can only 
be run on drive cycles that begin with 
a specific set of cold start criteria. A 
set of cold start criteria based solely 
on ambient temperature exceeding en-
gine coolant temperature will not be 
acceptable. 

(E) The OBD system may disable 
temporarily the evaporative purge sys-
tem to run an evaporative system leak 
monitor. 

(iv) Evaporative system MIL activation 
and DTC storage. (A) Except as provided 
for in paragraph (h)(7)(iv)(B) of this 
section, the MIL must activate and 
DTCs must be stored according to the 
provisions of paragraph (b) of this sec-
tion. 

(B) If the OBD system is capable of 
discerning that a system leak is being 
caused by a missing or improperly se-
cured gas cap, the OBD system need 
not activate the MIL or store a DTC 
provided the vehicle is equipped with 
an alternative indicator for notifying 
the operator of the gas cap problem. 
The alternative indicator must be of 
sufficient illumination and location to 
be readily visible under all lighting 
conditions. If the vehicle is not 
equipped with such an alternative indi-
cator, the MIL must activate and a 
DTC be stored as required in paragraph 
(h)(7)(iv)(A) of this section; however, 
these may be deactivated and erased, 
respectively, if the OBD system deter-
mines that the gas cap problem has 
been corrected and the MIL has not 
been activated for any other malfunc-
tion. The Administrator may approve 
other strategies that provide equiva-

lent assurance that a vehicle operator 
will be notified promptly of a missing 
or improperly secured gas cap and that 
corrective action will be undertaken. 

(8) Exhaust gas sensor monitoring—(i) 
General. (A) The OBD system must 
monitor for malfunctions the output 
signal, response rate, and any other pa-
rameter that can affect emissions of all 
primary (i.e., fuel control) exhaust gas 
sensors (e.g., oxygen, wide-range air/ 
fuel). Both the lean-to-rich and rich-to- 
lean response rates must be monitored. 

(B) The OBD system must also mon-
itor all secondary exhaust gas sensors 
(those used for secondary fuel trim 
control or as a monitoring device) for 
proper output signal, activity, and re-
sponse rate. 

(C) For engines equipped with heated 
exhaust gas sensor, the OBD system 
must monitor the heater for proper 
performance. 

(ii) Primary exhaust gas sensor mal-
function criteria. (A) The OBD system 
must detect a malfunction prior to any 
failure or deterioration of the exhaust 
gas sensor output voltage, resistance, 
impedance, current, response rate, am-
plitude, offset, or other char-
acteristic(s) (including drift or bias 
corrected for by secondary sensors) 
that would cause an engine’s emissions 
to exceed the emissions thresholds for 
‘‘other monitors’’ as shown in Table 2 
of this paragraph (h). 

(B) The OBD system must detect 
malfunctions of the exhaust gas sensor 
caused by either a lack of circuit con-
tinuity or out-of-range values. 

(C) The OBD system must detect a 
malfunction of the exhaust gas sensor 
when a sensor failure or deterioration 
causes the fuel system to stop using 
that sensor as a feedback input (e.g., 
causes default or open-loop operation). 

(D) The OBD system must detect a 
malfunction of the exhaust gas sensor 
when the sensor output voltage, resist-
ance, impedance, current, amplitude, 
activity, or other characteristics are 
no longer sufficient for use as an OBD 
system monitoring device (e.g., for cat-
alyst monitoring). 

(iii) Secondary exhaust gas sensor mal-
function criteria. (A) The OBD system 
must detect a malfunction prior to any 
failure or deterioration of the exhaust 
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gas sensor voltage, resistance, imped-
ance, current, response rate, ampli-
tude, offset, or other characteristic(s) 
that would cause an engine’s emissions 
to exceed the emissions thresholds for 
‘‘other monitors’’ as shown in Table 2 
of this paragraph (h). 

(B) The OBD system must detect 
malfunctions of the exhaust gas sensor 
caused by a lack of circuit continuity. 

(C) To the extent feasible, the OBD 
system must detect a malfunction of 
the exhaust gas sensor when the sensor 
output voltage, resistance, impedance, 
current, amplitude, activity, offset, or 
other characteristics are no longer suf-
ficient for use as an OBD system moni-
toring device (e.g., for catalyst moni-
toring). 

(D) The OBD system must detect 
malfunctions of the exhaust gas sensor 
caused by out-of-range values. 

(E) The OBD system must detect a 
malfunction of the exhaust gas sensor 
when a sensor failure or deterioration 
causes the fuel system (e.g., fuel con-
trol) to stop using that sensor as a 
feedback input (e.g., causes default or 
open-loop operation). 

(iv) Exhaust gas sensor heater malfunc-
tion criteria. (A) The OBD system must 
detect a malfunction of the heater per-
formance when the current or voltage 
drop in the heater circuit is no longer 
within the manufacturer’s specified 
limits for normal operation (i.e., with-
in the criteria required to be met by 
the component vendor for heater cir-
cuit performance at high mileage). 
Other malfunction criteria for heater 
performance malfunctions may be used 
upon demonstrating via data or engi-
neering analyses that the monitoring 
reliability and timeliness is equivalent 
to the stated criteria in this paragraph 
(h)(8)(iv)(A). 

(B) The OBD system must detect 
malfunctions of the heater circuit in-
cluding open or short circuits that con-
flict with the commanded state of the 
heater (e.g., shorted to 12 Volts when 
commanded to 0 Volts (ground)). 

(v) Primary exhaust gas sensor moni-
toring conditions. (A) The manufacturer 
must define monitoring conditions for 
malfunctions identified in paragraphs 
(h)(8)(ii)(A) and (h)(8)(ii)(D) of this sec-
tion in accordance with paragraphs (c) 
and (d) of this section. For purposes of 

tracking and reporting as required by 
paragraph (d)(1) of this section, all 
monitors used to detect malfunctions 
identified in paragraphs (h)(8)(ii)(A) 
and (h)(8)(ii)(D) of this section must be 
tracked separately but reported as a 
single set of values as specified in para-
graph (e)(1)(iii) of this section. 

(B) Except as provided for in para-
graph (h)(8)(v)(C) of this section, moni-
toring for malfunctions identified in 
paragraphs (h)(8)(ii)(B) and (h)(8)(ii)(C) 
of this section must be conducted con-
tinuously. 

(C) The manufacturer may disable 
continuous primary exhaust gas sensor 
monitoring when a primary exhaust 
gas sensor malfunction cannot be dis-
tinguished from other effects (e.g., dis-
able out-of-range low monitoring dur-
ing fuel cut conditions). To do so, the 
manufacturer must demonstrate via 
data or engineering analyses that a 
properly functioning sensor cannot be 
distinguished from a malfunctioning 
sensor and that the disablement inter-
val is limited only to that necessary 
for avoiding false detection. 

(vi) Secondary exhaust gas sensor moni-
toring conditions. (A) The manufacturer 
must define monitoring conditions for 
malfunctions identified in paragraphs 
(h)(8)(iii)(A) through (h)(8)(iii)(C) of 
this section in accordance with para-
graphs (c) and (d) of this section. 

(B) Except as provided for in para-
graph (h)(8)(vi)(C) of this section, mon-
itoring for malfunctions identified in 
paragraphs (h)(8)(iii)(D) and 
(h)(8)(iii)(E) of this section must be 
conducted continuously. 

(C) The manufacturer may disable 
continuous secondary exhaust gas sen-
sor monitoring when a secondary ex-
haust gas sensor malfunction cannot be 
distinguished from other effects (e.g., 
disable out-of-range low monitoring 
during fuel cut conditions). To do so, 
the manufacturer must demonstrate 
via data or engineering analyses that a 
properly functioning sensor cannot be 
distinguished from a malfunctioning 
sensor and that the disablement inter-
val is limited only to that necessary 
for avoiding false detection. 

(vii) Exhaust gas sensor heater moni-
toring conditions. (A) The manufacturer 
must define monitoring conditions for 
malfunctions identified in paragraph 
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(h)(8)(iv)(A) of this section in accord-
ance with paragraphs (c) and (d) of this 
section. 

(B) Monitoring for malfunctions 
identified in paragraph (h)(8)(iv)(B) of 
this section must be conducted con-
tinuously. 

(viii) Exhaust gas sensor MIL activa-
tion and DTC storage. The MIL must ac-
tivate and DTCs must be stored accord-
ing to the provisions of paragraph (b) 
of this section. 

(9) Variable valve timing (VVT) system 
monitoring—(i) General. The OBD sys-
tem must monitor the VVT system on 
engines so equipped for target error 
and slow response malfunctions. The 
individual electronic components (e.g., 
actuators, valves, sensors) that are 
used in the VVT system must be mon-
itored in accordance with the com-
prehensive components requirements 
in paragraph (i)(3). 

(ii) VVT system malfunction criteria— 
(A) VVT system target error. The OBD 
system must detect a malfunction 
prior to any failure or deterioration in 
the capability of the VVT system to 
achieve the commanded valve timing 
and/or control within a crank angle 
and/or lift tolerance that would cause 
an engine’s emissions to exceed the 
emission thresholds for ‘‘other mon-
itors’’ as shown in Table 2 of this para-
graph (h). 

(B) VVT slow response. The OBD sys-
tem must detect a malfunction prior to 
any failure or deterioration in the ca-
pability of the VVT system to achieve 
the commanded valve timing and/or 
control within a manufacturer-speci-
fied time that would cause an engine’s 
emissions to exceed the emission 
thresholds for ‘‘other monitors’’ as 
shown in Table 2 of this paragraph (h). 

(C) For engines in which no failure or 
deterioration of the VVT system could 
result in an engine’s emissions exceed-
ing the applicable emissions thresholds 
of paragraphs (h)(9)(ii)(A) and 
(h)(9)(ii)(B) of this section, the OBD 
system must detect a malfunction of 
the VVT system when proper func-
tional response of the system to com-
puter commands does not occur. 

(iii) VVT system monitoring conditions. 
Manufacturers must define the moni-
toring conditions for VVT system mal-
functions identified in paragraph 

(h)(9)(ii) in accordance with paragraphs 
(c) and (d) of this section, with the ex-
ception that monitoring must occur 
every time the monitoring conditions 
are met during the drive cycle rather 
than once per drive cycle as required in 
paragraph (c)(2) of this section. For 
purposes of tracking and reporting as 
required in paragraph (d)(1) of this sec-
tion, all monitors used to detect mal-
functions identified in paragraph 
(h)(9)(ii) must be tracked separately 
but reported as a single set of values as 
specified in paragraph (e)(1)(iii) of this 
section. 

(iv) VVT MIL activation and DTC stor-
age. The MIL must activate and DTCs 
must be stored according to the provi-
sions of paragraph (b) of this section. 

(i) OBD monitoring requirements for all 
engines—(1) Engine cooling system moni-
toring—(i) General. (A) The OBD system 
must monitor the thermostat on en-
gines so equipped for proper operation. 

(B) The OBD system must monitor 
the engine coolant temperature (ECT) 
sensor for electrical circuit continuity, 
out-of-range values, and rationality 
malfunctions. 

(C) For engines that use a system 
other than the cooling system and ECT 
sensor (e.g., oil temperature, cylinder 
head temperature) to determine engine 
operating temperature for emission 
control purposes (e.g., to modify spark 
or fuel injection timing or quantity), 
the manufacturer may forego cooling 
system monitoring and instead mon-
itor the components or systems used in 
their approach. To do so, the manufac-
turer must to submit data and/or engi-
neering analyses that demonstrate 
that their monitoring plan is as reli-
able and effective as the monitoring re-
quired in this paragraph (i)(1). 

(ii) Malfunction criteria for the thermo-
stat. (A) The OBD system must detect a 
thermostat malfunction if, within the 
manufacturer specified time interval 
following engine start, any of the fol-
lowing conditions occur: The coolant 
temperature does not reach the highest 
temperature required by the OBD sys-
tem to enable other diagnostics; and, 
the coolant temperature does not reach 
a warmed-up temperature within 20 de-
grees Fahrenheit of the manufacturer’s 
nominal thermostat regulating tem-
perature. For the second of these two 
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conditions, the manufacturer may use 
a lower temperature for this criterion 
if either the manufacturer can dem-
onstrate that the fuel, spark timing, 
and/or other coolant temperature-based 
modification to the engine control 
strategies would not cause an emis-
sions increase greater than or equal to 
50 percent of any of the applicable 
emissions standards; or, ambient air 
temperature is between 20 degrees 
Fahrenheit and 50 degrees Fahrenheit 
in which case, upon Administrator ap-
proval, the minimum coolant tempera-
ture required to be reached may be de-
creased based on the ambient air tem-
perature. 

(B) With Administrator approval, the 
manufacturer may use alternative mal-
function criteria to those of paragraph 
(i)(1)(ii)(A) of this section and/or alter-
native monitoring conditions to those 
of paragraph (i)(1)(iv) of this section 
that are a function of temperature at 
engine start on engines that do not 
reach the temperatures specified in the 
malfunction criteria when the thermo-
stat is functioning properly. To do so, 
the manufacturer is required to submit 
data and/or engineering analyses that 
demonstrate that a properly operating 
system does not reach the specified 
temperatures and that the possibility 
is minimized for cooling system mal-
functions to go undetected thus dis-
abling other OBD monitors. 

(C) The manufacturer may request 
Administrator approval to forego mon-
itoring of the thermostat if the manu-
facturer can demonstrate that a mal-
functioning thermostat cannot cause a 
measurable increase in emissions dur-
ing any reasonable driving condition 
nor cause any disablement of other 
OBD monitors. 

(iii) Malfunction criteria for the ECT 
sensor—(A) Circuit integrity. The OBD 
system must detect malfunctions of 
the ECT sensor related to a lack of cir-
cuit continuity or out-of-range values. 

(B) Time to reach closed-loop/feedback 
enable temperature. The OBD system 
must detect if, within the manufac-
turer specified time interval following 
engine start, the ECT sensor does not 
achieve the highest stabilized min-
imum temperature that is needed to 
initiate closed-loop/feedback control of 
all affected emission control systems 

(e.g., fuel system, EGR system). The 
manufacturer specified time interval 
must be a function of the engine cool-
ant temperature and/or intake air tem-
perature at startup. The manufacturer 
time interval must be supported by 
data and/or engineering analyses dem-
onstrating that it provides robust mon-
itoring and minimizes the likelihood of 
other OBD monitors being disabled. 
The manufacturer may forego the re-
quirements of this paragraph 
(i)(1)(iii)(B) provided the manufacturer 
does not use engine coolant tempera-
ture or the ECT sensor to enable 
closed-loop/feedback control of any 
emission control systems. 

(C) Stuck in range below the highest 
minimum enable temperature. To the ex-
tent feasible when using all available 
information, the OBD system must de-
tect a malfunction if the ECT sensor 
inappropriately indicates a tempera-
ture below the highest minimum en-
able temperature required by the OBD 
system to enable other monitors (e.g., 
an OBD system that requires ECT to be 
greater than 140 degrees Fahrenheit to 
enable a diagnostic must detect mal-
functions that cause the ECT sensor to 
inappropriately indicate a temperature 
below 140 degrees Fahrenheit). The 
manufacturer may forego this require-
ment for temperature regions in which 
the monitors required under para-
graphs (i)(1)(ii) or (i)(1)(iii)(B) of this 
section will detect ECT sensor mal-
functions as defined in this paragraph 
(i)(1)(iii)(C). 

(D) Stuck in range above the lowest 
maximum enable temperature. The OBD 
system must detect a malfunction if 
the ECT sensor inappropriately indi-
cates a temperature above the lowest 
maximum enable temperature required 
by the OBD system to enable other 
monitors (e.g., an OBD system that re-
quires an engine coolant temperature 
less than 90 degrees Fahrenheit at 
startup prior to enabling an OBD mon-
itor must detect malfunctions that 
cause the ECT sensor to indicate inap-
propriately a temperature above 90 de-
grees Fahrenheit). The manufacturer 
may forego this requirement within 
temperature regions in which the mon-
itors required under paragraphs 
(i)(1)(ii), (i)(1)(iii)(B), (i)(1)(iii)(C) of 
this section will detect ECT sensor 
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malfunctions as defined in this para-
graph (i)(1)(iii)(D) or in which the MIL 
will be activated according to the pro-
visions of paragraph (b)(2)(v) of this 
section. The manufacturer may also 
forego this monitoring within tempera-
ture regions where a temperature 
gauge on the instrument panel indi-
cates a temperature in the ‘‘red zone’’ 
(engine overheating zone) and displays 
the same temperature information as 
used by the OBD system. 

(iv) Monitoring conditions for the ther-
mostat. (A) The manufacturer must de-
fine the monitoring conditions for mal-
functions identified in paragraph 
(i)(1)(ii)(A) of this section in accord-
ance with paragraph (c) of this section. 
Additionally, except as provided for in 
paragraphs (i)(1)(iv)(B) and (i)(1)(iv)(C) 
of this section, monitoring for mal-
functions identified in paragraph 
(i)(1)(ii)(A) of this section must be con-
ducted once per drive cycle on every 
drive cycle in which the ECT sensor in-
dicates, at engine start, a temperature 
lower than the temperature established 
as the malfunction criteria in para-
graph (i)(1)(ii)(A) of this section. 

(B) The manufacturer may disable 
thermostat monitoring at ambient en-
gine start temperatures below 20 de-
grees Fahrenheit. 

(C) The manufacturers may request 
Administrator approval to suspend or 
disable thermostat monitoring if the 
engine is subjected to conditions that 
could lead to false diagnosis. To do so, 
the manufacturer must submit data 
and/or engineering analyses that dem-
onstrate that the suspension or dis-
ablement is necessary. In general, the 
manufacturer will not be allowed to 
suspend or disable the thermostat mon-
itor on engine starts where the engine 
coolant temperature at engine start is 
more than 35 degrees Fahrenheit lower 
than the thermostat malfunction 
threshold temperature determined 
under paragraph (i)(1)(ii)(A) of this sec-
tion. 

(v) Monitoring conditions for the ECT 
sensor. (A) Except as provided for in 
paragraph (i)(1)(v)(D) of this section, 
the OBD system must monitor continu-
ously for malfunctions identified in 
paragraph monitoring for malfunctions 
identified in paragraph (i)(1)(iii)(A) of 

this section (i.e., circuit integrity and 
out-of-range). 

(B) The manufacturer must define 
the monitoring conditions for malfunc-
tions identified in paragraph 
(i)(1)(iii)(B) of this section in accord-
ance with paragraph (c) of this section. 
Additionally, except as provided for in 
paragraph (i)(1)(v)(D) of this section, 
monitoring for malfunctions identified 
in paragraph (i)(1)(iii)(B) of this section 
must be conducted once per drive cycle 
on every drive cycle in which the ECT 
sensor indicates a temperature lower 
than the closed-loop enable tempera-
ture at engine start (i.e., all engine 
start temperatures greater than the 
ECT sensor out-of-range low tempera-
ture and less than the closed-loop en-
able temperature). 

(C) The manufacturer must define 
the monitoring conditions for malfunc-
tions identified in paragraphs 
(i)(1)(iii)(C) and (i)(1)(iii)(D) of this sec-
tion in accordance with paragraphs (c) 
and (d) of this section. 

(D) The manufacturer may suspend 
or delay the monitor for the time to 
reach closed-loop enable temperature if 
the engine is subjected to conditions 
that could lead to false diagnosis (e.g., 
vehicle operation at idle for more than 
50 to 75 percent of the warm-up time). 

(E) The manufacturer may request 
Administrator approval to disable con-
tinuous ECT sensor monitoring when 
an ECT sensor malfunction cannot be 
distinguished from other effects. To do 
so, the manufacturer must submit data 
and/or engineering analyses that dem-
onstrate a properly functioning sensor 
cannot be distinguished from a mal-
functioning sensor and that the dis-
ablement interval is limited only to 
that necessary for avoiding false detec-
tion. 

(vi) Engine cooling system MIL activa-
tion and DTC storage. The MIL must ac-
tivate and DTCs must be stored accord-
ing to the provisions of paragraph (b) 
of this section. 

(2) Crankcase ventilation (CV) system 
monitoring—(i) General. The OBD sys-
tem must monitor the CV system on 
engines so equipped for system integ-
rity. Engines not required to be 
equipped with CV systems are exempt 
from monitoring the CV system. For 
diesel engines, the manufacturer must 
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submit a plan for Administrator ap-
proval prior to OBD certification. That 
plan must include descriptions of the 
monitoring strategy, malfunction cri-
teria, and monitoring conditions for 
CV system monitoring. The plan must 
demonstrate that the CV system mon-
itor is of equivalent effectiveness, to 
the extent feasible, to the malfunction 
criteria and the monitoring conditions 
of this paragraph (i)(2). 

(ii) Crankcase ventilation system mal-
function criteria. (A) For the purposes of 
this paragraph (i)(2), ‘‘CV system’’ is 
defined as any form of crankcase ven-
tilation system, regardless of whether 
it utilizes positive pressure. ‘‘CV 
valve’’ is defined as any form of valve 
or orifice used to restrict or control 
crankcase vapor flow. Further, any ad-
ditional external CV system tubing or 
hoses used to equalize crankcase pres-
sure or to provide a ventilation path 
between various areas of the engine 
(e.g., crankcase and valve cover) are 
considered part of the CV system ‘‘be-
tween the crankcase and the CV valve’’ 
and subject to the malfunction criteria 
in paragraph (i)(2)(ii)(B) of this section. 

(B) Except as provided for in para-
graphs (i)(2)(ii)(C) through (i)(2)(ii)(E) 
of this section, the OBD system must 
detect a malfunction of the CV system 
when a disconnection of the system oc-
curs between either the crankcase and 
the CV valve, or between the CV valve 
and the intake manifold. 

(C) The manufacturer may forego 
monitoring for a disconnection be-
tween the crankcase and the CV valve 
provided the CV system is designed 
such that the CV valve is fastened di-
rectly to the crankcase such that it is 
significantly more difficult to remove 
the CV valve from the crankcase than 
to disconnect the line between the CV 
valve and the intake manifold (taking 
aging effects into consideration). To do 
so, the manufacturer must be able to 
provide data and/or an engineering 
evaluation demonstrating that the CV 
system is so designed. 

(D) The manufacturer may forego 
monitoring for a disconnection be-
tween the crankcase and the CV valve 
provided the CV system is designed 
such that it uses tubing connections 
between the CV valve and the crank-
case that are: resistant to deteriora-

tion or accidental disconnection; sig-
nificantly more difficult to disconnect 
than is the line between the CV valve 
and the intake manifold; and, not sub-
ject to disconnection per the manufac-
turer’s repair procedures for any non- 
CV system repair. To do so, the manu-
facturer must be able to provide data 
and/or engineering evaluation dem-
onstrating that the CV system is so de-
signed. 

(E) The manufacturer may forego 
monitoring for a disconnection be-
tween the CV valve and the intake 
manifold provided the CV system is de-
signed such that any disconnection ei-
ther causes the engine to stall imme-
diately during idle operation, or is un-
likely to occur due to a CV system de-
sign that is integral to the induction 
system (e.g., machined passages rather 
than tubing or hoses). To do so, the 
manufacturer must be able to provide 
data and/or an engineering evaluation 
demonstrating that the CV system is 
so designed. 

(iii) Crankcase ventilation system moni-
toring conditions. The manufacturer 
must define the monitoring conditions 
for malfunctions identified in para-
graph (i)(2) of this section in accord-
ance with paragraphs (c) and (d) of this 
section. 

(iv) Crankcase ventilation system MIL 
activation and DTC storage. The MIL 
must activate and DTCs must be stored 
according to the provisions of para-
graph (b) of this section. The stored 
DTC need not identify specifically the 
CV system (e.g., a DTC for idle speed 
control or fuel system monitoring can 
be stored) if the manufacturer can 
demonstrate that additional moni-
toring hardware is necessary to make 
such an identification and provided the 
manufacturer’s diagnostic and repair 
procedures for the detected malfunc-
tion include directions to check the in-
tegrity of the CV system. 

(3) Comprehensive component moni-
toring—(i) General. Except as provided 
for in paragraph (i)(4) of this section, 
the OBD system must detect a mal-
function of any electronic engine com-
ponent or system not otherwise de-
scribed in paragraphs (g), (h), (i)(1), and 
(i)(2) of this section that either pro-
vides input to (directly or indirectly, 
such components may include the 
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crank angle sensor, knock sensor, 
throttle position sensor, cam position 
sensor, intake air temperature sensor, 
boost pressure sensor, manifold pres-
sure sensor, mass air flow sensor, ex-
haust temperature sensor, exhaust 
pressure sensor, fuel pressure sensor, 
fuel composition sensor of a flexible 
fuel vehicle, etc.) or receives com-
mands from (such components or sys-
tems may include the idle speed con-
trol system, glow plug system, variable 
length intake manifold runner sys-
tems, supercharger or turbocharger 
electronic components, heated fuel 
preparation systems, the wait-to-start 
lamp on diesel applications, the MIL, 
etc.) the onboard computer(s) and 
meets either of the criteria described 
in paragraphs (i)(3)(i)(A) and/or 
(i)(3)(i)(B) of this section. Note that, 
for the purposes of this paragraph 
(i)(3), ‘‘electronic engine component or 
system’’ does not include components 
that are driven by the engine and are 
not related to the control of the fuel-
ing, air handling, or emissions of the 
engine (e.g., PTO components, air con-
ditioning system components, and 
power steering components). 

(A) It can cause emissions to exceed 
applicable emission standards. To pre-
clude monitoring, the manufacturer 
must be able to provide emission data 
showing that the component or system, 
when malfunctioning and installed on a 
suitable test engine, does not cause 
emissions to exceed the emission 
standards. 

(B) It is used as part of the moni-
toring strategy for any other mon-
itored system or component. 

(ii) Comprehensive component malfunc-
tion criteria for input components. (A) 
The OBD system must detect malfunc-
tions of input components caused by a 
lack of circuit continuity and out-of- 
range values. In addition, where fea-
sible, rationality checks must also be 
done and shall verify that a sensor out-
put is neither inappropriately high nor 
inappropriately low (i.e., ‘‘two-sided’’ 
monitoring). 

(B) To the extent feasible, the OBD 
system must separately detect and 
store different DTCs that distinguish 
rationality malfunctions from lack of 
circuit continuity and out-of-range 
malfunctions. For lack of circuit con-

tinuity and out-of-range malfunctions, 
the OBD system must, to the extent 
feasible, separately detect and store 
different DTCs for each distinct mal-
function (e.g., out-of-range low, out-of- 
range high, open circuit). The OBD sys-
tem is not required to store separate 
DTCs for lack of circuit continuity 
malfunctions that cannot be distin-
guished from other out-of-range circuit 
malfunctions. 

(C) For input components that are 
used to activate alternative strategies 
that can affect emissions (e.g., AECDs, 
engine shutdown systems), the OBD 
system must conduct rationality 
checks to detect malfunctions that 
cause the system to activate erro-
neously or deactivate the alternative 
strategy. To the extent feasible when 
using all available information, the ra-
tionality check must detect a malfunc-
tion if the input component inappropri-
ately indicates a value that activates 
or deactivates the alternative strategy. 
For example, for an alternative strat-
egy that activates when the intake air 
temperature is greater than 120 degrees 
Fahrenheit, the OBD system must de-
tect malfunctions that cause the in-
take air temperature sensor to indicate 
inappropriately a temperature above 
120 degrees Fahrenheit. 

(D) For engines that require precise 
alignment between the camshaft and 
the crankshaft, the OBD system must 
monitor the crankshaft position sen-
sor(s) and camshaft position sensor(s) 
to verify proper alignment between the 
camshaft and crankshaft in addition to 
monitoring the sensors for circuit con-
tinuity and proper rationality. Proper 
alignment monitoring between a cam-
shaft and a crankshaft is required only 
in cases where both are equipped with 
position sensors. For engines equipped 
with VVT systems and a timing belt or 
chain, the OBD system must detect a 
malfunction if the alignment between 
the camshaft and crankshaft is off by 
one or more cam/crank sprocket cogs 
(e.g., the timing belt/chain has slipped 
by one or more teeth/cogs). If a manu-
facturer demonstrates that a single 
tooth/cog misalignment cannot cause a 
measurable increase in emissions dur-
ing any reasonable driving condition, 
the OBD system must detect a mal-
function when the minimum number of 
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teeth/cogs misalignment has occurred 
that does cause a measurable emission 
increase. 

(iii) Comprehensive component mal-
function criteria for output components/ 
systems. (A) The OBD system must de-
tect a malfunction of an output compo-
nent/system when proper functional re-
sponse does not occur in response to 
computer commands. If such a func-
tional check is not feasible, the OBD 
system must detect malfunctions of 
output components/systems caused by 
a lack of circuit continuity or circuit 
malfunction (e.g., short to ground or 
high voltage). For output component 
lack of circuit continuity malfunctions 
and circuit malfunctions, the OBD sys-
tem is not required to store different 
DTCs for each distinct malfunction 
(e.g., open circuit, shorted low). Manu-
facturers are not required to activate 
an output component/system when it 
would not normally be active for the 
sole purpose of performing a functional 
check of it as required in this para-
graph (i)(3). 

(B) For gasoline engines, the idle 
control system must be monitored for 
proper functional response to computer 
commands. For gasoline engines using 
monitoring strategies based on devi-
ation from target idle speed, a mal-
function must be detected when either 
of the following conditions occurs: The 
idle speed control system cannot 
achieve the target idle speed within 200 
revolutions per minute (rpm) above the 
target speed or 100 rpm below the tar-
get speed; or, the idle speed control 
system cannot achieve the target idle 
speed within the smallest engine speed 
tolerance range required by the OBD 
system to enable any other monitors. 
Regarding the former of these condi-
tions, the manufacturer may use larger 
engine speed tolerances. To do so, the 
manufacturer must be able to provide 
data and/or engineering analyses that 
demonstrate that the tolerances can be 
exceeded without a malfunction being 
present. 

(C) For diesel engines, the idle con-
trol system must be monitored for 
proper functional response to computer 
commands. For diesel engines, a mal-
function must be detected when either 
of the following conditions occurs: the 
idle fuel control system cannot achieve 

the target idle speed or fuel injection 
quantity within ±50 percent of the 
manufacturer-specified fuel quantity 
and engine speed tolerances; or, the 
idle fuel control system cannot achieve 
the target idle speed or fueling quan-
tity within the smallest engine speed 
or fueling quantity tolerance range re-
quired by the OBD system to enable 
any other monitors. 

(D) For model years 2010 through 
2012, glow plugs must be monitored for 
circuit continuity malfunctions. For 
model years 2010 and later, intake air 
heater systems and, for model years 
2013 and later, glow plugs must be mon-
itored for proper functional response to 
computer commands and for circuit 
continuity malfunctions. The glow 
plug/intake air heater circuit(s) must 
be monitored for proper current and 
voltage drop. The manufacturer may 
use other monitoring strategies but 
must be able to provide data and/or en-
gineering analyses that demonstrate 
reliable and timely detection of mal-
functions. The OBD system must also 
detect a malfunction when a single 
glow plug no longer operates within 
the manufacturer’s specified limits for 
normal operation. If a manufacturer 
can demonstrate that a single glow 
plug malfunction cannot cause a meas-
urable increase in emissions during any 
reasonable driving condition, the OBD 
system must instead detect a malfunc-
tion when the number of glow plugs 
needed to cause an emission increase is 
malfunctioning. To the extent feasible, 
the stored DTC must identify the spe-
cific malfunctioning glow plug(s). 

(E) The wait-to-start lamp circuit 
and the MIL circuit must be monitored 
for malfunctions that cause either 
lamp to fail to activate when com-
manded to do so (e.g., burned out bulb). 
This monitoring of the wait-to-start 
lamp circuit and the MIL circuit is not 
required for wait-to-start lamps and 
MILs using light-emitting diodes 
(LEDs). 

(iv) Monitoring conditions for input 
components. (A) The OBD system must 
monitor input components continu-
ously for out-of-range values and cir-
cuit continuity. The manufacturer may 
disable continuous monitoring for cir-
cuit continuity and out-of-range values 
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when a malfunction cannot be distin-
guished from other effects. To do so, 
the manufacturer must be able to pro-
vide data and/or engineering analyses 
that demonstrate that a properly func-
tioning input component cannot be dis-
tinguished from a malfunctioning 
input component and that the disable-
ment interval is limited only to that 
necessary for avoiding false malfunc-
tion detection. 

(B) For input component rationality 
checks (where applicable), the manu-
facturer must define the monitoring 
conditions for detecting malfunctions 
in accordance with paragraphs (c) and 
(d) of this section, with the exception 
that rationality checks must occur 
every time the monitoring conditions 
are met during the drive cycle rather 
than once per drive cycle as required in 
paragraph (c)(2) of this section. 

(v) Monitoring conditions for output 
components/systems. (A) The OBD sys-
tem must monitor output components/ 
systems continuously for circuit con-
tinuity and circuit malfunctions. The 
manufacturer may disable continuous 
monitoring for circuit continuity and 
circuit malfunctions when a malfunc-
tion cannot be distinguished from 
other effects. To do so, the manufac-
turer must be able to provide data and/ 
or engineering analyses that dem-
onstrate that a properly functioning 
output component/system cannot be 
distinguished from a malfunctioning 
one and that the disablement interval 
is limited only to that necessary for 
avoiding false malfunction detection. 

(B) For output component/system 
functional checks, the manufacturer 
must define the monitoring conditions 
for detecting malfunctions in accord-
ance with paragraphs (c) and (d) of this 
section. Specifically for the idle con-
trol system, the manufacturer must de-
fine the monitoring conditions for de-
tecting malfunctions in accordance 
with paragraphs (c) and (d) of this sec-
tion, with the exception that func-
tional checks must occur every time 
the monitoring conditions are met dur-
ing the drive cycle rather than once 
per drive cycle as required in para-
graph (c)(2) of this section. 

(vi) Comprehensive component MIL ac-
tivation and DTC storage. (A) Except as 
provided for in paragraphs (i)(3)(vi)(B) 

and (i)(3)(vi)(C) of this section, the MIL 
must activate and DTCs must be stored 
according to the provisions of para-
graph (b) of this section. 

(B) The MIL need not be activated in 
conjunction with storing a MIL-on 
DTC for any comprehensive component 
if: the component or system, when mal-
functioning, could not cause engine 
emissions to increase by 15 percent or 
more of the applicable FTP standard 
during any reasonable driving condi-
tion; or, the component or system is 
not used as part of the monitoring 
strategy for any other system or com-
ponent that is required to be mon-
itored. 

(C) The MIL need not be activated if 
a malfunction has been detected in the 
MIL circuit that prevents the MIL 
from activating (e.g., burned out bulb 
or light-emitting diode, LED). None-
theless, the electronic MIL status (see 
paragraph (k)(4)(ii) of this section) 
must be reported as MIL commanded- 
on and a MIL-on DTC must be stored. 

(4) Other emission control system moni-
toring—(i) General. For other emission 
control systems that are either not ad-
dressed in paragraphs (g) through (i)(3) 
of this section (e.g., hydrocarbon traps, 
homogeneous charge compression igni-
tion control systems), or addressed in 
paragraph (i)(3) of this section but not 
corrected or compensated for by an 
adaptive control system (e.g., swirl 
control valves), the manufacturer must 
submit a plan for Administrator ap-
proval of the monitoring strategy, mal-
function criteria, and monitoring con-
ditions prior to introduction on a pro-
duction engine. The plan must dem-
onstrate the effectiveness of the moni-
toring strategy, the malfunction cri-
teria used, the monitoring conditions 
required by the monitor, and, if appli-
cable, the determination that the re-
quirements of paragraph (i)(4)(ii) of 
this section are satisfied. 

(ii) For engines that use emission 
control systems that alter intake air 
flow or cylinder charge characteristics 
by actuating valve(s), flap(s), etc., in 
the intake air delivery system (e.g., 
swirl control valve systems), the manu-
facturer, in addition to meeting the re-
quirements of paragraph (i)(4)(i) of this 
section, may elect to have the OBD 
system monitor the shaft to which all 
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valves in one intake bank are phys-
ically attached rather than performing 
a functional check of the intake air 
flow, cylinder charge, or individual 
valve(s)/flap(s). For non-metal shafts or 
segmented shafts, the monitor must 
verify all shaft segments for proper 
functional response (e.g., by verifying 
that the segment or portion of the 
shaft farthest from the actuator func-
tions properly). For systems that have 
more than one shaft to operate valves 
in multiple intake banks, the manufac-
turer is not required to add more than 
one set of detection hardware (e.g., sen-
sor, switch) per intake bank to meet 
this requirement. 

(5) Exceptions to OBD monitoring re-
quirements. (i) The Administrator may 
revise the PM filtering performance 
malfunction criteria for DPFs to ex-
clude detection of specific failure 
modes such as partially melted sub-
strates, if the most reliable monitoring 
method developed requires it. 

(ii) The manufacturer may disable an 
OBD system monitor at ambient en-
gine start temperatures below 20 de-
grees Fahrenheit (low ambient tem-
perature conditions may be determined 
based on intake air or engine coolant 
temperature at engine start) or at ele-
vations higher than 8,000 feet above sea 
level. To do so, the manufacturer must 
submit data and/or engineering anal-
yses that demonstrate that monitoring 
is unreliable during the disable condi-
tions. A manufacturer may request 
that an OBD system monitor be dis-
abled at other ambient engine start 
temperatures by submitting data and/ 
or engineering analyses demonstrating 
that misdiagnosis would occur at the 
given ambient temperatures due to 
their effect on the component itself 
(e.g., component freezing). 

(iii) The manufacturer may disable 
an OBD system monitor when the fuel 
level is 15 percent or less of the nomi-
nal fuel tank capacity for those mon-
itors that can be affected by low fuel 
level or running out of fuel (e.g., mis-
fire detection). To do so, the manufac-
turer must submit data and/or engi-
neering analyses that demonstrate 
that monitoring at the given fuel levels 
is unreliable, and that the OBD system 
is still able to detect a malfunction if 
the component(s) used to determine 

fuel level indicates erroneously a fuel 
level that causes the disablement. 

(iv) The manufacturer may disable 
OBD monitors that can be affected by 
engine battery or system voltage lev-
els. 

(A) For an OBD monitor affected by 
low vehicle battery or system voltages, 
manufacturers may disable monitoring 
when the battery or system voltage is 
below 11.0 Volts. The manufacturer 
may use a voltage threshold higher 
than 11.0 Volts to disable monitors but 
must submit data and/or engineering 
analyses that demonstrate that moni-
toring at those voltages is unreliable 
and that either operation of a vehicle 
below the disablement criteria for ex-
tended periods of time is unlikely or 
the OBD system monitors the battery 
or system voltage and will detect a 
malfunction at the voltage used to dis-
able other monitors. 

(B) For an OBD monitor affected by 
high engine battery or system 
voltages, the manufacturer may dis-
able monitoring when the battery or 
system voltage exceeds a manufac-
turer-defined voltage. To do so, the 
manufacturer must submit data and/or 
engineering analyses that demonstrate 
that monitoring above the manufac-
turer-defined voltage is unreliable and 
that either the electrical charging sys-
tem/alternator warning light will be 
activated (or voltage gauge would be in 
the ‘‘red zone’’) or the OBD system 
monitors the battery or system voltage 
and will detect a malfunction at the 
voltage used to disable other monitors. 

(v) The manufacturer may also dis-
able affected OBD monitors in systems 
designed to accommodate the installa-
tion of power take off (PTO) units pro-
vided monitors are disabled only while 
the PTO unit is active and the OBD 
readiness status (see paragraph (k)(4)(i) 
of this section) is cleared by the on-
board computer (i.e., all monitors set 
to indicate ‘‘not complete’’ or ‘‘not 
ready’’) while the PTO unit is acti-
vated. If monitors are so disabled and 
when the disablement ends, the readi-
ness status may be restored to its state 
prior to PTO activation. 

(6) Feedback control system monitoring. 
If the engine is equipped with feedback 
control of any of the systems covered 
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in paragraphs (g), (h) and (i) of this sec-
tion, then the OBD system must detect 
as malfunctions the conditions speci-
fied in this paragraph (i)(6) for each of 
the individual feedback controls. 

(i) The OBD system must detect 
when the system fails to begin feed-
back control within a manufacturer 
specified time interval. 

(ii) When any malfunction or deterio-
ration causes open loop or limp-home 
operation. 

(iii) When feedback control has used 
up all of the adjustment allowed by the 
manufacturer. 

(iv) A manufacturer may temporarily 
disable monitoring for malfunctions 
specified in paragraph (i)(6)(iii) of this 
section during conditions that the spe-
cific monitor cannot distinguish 
robustly between a malfunctioning sys-
tem and a properly operating system. 
To do so, the manufacturer is required 
to submit data and/or engineering anal-
yses demonstrating that the individual 
feedback control system, when oper-
ating as designed on an engine with all 
emission controls working properly, 
routinely operates during these condi-
tions while having used up all of the 
adjustment allowed by the manufac-
turer. In lieu of detecting, with a sys-
tem specific monitor, the malfunctions 
specified in paragraphs (i)(6)(i) and 
(i)(6)(ii) of this section the OBD system 
may monitor the individual parameters 
or components that are used as inputs 
for individual feedback control systems 
provided that the monitors detect all 
malfunctions that meet the criteria of 
paragraphs (i)(6)(i) and (i)(6)(ii) of this 
section. 

(j) Production evaluation testing—(1) 
Verification of standardization require-
ments. (i) For model years 2013 and 
later, the manufacturer must perform 
testing to verify that production vehi-
cles meet the requirements of para-
graphs (k)(3) and (k)(4) of this section 
relevant to the proper communication 
of required emissions-related messages 
to a SAE J1978 or SAE J1939 (both as 
specified in paragraph (k)(1) of this sec-
tion) scan tool. 

(ii) Selection of test vehicles. (A) The 
manufacturer must perform this test-
ing every model year on ten unique 
production vehicles (i.e., engine rating 
and chassis application combination) 

per engine family. If there are less than 
ten unique production vehicles for a 
certain engine family, the manufac-
turer must test each unique production 
vehicle in that engine family. The 
manufacturer must perform this test-
ing within either three months of the 
start of engine production or one 
month of the start of vehicle produc-
tion, whichever is later. The manufac-
turer may request approval to group 
multiple production vehicles together 
and test one representative vehicle per 
group. To do so, the software and hard-
ware designed to comply with the 
standardization requirements of para-
graph (k)(1) of this section (e.g., com-
munication protocol message timing, 
number of supported data stream pa-
rameters, engine and vehicle commu-
nication network architecture) in the 
representative vehicle must be iden-
tical to all others in the group and any 
differences in the production vehicles 
cannot be relevant with respect to 
meeting the criteria of paragraph 
(j)(1)(iv) of this section. 

(B) For 2016 and subsequent model 
years, the required number of vehicles 
to be tested shall be reduced to five per 
engine family provided zero vehicles 
fail the testing required by paragraph 
(j)(1) of this section for two consecu-
tive years. 

(C) For 2019 and subsequent model 
years, the required number of vehicles 
to be tested shall be reduced to three 
per engine family provided zero vehi-
cles fail the testing required by para-
graph (j)(1) of this section for three 
consecutive years. 

(D) The requirement for submittal of 
data from one or more of the produc-
tion vehicles shall be waived if data 
have been submitted previously for all 
of the production vehicles. The manu-
facturer may request approval to carry 
over data collected in previous model 
years. To do so, the software and hard-
ware designed to comply with the 
standardization requirements of para-
graph (k)(1) of this section must be 
identical to the previous model year 
and there must not have been other 
hardware or software changes that af-
fect compliance with the standardiza-
tion requirements. 
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(iii) Test equipment. For the testing 
required by paragraph (j)(1) of this sec-
tion, the manufacturer shall use an off- 
board device to conduct the testing. 
The manufacturer must be able to 
show that the off-board device is able 
to verify that the vehicles tested using 
the device are able to perform all of 
the required functions in paragraph 
(j)(1)(iv) of this section with any other 
off-board device designed and built in 
accordance with the SAE J1978 or SAE 
J1939 (both as specified in paragraph 
(k)(1) of this section) generic scan tool 
specifications. 

(iv) Required testing. The testing must 
verify that communication can be es-
tablished properly between all emis-
sion-related on-board computers and a 
SAE J1978 or SAE J1939 (both as speci-
fied in paragraph (k)(1) of this section) 
scan tool designed to adhere strictly to 
the communication protocols allowed 
in paragraph (k)(3) of this section. The 
testing must also verify that all emis-
sion-related information is commu-
nicated properly between all emission- 
related on-board computers and a SAE 
J1978 or SAE J1939 (both as specified in 
paragraph (k)(1) of this section) scan 
tool in accordance with the require-
ments of paragraph (k)(1) of this sec-
tion and the applicable ISO and SAE 
specifications including specifications 
for physical layer, network layer, mes-
sage structure, and message content. 
The testing must also verify that the 
onboard computer(s) can properly re-
spond to a SAE J1978 or SAE J1939 
(both as specified in paragraph (k)(1) of 
this section) scan tool request to clear 
emissions-related DTCs and reset the 
ready status in accordance with para-
graph (k)(4)(ix) of this section. The 
testing must further verify that the 
following information can be properly 
communicated to a SAE J1978 or SAE 
J1939 (both as specified in paragraph 
(k)(1) of this section) scan tool: 

(A) The current ready status from all 
onboard computers required to support 
ready status in accordance with SAE 
J1978 or SAE J1939–73 (both as specified 
in paragraph (k)(1) of this section) and 
paragraph (k)(4)(i) of this section in 
the key-on, engine-off position and 
while the engine is running. 

(B) The MIL command status while a 
deactivated MIL is commanded and 

while an activated MIL is commanded 
in accordance with SAE J1979 or SAE 
J1939 (both as specified in paragraph 
(k)(1) of this section) and paragraph 
(k)(4)(ii) of this section in the key-on, 
engine-off position and while the en-
gine is running, and in accordance with 
SAE J1979 or SAE J1939 (both as speci-
fied in paragraph (k)(1) of this section) 
and paragraphs (b)(1)(ii) of this section 
during the MIL functional check, if ap-
plicable, and, if applicable, (k)(4)(i)(C) 
of this section during the MIL ready 
status check while the engine is off. 

(C) All data stream parameters re-
quired in paragraph (k)(4)(ii) of this 
section in accordance with SAE J1979 
or SAE J1939 (both as specified in para-
graph (k)(1) of this section) including, 
if applicable, the proper identification 
of each data stream parameter as sup-
ported in SAE J1979 (e.g., Mode/Service 
$01, PID $00). 

(D) The CAL ID, CVN, and VIN as re-
quired by paragraphs (k)(4)(vi), 
(k)(4)(vii), and (k)(4)(viii) of this sec-
tion and in accordance with SAE J1979 
or SAE J1939 (both as specified in para-
graph (k)(1) of this section). 

(E) An emissions-related DTC (per-
manent, pending, MIL-on, previous- 
MIL-on) in accordance with SAE J1979 
or SAE J1939–73 (both as specified in 
paragraph (k)(1) of this section) includ-
ing the correct indication of the num-
ber of stored DTCs (e.g., Mode/Service 
$01, PID $01, Data A for SAE J1979 (as 
specified in paragraph (k)(1) of this sec-
tion)) and paragraph (k)(4)(iv) of this 
section. 

(v) Reporting of results. The manufac-
turer must submit to the Adminis-
trator the following, based on the re-
sults of the testing required by para-
graph (j)(1)(iv) of this section: 

(A) If a variant meets all the require-
ments of paragraph (j)(1)(iv) of this sec-
tion, a statement specifying that the 
variant passed all the tests. Upon re-
quest from the Administrator, the de-
tailed results of any such testing may 
have to be submitted. 

(B) If any variant does not meet the 
requirements paragraph (j)(1)(iv) of 
this section, a written report detailing 
the problem(s) identified and the man-
ufacturer’s proposed corrective action 
(if any) to remedy the problem(s). This 
report must be submitted within one 
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month of testing the specific variant. 
The Administrator will consider the 
proposed remedy and, if in disagree-
ment, will work with the manufacturer 
to propose an alternative remedy. Fac-
tors to be considered by the Adminis-
trator in considering the proposed rem-
edy will include the severity of the 
problem(s), the ability of service tech-
nicians to access the required diag-
nostic information, the impact on 
equipment and tool manufacturers, and 
the amount of time prior to implemen-
tation of the proposed corrective ac-
tion. 

(vi) Alternative testing protocols. Man-
ufacturers may request approval to use 
other testing protocols. To do so, the 
manufacturer must demonstrate that 
the alternative testing methods and 
equipment will provide an equivalent 
level of verification of compliance with 
the standardization requirements as is 
required by paragraph (j)(1) of this sec-
tion. 

(2) Verification of monitoring require-
ments. (i) Within either the first six 
months of the start of engine produc-
tion or the first three months of the 
start of vehicle production, whichever 
is later, the manufacturer must con-
duct a complete evaluation of the OBD 
system of one or more production vehi-
cles (test vehicles) and submit the re-
sults of the evaluation to the Adminis-
trator. 

(ii) Selection of test vehicles. (A) For 
each engine selected for monitoring 
system demonstration in paragraph (l) 
of this section, the manufacturer must 
evaluate one production vehicle 
equipped with an engine from the same 
engine family and rating as the dem-
onstration engine. The vehicle selec-
tion must be approved by the Adminis-
trator. 

(B) If the manufacturer is required to 
test more than one test vehicle, the 
manufacturer may test an engine in 
lieu of a vehicle for all but one of the 
required test vehicles. 

(C) The requirement for submittal of 
data from one or more of the test vehi-
cles may be waived if data have been 
submitted previously for all of the en-
gine ratings and variants. 

(iii) Evaluation requirements. (A) The 
evaluation must demonstrate the abil-
ity of the OBD system on the selected 

test vehicle to detect a malfunction, 
activate the MIL, and, where applica-
ble, store an appropriate DTC readable 
by a scan tool when a malfunction is 
present and the monitoring conditions 
have been satisfied for each individual 
monitor required by this section. For 
model years 2013 and later, the evalua-
tion must demonstrate the ability of 
the OBD system on the selected test 
vehicle to detect a malfunction, acti-
vate the MIL, and, where applicable, 
store an appropriate DTC readable by a 
SAE J1978 or SAE J1939 (both as speci-
fied in paragraph (k)(1) of this section) 
scan tool when a malfunction is 
present and the monitoring conditions 
have been satisfied for each individual 
monitor required by this section. 

(B) The evaluation must verify that 
the malfunction of any component used 
to enable another OBD monitor but 
that does not itself result in MIL acti-
vation (e.g., fuel level sensor) will not 
inhibit the ability of other OBD mon-
itors to detect malfunctions properly. 

(C) The evaluation must verify that 
the software used to track the numer-
ator and denominator for the purpose 
of determining in-use monitoring fre-
quency increments as required by para-
graph (d)(2) of this section. 

(D) Malfunctions may be implanted 
mechanically or simulated electroni-
cally, but internal onboard computer 
hardware or software changes shall not 
be used to simulate malfunctions. For 
monitors that are required to indicate 
a malfunction before emissions exceed 
an emission threshold, manufacturers 
are not required to use malfunctioning 
components/systems set exactly at 
their malfunction criteria limits. 
Emission testing is not required to 
confirm that the malfunction is de-
tected before the appropriate emission 
thresholds are exceeded. 

(E) The manufacturer must submit a 
proposed test plan for approval prior to 
performing evaluation testing. The test 
plan must identify the method used to 
induce a malfunction for each monitor. 

(F) If the demonstration of a specific 
monitor cannot be reasonably per-
formed without causing physical dam-
age to the test vehicle (e.g., onboard 
computer internal circuit malfunc-
tions), the manufacturer may omit the 
specific demonstration. 
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(G) For evaluation of test vehicles se-
lected in accordance with paragraph 
(j)(2)(ii) of this section, the manufac-
turer is not required to demonstrate 
monitors that were demonstrated prior 
to certification as required in para-
graph (l) of this section. 

(iv) The manufacturer must submit a 
report of the results of all testing con-
ducted as required by paragraph (j)(2) 
of this section. The report must iden-
tify the method used to induce a mal-
function in each monitor, the MIL acti-
vation status, and the DTC(s) stored. 

(3) Verification of in-use monitoring 
performance ratios. (i) The manufacturer 
must collect and report in-use moni-
toring performance data representative 
of production vehicles (i.e., engine rat-
ing and chassis application combina-
tion). The manufacturer must collect 
and report the data to the Adminis-
trator within 12 months after the first 
production vehicle was first introduced 
into commerce. 

(ii) The manufacturer must separate 
production vehicles into the moni-
toring performance groups and submit 
data that represents each of these 
groups. The groups shall be based on 
the following criteria: 

(A) Emission control system archi-
tecture. All engines that use the same 
or similar emissions control system ar-
chitecture (e.g., EGR with DPF and 
SCR; EGR with DPF and NOX adsorber; 
EGR with DPF-only) and associated 
monitoring system would be in the 
same emission architecture category. 

(B) Vehicle application type. Within 
an emission architecture category, en-
gines shall be separated into one of 
three vehicle application types: En-
gines intended primarily for line-haul 
chassis applications, engines intended 
primarily for urban delivery chassis ap-
plications, and all other engines. 

(iii) The manufacturer may use an al-
ternative grouping method to collect 
representative data. To do so, the man-
ufacturer must show that the alter-
native groups include production vehi-
cles using similar emission controls, 
OBD strategies, monitoring condition 
calibrations, and vehicle application 
driving/usage patterns such that they 
are expected to have similar in-use 
monitoring performance. The manufac-
turer will still be required to submit 

one set of data for each of the alter-
native groups. 

(iv) For each monitoring perform-
ance group, the data must include all 
of the in-use performance tracking 
data (i.e., all numerators, denomina-
tors, the general denominator, and the 
ignition cycle counter), the date the 
data were collected, the odometer read-
ing, the VIN, and the calibration ID. 
For model years 2013 and later, for each 
monitoring performance group, the 
data must include all of the in-use per-
formance tracking data reported 
through SAE J1979 or SAE J1939 (both 
as specified in paragraph (k)(1) of this 
section; i.e., all numerators, denomina-
tors, the general denominator, and the 
ignition cycle counter), the date the 
data were collected, the odometer read-
ing, the VIN, and the calibration ID. 

(v) The manufacturer must submit a 
plan to the Administrator that details 
the types of production vehicles in 
each monitoring performance group, 
the number of vehicles per group to be 
sampled, the sampling method, the 
timeline to collect the data, and the re-
porting format. The plan must provide 
for effective collection of data from, at 
least, 15 vehicles per monitoring per-
formance group and provide for data 
that represent a broad range of tem-
perature conditions. The plan shall 
not, by design, exclude or include spe-
cific vehicles in an attempt to collect 
data only from vehicles expected to 
have the highest in-use performance 
ratios. 

(vi) The 12 month deadline for report-
ing may be extended to 18 months if 
the manufacturer can show that the 
delay is justified. In such a case, an in-
terim report of progress to date must 
be submitted within the 12 month dead-
line. 

(k) Standardization requirements—(1) 
Reference materials. The following docu-
ments are incorporated by reference, 
see § 86.1. Anyone may inspect copies at 
the U.S. EPA or at the National Ar-
chives and Records Administration 
(NARA). For information on the avail-
ability of this material at U.S. EPA, 
NARA, or the standard making bodies 
directly, refer to § 86.1. 

(i) SAE J1930, Revised April 2002. 
(ii) SAE J1939, Revised October 2007. 
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(iii) SAE J1939–13, Revised March 
2004, for model years 2013 and later. 

(iv) SAE J1939–73, Revised September 
2006. 

(v) SAE J1962, Revised April 2002, for 
model years 2013 and later. 

(vi) SAE J1978, Revised April 2002. 
(vii) SAE J1979, Revised May 2007. 
(viii) SAE J2012, Revised April 2002. 
(ix) SAE J2403, Revised August 2007. 
(x) ISO 15765–4:2005(E), January 15, 

2005. 
(2) Diagnostic connector. For model 

years 2010 through 2012, the manufac-
turer defined data link connector must 
be accessible to a trained service tech-
nician. For model years 2013 and later, 
a standard data link connector con-
forming to SAE J1962 (as specified in 
paragraph (k)(1) of this section) or SAE 
J1939–13 (as specified in paragraph 
(k)(1) of this section) specifications (ex-
cept as provided for in paragraph 
(k)(2)(iii) if this section) must be in-
cluded in each vehicle. 

(i) For model years 2013 and later, the 
connector must be located in the driv-
er’s side foot-well region of the vehicle 
interior in the area bound by the driv-
er’s side of the vehicle and the driver’s 
side edge of the center console (or the 
vehicle centerline if the vehicle does 
not have a center console) and at a lo-
cation no higher than the bottom of 
the steering wheel when in the lowest 
adjustable position. The connector 
shall not be located on or in the center 
console (i.e., neither on the horizontal 
faces near the floor-mounted gear se-
lector, parking brake lever, or cup- 
holders nor on the vertical faces near 
the car stereo, climate system, or navi-
gation system controls). The location 
of the connector shall be capable of 
being easily identified and accessed 
(e.g., to connect an off-board tool). For 
vehicles equipped with a driver’s side 
door, the connector must be identified 
and accessed easily by someone stand-
ing (or ‘‘crouched’’) on the ground out-
side the driver’s side of the vehicle 
with the driver’s side door open. The 
Administrator may approve an alter-
native location upon request from the 
manufacturer. In all cases, the instal-
lation position of the connector must 
be both identified and accessed easily 
by someone standing outside the vehi-

cle and protected from accidental dam-
age during normal vehicle use. 

(ii) For model years 2013 and later, if 
the connector is covered, the cover 
must be removable by hand without 
the use of any tools and be labeled 
‘‘OBD’’ to aid technicians in identi-
fying the location of the connector. Ac-
cess to the diagnostic connector shall 
not require opening or the removal of 
any storage accessory (e.g., ashtray, 
coinbox). The label must clearly iden-
tify that the connector is located be-
hind the cover and is consistent with 
language and/or symbols commonly 
used in the automobile and/or heavy 
truck industry. 

(iii) For model years 2013 and later, if 
the ISO 15765–4:2005(E) (as specified in 
paragraph (k)(1) of this section) com-
munication protocol is used for the re-
quired OBD standardized functions, the 
connector must meet the ‘‘Type A’’ 
specifications of SAE J1962 (as speci-
fied in paragraph (k)(1) of this section). 
Any pins in the connector that provide 
electrical power must be properly fused 
to protect the integrity and usefulness 
of the connector for diagnostic pur-
poses and shall not exceed 20.0 Volts 
DC regardless of the nominal vehicle 
system or battery voltage (e.g., 12V, 
24V, 42V). 

(iv) For model years 2013 and later, if 
the SAE J1939 (as specified in para-
graph (k)(1) of this section) protocol is 
used for the required OBD standardized 
functions, the connector must meet the 
specifications of SAE J1939–13 (as speci-
fied in paragraph (k)(1) of this section). 
Any pins in the connector that provide 
electrical power must be properly fused 
to protect the integrity and usefulness 
of the connector for diagnostic pur-
poses. 

(v) For model years 2013 and later, 
the manufacturer may equip engines/ 
vehicles with additional diagnostic 
connectors for manufacturer-specific 
purposes (i.e., purposes other than the 
required OBD functions). However, if 
the additional connector conforms to 
the ‘‘Type A’’ specifications of SAE 
J1962 (as specified in paragraph (k)(1) of 
this section) or the specifications of 
SAE J1939–13 (as specified in paragraph 
(k)(1) of this section) and is located in 
the vehicle interior near the required 
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connector as described in this para-
graph (k)(2), the connector(s) must be 
labeled clearly to identify which con-
nector is used to access the standard-
ized OBD information required by para-
graph (k) of this section. 

(3) Communications to a scan tool. For 
model years 2013 and later, all OBD 
control modules (e.g., engine, auxiliary 
emission control module) on a single 
vehicle must use the same protocol for 
communication of required emission- 
related messages from on-board to off- 
board network communications to a 
scan tool meeting SAE J1978 (as speci-
fied in paragraph (k)(1) of this section) 
specifications or designed to commu-
nicate with an SAE J1939 (as specified 
in paragraph (k)(1) of this section) net-
work. Engine manufacturers shall not 
alter normal operation of the engine 
emission control system due to the 
presence of off-board test equipment 
accessing information required by this 
paragraph (k). The OBD system must 
use one of the following standardized 
protocols: 

(i) ISO 15765–4:2005(E) (as specified in 
paragraph (k)(1) of this section). All re-
quired emission-related messages using 
this protocol must use a 500 kbps baud 
rate. 

(ii) SAE J1939 (as specified in para-
graph (k)(1) of this section). This pro-
tocol may only be used on vehicles 
with diesel engines. 

(4) Required emission related functions. 
The following functions must be imple-
mented and must be accessible by, at a 
minimum, a manufacturer scan tool. 
For model years 2013 and later, the fol-
lowing standardized functions must be 
implemented in accordance with the 
specifications in SAE J1979 (as speci-
fied in paragraph (k)(1) of this section) 
or SAE J1939 (as specified in paragraph 
(k)(1) of this section) to allow for ac-
cess to the required information by a 
scan tool meeting SAE J1978 (as speci-
fied in paragraph (k)(1) of this section) 
specifications or designed to commu-
nicate with an SAE J1939 (as specified 
in paragraph (k)(1) of this section) net-
work: 

(i) Ready status. The OBD system 
must indicate, in accordance with SAE 
J1979 or SAE J1939–73 (both as specified 
in paragraph (k)(1) of this section) 
specifications for model years 2013 and 

later, ‘‘complete’’ or ‘‘not complete’’ 
for each of the installed monitored 
components and systems identified in 
paragraphs (g), (h) with the exception 
of (h)(4), and (i)(3) of this section. All 
components or systems identified in 
paragraphs (h)(1), (h)(2), or (i)(3) of this 
section that are monitored continu-
ously must always indicate ‘‘com-
plete.’’ Components or systems that 
are not subject to being monitored con-
tinuously must immediately indicate 
‘‘complete’’ upon the respective mon-
itor(s) being executed fully and deter-
mining that the component or system 
is not malfunctioning. A component or 
system must also indicate ‘‘complete’’ 
if, after the requisite number of deci-
sions necessary for determining MIL 
status has been executed fully, the 
monitor indicates a malfunction of the 
component or system. The status for 
each of the monitored components or 
systems must indicate ‘‘not complete’’ 
whenever diagnostic memory has been 
cleared or erased by a means other 
than that allowed in paragraph (b) of 
this section. Normal vehicle shut down 
(i.e., key-off/engine-off) shall not cause 
the status to indicate ‘‘not complete.’’ 

(A) The manufacturer may request 
that the ready status for a monitor be 
set to indicate ‘‘complete’’ without the 
monitor having completed if moni-
toring is disabled for a multiple num-
ber of drive cycles due to the continued 
presence of extreme operating condi-
tions (e.g., cold ambient temperatures, 
high altitudes). Any such request must 
specify the conditions for monitoring 
system disablement and the number of 
drive cycles that would pass without 
monitor completion before ready sta-
tus would be indicated as ‘‘complete.’’ 

(B) For the evaporative system mon-
itor, the ready status must be set in 
accordance with this paragraph 
(k)(4)(i) when both the functional 
check of the purge valve and, if appli-
cable, the leak detection monitor of 
the hole size specified in paragraph 
(h)(7)(ii)(B) of this section indicate 
that they are complete. 

(C) If the manufacturer elects to in-
dicate ready status through the MIL in 
the key-on/engine-off position as pro-
vided for in paragraph (b)(1)(iii) of this 
section, the ready status must be indi-
cated in the following manner: If the 
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ready status for all monitored compo-
nents or systems is ‘‘complete,’’ the 
MIL shall remain continuously acti-
vated in the key-on/engine-off position 
for at least 10–20 seconds. If the ready 
status for one or more of the monitored 
components or systems is ‘‘not com-
plete,’’ after at least 5 seconds of oper-
ation in the key-on/engine-off position 
with the MIL activated continuously, 
the MIL shall blink once per second for 
5–10 seconds. The data stream value for 
MIL status as required in paragraph 
(k)(4)(ii) of this section must indicate 
‘‘commanded off’’ during this sequence 
unless the MIL has also been ‘‘com-
manded on’’ for a detected malfunc-
tion. 

(ii) Data stream. For model years 2010 
through 2012, the following signals 
must be made available on demand 
through the data link connector. For 
model years 2013 and later, the fol-
lowing signals must be made available 
on demand through the standardized 
data link connector in accordance with 
SAE J1979 or SAE J1939 (both as speci-
fied in paragraph (k)(1) of this section) 
specifications. The actual signal value 
must always be used instead of a limp 
home value. Data link signals may re-
port an error state or other predefined 
status indicator if they are defined for 
those signals in the SAE J1979 or SAE 
J1939 (both as specified in paragraph 
(k)(1) of this section) specifications. 

(A) For gasoline engines. (1) Calculated 
load value, engine coolant tempera-
ture, engine speed, vehicle speed, and 
time elapsed since engine start. 

(2) Absolute load, fuel level (if used 
to enable or disable any other mon-
itors), barometric pressure (directly 
measured or estimated), engine control 
module system voltage, and com-
manded equivalence ratio. 

(3) Number of stored MIL-on DTCs, 
catalyst temperature (if directly meas-
ured or estimated for purposes of ena-
bling the catalyst monitor(s)), monitor 
status (i.e., disabled for the rest of this 
drive cycle, complete this drive cycle, 
or not complete this drive cycle) since 
last engine shut-off for each monitor 
used for ready status, distance traveled 
(or engine run time for engines not 
using vehicle speed information) while 
MIL activated, distance traveled (or 
engine run time for engines not using 

vehicle speed information) since DTC 
memory last erased, and number of 
warm-up cycles since DTC memory last 
erased, OBD requirements to which the 
engine is certified (e.g., California 
OBD, EPA OBD, European OBD, non- 
OBD) and MIL status (i.e., commanded- 
on or commanded-off). 

(B) For diesel engines. (1) Calculated 
load (engine torque as a percentage of 
maximum torque available at the cur-
rent engine speed), driver’s demand en-
gine torque (as a percentage of max-
imum engine torque), actual engine 
torque (as a percentage of maximum 
engine torque), reference engine max-
imum torque, reference maximum en-
gine torque as a function of engine 
speed (suspect parameter numbers 
(SPN) 539 through 543 defined by SAE 
J1939 (as specified in paragraph (k)(1) of 
this section) within parameter group 
number (PGN) 65251 for engine configu-
ration), engine coolant temperature, 
engine oil temperature (if used for 
emission control or any OBD mon-
itors), engine speed, and time elapsed 
since engine start. 

(2) Fuel level (if used to enable or dis-
able any other monitors), vehicle speed 
(if used for emission control or any 
OBD monitors), barometric pressure 
(directly measured or estimated), and 
engine control module system voltage. 

(3) Number of stored MIL-on DTCs, 
monitor status (i.e., disabled for the 
rest of this drive cycle, complete this 
drive cycle, or not complete this drive 
cycle) since last engine shut-off for 
each monitor used for ready status, 
distance traveled (or engine run time 
for engines not using vehicle speed in-
formation) while MIL activated, dis-
tance traveled (or engine run time for 
engines not using vehicle speed infor-
mation) since DTC memory last erased, 
number of warm-up cycles since DTC 
memory last erased, OBD requirements 
to which the engine is certified (e.g., 
California OBD, EPA OBD, European 
OBD, non-OBD), and MIL status (i.e., 
commanded-on or commanded-off). 

(4) NOX NTE control area status (i.e., 
inside control area, outside control 
area, inside manufacturer-specific NOX 
NTE carve-out area, or deficiency ac-
tive area) and PM NTE control area 
status (i.e., inside control area, outside 
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control area, inside manufacturer-spe-
cific PM NTE carve-out area, or defi-
ciency active area). 

(5) For purposes of the calculated 
load and torque parameters in para-
graph (k)(4)(ii)(B)(1) of this section, 
manufacturers must report the most 
accurate values that are calculated 
within the applicable electronic con-
trol unit (e.g., the engine control mod-
ule). Most accurate, in this context, 
must be of sufficient accuracy, resolu-
tion, and filtering to be used for the 
purposes of in-use emission testing 
with the engine still in a vehicle (e.g., 
using portable emission measurement 
equipment). 

(C) For all engines so equipped. (1) Ab-
solute throttle position, relative throt-
tle position, fuel control system status 
(e.g., open loop, closed loop), fuel trim, 
fuel pressure, ignition timing advance, 
fuel injection timing, intake air/mani-
fold temperature, engine intercooler 
temperature, manifold absolute pres-
sure, air flow rate from mass air flow 
sensor, secondary air status (upstream, 
downstream, or atmosphere), ambient 
air temperature, commanded purge 
valve duty cycle/position, commanded 
EGR valve duty cycle/position, actual 
EGR valve duty cycle/position, EGR 
error between actual and commanded, 
PTO status (active or not active), re-
dundant absolute throttle position (for 
electronic throttle or other systems 
that utilize two or more sensors), abso-
lute pedal position, redundant absolute 
pedal position, commanded throttle 
motor position, fuel rate, boost pres-
sure, commanded/target boost pressure, 
turbo inlet air temperature, fuel rail 
pressure, commanded fuel rail pressure, 
DPF inlet pressure, DPF inlet tempera-
ture, DPF outlet pressure, DPF outlet 
temperature, DPF delta pressure, ex-
haust pressure sensor output, exhaust 
gas temperature sensor output, injec-
tion control pressure, commanded in-
jection control pressure, turbocharger/ 
turbine speed, variable geometry turbo 
position, commanded variable geom-
etry turbo position, turbocharger com-
pressor inlet temperature, turbo-
charger compressor inlet pressure, tur-
bocharger turbine inlet temperature, 
turbocharger turbine outlet tempera-
ture, waste gate valve position, and 
glow plug lamp status. 

(2) Oxygen sensor output, air/fuel 
ratio sensor output, NOX sensor output, 
and evaporative system vapor pressure. 

(iii) Freeze frame. (A) For model years 
2010 through 2012, ‘‘Freeze frame’’ in-
formation required to be stored pursu-
ant to paragraphs (b)(2)(iv), 
(h)(1)(iv)(D), and (h)(2)(vi) of this sec-
tion must be made available on de-
mand through the data link connector. 
For model years 2013 and later, ‘‘Freeze 
frame’’ information required to be 
stored pursuant to paragraphs 
(b)(2)(iv), (h)(1)(iv)(D), and (h)(2)(vi) of 
this section must be made available on 
demand through the standardized data 
link connector in accordance with SAE 
J1979 or SAE J1939–73 (both as specified 
in paragraph (k)(1) of this section) 
specifications. 

(B) ‘‘Freeze frame’’ conditions must 
include the DTC that caused the data 
to be stored along with all of the sig-
nals required in paragraphs 
(k)(4)(ii)(A)(1) and (k)(4)(ii)(B)(1) of this 
section. Freeze frame conditions must 
also include all of the signals required 
on the engine in paragraphs 
(k)(4)(ii)(A)(2) and (k)(4)(ii)(B)(2) of this 
section, and paragraph (k)(4)(ii)(C)(1) of 
this section that are used for diag-
nostic or control purposes in the spe-
cific monitor or emission-critical 
powertrain control unit that stored the 
DTC. 

(C) Only one frame of data is required 
to be recorded. For model years 2010 
through 2012, the manufacturer may 
choose to store additional frames pro-
vided that at least the required frame 
can be read by, at a minimum, a manu-
facturer scan tool. For model years 
2013 and later, the manufacturer may 
choose to store additional frames pro-
vided that at least the required frame 
can be read by a scan tool meeting SAE 
J1978 (as specified in paragraph (k)(1) of 
this section) specifications or designed 
to communicate with an SAE J1939 (as 
specified in paragraph (k)(1) of this sec-
tion) network. 

(iv) Diagnostic trouble codes. (A) For 
model years 2010 through 2012, For all 
monitored components and systems, 
any stored pending, MIL-on, and pre-
vious-MIL-on DTCs must be made 
available through the diagnostic con-
nector. For model years 2013 and later, 
all monitored components and systems, 
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any stored pending, MIL-on, and pre-
vious-MIL-on DTCs must be made 
available through the diagnostic con-
nector in a standardized format in ac-
cordance with SAE J1939 (as specified 
in paragraph (k)(1) of this section) or 
ISO 15765–4:2005(E) (as specified in para-
graph (k)(1) of this section) specifica-
tions; standardized DTCs conforming 
to the applicable standardized speci-
fications must be employed. 

(B) The stored DTC must, to the ex-
tent possible, pinpoint the probable 
cause of the malfunction or potential 
malfunction. To the extent feasible, 
the manufacturer must use separate 
DTCs for every monitor where the 
monitor and repair procedure or prob-
able cause of the malfunction is dif-
ferent. In general, rationality and func-
tional checks must use different DTCs 
than the respective circuit integrity 
checks. Additionally, to the extent pos-
sible, input component circuit integ-
rity checks must use different DTCs for 
distinct malfunctions (e.g., out-of- 
range low, out-of-range high, open cir-
cuit). 

(C) The manufacturer must use ap-
propriate standard-defined DTCs when-
ever possible. With Administrator ap-
proval, the manufacturer may use 
manufacturer-defined DTCs in accord-
ance with the applicable standard’s 
specifications. To do so, the manufac-
turer must be able to show a lack of 
available standard-defined DTCs, 
uniqueness of the monitor or mon-
itored component, expected future 
usage of the monitor or component, 
and estimated usefulness in providing 
additional diagnostic and repair infor-
mation to service technicians. Manu-
facturer-defined DTCs must be used in 
a consistent manner (i.e., the same 
DTC shall not be used to represent two 
different failure modes) across a manu-
facturer’s entire product line. 

(D) For model years 2010 through 
2012, a pending or MIL-on DTC (as re-
quired in paragraphs (g) through (i) of 
this section) must be stored and avail-
able to, at a minimum, a manufacturer 
scan tool within 10 seconds after a 
monitor has determined that a mal-
function or potential malfunction has 
occurred. A permanent DTC must be 
stored and available to, at a minimum, 
a manufacturer scan tool no later than 

the end of an ignition cycle in which 
the corresponding MIL-on DTC that 
caused MIL activation has been stored. 
For model years 2013 and later, a pend-
ing or MIL-on DTC (as required in 
paragraphs (g) through (i) of this sec-
tion) must be stored and available to 
an SAE J1978 (as specified in paragraph 
(k)(1) of this section) or SAE J1939 (as 
specified in paragraph (k)(1) of this sec-
tion) scan tool within 10 seconds after 
a monitor has determined that a mal-
function or potential malfunction has 
occurred. A permanent DTC must be 
stored and available to an SAE J1978 
(as specified in paragraph (k)(1) of this 
section) or SAE J1939 (as specified in 
paragraph (k)(1) of this section) scan 
tool no later than the end of an igni-
tion cycle in which the corresponding 
MIL-on DTC that caused MIL activa-
tion has been stored. 

(E) For model years 2010 through 
2012, pending DTCs for all components 
and systems (including those mon-
itored continuously and non-continu-
ously) must be made available through 
the diagnostic connector. For model 
years 2013 and later, pending DTCs for 
all components and systems (including 
those monitored continuously and non- 
continuously) must be made available 
through the diagnostic connector in ac-
cordance with the applicable standard’s 
specifications. For all model years, a 
manufacturer using alternative statis-
tical protocols for MIL activation as 
allowed in paragraph (b)(2)(iii) of this 
section must submit the details of 
their protocol for setting pending 
DTCs. The protocol must be, overall, 
equivalent to the requirements of this 
paragraph (k)(4)(iv)(E) and provide 
service technicians with a quick and 
accurate indication of a potential mal-
function. 

(F) For model years 2010 through 
2012, permanent DTC for all compo-
nents and systems must be made avail-
able through the diagnostic connector 
in a format that distinguishes perma-
nent DTCs from pending DTCs, MIL-on 
DTCs, and previous-MIL-on DTCs. A 
MIL-on DTC must be stored as a per-
manent DTC no later than the end of 
the ignition cycle and subsequently at 
all times that the MIL-on DTC is com-
manding the MIL on. For model years 
2013 and later, permanent DTC for all 
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components and systems must be made 
available through the diagnostic con-
nector in a standardized format that 
distinguishes permanent DTCs from 
pending DTCs, MIL-on DTCs, and pre-
vious-MIL-on DTCs. A MIL-on DTC 
must be stored as a permanent DTC no 
later than the end of the ignition cycle 
and subsequently at all times that the 
MIL-on DTC is commanding the MIL 
on. For all model years, permanent 
DTCs must be stored in non-volatile 
random access memory (NVRAM) and 
shall not be erasable by any scan tool 
command or by disconnecting power to 
the on-board computer. Permanent 
DTCs must be erasable if the engine 
control module is reprogrammed and 
the ready status described in paragraph 
(k)(4)(i) of this section for all mon-
itored components and systems are set 
to ‘‘not complete.’’ The OBD system 
must have the ability to store a min-
imum of four current MIL-on DTCs as 
permanent DTCs in NVRAM. If the 
number of MIL-on DTCs currently 
commanding activation of the MIL ex-
ceeds the maximum number of perma-
nent DTCs that can be stored, the OBD 
system must store the earliest detected 
MIL-on DTC as permanent DTC. If ad-
ditional MIL-on DTCs are stored when 
the maximum number of permanent 
DTCs is already stored in NVRAM, the 
OBD system shall not replace any ex-
isting permanent DTC with the addi-
tional MIL-on DTCs. 

(v) Test results. (A) For model years 
2010 through 2012 and except as pro-
vided for in paragraph (k)(4)(v)(G) of 
this section, for all monitored compo-
nents and systems identified in para-
graphs (g) and (h) of this section, re-
sults of the most recent monitoring of 
the components and systems and the 
test limits established for monitoring 
the respective components and systems 
must be stored and available through 
the data link. For model years 2013 and 
later and except as provided for in 
paragraph (k)(4)(v)(G) of this section, 
for all monitored components and sys-
tems identified in paragraphs (g) and 
(h) of this section, results of the most 
recent monitoring of the components 
and systems and the test limits estab-
lished for monitoring the respective 
components and systems must be 
stored and available through the data 

link in accordance with the standard-
ized format specified in SAE J1979 (as 
specified in paragraph (k)(1) of this sec-
tion) for engines using the ISO 15765– 
4:2005(E) (as specified in paragraph 
(k)(1) of this section) protocol or SAE 
J1939 (as specified in paragraph (k)(1) of 
this section). 

(B) The test results must be reported 
such that properly functioning compo-
nents and systems (e.g., ‘‘passing’’ sys-
tems) do not store test values outside 
of the established test limits. Test lim-
its must include both minimum and 
maximum acceptable values and must 
be defined so that a test result equal to 
either test limit is a ‘‘passing’’ value, 
not a ‘‘failing’’ value. 

(C) For model years 2013 and later, 
the test results must be standardized 
such that the name of the monitored 
component (e.g., catalyst bank 1) can 
be identified by a generic scan tool and 
the test results and limits can be 
scaled and reported by a generic scan 
tool with the appropriate engineering 
units. 

(D) The test results must be stored 
until updated by a more recent valid 
test result or the DTC memory of the 
OBD system computer is cleared. Upon 
DTC memory being cleared, test re-
sults reported for monitors that have 
not yet completed with valid test re-
sults since the last time the fault 
memory was cleared must report val-
ues of zero for the test result and test 
limits. 

(E) All test results and test limits 
must always be reported and the test 
results must be stored until updated by 
a more recent valid test result or the 
DTC memory of the OBD system com-
puter is cleared. 

(F) The OBD system must store and 
report unique test results for each sep-
arate monitor. 

(G) The requirements of this para-
graph (k)(4)(v) do not apply to contin-
uous fuel system monitoring, cold start 
emission reduction strategy moni-
toring, and continuous circuit moni-
toring. 

(vi) Software calibration identification 
(CAL ID). On all engines, a single soft-
ware calibration identification number 
(CAL ID) for each monitor or emission 
critical control unit(s) must be made 
available through, for model years 2010 
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through 2012, the data link connector 
or, for model years 2013 and later, the 
standardized data link connector in ac-
cordance with the SAE J1979 or SAE 
J1939 (both as specified in paragraph 
(k)(1) of this section) specifications. A 
unique CAL ID must be used for every 
emission-related calibration and/or 
software set having at least one bit of 
different data from any other emission- 
related calibration and/or software set. 
Control units coded with multiple 
emission or diagnostic calibrations 
and/or software sets must indicate a 
unique CAL ID for each variant in a 
manner that enables an off-board de-
vice to determine which variant is 
being used by the engine. Control units 
that use a strategy that will result in 
MIL activation if the incorrect variant 
is used (e.g., control units that contain 
variants for manual and automatic 
transmissions but will activate the 
MIL if the selected variant does not 
match the type of transmission mated 
to the engine) are not required to use 
unique CAL IDs. Manufacturers may 
request Administrator approval to re-
spond with more than one CAL ID per 
diagnostic or emission critical control 
unit. Administrator approval of the re-
quest shall be based on the method 
used by the manufacturer to ensure 
each control unit will respond to a scan 
tool with the CAL IDs in order of high-
est to lowest priority with regards to 
areas of the software most critical to 
emission and OBD system performance. 

(vii) Software calibration verification 
number (CVN). (A) All engines must use 
an algorithm to calculate a single cali-
bration verification number (CVN) that 
verifies the on-board computer soft-
ware integrity for each monitor or 
emission critical control unit that is 
electronically reprogrammable. The 
CVN must be made available through, 
for model years 2010 through 2012, the 
data link connector or, for model years 
2013 and later, the standardized data 
link connector in accordance with the 
SAE J1979 or SAE J1939 (both as speci-
fied in paragraph (k)(1) of this section) 
specifications. The CVN must indicate 
whether the emission-related software 
and/or calibration data are valid and 
applicable for the given vehicle and 
CAL ID. For systems having more than 
one CAL ID as allowed under paragraph 

(k)(4)(vi) of this section, one CVN must 
be made available for each CAL ID and 
must be output to a scan tool in the 
same order as the corresponding CAL 
IDs. For 2010 through 2012, manufactur-
ers may use a default value for the 
CVN if their emissions critical 
powertrain control modules are not 
programmable in the field. For all 
years, manufacturers may use a default 
value for the CVN if their emissions 
critical powertrain control modules are 
one-time programmable or masked 
read-only memory. Any default CVN 
shall be 00000000 for systems designed 
in accordance with the SAE J1979 (as 
specified in paragraph (k)(1) of this sec-
tion) specifications, and FFFFFFFFh 
for systems designed in accordance 
with the SAE J1939 (as specified in 
paragraph (k)(1) of this section) speci-
fications. 

(B) The CVN algorithm used to cal-
culate the CVN must be of sufficient 
complexity that the same CVN is dif-
ficult to achieve with modified calibra-
tion values. 

(C) The CVN must be calculated at 
least once per ignition cycle and stored 
until the CVN is subsequently updated. 
Except for immediately after a re-
programming event or a non-volatile 
memory clear or for the first 30 seconds 
of engine operation after a volatile 
memory clear or battery disconnect, 
the stored value must be made avail-
able through, for model years 2010 
through 2012, the data link connector 
to, at a minimum, a manufacturer scan 
tool or, for model years 2013 and later, 
the data link connector to a generic 
scan tool in accordance with SAE J1979 
or SAE J1939 (both as specified in para-
graph (k)(1) of this section) specifica-
tions. For model years 2010 through 
2012, the stored CVN value shall not be 
erased when DTC memory is erased or 
during normal vehicle shut down (i.e., 
key-off/engine-off). For model years 
2013 and later, the stored CVN value 
shall not be erased when DTC memory 
is erased by a generic scan tool in ac-
cordance with SAE J1979 or SAE J1939 
(both as specified in paragraph (k)(1) of 
this section) specifications or during 
normal vehicle shut down (i.e., key-off/ 
engine-off). 
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(D) For model years 2013 and later, 
the CVN and CAL ID combination in-
formation must be available for all en-
gines/vehicles in a standardized elec-
tronic format that allows for off-board 
verification that the CVN is valid and 
appropriate for a specific vehicle and 
CAL ID. 

(viii) Vehicle identification number 
(VIN). (A) For model years 2010 through 
2012, all vehicles must have the vehicle 
identification number (VIN) available 
through the data link connector to, at 
a minimum, a manufacturer scan tool 
Only one electronic control unit per ve-
hicle may report the VIN to a scan 
tool. For model years 2013 and later, all 
vehicles must have the vehicle identi-
fication number (VIN) available in a 
standardized format through the stand-
ardized data link connector in accord-
ance with SAE J1979 or SAE J1939 
(both as specified in paragraph (k)(1) of 
this section) specifications. Only one 
electronic control unit per vehicle may 
report the VIN to an SAE J1978 or SAE 
J1939 (both as specified in paragraph 
(k)(1) of this section) scan tool. 

(B) If the VIN is reprogrammable, all 
emission-related diagnostic informa-
tion identified in paragraph 
(k)(4)(ix)(A) of this section must be 
erased in conjunction with reprogram-
ming of the VIN. 

(ix) Erasure of diagnostic information. 
(A) For purposes of this paragraph 
(k)(4)(ix), ‘‘emission-related diagnostic 
information’’ includes all of the fol-
lowing: ready status as required by 
paragraph (k)(4)(i) of this section; data 
stream information as required by 
paragraph (k)(4)(ii) of this section in-
cluding the number of stored MIL-on 
DTCs, distance traveled while MIL ac-
tivated, number of warm-up cycles 
since DTC memory last erased, and dis-
tance traveled since DTC memory last 
erased; freeze frame information as re-
quired by paragraph (k)(4)(iii) of this 
section; pending, MIL-on, and previous- 
MIL-on DTCs as required by paragraph 
(k)(4)(iv) of this section; and, test re-
sults as required by paragraph (k)(4)(v) 
of this section. 

(B) For all engines, the emission-re-
lated diagnostic information must be 
erased if commanded by any scan tool 
and may be erased if the power to the 
on-board computer is disconnected. If 

any of the emission-related diagnostic 
information is commanded to be erased 
by any scan tool, all emission-related 
diagnostic information must be erased 
from all diagnostic or emission critical 
control units. The OBD system shall 
not allow a scan tool to erase a subset 
of the emission-related diagnostic in-
formation (e.g., the OBD system shall 
not allow a scan tool to erase only one 
of three stored DTCs or only informa-
tion from one control unit without 
erasing information from the other 
control unit(s)). 

(5) In-use performance ratio tracking re-
quirements. (i) For each monitor re-
quired in paragraphs (g) through (i) of 
this section to separately report an in- 
use performance ratio, manufacturers 
must implement software algorithms 
to, for model years 2010 through 2012, 
report a numerator and denominator 
or, for model years 2013 and later, re-
port a numerator and denominator in 
the standardized format specified in 
this paragraph (k)(5) in accordance 
with the SAE J1979 or SAE J1939 (both 
as specified in paragraph (k)(1) of this 
section) specifications. 

(ii) For the numerator, denominator, 
general denominator, and ignition 
cycle counters required by paragraph 
(e) of this section, the following numer-
ical value specifications apply: 

(A) Each number shall have a min-
imum value of zero and a maximum 
value of 65,535 with a resolution of one. 

(B) Each number shall be reset to 
zero only when a non-volatile random 
access memory (NVRAM) reset occurs 
(e.g., reprogramming event) or, if the 
numbers are stored in keep-alive mem-
ory (KAM), when KAM is lost due to an 
interruption in electrical power to the 
control unit (e.g., battery disconnect). 
Numbers shall not be reset to zero 
under any other circumstances includ-
ing when a scan tool command to clear 
DTCs or reset KAM is received. 

(C) To avoid overflow problems, if ei-
ther the numerator or denominator for 
a specific component reaches the max-
imum value of 65,535 ±2, both numbers 
shall be divided by two before either is 
incremented again. 

(D) To avoid overflow problems, if 
the ignition cycle counter reaches the 
maximum value of 65,535 ±2, the igni-
tion cycle counter shall rollover and 
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increment to zero on the next ignition 
cycle. 

(E) To avoid overflow problems, if the 
general denominator reaches the max-
imum value of 65,535 ±2, the general de-
nominator shall rollover and increment 
to zero on the next drive cycle that 
meets the general denominator defini-
tion. 

(F) If a vehicle is not equipped with a 
component (e.g., oxygen sensor bank 2, 
secondary air system), the cor-
responding numerator and denomi-
nator for that specific component shall 
always be reported as zero. 

(iii) For the ratio required by para-
graph (e) of this section, the following 
numerical value specifications apply: 

(A) The ratio shall have a minimum 
value of zero and a maximum value of 
7.99527 with a resolution of 0.000122. 

(B) The ratio for a specific compo-
nent shall be considered to be zero 
whenever the corresponding numerator 
is equal to zero and the corresponding 
denominator is not zero. 

(C) The ratio for a specific compo-
nent shall be considered to be the max-
imum value of 7.99527 if the cor-
responding denominator is zero or if 
the actual value of the numerator di-
vided by the denominator exceeds the 
maximum value of 7.99527. 

(6) Engine run time tracking require-
ments. (i) For all gasoline and diesel en-
gines, the manufacturer must imple-
ment software algorithms to, for model 
years 2010 through 2012, track and re-
port individually or, for model years 
2013 and later, track and report individ-
ually in a standardized format the 
amount of time the engine has been op-
erated in the following conditions: 

(A) Total engine run time. 
(B) Total idle run time (with ‘‘idle’’ 

defined as accelerator pedal released by 
the driver, engine speed less than or 
equal to 200 rpm above normal warmed- 
up idle (as determined in the drive po-
sition for vehicles equipped with an 
automatic transmission) or vehicle 
speed less than or equal to one mile per 
hour, and power take-off not active). 

(C) Total run time with power take 
off active. 

(ii) For each counter specified in 
paragraph (k)(6)(i) of this section, the 
following numerical value specifica-
tions apply: 

(A) Each number shall be a four-byte 
value with a minimum value of zero, a 
resolution of one second per bit, and an 
accuracy of ± ten seconds per drive 
cycle. 

(B) Each number shall be reset to 
zero only when a non-volatile memory 
reset occurs (e.g., reprogramming 
event). Numbers shall not be reset to 
zero under any other circumstances in-
cluding when a scan tool (generic or 
enhanced) command to clear fault 
codes or reset KAM is received. 

(C) To avoid overflow problems, if 
any of the individual counters reach 
the maximum value, all counters shall 
be divided by two before any are incre-
mented again. 

(D) For model years 2010 through 
2012, the counters shall be made avail-
able to, at a minimum, a manufacturer 
scan tool and may be rescaled when 
transmitted from a resolution of one 
second per bit to no more than three 
minutes per bit. For model years 2013 
and later, the counters shall be made 
available to a generic scan tool in ac-
cordance with the SAE J1979 or SAE 
J1939 (both as specified in paragraph 
(k)(1) of this section) specifications and 
may be rescaled when transmitted, if 
required by the SAE specifications, 
from a resolution of one second per bit 
to no more than three minutes per bit. 

(7) For 2019 and subsequent model 
year alternative-fueled engines derived 
from a diesel-cycle engine, a manufac-
turer may meet the standardization re-
quirements of paragraph (k) of this sec-
tion that are applicable to diesel en-
gines rather than the requirements ap-
plicable to gasoline engines. 

(l) Monitoring system demonstration re-
quirements for certification—(1) General. 
(i) The manufacturer must submit 
emissions test data from one or more 
durability demonstration test engines 
(test engines). 

(ii) The Administrator may approve 
other demonstration protocols if the 
manufacturer can provide comparable 
assurance that the malfunction cri-
teria are chosen based on meeting the 
malfunction criteria requirements and 
that the timeliness of malfunction de-
tection is within the constraints of the 
applicable monitoring requirements. 

(iii) For flexible fuel engines capable 
of operating on more than one fuel or 
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fuel combinations, the manufacturer 
must submit a plan for providing emis-
sion test data. The plan must dem-
onstrate that testing will represent 
properly the expected in-use fuel or 
fuel combinations. 

(2) Selection of test engines. (i) Prior to 
submitting any applications for certifi-
cation for a model year, the manufac-
turer must notify the Administrator 
regarding the planned engine families 
and engine ratings within each family 
for that model year. The Administrator 
will select the engine family(ies) and 
the specific engine rating within the 
engine family(ies) that the manufac-
turer shall use as demonstration test 
engines. The selection of test vehicles 
for production evaluation testing as 
specified in paragraph (j)(2) of this sec-
tion may take place during this selec-
tion process. 

(ii) For model years 2010 through 2012. 
The manufacturer must provide emis-
sions test data from the OBD parent 
rating as defined in paragraph (o)(1) of 
this section. 

(iii) For model years 2013 and later. (A) 
A manufacturer certifying one to five 
engine families in a given model year 
must provide emissions test data for a 
single test engine from one engine rat-
ing. A manufacturer certifying six to 
ten engine families in a given model 
year must provide emissions test data 
for a single test engine from two dif-
ferent engine ratings. A manufacturer 
certifying eleven or more engine fami-
lies in a given model year must provide 
emissions test data for a single test en-
gine from three different engine rat-
ings. A manufacturer may forego sub-
mittal of test data for one or more of 
these test engines if data have been 
submitted previously for all of the en-
gine ratings and/or if all requirements 
for certification carry-over from one 
model year to the next are satisfied. 

(B) For a given model year, a manu-
facturer may elect to provide emis-
sions data for test engines from more 
engine ratings than required by para-
graph (l)(2)(iii)(A) of this section. For 
each additional engine rating tested in 
that given model year, the number of 
engine ratings required for testing in 
one future model year will be reduced 
by one. 

(iv) For the test engine, the manufac-
turer must use an engine (excluding 
aftertreatment devices) aged for a min-
imum of 125 hours fitted with exhaust 
aftertreatment emission controls aged 
to be representative of useful life 
aging. In the event that an accelerated 
aging procedure is used, the manufac-
turer is required to submit a descrip-
tion of the accelerated aging process 
and/or supporting data or use the accel-
erated aging procedure used for emis-
sion certification deterioration factor 
generation. The process and/or data 
must demonstrate that deterioration of 
the exhaust aftertreatment emission 
controls is stabilized sufficiently such 
that it represents emission control per-
formance at the end of the useful life. 

(3) Required testing. Except as other-
wise described in this paragraph (l)(3), 
the manufacturer must perform single 
malfunction testing based on the appli-
cable test with the components/sys-
tems set at their malfunction criteria 
limits as determined by the manufac-
turer for meeting the emissions thresh-
olds required in paragraphs (g), (h), and 
(i) of this section. 

(i) Required testing for diesel-fueled/ 
compression ignition engines—(A) Fuel 
system. The manufacturer must per-
form a separate test for each malfunc-
tion limit established by the manufac-
turer for the fuel system parameters 
(e.g., fuel pressure, injection timing) 
specified in paragraphs (g)(1)(ii)(A) 
through (g)(1)(ii)(C) and/or (g)(1)(ii)(D) 
of this section, if applicable, of this 
section. When performing a test for a 
specific parameter, the fuel system 
must be operating at the malfunction 
criteria limit for the applicable param-
eter only. All other parameters must 
be operating with normal characteris-
tics. In conducting the fuel system 
demonstration tests, the manufacturer 
may use computer modifications to 
cause the fuel system to operate at the 
malfunction limit if the manufacturer 
can demonstrate that the computer 
modifications produce test results 
equivalent to an induced hardware 
malfunction. 

(B) Engine misfire. For model years 
2013 and later, the manufacturer must 
perform a test at the malfunction limit 
established by the manufacturer for 
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the monitoring required by paragraph 
(g)(2)(ii)(B) of this section. 

(C) EGR system. The manufacturer 
must perform a separate test for each 
malfunction limit established by the 
manufacturer for the EGR system pa-
rameters (e.g., low flow, high flow, slow 
response) specified in paragraphs 
(g)(3)(ii)(A) through (g)(3)(ii)(C) and in 
(g)(3)(ii)(E) of this section. In con-
ducting the EGR system slow response 
demonstration tests, the manufacturer 
may use computer modifications to 
cause the EGR system to operate at 
the malfunction limit if the manufac-
turer can demonstrate that the com-
puter modifications produce test re-
sults equivalent to an induced hard-
ware malfunction. 

(D) Turbo boost control system. The 
manufacturer must perform a separate 
test for each malfunction limit estab-
lished by the manufacturer for the 
turbo boost control system parameters 
(e.g., underboost, overboost, response) 
specified in paragraphs (g)(4)(ii)(A) 
through (g)(4)(ii)(C) and in (g)(4)(ii)(E) 
of this section. 

(E) NMHC catalyst. The manufacturer 
must perform a separate test for each 
monitored NMHC catalyst(s). The cata-
lyst(s) being evaluated must be dete-
riorated to the applicable malfunction 
limit established by the manufacturer 
for the monitoring required by para-
graph (g)(5)(ii)(A) of this section and 
using methods established by the man-
ufacturer in accordance with paragraph 
(l)(7) of this section. For each mon-
itored NMHC catalyst(s), the manufac-
turer must also demonstrate that the 
OBD system will detect a catalyst mal-
function with the catalyst at its max-
imum level of deterioration (i.e., the 
substrate(s) completely removed from 
the catalyst container or ‘‘empty’’ 
can). Emissions data are not required 
for the empty can demonstration. 

(F) NOX catalyst. The manufacturer 
must perform a separate test for each 
monitored NOX catalyst(s) (e.g., SCR 
catalyst). The catalyst(s) being evalu-
ated must be deteriorated to the appli-
cable malfunction criteria established 
by the manufacturer for the moni-
toring required by paragraphs 
(g)(6)(ii)(A) and (g)(6)(ii)(B) of this sec-
tion and using methods established by 
the manufacturer in accordance with 

paragraph (l)(7) of this section. For 
each monitored NOX catalyst(s), the 
manufacturer must also demonstrate 
that the OBD system will detect a cat-
alyst malfunction with the catalyst at 
its maximum level of deterioration 
(i.e., the substrate(s) completely re-
moved from the catalyst container or 
‘‘empty’’ can). Emissions data are not 
required for the empty can demonstra-
tion. 

(G) NOX adsorber. The manufacturer 
must perform a test using a NOX 
adsorber(s) deteriorated to the applica-
ble malfunction limit established by 
the manufacturer for the monitoring 
required by paragraph (g)(7)(ii)(A) of 
this section. The manufacturer must 
also demonstrate that the OBD system 
will detect a NOX adsorber malfunction 
with the NOX adsorber at its maximum 
level of deterioration (i.e., the sub-
strate(s) completely removed from the 
container or ‘‘empty’’ can). Emissions 
data are not required for the empty can 
demonstration. 

(H) Diesel particulate filter. The manu-
facturer must perform a separate test 
using a DPF deteriorated to the appli-
cable malfunction limits established by 
the manufacturer for the monitoring 
required by paragraph (g)(8)(ii)(A) and 
(g)(8)(ii)(B) of this section. For systems 
using the optional DPF monitoring 
provision of paragraph (g)(8)(ii)(A) of 
this section, the manufacturer must 
perform a separate test using a DPF 
modified in a manner approved by the 
Administrator (e.g., drilling of 
wallflow channel end plugs, drilling of 
through holes, etc.) and testing at each 
of the nine test points specified in 
paragraph (g)(8)(ii)(A) of this section. 
The manufacturer must also dem-
onstrate that the OBD system will de-
tect a DPF malfunction with the DPF 
at its maximum level of deterioration 
(i.e., the filter(s) completely removed 
from the filter container or ‘‘empty’’ 
can). Emissions data are not required 
for the empty can demonstration. 

(I) Exhaust gas sensor. The manufac-
turer must perform a separate test for 
each malfunction limit established by 
the manufacturer for the monitoring 
required in paragraphs (g)(9)(ii)(A), 
(g)(9)(iii)(A), and (g)(9)(iv)(A) of this 
section. When performing a test, all ex-
haust gas sensors used for the same 
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purpose (e.g., for the same feedback 
control loop, for the same control fea-
ture on parallel exhaust banks) must 
be operating at the malfunction cri-
teria limit for the applicable param-
eter only. All other exhaust gas sensor 
parameters must be operating with 
normal characteristics. 

(J) VVT system. The manufacturer 
must perform a separate test for each 
malfunction limit established by the 
manufacturer for the monitoring re-
quired in paragraphs (g)(10)(ii)(A) and 
(g)(10)(ii)(B) of this section. In con-
ducting the VVT system demonstra-
tion tests, the manufacturer may use 
computer modifications to cause the 
VVT system to operate at the malfunc-
tion limit if the manufacturer can 
demonstrate that the computer modi-
fications produce test results equiva-
lent to an induced hardware malfunc-
tion. 

(K) For each of the testing require-
ments of this paragraph (l)(3)(i) of this 
section, if the manufacturer has estab-
lished that only a functional check is 
required because no failure or deterio-
ration of the specific tested system 
could result in an engine’s emissions 
exceeding the applicable emissions 
thresholds, the manufacturer is not re-
quired to perform a demonstration 
test; however, the manufacturer is re-
quired to provide the data and/or engi-
neering analysis used to determine 
that only a functional test of the sys-
tem(s) is required. 

(ii) Required testing for gasoline-fueled/ 
spark-ignition engines—(A) Fuel system. 
For engines with adaptive feedback 
based on the primary fuel control sen-
sor(s), the manufacturer must perform 
a test with the adaptive feedback based 
on the primary fuel control sensor(s) at 
the rich limit(s) and a test at the lean 
limit(s) established by the manufac-
turer as required by paragraph 
(h)(1)(ii)(A) of this section to detect a 
malfunction before emissions exceed 
applicable emissions thresholds. For 
engines with feedback based on a sec-
ondary fuel control sensor(s) and sub-
ject to the malfunction criteria in 
paragraph (h)(1)(ii)(A) of this section, 
the manufacturer must perform a test 
with the feedback based on the sec-
ondary fuel control sensor(s) at the 
rich limit(s) and a test at the lean 

limit(s) established by the manufac-
turer as required by paragraph 
(h)(1)(ii)(A) of this section to detect a 
malfunction before emissions exceed 
the applicable emissions thresholds. 
For other fuel metering or control sys-
tems, the manufacturer must perform 
a test at the criteria limit(s). For pur-
poses of fuel system testing as required 
by this paragraph (l)(3)(ii)(A), the mal-
function(s) induced may result in a 
uniform distribution of fuel and air 
among the cylinders. Non uniform dis-
tribution of fuel and air used to induce 
a malfunction shall not cause misfire. 
In conducting the fuel system dem-
onstration tests, the manufacturer 
may use computer modifications to 
cause the fuel system to operate at the 
malfunction limit. To do so, the manu-
facturer must be able to demonstrate 
that the computer modifications 
produce test results equivalent to an 
induced hardware malfunction. 

(B) Misfire. The manufacturer must 
perform a test at the malfunction cri-
teria limit specified in paragraph 
(h)(2)(ii)(B) of this section. 

(C) EGR system. The manufacturer 
must perform a test at each flow limit 
calibrated to the malfunction criteria 
specified in paragraphs (h)(3)(ii)(A) and 
(h)(3)(ii)(B) of this section. 

(D) Cold start emission reduction strat-
egy. The manufacturer must perform a 
test at the malfunction criteria for 
each component monitored according 
to paragraph (h)(4)(ii)(A) of this sec-
tion. 

(E) Secondary air system. The manu-
facturer must perform a test at each 
flow limit calibrated to the malfunc-
tion criteria specified in paragraphs 
(h)(5)(ii)(A) and (h)(5)(ii)(B) of this sec-
tion. 

(F) Catalyst. The manufacturer must 
perform a test using a catalyst system 
deteriorated to the malfunction cri-
teria specified in paragraph (h)(6)(ii) of 
this section using methods established 
by the manufacturer in accordance 
with paragraph (l)(7)(ii) of this section. 
The manufacturer must also dem-
onstrate that the OBD system will de-
tect a catalyst system malfunction 
with the catalyst system at its max-
imum level of deterioration (i.e., the 
substrate(s) completely removed from 
the catalyst container or ‘‘empty’’ 
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can). Emission data are not required 
for the empty can demonstration. 

(G) Exhaust gas sensor. The manufac-
turer must perform a test with all pri-
mary exhaust gas sensors used for fuel 
control simultaneously possessing a re-
sponse rate deteriorated to the mal-
function criteria limit specified in 
paragraph (h)(8)(ii)(A) of this section. 
The manufacturer must also perform a 
test for any other primary or sec-
ondary exhaust gas sensor parameter 
under parargraphs (h)(8)(ii)(A) and 
(h)(8)(iii)(A) of this section that can 
cause engine emissions to exceed the 
applicable emissions thresholds (e.g., 
shift in air/fuel ratio at which oxygen 
sensor switches, decreased amplitude). 
When performing additional test(s), all 
primary and secondary (if applicable) 
exhaust gas sensors used for emission 
control must be operating at the mal-
function criteria limit for the applica-
ble parameter only. All other primary 
and secondary exhaust gas sensor pa-
rameters must be operating with nor-
mal characteristics. 

(H) VVT system. The manufacturer 
must perform a test at each target 
error limit and slow response limit 
calibrated to the malfunction criteria 
specified in paragraphs (h)(9)(ii)(A) and 
(h)(9)(ii)(B) of this section. In con-
ducting the VVT system demonstra-
tion tests, the manufacturer may use 
computer modifications to cause the 
VVT system to operate at the malfunc-
tion limit. To do so, the manufacturer 
must be able to demonstrate that the 
computer modifications produce test 
results equivalent to an induced hard-
ware malfunction. 

(I) For each of the testing require-
ments of this paragraph (l)(3)(ii), if the 
manufacturer has established that only 
a functional check is required because 
no failure or deterioration of the spe-
cific tested system could cause an en-
gine’s emissions to exceed the applica-
ble emissions thresholds, the manufac-
turer is not required to perform a dem-
onstration test; however the manufac-
turer is required to provide the data 
and/or engineering analyses used to de-
termine that only a functional test of 
the system(s) is required. 

(iii) Required testing for all engines. (A) 
Other emission control systems. The 
manufacturer must conduct dem-

onstration tests for all other emission 
control components (e.g., hydrocarbon 
traps, adsorbers) designed and cali-
brated to a malfunction limit based on 
an emissions threshold based on the re-
quirements of paragraph (i)(4) of this 
section. 

(B) For each of the testing require-
ments of paragraph (l)(3)(iii)(A) of this 
section, if the manufacturer has estab-
lished that only a functional check is 
required because no failure or deterio-
ration of the specific tested system 
could result in an engine’s emissions 
exceeding the applicable emissions 
thresholds, the manufacturer is not re-
quired to perform a demonstration 
test; however, the manufacturer is re-
quired to provide the data and/or engi-
neering analysis used to determine 
that only a functional test of the sys-
tem(s) is required. 

(iv) The manufacturer may electroni-
cally simulate deteriorated compo-
nents but shall not make any engine 
control unit modifications when per-
forming demonstration tests unless ap-
proved by the Administrator. All 
equipment necessary to duplicate the 
demonstration test must be made 
available to the Administrator upon re-
quest. 

(4) Testing protocol—(i) Precondi-
tioning. The manufacturer must use an 
applicable cycle for preconditioning 
test engines prior to conducting each 
of the emission tests required by para-
graph (l)(3) of this section. The manu-
facturer may perform a single addi-
tional preconditioning cycle, identical 
to the initial one, after a 20-minute hot 
soak but must demonstrate that such 
an additional cycle is necessary to sta-
bilize the emissions control system. A 
practice of requiring a cold soak prior 
to conducting preconditioning cycles is 
not permitted. 

(ii) Test sequence. (A) The manufac-
turer must set individually each sys-
tem or component on the test engine at 
the malfunction criteria limit prior to 
conducting the applicable precondi-
tioning cycle(s). If a second precondi-
tioning cycle is permitted in accord-
ance with paragraph (l)(4)(i) of this sec-
tion, the manufacturer may adjust the 
system or component to be tested be-
fore conducting the second precondi-
tioning cycle. The manufacturer shall 
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not replace, modify, or adjust the sys-
tem or component after the last pre-
conditioning cycle has been completed. 

(B) After preconditioning, the test 
engine must be operated over the appli-
cable cycle to allow for the initial de-
tection of the tested system or compo-
nent malfunction. This test cycle may 
be omitted from the testing protocol if 
it is unnecessary. If required by the 
monitoring strategy being tested, a 
cold soak may be performed prior to 
conducting this test cycle. 

(C) The test engine must then be op-
erated over the applicable exhaust 
emissions test. 

(iii) A manufacturer required to test 
more than one test engine according to 
paragraph (l)(2)(iii) of this section may 
use internal calibration sign-off test 
procedures (e.g., forced cool downs, less 
frequently calibrated emission ana-
lyzers) instead of official test proce-
dures to obtain the emission test data 
required by this paragraph (l) of this 
section for all but one of the required 
test engines. The manufacturer may 
elect this option if the data from the 
alternative test procedure are rep-
resentative of official emissions test 
results. A manufacturer using this op-
tion is still responsible for meeting the 
malfunction criteria specified in para-
graphs (g) through (i) of this section if 
and when emissions tests are per-
formed in accordance with official test 
procedures. 

(iv) The manufacturer may request 
approval to use an alternative testing 
protocol for demonstration of MIL ac-
tivation if the engine dynamometer 
emission test cycle does not allow all 
of a given monitor’s enable conditions 
to be satisfied. The manufacturer may 
request the use of an alternative en-
gine dynamometer test cycle or the use 
of chassis testing to demonstrate prop-
er MIL activation. To do so, the manu-
facturer must demonstrate the tech-
nical necessity for using an alternative 
test cycle and the degree to which the 
alternative test cycle demonstrates 
that in-use operation with the mal-
functioning component will result in 
proper MIL activation. 

(5) Evaluation protocol. Full OBD en-
gine ratings, as defined by paragraph 
(o)(1) of this section, shall be evaluated 
according to the following protocol: 

(i) For all tests conducted as required 
by paragraph (l) of this section, the 
MIL must activate before the end of 
the first engine start portion of the ap-
plicable test. 

(ii) If the MIL activates prior to 
emissions exceeding the applicable 
malfunction criteria limits specified in 
paragraphs (g) through (i), no further 
demonstration is required. With re-
spect to the misfire monitor dem-
onstration test, if the manufacturer 
has elected to use the minimum mis-
fire malfunction criteria of one percent 
as allowed in paragraphs (g)(2)(ii)(B), if 
applicable, and (h)(2)(ii)(B) of this sec-
tion, no further demonstration is re-
quired provided the MIL activates with 
engine misfire occurring at the mal-
function criteria limit. 

(iii) If the MIL does not activate 
when the system or component is set 
at its malfunction criteria limit(s), the 
criteria limit(s) or the OBD system is 
not acceptable. 

(A) Except for testing of the catalyst 
or DPF system, if the MIL first acti-
vates after emissions exceed the appli-
cable malfunction criteria specified in 
paragraphs (g) through (i) of this sec-
tion, the test engine shall be retested 
with the tested system or component 
adjusted so that the MIL will activate 
before emissions exceed the applicable 
malfunction criteria specified in para-
graphs (g) through (i) of this section. If 
the component cannot be so adjusted 
because an alternative fuel or emission 
control strategy is used when a mal-
function is detected (e.g., open loop 
fuel control used after an oxygen sen-
sor malfunction is detected), the test 
engine shall be retested with the com-
ponent adjusted to the worst accept-
able limit (i.e., the applicable OBD 
monitor indicates that the component 
is performing at or slightly better than 
the malfunction criteria limit). When 
tested with the component so adjusted, 
the MIL must not activate during the 
test and the engine emissions must be 
below the applicable malfunction cri-
teria specified in paragraphs (g) 
through (i) of this section. 

(B) In testing the catalyst or DPF 
system, if the MIL first activates after 
emissions exceed the applicable emis-
sions threshold(s) specified in para-
graphs (g) and (h), the tested engine 
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shall be retested with a less deterio-
rated catalyst or DPF system (i.e., 
more of the applicable engine out pol-
lutants are converted or trapped). For 
the OBD system to be approved, testing 
shall be continued until the MIL acti-
vates with emissions below the applica-
ble thresholds of paragraphs (g) and (h) 
of this section, or the MIL activates 
with emissions within a range no more 
than 20 percent below the applicable 
emissions thresholds and 10 percent or 
less above those emissions thresholds. 

(iv) If an OBD system is determined 
to be unacceptable by the criteria of 
this paragraph (l)(5) of this section, the 
manufacturer may recalibrate and 
retest the system on the same test en-
gine. In such a case, the manufacturer 
must confirm, by retesting, that all 
systems and components that were 
tested prior to the recalibration and 
are affected by it still function prop-
erly with the recalibrated OBD system. 

(6) Confirmatory testing. (i) The Ad-
ministrator may perform confirmatory 
testing to verify the emission test data 
submitted by the manufacturer as re-
quired by this paragraph (l) of this sec-
tion comply with its requirements and 
the malfunction criteria set forth in 
paragraphs (g) through (i) of this sec-
tion. Such confirmatory testing is lim-
ited to the test engine(s) required by 
paragraph (l)(2) of this section. 

(ii) To conduct this confirmatory 
testing, the Administrator may install 
appropriately deteriorated or malfunc-
tioning components (or simulate them) 
in an otherwise properly functioning 
test engine of an engine rating rep-
resented by the demonstration test en-
gine in order to test any of the compo-
nents or systems required to be tested 
by paragraph (l) of this section. The 
manufacturer shall make available, if 
requested, an engine and all test equip-
ment (e.g., malfunction simulators, de-
teriorated components) necessary to 
duplicate the manufacturer’s testing. 
Such a request from the Administrator 
shall occur within six months of re-
viewing and approving the demonstra-
tion test engine data submitted by the 
manufacturer for the specific engine 
rating. 

(7) Catalyst aging—(i) Diesel catalysts. 
For purposes of determining the cata-
lyst malfunction limits for the moni-

toring required by paragraphs 
(g)(5)(ii)(A), (g)(5)(ii)(B), and 
(g)(6)(ii)(A) of this section, where those 
catalysts are monitored individually, 
the manufacturer must use a catalyst 
deteriorated to the malfunction cri-
teria using methods established by the 
manufacturer to represent real world 
catalyst deterioration under normal 
and malfunctioning engine operating 
conditions. For purposes of deter-
mining the catalyst malfunction limits 
for the monitoring required by para-
graphs (g)(5)(ii)(A), (g)(5)(ii)(B), and 
(g)(6)(ii)(A) of this section, where those 
catalysts are monitored in combina-
tion with other catalysts, the manufac-
turer must submit their catalyst sys-
tem aging and monitoring plan to the 
Administrator as part of their certifi-
cation documentation package. The 
plan must include the description, 
emission control purpose, and location 
of each component, the monitoring 
strategy for each component and/or 
combination of components, and the 
method for determining the applicable 
malfunction criteria including the de-
terioration/aging process. 

(ii) Gasoline catalysts. For the pur-
poses of determining the catalyst sys-
tem malfunction criteria in paragraph 
(h)(6)(ii) of this section, the manufac-
turer must use a catalyst system dete-
riorated to the malfunction criteria 
using methods established by the man-
ufacturer to represent real world cata-
lyst deterioration under normal and 
malfunctioning operating conditions. 
The malfunction criteria must be es-
tablished by using a catalyst system 
with all monitored and unmonitored 
(downstream of the sensor utilized for 
catalyst monitoring) catalysts simul-
taneously deteriorated to the malfunc-
tion criteria except for those engines 
that use fuel shutoff to prevent over- 
fueling during engine misfire condi-
tions. For such engines, the malfunc-
tion criteria must be established by 
using a catalyst system with all mon-
itored catalysts simultaneously dete-
riorated to the malfunction criteria 
while unmonitored catalysts shall be 
deteriorated to the end of the engine’s 
useful life. 

(m) Certification documentation re-
quirements. (1) When submitting an ap-
plication for certification of an engine, 

VerDate Mar<15>2010 17:16 Sep 13, 2011 Jkt 223161 PO 00000 Frm 00321 Fmt 8010 Sfmt 8010 Q:\40\40V18.TXT ofr150 PsN: PC150



312 

40 CFR Ch. I (7–1–11 Edition) § 86.010–18 

the manufacturer must submit the fol-
lowing documentation. If any of the 
items listed here are standardized for 
all of the manufacturer’s engines, the 
manufacturer may, for each model 
year, submit one set of documents cov-
ering the standardized items for all of 
its engines. 

(i) For the required documentation 
that is not standardized across all en-
gines, the manufacturer may be al-
lowed to submit documentation for cer-
tification from one engine that is rep-
resentative of other engines. All such 
engines shall be considered to be part 
of an OBD certification documentation 
group. To represent the OBD group, the 
chosen engine must be certified to the 
most stringent emissions standards 
and OBD monitoring requirements and 
cover all of the emissions control de-
vices for the engines in the group and 
covered by the submitted documenta-
tion. Such OBD groups must be ap-
proved in advance of certification. 

(ii) Upon approval, one or more of the 
documentation requirements of this 
paragraph (m) of this section may be 
waived or modified if the information 
required is redundant or unnecessarily 
burdensome to generate. 

(iii) To the extent possible, the cer-
tification documentation must use 
SAE J1930 (as specified in paragraph 
(k)(1) of this section) or SAE J2403 (as 
specified in paragraph (k)(1) of this sec-
tion) terms, abbreviations, and acro-
nyms as specified in paragraph (k)(1) of 
this section. 

(2) Unless otherwise specified, the 
following information must be sub-
mitted as part of the certification ap-
plication and prior to receiving a cer-
tificate. 

(i) A description of the functional op-
eration of the OBD system including a 
complete written description for each 
monitoring strategy that outlines 
every step in the decision-making proc-
ess of the monitor. Algorithms, dia-
grams, samples of data, and/or other 
graphical representations of the moni-
toring strategy shall be included where 
necessary to adequately describe the 
information. 

(ii) A table including the following 
information for each monitored compo-
nent or system (either computer-sensed 

or computer-controlled) of the emis-
sions control system: 

(A) Corresponding diagnostic trouble 
code. 

(B) Monitoring method or procedure 
for malfunction detection. 

(C) Primary malfunction detection 
parameter and its type of output sig-
nal. 

(D) Malfunction criteria limits used 
to evaluate output signal of primary 
parameter. 

(E) Other monitored secondary pa-
rameters and conditions (in engineer-
ing units) necessary for malfunction 
detection. 

(F) Monitoring time length and fre-
quency of monitoring events. 

(G) Criteria for storing a diagnostic 
trouble code. 

(H) Criteria for activating a malfunc-
tion indicator light. 

(I) Criteria used for determining out- 
of-range values and input component 
rationality checks. 

(iii) Whenever possible, the table re-
quired by paragraph (m)(2)(ii) of this 
section shall use the following engi-
neering units: 

(A) Degrees Celsius for all tempera-
ture criteria. 

(B) KiloPascals (KPa) for all pressure 
criteria related to manifold or atmos-
pheric pressure. 

(C) Grams (g) for all intake air mass 
criteria. 

(D) Pascals (Pa) for all pressure cri-
teria related to evaporative system 
vapor pressure. 

(E) Miles per hour (mph) for all vehi-
cle speed criteria. 

(F) Relative percent (%) for all rel-
ative throttle position criteria (as de-
fined in SAE J1979 or SAE J1939 (both 
as specified in paragraph (k)(1) of this 
section)). 

(G) Voltage (V) for all absolute throt-
tle position criteria (as defined in SAE 
J1979 or SAE J1939 (both as specified in 
paragraph (k)(1) of this section)). 

(H) Per crankshaft revolution (/rev) 
for all changes per ignition event based 
criteria (e.g., g/rev instead of g/stroke 
or g/firing). 

(I) Per second (/sec) for all changes 
per time based criteria (e.g., g/sec). 

(J) Percent of nominal tank volume 
(%) for all fuel tank level criteria. 
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(iv) A logic flowchart describing the 
step-by-step evaluation of the enable 
criteria and malfunction criteria for 
each monitored emission related com-
ponent or system. 

(v) Emissions test data, a description 
of the testing sequence (e.g., the num-
ber and types of preconditioning cy-
cles), approximate time (in seconds) of 
MIL activation during the test, diag-
nostic trouble code(s) and freeze frame 
information stored at the time of de-
tection, corresponding test results (e.g. 
SAE J1979 (as specified in paragraph 
(k)(1) of this section) Mode/Service $06, 
SAE J1939 (as specified in paragraph 
(k)(1) of this section) Diagnostic Mes-
sage 8 (DM8)) stored during the test, 
and a description of the modified or de-
teriorated components used for mal-
function simulation with respect to the 
demonstration tests specified in para-
graph (l) of this section. The freeze 
frame data are not required for engines 
termed ‘‘Extrapolated OBD’’ engines. 

(vi) For gasoline engines, data sup-
porting the misfire monitor, including: 

(A) The established percentage of 
misfire that can be tolerated without 
damaging the catalyst over the full 
range of engine speed and load condi-
tions. 

(B) Data demonstrating the prob-
ability of detection of misfire events 
by the misfire monitoring system over 
the full engine speed and load oper-
ating range for the following misfire 
patterns: random cylinders misfiring at 
the malfunction criteria established in 
paragraph (h)(2)(ii)(B) of this section, 
one cylinder continuously misfiring, 
and paired cylinders continuously mis-
firing. 

(C) Data identifying all disablement 
of misfire monitoring that occurs dur-
ing the FTP. For every disablement 
that occurs during the cycles, the data 
shall identify: when the disablement 
occurred relative to the driver’s trace, 
the number of engine revolutions dur-
ing which each disablement was 
present, and which disable condition 
documented in the certification appli-
cation caused the disablement. 

(D) Manufacturers are not required 
to use the durability demonstration en-
gine to collect the misfire data re-
quired by paragraph (m)(2)(vi) of this 
section. 

(vii) Data supporting the limit for 
the time between engine starting and 
attaining the designated heating tem-
perature for after-start heated catalyst 
systems. 

(viii) Data supporting the criteria 
used to detect a malfunction of the fuel 
system, EGR system, boost pressure 
control system, catalyst, NOX adsorber, 
DPF, cold start emission reduction 
strategy, secondary air, evaporative 
system, VVT system, exhaust gas sen-
sors, and other emission controls that 
causes emissions to exceed the applica-
ble malfunction criteria specified in 
paragraphs (g) through (i) of this sec-
tion. For diesel engine monitors re-
quired by paragraphs (g) and (i) of this 
section that are required to indicate a 
malfunction before emissions exceed an 
emission threshold based on any appli-
cable standard (e.g., 2.5 times any of 
the applicable standards), the test 
cycle and standard determined by the 
manufacturer to be the most stringent 
for each applicable monitor in accord-
ance with paragraph (f)(1) of this sec-
tion. 

(ix) A list of all electronic powertrain 
input and output signals (including 
those not monitored by the OBD sys-
tem) that identifies which signals are 
monitored by the OBD system. For 
input and output signals that are mon-
itored as comprehensive components, 
the listing shall also identify the spe-
cific diagnostic trouble code for each 
malfunction criteria (e.g., out-of-range 
low, out-of-range high, open circuit, ra-
tionality low, rationality high). 

(x) A written description of all pa-
rameters and conditions necessary to 
begin closed-loop/feedback control of 
emission control systems (e.g., fuel 
system, boost pressure, EGR flow, SCR 
reductant delivery, DPF regeneration, 
fuel system pressure). 

(xi) A written identification of the 
communication protocol utilized by 
each engine for communication with a 
scan tool (model years 2010 through 
2012) or an SAE J1978 or SAE J1939 
(both as specified in paragraph (k)(1) of 
this section) scan tool (model years 
2013 and later). 

(xii) For model years 2013 and later, a 
pictorial representation or written de-
scription of the diagnostic connector 
location including any covers or labels. 
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(xiii) A written description of the 
method used by the manufacturer to 
meet the requirements of paragraph 
(i)(2) of this section (crankcase ventila-
tion system monitoring) including dia-
grams or pictures of valve and/or hose 
connections. 

(xiv) Build specifications provided to 
engine purchasers or chassis manufac-
turers detailing all specifications or 
limitations imposed on the engine pur-
chaser relevant to OBD requirements 
or emissions compliance (e.g., cooling 
system heat rejection rates, allowable 
MIL locations, connector location 
specifications). A description of the 
method or copies of agreements used to 
ensure engine purchasers or chassis 
manufacturers will comply with the 
OBD and emissions relevant build spec-
ifications (e.g., signed agreements, re-
quired audit/evaluation procedures). 

(xv) Any other information deter-
mined by the Administrator to be nec-
essary to demonstrate compliance with 
the requirements of this section. 

(3) In addition to the documentation 
required by paragraphs (m)(1) and 
(m)(2) of this section, a manufacturer 
making use of paragraph (a)(5) of this 
section must submit the following in-
formation with their application for 
certification. 

(i) A detailed description of how the 
OBD system meets the intent of 
§ 86.010–18. 

(ii) A detailed description of why the 
manufacturer has chosen not to design 
the OBD system to meet the require-
ments of § 86.010–18 and has instead de-
signed the OBD system to meet the ap-
plicable California OBD requirements. 

(iii) A detailed description of any de-
ficiencies granted by the California 
staff and any concerns raised by Cali-
fornia staff. A copy of a California Ex-
ecutive Order alone will not be consid-
ered acceptable toward meeting this 
requirement. This description shall 
also include, to the extent feasible, a 
plan with timelines for resolving defi-
ciencies and/or concerns. 

(n) Deficiencies. (1) Upon application 
by the manufacturer, the Adminis-
trator may accept an OBD system as 
compliant even though specific re-
quirements are not fully met. Such 
compliances without meeting specific 
requirements, or deficiencies, will be 

granted only if compliance is infeasible 
or unreasonable considering such fac-
tors as, but not limited to: Technical 
feasibility of the given monitor and 
lead time and production cycles includ-
ing phase-in or phase-out of engines or 
vehicle designs and programmed up-
grades of computers. Unmet require-
ments shall not be carried over from 
the previous model year except where 
unreasonable hardware or software 
modifications are necessary to correct 
the deficiency, and the manufacturer 
has demonstrated an acceptable level 
of effort toward compliance as deter-
mined by the Administrator. Further-
more, EPA will not accept any defi-
ciency requests that include the com-
plete lack of a major diagnostic mon-
itor (‘‘major’’ diagnostic monitors 
being those for exhaust aftertreatment 
devices, oxygen sensor, air-fuel ratio 
sensor, NOX sensor, engine misfire, 
evaporative leaks, and diesel EGR, if 
equipped), with the possible exception 
of the special provisions for alternative 
fueled engines. For alternative fueled 
heavy-duty engines (e.g., natural gas, 
liquefied petroleum gas, methanol, eth-
anol), manufacturers may request the 
Administrator to waive specific moni-
toring requirements of this section for 
which monitoring may not be reliable 
with respect to the use of the alter-
native fuel. At a minimum, alternative 
fuel engines must be equipped with an 
OBD system meeting OBD require-
ments to the extent feasible as ap-
proved by the Administrator. 

(2) In the event the manufacturer 
seeks to carry-over a deficiency from a 
past model year to the current model 
year, the manufacturer must re-apply 
for approval to do so. In considering 
the request to carry-over a deficiency, 
the Administrator shall consider the 
manufacturer’s progress towards cor-
recting the deficiency. The Adminis-
trator may not allow manufacturers to 
carry over monitoring system defi-
ciencies for more than two model years 
unless it can be demonstrated that sub-
stantial engine hardware modifications 
and additional lead time beyond two 
years are necessary to correct the defi-
ciency. 

(3) A deficiency shall not be granted 
retroactively (i.e., after the engine has 
been certified). 

VerDate Mar<15>2010 17:16 Sep 13, 2011 Jkt 223161 PO 00000 Frm 00324 Fmt 8010 Sfmt 8010 Q:\40\40V18.TXT ofr150 PsN: PC150



315 

Environmental Protection Agency § 86.010–18 

(o) Implementation schedule. Except as 
specifically provided for in this para-
graph (o) for small volume manufactur-
ers and alternative fueled engines, the 
requirements of this section must be 
met according to the following provi-
sions: 

(1) For model years 2010 through 2012— 
(i) Full OBD. The manufacturer must 
implement an OBD system meeting the 
applicable requirements of § 86.010–18 on 
one engine rating within one engine 
family of the manufacturer’s product 
line. This ‘‘Full OBD’’ rating will be 
known as the ‘‘OBD parent’’ rating. 
The OBD parent rating must be chosen, 
unless otherwise approved by the Ad-
ministrator, as the rating having the 
highest weighted projected U.S. sales 
within the engine family having the 
highest weighted projected U.S. sales, 
with U.S. sales being weighted by the 
useful life of the engine rating. 

(ii) Extrapolated OBD. For all other 
engine ratings within the engine fam-
ily from which the OBD parent rating 
has been selected, the manufacturer 
must implement an OBD system meet-
ing the applicable requirements of 
§ 86.010–18 except that the OBD system 
is not required to detect a malfunction 
prior to exceeding the emission thresh-
olds shown in Table 1 of paragraph (g) 
and Table 2 of paragraph (h) of this sec-
tion. These ‘‘Extrapolated OBD’’ en-
gines will be know as the ‘‘OBD child’’ 
ratings. On these OBD child ratings, 
rather than detecting a malfunction 
prior to exceeding the emission thresh-
olds, the manufacturer must submit a 
plan for Administrator review and ap-
proval that details the engineering 
evaluation the manufacturer will use 
to establish the malfunction criteria 
for the OBD child ratings. The plan 
must demonstrate both the use of good 
engineering judgment in establishing 
the malfunction criteria, and robust 
detection of malfunctions, including 
consideration of differences of base en-
gine, calibration, emission control 
components, and emission control 
strategies. 

(iii) Engine families other than those 
from which the parent and child rat-
ings have been selected, are not subject 
to the requirements of this section. 

(iv) Small volume manufacturers, as 
defined in § 86.094–14(b)(1) and (2) and as 

determined using 2010 model year sales, 
are exempt from the requirements of 
this § 86.010–18, unless model year 2011 
or model year 2012 sales exceed 20,000 
units. 

(v) Engines certified as alternative 
fueled engines are exempt from the re-
quirements of this § 86.010–18. 

(2) For model years 2013 through 2015— 
(i) OBD groups. The manufacturer shall 
define one or more OBD groups to 
cover all engine ratings in all engine 
families. The manufacturer must sub-
mit a grouping plan for Administrator 
review and approval detailing the OBD 
groups and the engine families and en-
gine ratings within each group for a 
given model year. 

(ii) Full OBD. (A) For all model year 
2010 through 2012 ‘‘Full OBD’’ and ‘‘Ex-
trapolated OBD’’ engine ratings, the 
manufacturer must implement an OBD 
system meeting the applicable require-
ments of this section. 

(B) On one engine rating within each 
of the manufacturer’s OBD groups, the 
manufacturer must implement an OBD 
system meeting the applicable require-
ments of this section. These ‘‘Full 
OBD’’ ratings will be known as the 
‘‘OBD parent’’ ratings. The OBD parent 
rating for each OBD group shall be cho-
sen, unless otherwise approved by the 
Administrator, as the rating having 
the highest weighted projected U.S. 
sales within the OBD group, with U.S. 
sales being weighted by the useful life 
of the engine rating. 

(iii) Extrapolated OBD. For all other 
engine ratings within each OBD group, 
the manufacturer must implement an 
OBD system meeting the requirements 
of this section except that the OBD 
system is not required to detect a mal-
function prior to exceeding the emis-
sion thresholds shown in Table 1 of 
paragraph (g) and Table 2 of paragraph 
(h) of this section. These extrapolated 
OBD engines will be know as the ‘‘OBD 
child’’ ratings. On these OBD child rat-
ings, rather than detecting a malfunc-
tion prior to exceeding the emission 
thresholds, the manufacturer must 
submit a plan for Administrator review 
and approval that details the engineer-
ing evaluation the manufacturer will 
use to establish the malfunction cri-
teria for the OBD child ratings. The 
plan must demonstrate both the use of 

VerDate Mar<15>2010 17:16 Sep 13, 2011 Jkt 223161 PO 00000 Frm 00325 Fmt 8010 Sfmt 8010 Q:\40\40V18.TXT ofr150 PsN: PC150



316 

40 CFR Ch. I (7–1–11 Edition) § 86.010–18 

good engineering judgment in estab-
lishing the malfunction criteria, and 
robust detection of malfunctions, in-
cluding consideration of differences of 
base engine, calibration, emission con-
trol components, and emission control 
strategies. 

(iv) Engines certified as alternative 
fueled engines shall meet, to the extent 
feasible, the requirements specified in 
paragraph (i)(3) of this § 86.010–18. Addi-
tionally, such engines shall monitor 
the NOX aftertreatment system on en-
gines so equipped and detect a mal-
function if: 

(A) The NOX aftertreatment system 
has no detectable amount of NOX 
aftertreatement capability (i.e., NOX 
catalyst conversion or NOX adsorp-
tion). 

(B) The NOX aftertreatment sub-
strate is completely destroyed, re-
moved, or missing. 

(C) The NOX aftertreatment assembly 
is replaced with a straight pipe. 

(3) For model years 2016 through 2018— 
(i) OBD groups. The manufacturer shall 
define one or more OBD groups to 
cover all engine ratings in all engine 
families. The manufacturer must sub-
mit a grouping plan for Administrator 
review and approval detailing the OBD 
groups and the engine families and en-
gine ratings within each group for a 
given model year. 

(ii) Full OBD. The manufacturer 
must implement an OBD system meet-
ing the applicable requirements of this 
section on all engine ratings in all en-
gine families. 

(iii) Engines certified as alternative 
fueled engines shall meet, to the extent 
feasible, the requirements specified in 
paragraph (i)(3) of this § 86.010–18. Addi-
tionally, such engines shall monitor 
the NOX aftertreatment system on en-
gines so equipped and detect a mal-
function if: 

(A) The NOX aftertreatment system 
has no detectable amount of NOX 
aftertreatement capability (i.e., NOX 
catalyst conversion or NOX adsorp-
tion). 

(B) The NOX aftertreatment sub-
strate is completely destroyed, re-
moved, or missing. 

(C) The NOX aftertreatment assembly 
is replaced with a straight pipe. 

(4) For model years 2019 and later. (i) 
The manufacturer must implement an 
OBD system meeting the applicable re-
quirements of § 86.010–18 on all engines. 

(p) In-use compliance standards. For 
monitors required to indicate a mal-
function before emissions exceed a cer-
tain emission threshold (e.g., 2.5 times 
any of the applicable standards): 

(1) For model years 2010 through 2012. 
(i) On the full OBD rating (i.e., the par-
ent rating) as defined in paragraph 
(o)(1) of this section, separate in-use 
emissions thresholds shall apply. These 
thresholds are determined by doubling 
the applicable thresholds as shown in 
Table 1 of paragraph (g) and Table 2 of 
paragraph (h) of this section. The re-
sultant thresholds apply only in-use 
and do not apply for certification or se-
lective enforcement auditing. 

(ii) The extrapolated OBD ratings 
(i.e., the child ratings) as defined in 
paragraph (o)(1) of this section shall 
not be evaluated against emissions lev-
els for purposes of OBD compliance in- 
use. 

(iii) Only the test cycle and standard 
determined and identified by the man-
ufacturer at the time of certification 
in accordance with paragraph (f) of this 
section as the most stringent shall be 
used for the purpose of determining 
OBD system noncompliance in-use. 

(iv) An OBD system shall not be con-
sidered noncompliant solely due to a 
failure or deterioration mode of a mon-
itored component or system that could 
not have been reasonably foreseen to 
occur by the manufacturer. 

(2) For model years 2013 through 2015. 
(i) On the full OBD ratings as defined 
in paragraph (o)(2) of this section, sepa-
rate in-use emissions thresholds shall 
apply. These thresholds are determined 
by doubling the applicable thresholds 
as shown in Table 1 of paragraph (g) 
and Table 2 of paragraph (h) of this sec-
tion. The resultant thresholds apply 
only in-use and do not apply for certifi-
cation or selective enforcement audit-
ing. 

(ii) The extrapolated OBD ratings as 
defined in paragraph (o)(2) of this sec-
tion shall not be evaluated against 
emissions levels for purposes of OBD 
compliance in-use. 
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(iii) Only the test cycle and standard 
determined and identified by the man-
ufacturer at the time of certification 
in accordance with paragraph (f) of this 
section as the most stringent shall be 
used for the purpose of determining 
OBD system noncompliance in-use. 

(iv) For monitors subject to meeting 
the minimum in-use monitor perform-
ance ratio of 0.100 in paragraph 
(d)(1)(ii), the OBD system shall not be 
considered noncompliant unless a rep-
resentative sample indicates the in-use 
ratio is below 0.050. 

(v) An OBD system shall not be con-
sidered noncompliant solely due to a 
failure or deterioration mode of a mon-
itored component or system that could 
not have been reasonably foreseen to 
occur by the manufacturer. 

(3) For model years 2016 through 2018. 
(i) On the engine ratings tested accord-
ing to (l)(2)(iii) of this section, the cer-
tification emissions thresholds shall 
apply in-use. 

(ii) On the manufacturer’s remaining 
engine ratings, separate in-use emis-
sions thresholds shall apply. These 
thresholds are determined by doubling 
the applicable thresholds as shown in 
Table 1 of paragraph (g) and Table 2 of 
paragraph (h) of this section. The re-
sultant thresholds apply only in-use 
and do not apply for certification or se-
lective enforcement auditing. 

(iii) An OBD system shall not be con-
sidered noncompliant solely due to a 
failure or deterioration mode of a mon-
itored component or system that could 
not have been reasonably foreseen to 
occur by the manufacturer. 

(4) For model years 2019 and later. (i) 
On all engine ratings, the certification 
emissions thresholds shall apply in-use. 

(ii) An OBD system shall not be con-
sidered noncompliant solely due to a 
failure or deterioration mode of a mon-
itored component or system that could 
not have been reasonably foreseen to 
occur by the manufacturer. 

[74 FR 8369, Feb. 24, 2009] 

§ 86.010–38 Maintenance instructions. 
(a) The manufacturer shall furnish or 

cause to be furnished to the purchaser 
of each new motor vehicle (or motor 
vehicle engine) subject to the stand-
ards prescribed in § 86.099–8, § 86.004–9, 
§ 86.004–10, or § 86.004–11, as applicable, 

written instructions for the proper 
maintenance and use of the vehicle (or 
engine), by the purchaser consistent 
with the provisions of § 86.004–25, which 
establishes what scheduled mainte-
nance the Administrator approves as 
being reasonable and necessary. 

(1) The maintenance instructions re-
quired by this section shall be in clear, 
and to the extent practicable, nontech-
nical language. 

(2) The maintenance instructions re-
quired by this section shall contain a 
general description of the documenta-
tion which the manufacturer will re-
quire from the ultimate purchaser or 
any subsequent purchaser as evidence 
of compliance with the instructions. 

(b) Instructions provided to pur-
chasers under paragraph (a) of this sec-
tion shall specify the performance of 
all scheduled maintenance performed 
by the manufacturer on certification 
durability vehicles and, in cases where 
the manufacturer performs less main-
tenance on certification durability ve-
hicles than the allowed limit, may 
specify the performance of any sched-
uled maintenance allowed under 
§ 86.004–25. 

(c) Scheduled emission-related main-
tenance in addition to that performed 
under § 86.004–25(b) may only be rec-
ommended to offset the effects of ab-
normal in-use operating conditions, ex-
cept as provided in paragraph (d) of 
this section. The manufacturer shall be 
required to demonstrate, subject to the 
approval of the Administrator, that 
such maintenance is reasonable and 
technologically necessary to assure the 
proper functioning of the emission con-
trol system. Such additional rec-
ommended maintenance shall be clear-
ly differentiated, in a form approved by 
the Administrator, from that approved 
under § 86.004–25(b). 

(d) Inspections of emission-related 
parts or systems with instructions to 
replace, repair, clean, or adjust the 
parts or systems if necessary, are not 
considered to be items of scheduled 
maintenance which insure the proper 
functioning of the emission control 
system. Such inspections, and any rec-
ommended maintenance beyond that 
approved by the Administrator as rea-
sonable and necessary under para-
graphs (a), (b), and (c) of this section, 
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