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CALIFORNIA EXHAUST EMISSION STANDARDS AND TEST PROCEDURES
o ' . FOR 1995 AND LATER T
.~ UTILITY AND LAWM AND GARDEN EQUIPMENT ENGINES

| Part I. . Emissibn Regulations for 1995 and Later New Lawn and Garden and

Utility Equipment Engines, General Provisions.
1. General Applicability.

(a) These provisions shall be applicable to utility and lawn and
garden equipment engines produced on or after January 1, 1995.

{b) Every new utility and lawn and garden equipment engine that is °

‘manufactured for sale, sold, offered for sale, introduced or delivered for

introduction into commerce, or imported into California which is subject to
any cf the standards prescribed in these provisions is required to be
~covered by an Executive Order issued pursuant to these provisions.

- 2. Definitions.

_ ~"ARB Enforcement Officer™ means any officer or employee of the Air
Resources Board so designated in writing by the Administrater for by his

-desigree} Executive Officer: or bv the Executive Officer's designes.

- “Basic Engine" means an engine manufacturer's uniaue combination of
engine displacement. number of cvlinders. fuel system., emission contro]
system and other engine and emission control system characteristics
specified by the Executive Officer

I

"Executive Order" means an order issued by the Exe;utive Officer
certifying engines for sale in California,

“Class"-. see Section 9.

“Complete Engine Assembly" or "Engine Confiquration” is an _assembly of
a_basic engine and all of the specific applicable .components (e.g.. air
inlet, fuel and exhausi systems, ete.) and calibrations (e.q., carburetor

Jet size. valve timing, ete.) in order that the ascembly can be installed
into a new unit of equipment.

"Crankcase Emissions” means @irborne substances emitted into the

atmesphere from any portion of *the engine crankcase ventilation or
Tubrication system.

"Disp]agement",'and ZDisplacement Class"-, see Section 16.

"Emission Control System" includes any component, group of components
or engine modification which controls. or causes the reduction of substances
emitted from zn engine. :
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"Engine Family" means the basic elassification umit of a ‘
- marufaeturerts engines is a subclass of a basic enaine based on_similar
emission characteristics.” The engine family is the grouping of engines that

is used for the purposes of certification. test fleet selectien and is
determined in accordance with Section 17.

"Engine Family Group" means a collection of similar diesel-cvele

gengine families used for the purpose of engine certification., and determined
in accordance with Section 17(d). -

Enging Family Name" means a_multi-character alphanuimeric sequence
that represents certain specific and general information about an endine ¢-

family.

_"Eng1ne—DiSpﬁacemgnt—System Combination” means or am el'Engine
fFamily-dDisplacement~eEmission eControl sSystem eCombination”~ is a -
subclass eof an engine familv based on. engine displacement and specific
emission control_system components. and is used for purposes of test enqine

setection.

"Engine Model* or “Engine Code" is a subclass of an engine-
displacement-system combination on the basis of the engine calibration’
{e.q.. carburetor jet size. valve timing. etc), and other parameters that
may be designated by the Executive Officer. '

"Exhaust Emissions” means substances emitted teo the atmosphere from
any opening downstream from the exhaust port of an off-highway vehicle.

"Fuel Systemh means the combination of any of the following
components: fuel tank, fuel pump, fuel lines, 011 injection metering
system, carburetor or fuel injection components, or all fuel system vents.

—Gross Power" means the. power measured at the engine crankshaft (or
equivalent) and produced bv ap engine that is equipped with only the
accessories that are necessary for engine operation,

"Hang-up" means the situation whereby hvdrocérbon molecules are
ahsorbed. condensed, or otherwise removed from the sample flow prior to the
instrument detector: and anv subsequent desorption of the molecules inte the

sample Tlow when such molecules are_assumed to be absent.

“Intermediate Speed" means eighty-five (85} percent of rated speed,

“Incomplete Engine Assembly" is a basic engine _assembly that does not
include all of the components necessary for designation as a complete engine

assembly, and is marketed in order to be a part of, and assembled into, a
new unit of equipment.




"lLawn and Garden and Utility Engines® or "Lawn énd Garden and Utility

.Enginés and Equipment® or "Engines" are identified as: small two-stroke and

four-stroke, air-coocled, 1iquid-cooled, gasoline and diesel and alternate
powered ‘engines under 25 horsepower_{18.6 kW). They are designed for _
powering lawn, garden and turf maintenance implements and timber operations -
equipment; for generating electricity; and for pumping fluids. They are
designed to be used in, but not limited to use in, the following
applications: wa1k—behind-mowers,_riding mowers/lawn tractors, garden
tractors, snow blowers, edge trimmers, string {rimmers, blowers, vacuums,
tillers, chain saws, pumps, generators, compressérs, shredders, grinders,
welding machines, stumpbeaters, vibrators/finishers, portable saw mills and
refrigeration units, and other miscellaneous applications. A1l engines and
equipment that fall within the scope of the preemption of Section:

- 209{e)(1){A) of the Federal Clean Air Act, as amended, and .as defined by

regulation of the Environmental Protection Agency, are specifically not
included within this_categqry. i

"0ff-Road Vehicle " means any non-stationary device, powered by an

. internal combustion engine or motor, used primarily off the highways to

propel, move, or draw persons or property including any device propelied,
moved,; .or drawn excliusively by human power, and used "in-any of the following

.applications: Marine Vessels, Construction/Farm Equipment, Locomotives,

Utility and Lawn and Garden Equipment, 0ff-Road Motorcycles, and Off-Highway

. Vehicles. :

“Ox{deé-of Nitrogen*gmeans the sum of the nitric oxide and nitrogen

" dioxide contained in.a gas.samp]eras if the nitric oxide were in the form of‘f

nitrogen dioxide.

“Rated Power" means the maximum brake power output (horsepower and
kilowatt) of an engine as specified by an engine manufacturer,

‘Rated Speed" means the endgine speed {revolutions per minute [rom])
that corresponds to the rated power output of an engine as specified by an
engine manufacturer: or, when not so specified, the engihe speed that
corresponds to the maximum power output of an engine.

“Special Tool" means g tool or fixture specified by an engine |
manufacturer that is intended to perform only a specific function with
respect to an engine; and the effective usage of the tool or fixture
reguires speciag] expertise.

"Scheduled Maintenance" means any adjustment, repair, removal,
disassembly, cleaning, or replacement of engine or eguipment components or
systems required by the engine manufacturer which is perfoermed on z periodic
basis to prevent part failure or equipment or engine malfunction, or
anticipated as necessary to correct an overt indication of maifunction or
failure for which periodic maintenance is not appropriate.



“Span gas" means a gas of known concentration which is used routineiy
to set the output level of any analyzer.

"Uitimate Purchaser" means, with respect to any new utility and lawn
and garden gquipment engines and equipment, the first person who in good
faith purchases & new utility and Yawn and garden egquipment engine or
equipment for purposes other than resale.

"Unscheduled Maintenance” means any inspection, adjustment, repair,
removal, disassembly, cleaning, or replacement of components or systems
which is performed to correct or diagnose an_engine or engine part failure
oF engine oF equipment which was not anticipated.

"Useful Life" is defined for al] utility and 1a§n and garden gquipment
engines to be 2 years. ; : ' C

3. Abbreviations.

ARB- California Air Resources Board.

Bhp- Brake-horsepower.

Bhp-hr~ Brake horsepower-hour.

C- Celsius.

cc- Cubic centimeter(s).

cfm- Cubic feet per minute.

cfh- Cubic feet per hour.

cm- Centimeter(s).

CO- Carbon monoxide.

CO,- Carbon Dioxide.

Cofic- Concentration.

cu.- Cubic.

CVS- Constant Volume Sample. ,
EGR~ Exhaust gas recirculation. - B
EP- End point.

F- Fahrenheit.

g~ Gram(s).

h- hour. : -
HC- Hydrocarbon(s).
Hg- Mercury.

Hp- Horsepower.

H,0- Water.

ifl.- Inch(es)

K- Kelvin.

kg- Kilogram(s).

km- Kilometer(s).
kPa- Kilopascals:
kKW - kilowatt

Tb- Pound(s).

m- meter(s).

mph- Miles per hour.
mm- Milimeter(s).




N - Newton = -

No- Nitrogen. =

NE - Oxides ef nitrogen.
No?euNumber. g

0,~ Oxygen.
'PQA Pascals..
- Pb- lead.

ppm=" Parts.per million by volume.
psi- Pounds per sgquare inch.

psig- Pounds per square inch gauge.
“R- Rankine. - -
rpm- Revolutions per minute.

gt- Weight. :

- Degree(s).

%- Percent.

PM- Particulate

N 4._“Heasurement.8y;£em._

-~ (a) These provisions have been writien wsing System Intermaticnal
5%} ®Rits utilize the International Svstem. of Unifs (SI): English units

 are_indicated for convenience. The exhaust emission standard is an i
" exception: it is specified by units of horsepowsr instead of kilowatt. SI'

- HRdts ‘will be used te determipe eompiiance with these regualiions- Ernglish
-~ equivalents have been indieated selely for the userls cemveriemrece- .

5. fGenerél_Standards; Increaée In Emissions;_Unsafe Conditions.

{a) Any emission control system installed on or incorporated in a new
utility and lawn and garden equipment engine to enable such an- equipment
gnging to conform to standards imposed by these provisions: ‘
: (1) Shall not in its operation or function cause the emission into
the ambient air of any noxious or toxic substances that would not be emitted
in the operation of such engine without such emission control system, except
as specifically permitted by regqulation: and,

(2) Shall not in 4ts operation, function, malfunction result in

~any unsafe condition endangering the equipment, its user(s), or persons or

property in close proximity to the equipment .

(b) 'Every manufacturer of new utility and lawn and garden engines
subject to any of the standards imposed by these provisions shal! test, or
cause to be tested, engines in accordance with good engineering practice to

ascertain that such test engines will meet the requirements of this Section
for the useful 1ife of the engine.

6. Defeat Devices, Prohibition.

{a) No utility and lawn and garden equipment engine shall be equipped
with a defeat device. '



(b) Defeat device means any element of design which:

: (1) Senses temperature, engine RPM, manifold vacuum, or any
other parameter for the purpose of activating, modulating, delaying or
deactivating the operation of any part of the emission control systemss
and,

(2) Reduces the effectiveness of the emission control system
under conditions which may reasonably be expected to be encountered in
normal equipment operaticn and use, unless:

(1) Such conditions are substantially included in the test
procedures; or, : ‘ : 1 :
(i) The need for the device is justified in terms of
protecting the utility and lawn and garden equipment engine against damage
or accidenty: or, ' -

(i11) The device does not go beyond the requirements of
engine starting or warm-up. ' ’ '

7. [Reserved].
8. Replacement Engines.
No new engines shall be-produced for saie to replace pre-1995 mode]

equipment after January 1, 1999, unless those engines comply with the 1995
mode emission‘standards. B
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9. Exhaust Emission Standards For 1995 and Latéf-Uthity-and Lawn and
‘Garden Engines. ' - ' A :

'(a)- This sSection shall be applicable to utility and. Tawn and garden

engines produced on er after January 1, 1995. ' o ' '

: - -(b) Exhaust emissions froem new utility and lawn and garden equipment
engines, sedd in this state mapyfactured for sale, sold, offered for sale,

~introduced orrdelivered for introduction into commerce. or imported into
California, shall not exceed: - L : o

Exhaust Emission Standards
(grams,per_brake horsepower-hour)

Hydro-
s : ‘ carbon plus o _ o :
‘Calendar Engine - - oxides of Hydro-. . . Carbon " 0xides of ‘
__Year - Liess (1). _nitrogen (2) carbon (2) monoxide nitrogen _Particulate.
1895 to 1888 -~ . T © 7 . 12.0 - 300 - 0.9 £23(3)
A oI 0 1000 0 - 300 - 0.9 £23(3)
IIT (4) -~ - " 220 - 600 A0 e
IV O(4) e 180 600 4.0 - '
Y (4) - 120 . 300 4.0 -
1989 and y ¥ o - ,
subsequent I, I . 3.2 ' - 100 - 0.25 {33(5)
. oo IV, Y () - , 50 130 4.0 0.25 £33(8)

(1) "Class I" means utility and lawn and garden equipment engines
less than 225 ¢c in displacement. .
‘"Class II" means utility and lawn and garden equipment engines
greater than or equal to 225 cc¢ in displacement.
"Class III" means hand held utility and lawn and garden
equipment engines less than 20 ce in displacement.
"Class IY" means hand held utitity and lawn and garden
equipment engines 20 ¢c to less than 50 cc in displacement.
“Class V" means hand held -utility and lawn and garden

_ equipment engines greater than or equal te B0 cc in

displacement.

(2) The Executive Officer mav allow gaseous-fueled (i.e.. propane.
natural gas) engine families, that satisfy the requirements of Sectjor 20 of
Part I, to certify to either the hydrocarbon plus oxides of nitrogen or
hydrocarbon emission standard. as applicable. on fhe basis of the non-
methane hvdrocarbon (NMHC) portion _of the total hivdrocarbon emissions.

£23(3) Applicable to zll diesel-cycle engines. ealy

£33 Applieable te all diesel ard all twe-streke engines erly-
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(4) These standards may be used for engines that meet the
requirements of (i) and (ii) below, and for two-stroke engines that power
only snow throwers.

. (i) The engine must be used in a hand-held piece of
equipment. To be classified as a hand-held piece of equipment, the
equipment must require its full weight to be supported by the operator 1in
the performance of its requisite function.

(ii) The engine and equipment must require multi-positional
characteristics for use ‘(e.g. it must be capable of operating in any
pesition, upside down, or sideways as required to complete the Jjob).

{5) Applicable to all diesel-cycle engines, and all two-siroks

engines,

(¢c) In 1995 and subsequent years, fire and police departments, and
other entities which specialize in emergency response may purchase emergency
equipment powered by a non-California certified engine EMEFgency equipment
only when such equipment with a California_certified tility engine is not
available. For purposes of this s3ection, z _request to purchase of
fmergency equipment powered by a non-California certified emergency
eguipmert engine shall be reqgudested by submitted for approval application
to the Executive Officer. _

10{‘Maintenance and Warranty Instructions.

(a) Maintenance and warranty instructions shall conform with the
requirements pursuant to Sections 2405 and 2406, Title 13, California Code
of Regulations. ‘ ' :

11. Labeling. EE

- {a) Labeling required purgaani'to Section 2404, Title 13 of the
California Code of Regulations $hall conform with the requirements specified
therein,

12. Submission of Engine Identification Number.

(a) The manufacturer of any utility and lawn and garden equipment
engine covered by an Executive Order shall furnish te the Executive Officer,
at the beginning of each calendar year, information and an explapation about
an engine identification number system (e.g.. engine serial number) which
identifies whether sueh production engine{s} that are covered by an
Executive Order.

(b) Within 30 days of receiving a Upem request by the Executive
Officer, the manufacturer of any utility and lawn and garden equipment
engine covered by an Executive Order shall; withim 30 daysy identify the
such enginefs} eovered By the Executive QOrder by the ergime by their
identification number system provided under the requirements of paragraph

{a) abave. |

-12-



13. Preduction Engines- [Reserved].

{23} Any mandfacturer obtairrg certification shall sdpply te the
Execukive Officers upem his reguest; a Feasonable Aumber of preduetien
engines setected by the Executive Officer which are Fepresertative of the
enginess emission cortrel systemsy; and fued systems typieal of mroductios
medets availabie for sale wnder the order- These engines shall be supplied
FoF testing at sueh time and place and fer such Feasenable perieds as the
Executive Officer may reguires : ' : o

£b} Any marufacturer ebtairing certificatien shall netify the Exeeutive
Officer anaually of the number ef engines of each engine famidy-engine
displacemert-emission comirel System-fueld system combinatien preduced far
sate in Gatifernia durirg the preceding yeaF- Submissien ef data shall be
within 60 days afier the erd of 'the calendar year- 1f a manufaciurer canpet
previde actdaid Califernia sales data, it shall previde 3ts: ietal preductisn
aRd an estimate of Galifermia sales- The manufacturer shall alse previde
supperting material fer dist estimate~ :

14. Application For Certification. 7
(&) The Executive Qfficer may reguest notifitation;'Sfxtv:(60) da§s
- prior to the initial calendar vear submission of an engine manufacturer's

certification application(s). of the engine manufacturer’'s intent to seek
engine family certification (i.e., a letter of infent) so that the Executive

Officer can adequately allocate rgsources required for reviewing suck - - -
certification applications in a timely manner. - Such letters of intent shal]

brovide the engine manufacturer's best estimate of general information for
ihe applicable calendar vear certification, such as identification of each
engine family, date of expected submission, etc. o o

- ¢2} (b) New lawn and garden and utility equipment engines are covered
by the following: .

(1) Manufacturers of new utility and lawn and garden equipment
engines shall complete and submit to the Executive Officer amn written
appiication. in the English language. requestina fer an Executive Order
that eertifying certifies such engines be issyed. The engine manufacturer
shall update and correct by amendment such applications whenever
substantive changes are made to enqines that are delineated in te the
certification application are made {see Section 28). Where pessibler sAn
engine manufacturer sheudd shall inciude within a single application for
certification a1l engine models within ef an engine family (see Section 17
ToF a lo determine defimitien of what_is an engine family see Seetien
i7)s. a descriptien of all ergines The application shall describe each
applicable engine mode] in each the engine family, fer whiech certifieation
s required+ Ap_engine manufacturer may, however, cheocose to apply
separately for certification of part of his its engine productier line.
The selection of test engines and the computation of emission test results
wiid shal]l be determined by the Executive Officer separately for each
separate and individual engine Tamily certification applicaticn.

-13-



. (2) The certification application shall be in writing ard signed
by an authorized representative of the engine manufacturer. The
certification application. shall include the following:

_ (i) Identification and description of the engines covered by
the engine family certification application: ard a descriptions of their
esmbustion chambery engine designs (e.q.. combustion chamber, valves,
elc.)s: and, identifications (i.e., part numbers) and descriptions of the.
emission control system and devices componernts, auxiliary emission contro}
devices, fuel system_and components, air inlet system and components,
gxhaust system and components. and any optional equipment. For purposes -of
this sSection, “auxiliary emission control device® means any element of
design which senses temperature, engine RPM, manifold vacuum, or any other
parameter for the purpose of activating, modulating, delaying, or
deactivating the operation of any part of the emission control system.

: (1i) TheEmission control labe) ‘and its }oeation information
as set forth in Section 11-. including actyal production labels apd
descriptions of al] applicable label attachment locations.

(1i1) The Fange ef available fuel and ignition system
adjustments~ Identification and description (j.e.. range. value. etc.) of
any adjustable engine parameters {e.q.. idle fuel/eir, ignition timing,
etc.): and a description of the method used to ensure that the emission
characteristics of the certification test engines remaip representative of
those of the production engines with respect to any_adjustments of such
engine parameters. , ‘

, (iv) Projected California sales data sufficient te enable the
Exeewtive Officer to select a test fleet Fepresentative of the engine_family
for which certification is requested._ Such estimated sales data shall
include an_explanation of the method used to make the estimate. !

(v) A description of the test facility and equipment used to
test the engines for certification including {4f as applicable) and fue}
and engine lubricanis proposed te .be wsed specifications about the!. °
dynamometers. gas analyzers. data collection devices. etc,

{vi) Information about the certification test fuels and
lubricants. and_information about the commerically avajlable fuels and
lubricants recommended for use in the production engines,

tvi} (vii) A description of the proposed certification test
engine service accumulation (e.g.. break-in) procedure and the certification

test engine maintenance scheduled,

tvdiy (viii) A statement of recommended periodic and _
anticipated procedures for maintenance necessary to assure that the engine
covered by a Executive Order conforms to the regutations. The statement
must include a listing of the fuels and lubricants recommended for use by
the ultimate purchaser and a description of the training program for
personnel who will perform such maintenance, and the equipment required to
perform such maintenance. '

(3) Completed copies of the engine family certification
application and of any amendments thereto, and all notifications under
sections 28 and 29 shall be submitted in such multiple copies as the
Executive Officer requires.

-14-



15. Approval of Application-For Certification. -

- (a) After a review df the complete engine family apprcatioh for

certification and any cther information which the Executive Officer shall

require, the Executive Officer shal] approve the application if 211 the
foregoing conditions are satisfied. : : o

(b)  The Executive Officer may disapprove an engine family application
for -certification, 'in whole or “in part, for reasons including, but not ‘
1imited to. being incompleteness, inaeedracy ipaccurate. or providinag
inappropriate information reqarding proposed. break-in procedures, o
maintenance, test equipment, emission contro] labe? content or locations,
test fuel or lubricant.s; ard treeFperation of It mav also be disapnroved if

~'the described engines jncorporate -any defeat devices. in eguipmer:.er
" enginres deseribed by the applicatism- If .an engire family certificaticn

application cr part thereof is rejected, the Executive Officer shall notify
the engine manufacturer in writing and set forth the reasons for such
rejection. S - '

16. Engine1Disp]acement_cf_Utility and Lawn and.Garden.Equipment Engines..

f(a) Engine disp]acements shall be calculated using nomina?'engine

- values and rounded to the nearest tenth of a cubic .centimeter, in accordance
with ASTM E 29-90,- (August 1990), which is.incorporatedﬂby reference herein.,

17. Engine Familiess and Engine Family Groups.

(2) Certification Aapplications submitted by engine manufacturers
shall divide engines covered therein into groupings that are expected to
have similar emission characteristics throughout their useful 1:fe. Each.
group of engihes with similar emission characteristics shall be defined as a
separate engine family. ZThe maRufacturer shall eoRrsider the foellowing 4n
determining ergine familiess

{b) In order to be included within the same engine familv. gngines must
be identical in all of the following specifications:

(1)  The combustion cycle. .

(2) The cooling mechanism. -

{3) The cylinder block configuration (i.e.. inline, vee, opposed,
bore spacings, etc.).
" (4) The number of cylinders.

{5) The engine displacement classy: see Section 9. Engines of”
different displacements that are within fifteen percent of the largest
displacement may be included within the same engine family provided the
gngine displacement class requirement is satisfieq.

(6)  The method of air aspiration.

(7)  The number of eataiytic converters, location, velume, and
compositions of any catalvtic copverters.

(8)  The thermal reactor characteristics.

15— .



(8)  The number of carburetors-, as applicable.

(10) The prechamber characteristics.

(11} Fer 2 steekess the portieylinder seavenging designar Ihe
exhaust port{s) and cylinder design of two-stroke engines.

£b3 (c) At the engine manufacturer's option, reciprocating engines
identical in all the respects specifications listed in paragraph fay (b)
of this sSection may be further divided into different engine families if
the Executive Officer determines that they may be expected to have different
emission characteristics. This determination will be based upon
consideration of factors such as:
(1) The bore and stroke.
(2) The combustion chamber configuration.
- {3) The intake and exhaust timing method of actuation (i.e.,
poppei valve, reed valve, rotary valve, etc.).-
‘ - {4) The intake and exhaust valve or port sizes, as applicable.
(6} The fuel system.
(6) The exhaust system.

{d) The Executive Officer mav allow diesei-cvcie engines that are
expected to have similar emission characteristics throughout their useful
lives to be combined into an engine family group. The Executive Officer
shall base a determination of an engine family group on the displacement per-

cylinder jnstead of the cylinder_block configuration. Each engine family
group shall be considered 2 separate endine family. In order to be included

within the same engine family group. diesel-cycle enqgines must have the same

displacement per cylinder (within fifteen percent). and be jdentical in a1l
of the following specifications: : '
(1) The combustion cycle.
o (2) The cooling mechanism. .- o
-~ [3) _ The combustion chamber configuration,
(4) The fuel system, :
-{B) The engine displacement class: see Section 9.
(6)  The method of air aspiration. _
{7) The number. location and desian of any exhaust gas after-
treatment devices. “ _
(8) The thermal reactor characteristics.
{8)  The prechamber characteristics.
(10) _The exhaust port(s) and cylinder design.

18. Test Fleet Engines.

(a) Test engines will be selected by the Executive Officer to represent
each engine-displacement-system combination. The Executive Officer shal]
select the gngine configuration (l.e.. air inlet system, exhaust system.
engine calibration, etc.) of each engine-displacement-system combination in
the engine family marufaciureris appiieation whieh that is expected to have
has the greatest probability of exceeding the emission standards.
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(b) A test engine shall be a como]ete encine assembly with all emission

~control systems and components that are specified in the certificatien

apptication installed and functional for test purposes.,

(c? A forcéd air-coo]ed engine family fest enaine shal] be testéd with

-the cooling fan installed except when the Executijve Officer has prescribed

fesi procedures under the requirements of Section 20(d).

{d) Concurrent with'the-se1ection of an engine family test engine., the

1Eiécutive Officer shall determine the engine parameters subject to

adjustment for certification. assemblv-line quatityv-audit and compliance
tesfs. The Executive Officer shall zlso evaluate the adeguacy of the -
1imits, stops. seals. or other methods utilized to control, restrict or
inhibit adjustment., and shall evaluate resultant adjustable ranges of each
parameter. The Executive Gfficer shall notify the engine manufacturer of
each determination, '

{1) The Execytive Officer shall consider an engine paramster to be

- subject to adjustment if the parameter is capable of adiustment and the

ad justment may significantly affect emissions.
{2) In order to determine if an enqine parameter is subject to
adjustment. the Executive Qfficer shall consider the in-use probabiitity that

- the parameter may be changed from the values. or beyond the positigns,
- specified in the engine family certification application (i.e., :
"misadiustment), The Executive Officer may evaluate this probabilityv on the
-basis of factors such as: ease of access to the parameter, damags to the

engine or equipment that mav result from én attempt to misadijust the
parameter. consequence with respect to emissions of a misadiustment."

information provided in the preliminary engine family application. and

information obtained from anv compliance-related activities that are. or may

be. required. : _
, {3) The Executive Officer shall .determine an adiustable parameter
fo be adequately inaccessible when:

{i) The physical device that controls the adjustable
parazmeter cap be accessed only by the disassembly of the engine or
gouipment. and this disassembly requires the use of special tools.

: {ii) Adequate deterrence to restrict access to an adjustable
parameter will not be demonstrated by the necessity to remeve an engine
component that s routinelv removed in maintenance, or _that is required *o
be removed_in order to perform an adjustment.

- (111} Adequacy of ipaccessibility of an adjustable engine
parameter shall be satisfied by a demonstration of one or more of the
previsions listed above.

{4) The Executive Officer shall determine an adjustable parametesr
to_be adequately controiled or restricted when:
) (i) The device that controls the adjustable parameter is
restricted from adjustment bevond the range or valyes specified in the

engine familv certification application.

{11} The restriction may be circumvented only through the use

of specjal tools.
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{iii) Attempts to misadiust the parameter would result in
breakage of the restrictive device and/or the parameter and therebv result
in_unsatisfactory engine operation.

(b) . The Exegutive Officer may also determine an adiystable
parameter to be adequately controlled or restricted when: .

{1} _Attempts to misadjust the parameter are_ineffective,

For example. an_adjustment bevond the values or positions specified in the
engine family certification application would not alter significantly the
engine performance: hence. the emission levels as proiected in certification

are representative of in-use engine family emissions. .

{ii) Any solid-state memory devices that control or monitor
emission control] systems or components are protected adequately against )
unauthorized .or inappropriate changes. : : -

" (311) Adeguacy of control or restriction of an adiustable
engine parameter shall be satisfied by 2 demonstration of one or more of the

provisions listed above.

¢b3 (f) [Reservedl. A marufacturer may eleet te operate apnd test
additienal engines which are identical te those selecsted by the Executive

Officer- Written notice of a commitment te operate and test additigral
engines shail be given te the Exeeutive Officer prior te the stapt of
testing and net 3ater ithat 30 -days fellewing retificatien ef the test fleet
setection- | Eaeh ergine must meet apptieable standards- :

¢} {g) 1In lieu of testing an engine and submitting data thereon, an
engine manufacturer may, with the prior written approval of the Executive
Officer, submit exhaust emission data on a similar engine for which
- certification has previously been obtained or for which all applicable data
has have previously been submitted_(j.e.. carry over). '

19. Executive Officer's Fleet- Engines,

(a) The Executive Officer may require the testing of additional engines
identical in all material respects to engines selected in accordance with
Section 18. '

20, Test Procedures, General Requirements.

ta} ‘Marafacturers shald use the procedures im Seetier II or III:
Rewevery manufaeturers shall ret vse the precedures specified 4R Seetien III

{a) Certification testing of exhaust emissjons, ..
{1} _Engine manufacturers shall use the following:
{1) The test procedures outlined in Part II. Raw Gas

Method {RGM).

S Iii) Or, upon_approval from the Executive Officer, the
Constant VYolume Sampling (CVS) test method set forth in Part 1717,
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Lycle C.

(23 The exhaust emission test consists of prescribed seauences of

gngine operating conditions to be conducted on ap engine-dynamometer. The

exhaust gases generated during engine operation are sampled either raw or

dilute (as required). and specific components are anzlvzed through the

exhaust gas anaivtical svstem. The test is desianed to measure (as

- applicable) the concentration of hvdrocarbons (HC). carbon monoxide {(L0),

carbon dioxide (CQ,), oxides cf nitrogen {NOx), particulate matter {PM).
exhaust volume, fub)] Tlow, and the gress power output. The measured values

. are weighted and ysed to caiculate the brake-specific emissions of each
~ poilutant (in both g/bhp~hr and g/kW-hr). -

(3) The exhaust emission test uses prescribed segquences of engine

operation that include three separate engine test cycles as indicated in .
Table 1-] Engine~Test Cycles. The three different engine test cycles (i.e.. .

A, B and C) are specific to the particular range of engine cperation of the

producticn engines of an engine family. Test Cvcles A and B each consist of

cpe jidle-speed mode_and five power modes at ore engine speed {(i.e.. either
intermediate or rated, as applicablg). Test Cvcle C consists of oneg jdle-

- speed mode_and _one power mode at the rated endine speed.

(b) _For DarticuTate matter (PM) testing. éndine manﬁfacturers shall use

the particulate sampling test procedure specified in Part IV: or any similar

. procedure that has been approved by the Exscutive Qfficer,

) _Test engines shall be assigned to one of the three test ¢cvecles as
- follows: ' S S

IIY. A noh-handhe]d equipment ‘engine that is configured. by the

gngine manufacturer to operate primarily at an intermediate speed shall be .
- Lested using Test Cycle A. . ' '

) A_noen-handheld eaufnment engine that is confiqured bv the
engine manufacturer to operate at opnlv a rated sheed shall be fested using
Test Cvcle B, . - ' : '

{3) _ A handheld equipment engine shall be tested using Test

£5) (d) The Executive Officer shall prescribe emission test procedures
for any utility and lawn and garden equipment engine which hefshe the
Executive Officer determines is not susceptible to satisfactory testing by

~ the precedures methods set forth in the test procedures.

tey (e} Integrated equipment, i.e., generater sets, may be tested as
engires oF eguipmert in the fina] equipment assembly configuration. %The
engine manufacturer shall submits an alternate test.procedure and :
supporting documentation amd alterRate test procedure to the Executive
Officer. and receive Executive 0fficer approval prior to certification
testing. ' S

{f) The Executive Officer may allow a manufacturer of gasegus-fueled
(i.e.. natural gas and propane) engines to certifyv such engines cn the basis
of the non-methane hydrocarbon (NMHC) portion of the total hvdrocarbon
exhaust emissions. Such an allowance shall be based upon a review and
acceptance by the Executive Officer of a NMHC test procedure that is
Rproposed by the engine manufacturer.
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¢63 (g) The Executive Officer may amend revise these procedures on_a

case-by-case basis when the amendment a request to do so is supported by
data and results. or other information, showing the necessity for the

€Eorrection revision.

TABLE 1-1. Engine Test Cvcles

| MODE 1 1 2 1 3| 41 5 {6 | 7 | g 9 | 10 I 11 I
l""‘""""-‘—""‘ T T T e e e e e [ e e .‘.""“"“ """"
... SREED: } RAFED~ SPEEDs I INTERMEDIATE “SPEED" " [IDLE {
]==========_-.'===============================‘.2==========_===l":=================;;==""_'=
[ MODE POINTS | ! | i I I ] I ] | [ I
| -A Cycle- | ! | I [ g 12 1 31 41 5 { 6 =
e ettt E SRy P S S
[ LOAD PERCENT | | ! | I | J ! | I | I
| -A Cycle- | | | ! ! -; 1001 751 65010 25 10 : 0
e i S S Y (R | -----
| WEIGHTING [4]] I I - ! Fg91 201 29| 301 7] 5 I
|========================'===================I==============I=======================
{ MODE POINTS | ! | | | | ! | O I | |
f- -B CycIe-‘ ; 1 12 1 3 1 4 | 5 ; | . | 1 I f 6 }
| LOAD PERCENT | | [ | I | | | | [
} -B Cycle- I 100 75 ] 50 251 1o : f f l [ : 0 |
e e S UG S |
; WEIGHTING [%]1 9] 20 | 291 301 7| J | ] I | 5 ;
I‘:155&'Eaiﬁ%é“r““I'“"I“"'I’""T""I”""I"“'I""T“"I""'I """ |
I -C Cycle- I 1 ] | | ! f I 1 I | I 2 :
| LOAD PERCENT | | | | I | | | | I | I
{ -C Cycle- ! 100 | ! | | ! [ | ! [  ; 0 ;
| MEIGHTING [2]1 so 1 1 1y T T

=mma ....._—-.--.-_——___--..-__.-.__-.-._.__-.__..._-...._...'—_-_-..'—..--—'—-._—-.._—__-...-_

21. Break-in Service Accumulation Procedures-; Test Engines,

(a) The service accumulation (j.e.. break-in) procedure for breaking
iR an emission test engine shall be the procedure recommended specified
break-ir peried by the engine manufacturer as. and approved by the
Executive Officer prior to the. accumulation of hours.

(b) During fhe'bFeak-4a service accumulation period, engine
manufacturers shall not operate engines for a total of more than 12 hours
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unless an allowance to do so is approved bv.the-Execufive Officer. Engine
shutdewns shall be permitted during the operating sequences but: however,
the periods of shutdown shall not be included in the 12 hour total.

22. Schedﬁ]ed Maintenance; Test Engines.
~ o (a) 'Engine Mmanufacturers may schedule and pérfofm'break-ih _
maintenance on the emission test engine and its emission control and fuel

~systems at the same time intervals specified in the engine manufacturer's
- break-in maintenance instructions furnished to the uitimate purchaser,

_ (b)  During break-ir service accumulation, an encinemmanuﬂiqturer oz
shall be restricted to inspecting, replacing, cleaning, adjusting and

- service of the following items 3isted belsw as Feguired: (1) idle speed and

idle air/fuel mixture; and, (2) spark plugs. Such procedures shall be
conducted in a manner consistent with service instruztions and
specifications provided by the engine manufacturer for use by the ultimate
purchaser._ _Such procedures shall not render the certification test engines
unrepresentative of the emission characteristics of the engine familv
productiap engines. : ' S

_ '(t).'jThe EiecutiVé 0fficer mdy.specify, within the physically =
available range, the ignition timing, idle air fuel mixture and other fuel

” ';'system;adjustments.td be used at each_tune—up.

.']_11‘ (&)  _Eng§n§ HmanufabturersImay'perfdrm'pefiodib changes of engine
~011, and may change or service oil, airy .and fuel filters at the time

intervals specified in the engine manufacturer's break-in maintenance
instructions_that are furnished to the wltimate purchaser.

- (e) Engine Mmanufacturers may request from the Executive Officer
authorization to perform break-im service accumutation maintenance of
emission control related components not specifically authorized by this
sSection, and for anticipated maintenance-., Sueh Fequests must be made
prior to the beginning of the break-in service accumylation period. The
Executive Officer shall approve the performance of such maintenance, if the
engine manufacturer makes a satisfactory showing that the maintenance wil]
be performed by and/or for the ultimate purchaser on engines in use and that
the maintenance is reasonable and necessary. '

23. Unscheduled Maintenance; Test Engines.

(&) Ergine Mmanufacturers shall not perform any unscheduled engine,
emission control system, or fue: system adjustment, repair, removal,
disassembly,. cleaning, or replacement on engines without the advance
approval of the Executive Officer.

, (1) In the case of unscheduled maintenance the Executive
Officer shall approve such maintenance if Re the Executive Officer:
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. (i)  Has made a preliminary determination that part
Tailure or system malfunction, or the repair of such failure or malfunction,
does not render the engine unrepresentative of engines in use, and does not
require direct access to the combustion chamber, except for spark plug, fuel
injection component, or removable prechamber removal or replacement; and

(1) Has made a determination that the need for
maintenance or repairs is indicated by an overt indication of malfunction
such as persistent misfire, engine stall, overheating, fluid leakage, loss
of oil pressure, or charge indicator warning. ,

(2) Emission measurements may not be used as a means of
determining the need for unscheduled maintenance under paragraph (a)(1)(i)
of this sSection. ' _ o . ‘ s

(b) -Engine Mmanufacturers shall perform repairs of engine components
of ‘test engines, other than the engine, emission control system, or fuel
system, only as a result of part failure or with the prior approval of the
Executive Officer.

(c) The Executive Officer shall be given the opportunity to verify
the extent of any overt indication of part failure (e.g., misfire, stall),
or an activation of an audible and/or visual signal, prior to the engine
manufacturer performing any maintenance related to such overt indication or
signai. ' B '

(d)  Unless approved by the Executive Officer prior to use, engine
manufacturers shall not use any equipment, instruments, or tools to identify
malfunctioning, maladjusted, or defective engine components uniless the same
or equivalent equipment, instruments, or tools will be available at
dealerships and other service outletss; and:

(1) Are used in conjunction with scheduled maintenance on such
componentssy: and, , - i ' - :
- (2) Are used subsequent to the identification of a engine
malfunction, as provided in paragraph (a){1) of this sSection for
durability or emission data engines. ‘

(e} If the Executive Officer determines that part failure or sysiem
malfunction occurrence and/or repair rendered the engine unrepresentative of
engines in use, the engine shall not be used as a test engine.

- {f) Unless waived by the Executive Officer, complete emission tests
are required before and after any engine maintenance which may reasonably be
expected to affect emissions.

24. Engine Failure.

Engine Mmanufacturers shall not use as a test engine any test engine
which inecurs major mechanical failure necessitating disassembly of the
engine. This prohibition does not apply to failures which ocecur after
completion of the break-in service accumulation period,
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© 26. Testing by the Executive Officer.

" 25. Data Submission.

(a). Eﬁgjne'Mmanufacturers shall include in the apﬁ##eat#eﬁlgubmit
the test engine emission data and results frem for all emission data tests
(including voided tests) that i: Ras perfermed- were conducted on the test

‘engines,

()  The engine manufacturer shall furnish to the Executive Officer,
with the submission of the information reguired by paragraph (a}, o
explanations of the cause fer.any voideding any emission tests. The
Executive Officer shall determine .if voiding the test was appropriate based
upon the explanation given by the gngine manufacturer. '

(¢} ~ When unscheduled or unanticipated maintenance is performed, the .
engine manufacturer shall $relude ir the appticatieon furnish to: the
Executive Officer a complete record of all pertinent maintenance, including

. the malfunction diagnosis, the corrective action taken, and the test data

obtained.

S (d) A'compTete reéofd_qf all maintenance that was performed on_any
test engines shall be supplied- furpished to the Executive Officer for as

~part of the certification application.: :

(a) At the conclusion of break-ir the service accumulation procedure

cand emission tests, the engine manufacturer shall submit the test engipe

data apd results to the Executive Officer in acgordance with the
reguirements of Section 25. After reviewina the test data and results. the
Executive Officer may require conduct emission testing on the test

engine(s) (i.e.. confirmatory testing)- Lo verifv the engire manufacturer’s
test results, and to determine that the test engine emission characteristics

are representative of production engines. Ihe Exeewtive Officer will
desigrate where such testing shall be performad- '

(b} _As part of the test data and results submission, an engine
manufacturer may request that the Fxecutive Officer not conduct confirmatory

testing of the test engine(s) (i.e.. test-waiver request). and that the
engine manufacturer's test data ang results be accepted as officially
representative of production enagines {i.e.. projected emission fevels).

{c) The Executive Officer shall consider ar engine manufacturer's
lest-waiver request by evaluatina informaticn submitted under the
requirements of Section 25, information contgined in the engine family
appiication, and other cerfification-related information. The Executive

Officer shall determine whether or not to conduct confirmatorv emission

testing on the basis of, byt not limited to, such factors as:

{1) Marginai compliance with the gpplicable emission standards:
f2) Demonstrated capability of the engine_manufacturer's prior

certification-related activities:
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{3) Use of new or different technologies that may affect engine

emission characteristics. or that may not be compatible with existing

procedures;: and,

{4)  Reasonableness of emission test data and results.

- {d)__ Whenever the Executive Dfficer determines that confirmatory
testing is not warranted. the gngine manufacturer's test data and resuits
shall be accepted as the official test data and results for purposes of the
certification review specified in Section 27(a){2){i). ‘

{e) _Whenever the Executive Officer defermines that confirmatory
testing is warranted. the Executive Officer shall notify the engine o
manufacturer.to,submit one or more of the test engines. at_such 8 place of
places as the Executive Officer may designate. for purposes of conductina
confirmatory testing. The data and resylts from that test shall, unless
subsequently invajidated by the Executive Officer, comprise the efficial
test engine(s) data and results for purposes of the certification review
specified in Section 27(a)(2)(i).

{5} {f) The engine manufacturer may request a retest. The results
of the retest will be used to determine complianceiwith the applicable
emission standards. ' o : . ' : :

!{e} {9} If the emission test results exceed the applicable standard,

the Executive Officer shall deny certification.
27. Certification..

.(a) New utility and lawn and garden equipment engines produced by a

manufacturer are covered by the following certification requirements:
- (1) The engine manufacturer shall submit to the Executive .

Officer a statement that the test engine for which data have been submitted
has. been tested in accordance with the applicable test procedures, that it
meets the requirements of such tests, and that, on the basis of such tests,
it conforms to the requirements of the regulations in this ePart. If such
statements cannot be made with respect to any engine tested, the engine
shall be identified, and al] pertinent test data relating thereto shall be
supplied. ’ o .
' - (2) (i) . If, after review of the test reports and data
submitted by the engine manufacturer, data derived from any inspection
carried out under Section 31, and any other pertinent data or information,
the Executive Officer determines that a test engine{s) meets the . _
requirements of Section 43013.0f the California Clean Air Act and of these
provisions, he the Executive Offijcer shall issue an Executive Order
certifying such engine(s) except for engines covered by Section 32.

' {i1) Sueh certificate shall be issued for a peried te be
determined by the Executive Officery but met te exceed ome calendar year;
The engine family certification shall be granted only for the calendar-vear
engine production as specified by the Executive Officer in the Executive
Order: and upon such terms as he the Executive Officer may deem necessary
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- standards:

Selecting the engine that faileds: or,

to assure that any new utility and lawn and garden equipment engine covered
by the Executive se0Order will meet the requirements of these provisions. -
- (i11) The Executive Order shall apply to atl angines
within the engine family represented by the test engine and shall certify
compliance with no more than ones set of applicable standards.

(iv) The engine manufacturer may, at its option, proceed

with any of the following alternatives with respect to engines represented

by a test engine(s) determined not to be in comp]iance with applicable.

: - : (A) Delete from the application for certification
engines which were represented by the failed test engine. The Executive
Officer shall then select in place of each.failed engine~an alternate engine
chosen in accardance with. the selection criteria that were employed in
: . (B) "Repair and retest the failed engine to
determine dgmonstrate that 3§ it meets the applicable standards. The

- engipe manufacturer shall then test a second engine which is in all material
-respects the same as the first engines {as repaireds;) shall then be

operateéd and tested in accordance with the applicable test procedures,
: {v) If the engine manufacturer does not eomply with

submit_thé_Feq34FEd data required under sub paragraphs (2)(4). _{i1) and

L (ii1i) of this paragraph Section, the Executive Officer shall deny -
-.certification. L ' :

'(E)‘,‘As Specifica11y’a11oWed by the'Executivé Officer, the engine

‘manufacturer-may assume the responsibility for decisions applicable to the
© WEisddty engine family for which certification is sought to the same extent

such authority s provided to manufacturers of new motorcycles ergine
rardfaeturers under Title 40, Code of Federal Regulations. Sections 86.416-

- 80(d) and {e). .

28. Amehdments to the Application.

(a) The engine manufacturer shall inform the Executive Officer by
written amendment to the certification application of any proposed changes
to engines that are in production or will be produced. The Executive
Officer shall, if approprizte, select a new test engine. Except as provided
in Section 29, the engine manufacturer shall not institute any changes until
approved by the Executive Officer. .

(b) The Executive O0fficer shall may allow reduced testing_with
respect to fhe requirements of this Section.4f it meets thHe reguirements set
ﬁa;th in Seetien 2407y Fitle 13; Galifornia Gede of Regulatiens-

29. A]ternative Procedure For Notification of Additions and Changes.

fa3 £13  Is ldey ef Retifyinh the Exeecutive Officer 3n advance that
it plans te preduce additioral BRgines oF a ehange 3R an EREiRe HRder
Seetisr 28y a manufaciurer shall Retify the Exeeutive Gfficer eoreHrrerily
with the deeisien +f the marufacturer determines that fetlewing the change
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81} ergines affected by the additien or ehange wild still meet applicable
emissien standards- :

{a) .(1) If the engine manufacturer determines that a change in an
enging family model will not affect the subiect enaines and all such engines

will continue to meet applicable emission standards. an_engine maufacturer
may elect to notify the Executive Officer at the time such a change is made
rather than in_advance_as required by Section 28.

(2) Such notification shall include a full description of the
addition or change and any supporting documentation provided by the engine
manufacturer to support its determination that the addition or change does
not.cause noncompliance, W - : :

(3) The engine manufacturer's determination that the addition or
change does not cause noncompliance shall be based on an engineering
evaluation of the additicn or change and/or testing.

(b) = (1) The Executive Officer may require that additional emission
testing be performed to support the engine manufacturer's original
determination submitted in accordance with paragraph (a) of this sSection.

' (2) If additional testing is required, the Executive Officer
shall proceed as in Section 28. _ _ :
(3) If the Executive Officer Rrequests additional test data,
the engine manufacturer must provide such data within 30 days of the request
or the gngine manufacturer must rescind the addition or change immediatelys
after the expiration of the 30 day period.
- (4) The Executive Officer may grant additionail time to complete .
‘testing if additional testing is required.
(5) 1If based on this additional testing or any other
information, the Executive Gfficer determines that the engines affected by
i the addition or change do not meet the applicable standards, the Executive
'O0fficer shall notify the engine manufacturer to rescind the addition or
change immediately upon receipt of the notification. and that the
marufacturers should fo cease selling engines affected by such addition or
change. . I '

(c) If an_engine manufacturer elects to produce engines under this
s3ection, the engine manufacturer, upon notification from the ARB that
engines that it has produced do not meet the standards set forth herein,
shall be subject to being enjoined from any further sales of such products
in the State of California pursuant to Section 43017 of the Health and
Safety Code. Prior to seeking to enjoin ap_engine manufacturer, the
Executive Officer-shall consider any information provided by the engine
manufacturer. : _

3C. Maintenance of Rezords.

‘ (a)  The mahufa;turer of any utility and lawn and garden equipment
engine subject to any of the standards or procedures prescribed in these

provisions shall establish, maintain and retain the following adequately
organized and indexed records; :
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(1)  General records. .
: (1) (A} Identification and descriptien.of all
certification engines fof-which‘tesiing‘is required under this subpart.
' . ' . (B) A descriiption of all emissicn contro] systems
which are installed on or .incorporated in each certification engine.
o ' (C) A descriptien of 211 procedures used to test
each certification engine., -
' ' (ii) A properly completed application, following the

 format prescribed by the California Air Resources Board for the appropriate

year of production, shall fulfil? each of the requirements set forth in

 subsectien paragraph (a){1})(i)~ of this Sectien.
ol

- (2) Individual records. _ -

(i) A.brief history of each utility and lewn and garden

equipment engines used for certification under these -provisions including:
o . B (A) © (1) /In the case!where a current production
engine is modified for use 4m as a certification engine, a description of
the process by which the engine was selected and of the modification made.

S - {2) In the case where the certification

engine fer a eertification engime is not derived from a current preduction

- engine, a'general description of the build-up of the engine (e.qg.,

experimental heads were cast .and machined azcording to suppliied drawings,

S L (3) ~In both of the above cases, a
description (as applicable) of the origin and selection process for the

‘carburetor, fuel system, emission control system components, and exhaust

aftertreatment ‘device shall be included. The required description shall
specify the steps taken to assure that the certification engine is .
representative of production engines with respect to its fuel system,
emission control system components, ‘exhaust aftertreatment device, or any
other device or component that can reasonably be expected to influence
exhaust emissions. The description shall alsc state that a1l compenents
and/or engine constructian processes, compcnent inspection and selection
techniques, and assembly techniques employed in constructing such engines
are reasonably likely to be implemented for production engines, or that they
are as closely analogous as practicable to planned construction and assembly
processes, - . : :

: (B) A complete record of all certification emission
tests performed (except tests performed by ARB directly) including test
results, and the date and purpose of each test, and the hours accumulated on
the engine. : ‘

(C) The date of each break-ir service accumulation
procedure. FuRy listing the houwrs aceumuiated- '
(D) [Reserved]..
, (E) A record and description of all maintenance and
other service performed, including the date of the maintenance or service
and the reason for it. '

: (F)" A record and description of each test performed
to diagnose engine or emissicns control system performance, giving the date
and time of the test and the reason for it.

(6) [Reservedl.
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(H) A brief description of any significant events
affecting the engine during the period covered by the history, including
such extraordinary events as engine accidents or dynamometer runaway.

(i1)  Each such history shall state the date that any of
the selection or build-up activities in paragraph (a)(2)(i)(A) of this
ssection occurred with respect to the certification engine. The history
shall be updated each time the cperation status of the engine changes or
additional work is performed on it.

(3) All records, other than routine emission test records,
required to be maintained under these provisions shall be retained by the
engine manufacturer for a period of six (6) years after the issuance of all
Executive Orders to which they relate. Routine emission test records shall
be retained by the manufacturer for a period.cf one (1) year: after issuance
of :all Executive Orders to which they relate; Records may be:retained as’
hard copy or reduced to microfilm, punch cdrds, jetc.,  depending on the °
record retention procedures of the engine manufdacturer, provided, in every
case, all the information contained in the hard copy shall be retained.

31. Right of Entry.

(a) Any engine manufacturer whe has appljed fer gertification of a
Rew utility and lawr and garden equipment ergine subjeet teo ecertificatien
test urder these previsiens shall affected by these reguiations, upon
receipt of prior noticey shall admit or cause to be admitted during
operating hours any ARB Enforcement Officer that has presented proper
credentialss wper presentation of eredentials; to any of the following:
‘ "+ (1) Any facility where tests or procedures or activities
“connected with such tests or procedures are or were performed.
: (2) Any facility where any new utility and lawn and garden
equipment engine is present and is being, has been, or will be tested. - ¢
: (3)" Any facility where a manufacturer constructs, assembles,
modifies, or builds-up an engine into a certification engine that will be
tested for certification. .
] (4).‘Any'faci1ity where any record or other document relating to
any of the above is located. <

- (b) Upon admission to any facility referred to in paragraph (c)(1) of
this sSection, any ARB Enforcement Officer shall be allowed:

-+ (1) To inspect and monitor any part or aspect of such
procedures, activities, and testing facilities, including, but not timiteg
to, monitoring engine preconditioning, emissions tests and break-in,
maintenance, and engine seak ard storage procedures. _ :

(2) To verify correlation or calibration of test equipment; and,

(3) To inspect and make copies of any such records, designs, or
other documents; and. : o : _ :

(4) To inspect-and/or photograph any part or aspect of any such
certification engine and any components to be used in the construction
thergof. = - .- - = :
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-designsy and,

(c) To permit an ARB determination whether production utiliiy and
lawn and garden equipment engines conform ‘in all material respects to the
design specifications which apply appised to those engines described in the
Executive Order certifying such engines and to standards prescribed herein.

| Engine Mmanufacturers shall, upon receipt of prior notice, admit any ARB =~

Enforcement Officer,.upon presentation of credentials, to:
(1) "Any facility where any document design, or procedure

- releting to the translation of the design and construction of engires and

emission related components described in the application for certification
or used for certification testing into production engines is located or
carried on; and. o S : 7
- (2) Any facility where any utility and lawn and garden equipment
engines to be introduced into commerce are manufactured or assembled. J
(3) Any California retail outlet where any utility and; lawn and |

‘garden equipment engine’is sold.

{d) On admission to any such fdci1ity referred to in this sSection,

--_ény ARB Enforcement Officer shall be allowed:

(1) To inspect and monitor any aspects of such maﬁufacture or
assembly and other procedures; : K ‘ ,
' . (2) To inspect and make copies of any such records. documernts or

(3) To-inépecf_and photograph'any_part or aspect of any such new -

" utility and lawn and garden equipment engines ‘and any component used in the
~assembly thereof that are reasonably related to the purpese of his the

Enforcement Officer's entry.. 3

':(e) Any ARB Enforcement Officeh shall be furnished by those in charge
of a facility being inspected with such reasonable assistance as may be
necessary to discharge any function listed in this paragraph. .Each

~applticant for or recipient .of certification is required to cause those in

charge of a facility operated for its benefit to furnish such reasonable
assistance without charge to the ARB irrespective of whether or not the
applicant controls the facility.

(f)  The duty to admit or .cause to be admitted any ARB Enforcement
Officer applies whether or not the applticant owns or controls the facility
in question and applies both to domestic and foreign engine manufacturers
and Tacilities. The ARB will not attempt to make any inspections which it
has been informed that local law forbids. However, if local law makes it
impossible to insure the accuracy of data generated at a facility, no
informed judgment that an engine eor ergire is certifiable or is covered by
& eertifieate an Executive Order ecan properly be based on that the data.
It is the responsibility of the engine manufacturer to locate its testing

and manufacturing facilities in jurisdictions where this situation will not
arise. '

(g) For purpeses of this sSection:
- (1) "Presentation of credentiais" shall mean g display of a
document designating a person to be an ARB Enforcement Officer.
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(2) Where engine; component, or engine storage areas or.
facilities are concerned, "operating hours” shall mean all times during
which personnel are at work in the vicinity of the area or facility and have
access to it.

: (3) Where facilities or areas other than those covered by
paragraph (g)(2) of this sSection are concerned, “operating hours™ shall
mean all times during which an assembly line is in operation or during which
testing, maintenance, break-in procedure, production or compilation of
records, or any other procadure or activity is being conducted related to
certification testing, translation of designs from the test stage to the
production stage, or engine manufacture or assembly. '

- (4)- "Reasonable assistance" includes, but is not limited to,
providing clerical, copying, interpretation and translation services; making
personnel available upon request to ,inform the ARB Enforcement Officer of
how the facility operates and to answer questions; and performing requested:
emissions tests on any engine which is being, has been, or will be used for
certification testing. Such tests shall be nondestructive, but may require
appropriate break-in. The engine manufacturer shall be compelled te cause
the personal appearance of any employee -at such a facility before an ARB
Enforcement Officer, upon written request from the Fxecutive Officer for.the
appearance of any employee of a facility, and service of such request upon
the engine manufacturer. " Any such employee who has been instructed by the
gngine manufacturer to appear will be entitled to be accompanied, :
represented, and advised by counsel. ‘

32. Denial, Revocation, or Suspension of Certification.

(a) . Notwithstanding the fact that any engine(s) tested for
certification may comply with the provisions set forth herein, the Executive
0fficer may withhold or deny the issuance of an Executive elrder (or i
suspend or revoke any such certificate ive Qr which has been
issued)} with respect to any such-engine(s) if:

. (1) The engine manufacturer submits false or incomplete
information in its appliication for certification; or
(2)  The engine manufacturer renders inaccurate or invalid any
test data which it submits pertaining to the certification or otherwise
circumvents the intent of Section 43013 of the California Clean Air Act or
of these provisions with.respect to such engine; or,

o - (3) Any ARB Enforcement Officer is denied access on the terms
specified in Section 31 to any facility which containg any of the following:
o (i), The enginess er _

. - (i1)  Any components used or considered for use in its
modificatjon or build-up into a certification engines: er
. ~(i11) Any production engine which is or will be claimed by

the engine manufacturer to be covered by the certificate;s or

(iv)  Any step in the construction of an engine described
in paragraph (c) of this sSectionsy oF '

(v) Any records, documents, reports, or histories
required by this Part to be kept' concerning any of the above.
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(4} Any ARB Enforcement Officer 4s denied "reasonable
assistance" 1n_examin1ng.§ny of the items listed in paragraph (a)(3) of this

S sSection.

{b)  The sancfions of withholding, denying,'revoking,'or suspending of
an eertificate Executive Order may be imposed for the reasons in paragraph
(a) of this s3ection only when the infraction is substantial. : B

(¢} - In any case in which an_engine manufacturer knowingly submits
false or inaccurate information, or knowingly renders inaccurate or in valid
any test data, or commits any fraudulent acts and.such acts contribute
substantially to the Executive Officer decision to issue . an.order...the = -
Executive Officer may deem such eertifieate Executive Order void .ab initio.
(d)  In any case'in which certification of an engine is proposed to
be withheld, denied, revoked, or suspended under paragraph (a)(3) or' (4) of
Lhis sSection, and in which the Executive Officer has presented to the '
engine manufacturer involved reasonable evidence that a vioclation of Section
31 has occurred, the engine manufacturer, shall have the burden of _
establishing any contention to the satisfaction of the Executive Officer,
that even though the violation occurred, the engine in questicn was not -
invdlved to such a degree that would warrant withholding, denial, cooe
revocation, or suspension of certification under either paragraph (a)(3) or
(4) of this sSection. =~ -~ - - ‘ : o

(e) - Any revocation or~suspensibn'of ;ertifiéation under paragraph (&)

of this sSection shall: |

(1) Extend no further then to forbid the introduction into
commerce of engines previously covered by the certification which are stil?
in the possession of the engine manufacturer, except in cases of such fraud,
or other misconduct as makes the certification invalid ab inito. :

s

33. Adjﬁdicatory Hearihg.

Parties affected by an Executive Officer's Determination, may file for
an adjudicatory hearing pursuant to Title 17, California Code of
Regulations, Section 60040, et seq.= The provisions of Title 17,
California Code of Regulations, Section 60040, et seq. shall be fully
applicable to filings made under these provisions.
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Bart IT. Raw Gas Method Test Procedures

1. Purpose,

{a) The purpose of this seetion Part is to specify a wniferm raw
gas measyrement (i.e.. undiluted) procedure for the evaluation of exhaust
emissions from smg]] utility engines (i.e.., brake power less than 18.6 kW
[25 hp] ard BO $r°). Details of engine test setup and exhaust gas analysis
techniques are specified with the intent of providing a uniform and '
reproducible method of measurement. : ‘

. {b) : The intent has been to allow as much flexibility as possible in
. the physical construction of the experimental apparatus. Therefore, oniy
‘theose portions of the apparatus whose operation is critical to the accurate
measurement of emissions levels are prescribed in detail. .

{c) Set forth Belew in this Part is the engine test procedure,
including test sequence, for the various equipment applications in which
small utility engines are used. The intent of the test procedure is to
provide an understanding of the levels of exhaust emissions and does not
imply that in a given equipment application, an engine would operate in all
the modes outlined in the test procedure.

2. Engine Test Setup; Fxhaust Gas Analytical System: Engine Parameters.

_ {a) Eigure 2-1 illustrates a recommended engine test setup. The
engine being tested sheuld be test setup shall be instrumented so that the
follewirng variables; im additisn te exhaust emissien levelsy parameters
specified in Section 13 (as applicable) can be measured leul o

a= Inlet air mass £lew rate tMet recemmended for twe-streke eyele

engines} .

b= Irdet air temperature

€x Inlet air humidity

d= Baremetrie pressure

er Fdel mass flew Fate:

f- Engire speed S '

g~ EAgine brake torgue sutput

{b) Exhaust Gas Analvtical System. threugheut the course of a test,
exhaust compesitien will be measured thredgh uwse of an anatytical trFain and
instrumentatien system whiech 3is deseribed in detail 3n the seciiens belows

{1} The exhaust gas analvtical system shall provide a
continvous measurement of emission levels, FExhaust gases shall be sampled
by one probe_and then be split internally to the different analyzers., The
schematic diagrams in Fiqures 2-2 and 2-3 indicate possible exhaust gas
analvtical systems, and serve to illustrate only the essential elements of
such systems. Such systems operate as follows:
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|&AMINAR AIR

: AIR FILTER

FLOW METER . : {OPTIONAL) SAMPLE PROGE
{OPTIONAL) . ;

DAMPING CHAMBER MUFFLER/CATALYST
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- —

; L AIR INLET
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CLEANER —m—un— /" , :
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’ h
\__/ A\

: e
: ] . '

FIGURE 2-1: Engine Test Setup. o

HEATED FILTER , ' ' HEATED FILTER
: : ¥ o . . HEATED LINE ‘ . -\
EXHAUST ' [

SAMPLE
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HEATED LINE ' '

FILTER

=
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‘ HFID NDIR NDIR HCLA
v ] Y I YT T

FIGURE 2-2: Exhaust Gas Analytical System with HCLA.
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_ _'FIGURE 2- 3 Exhaust Gas Anafyncal System with CLA
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- FIGURE 2-4: Exhaust Sample Probe.




(i) Exhaust gases from the samole probe are separated _jinto

two or three streams depending on the sampling requirements. One sample
line passes through a heated filter and leads to @ heated flame ionization
detector (HFID). A second sample line passes through a water trap and a
filter. and leads to a nondispersive infrared _analyzer (NDIR), and a
chemiluminescent analyzer {CLA) or a heated CLA (HCLA). Diaphragm pumps
move the filtered. drv exhaust gases to the analytical instruments. Each
analyzer inlet has a valve to meter the flow rate. and dauges to measure the

bressure. Flow meters located in the exhaust of each analyzer indicate the
sample flow rate,
{ii) The HFID analyzer oven temperature shall be —
ma intafred” between 175 to" 200 “C (347 to 332 E). _
{€}  Suggested ergine setup and exhaust gas analysis systems are
illystrated $n Figs- 1 and '2; Fespeetivelys '

tay{c) Air and Fuel Measurements.
, Emissions measurements are made on a molar basis, and
results are given in terms of concentration- Gemeral practiee at presert is
te guete. _and emissions are reported in mass terms of mass (i.e.. grams).
Conversion of concentrations into mass may be based either on engine airflow
or en fuel flow-: however, the fuel flow measurement: i recommended for
all engines. Conversion methods for air and fuel flow measurements are
outlined in Section 14(c)(3): conversion methods for fuel flow measurements
are outlined in Section 14(c){4). Fer twe-sreke eyele ergines it 4s
recemmended £e uwse the Fuel Flew Methed as desecribed in 14{by{23£443-
Fellewing paragraphs give recommended procedures for measuring air and fuel
flow= . :

£23(2) - Inlet Air Flow Measurement_ '

: {i) Fig= 1 shews in schematic ferm the suggested iniet
atrflew measurement system- Jhe schematic test setup of Figure 2-1 B
indicates an optional inlet airflow measurement system. ¥he This
measurement system consists of a Taminar flow meter used in conjunction with
a pressure wave damping chamber. The damping chamber may eensist of any
vessed having has an internal volume not Jess than 100 times the
displacement per cvlinder of the engine under test. A cenvertienal drum of
the type used for siorage of petreleum products will be satisfactory for
this purpeser The damping chamber should be installed between the airflow
metering element and the engine carbureter air inlets: thus. serving to
isolate the meter from the engine. Alternative airflow measurement systems
may be substituted for the preferred system preseribed abeve shown. Such
systems shouild adhere to the practices specified by SAE J244 (approved ‘May"
1871, compietely revised by the Autemetive Emissicns Gommitiee June 1983)
which is incorporated by reference herein.

: (ii) If the airflow element reduces the engine girflow and
results in g because of exsessive pressure drop that is; greater than 0-2
4n M,8 er BS Pa 100 Pa (0.4 in. Hi0), an auxiliary blower can be used to
compgnsate for the effect of the §ir meter. If a blower is used, engine
inltet pressure should be measured and controlied to +£- B-2 4p ng £+4- BB
Paj +/- 50 Pg (+/- 0.2 in. Hs0) of barometer readings. :
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{iii) The engine air _inlet air flow measurement range shall

be sufficient to measure atcurately the air fiow over the gperational range

. of the test engine. 0Overall measurement accuracy shall be +/- 2 percent of

Tujl-scale value of the measuremenit device for all power modes: it shall be
five (B) percent or less of the full-scale value of the measurement device:
for the idle mode. The Executive Officer shall be notified of the
mezsurement methed used prior to the test. - _

' {iv) When an engine svstem incorporates devices fhat
affect the air flow measurement (e.g.. air bleeds. air injection., pulsed
air, etc.) resulting in ynderstated exhaust emission results. the exhaust

shall_be notified of such .corrections. :
L © . ¢23(3y Fuel Flow Measurement. A precisien mass rate meker
having &R aceuracy of +4- 1% of the reading shall be used- The fuel fiow
mezsuremeént instrument shall have a minimum accuracy of +/-_1 percent of the

- emission resuits shall be corrected accordingly. The Executive O0fficer

full-scale flow rate for a1l power-mode measurement ranges: it shall have a .
mirimum accuracy of +/- § percent of the full-scale flow rate for the idle~-
mode measurement range. The controlling parameters are the elapsed time
measurement of the event and weight or volume measurement., -

f_-{b}Lﬁl-. Exhaust Gas Sampling System, = . o -
B {1} The exhaust and exhaust gas sampling systems consists of"

the exhaust system nermally supplied with the engire configuration that is

- specified for the test engine. an exhaust sampling probe, andfer an exhaust

gas mixing chamber (as applicable). The exhaust mixing chamber 45 Ret
Fecemmended for testing twe-strake eyele engines~ : ' '
£13(2) Exhaust Sample Probe, " e -
t3} For four-streke enginesy the irside opering of the exhaus: .
sampiing prebe shall be located ir the certer of the section of the exhaust
€onduit at a minimum 100mm {4 inches) dowrsiream of the erirance e¥ the
exhaust eorduit eoF the exkawst valve of the Jast eytinder~
The exhaust sample probe consists ef a tength of emm {144 imrch) 9-D-
stainless steed tubing- The sampie prebe imriet should be centered 3n the
exkaust 1ine and face upsiream as shown in Figure 1 Anm alterpaie probe
design which may be used 35 described $n SAE J21F {Appreved Nevember 1970-
esmpietely revised by the Autemotive Emiscienrs Cemmittee Jamuwary 19803,
whkieh 35 incerporated by Fefercrse hereip-
(1) _ The sample probe shall be 2 straight. closed-end.
stainless steel. mylti-hole probe (See Figqure 2-2). The inside diameter
shall] not be greater than the inside dismeter of the sample line plus C.3 mm

(Q.01 in,). The wal! thickness of the probe shal] not be greater than =
1.0 mm _(0.04 in.). The fitting that attaches the probe to the exhaust pipe
shall be as small as practical ip order to minimize heat Toss from the
probe.

{ii) _The prebe shall have a minipum of three holes. The
radij planes of each hole shall be spaced such that egual (approximately)
cross-sectional areas of the exhaust duct are covered. The angular spacing
of any fwo holes in one plane may not be 180° +/- 20° (i.e., Section C-C.of
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Figure 2-4). The holes should be sized such that each has approximately the

same flow. ' If only three holes are used, the holes cannot be in the same
racdial.plape. ' ' ' .

P (iii) The probe shall extend radially across the exhaust
duct. The probe must pass through the approximate center and must extend
across af least 80 percent of the diameter of the duct.

(iv)  The probe should be located in a position that vields

a_well-mixed, homogenous sample of the exhaust gas. _
: C{v) The probe should _be located in the high pressure
side of a muffler when the probe is located in the muffler. -
' {44} For iwe-streke eycle enginess the exhaust sample
Prebe shald be 4n the high pressure s¥de” of the mufflek; But as far frem Lhe
exhdust pert as practieadr Figure 1A ‘shews in schematie form! the sHggested
' syskem-, ‘ . : ’ : b

S {3443 (vi) Fer twe-streke eyete and fewr-sireke ergines
equipped with am exhaust catalytie esnverter iR the muffler; it shald be
Reeessary te lecate iThe exhaust sample probe shall be Jocated downstream
from the eatalytic element but met ap exhaust catalvtic converter ejement
when the test engine is equipped with an exhaust catalvtic converter. The
exhaust sample probe shall not be so close to the muffler exhaust outlet as
te.ingest air from the atmo phere due to pressure pulsations in the muffler
exhaust, ' :

, i f {vii) The exhayst sambTe probe shall be Jocated in the
- exhaust conduit downstream of the exhaust valve or exhaust port of a single-
cylinder engine, or downstream of the final junction of the exhaust manifoid

of a multi-cylinder engine.

: {viii) The exhaust sample probe shall be located in the
optionsl location indicated in Fiaure 2=1 (i.e.. at the exit of a mixina
chamber) when the optiona]l a mixing chamber i$ used in the test setun. The
exhaust sample probe shall not be so close to the exhaust outlet as to
© ingest air from the atmosphere due to pressure _pulsations in the exhaust.

_ {ix)  The Executive Gfficer may allow an alterpative
location for an exhaust sample probe when the above criteria are not
applicable to g particular test enaine exhaust system. Such an alterpative
location shall be located in_order to measure a well mixed. homogeneous
exhaust gas sample, : S

£23{3) Exhaust Mixing Chamber,

(i) Ihe schematic test setup of Figure 2-1 indicates an
optional mixing chamber compoment. The exhaust mixing chamber 45 not
Fecemmended for tweo-stroke eyele ergimes- Fer feur-streke enginessy tThe
exhaust mixing chamber is located in the exhaust system between the muffler
and the sample probe.” Its purpocse is to ensure complete mixing of the
engine exhaust before sample extraction so that a truly representative
average exhaust sample is obtained. The interrat velume of the mixXing
chamber must be not Jess tham 10 times the eyiinder displacement of the
eAgine unrder test and should be of Feughiy equal dimensiers ir heights
width; and depth- '

- {ii) The internal volume of the mixing chamber shall not
be less than 10 times the cvlinder displacement of the engine under test.
The shape of the mixing chamber shall be such that the chamber provides a
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'chamber,must shall be maintained

well-mixed. homogenous sample at the sample probe location. To minimize
dropout of heavy hydrocarbon fractions in the exhaust mixing famrk chamber

_during part throttle, 1ight load operation, the tank size should be kept as

small as practicable, consistent with the 10 times eytirder disnlacemert
minimum size limitation. Restricting the size of the tamrk chamber will
keep internal turbulence as high as possible, thus., promoting thorough

- mixing ef the exhaust gas. The tark chamber should be coupled as close as

possible to the engine exhaust outlet. _

o (11i) The exhaust line leaving the tark chamber should
extend at leas: 24 im {610 mm} a_sufficient lenath (e.g.. 610 mm [24 in. 1)
beyond the sample probe iscation to eliminate possible sampling errors due
to strong exhaust pulsations putling air back into the exhaust system. The
exhaust line should be of sufficient size tc hold exhaust back pressure toc a
minimum. ' - :

1. [iv) The temperature of the innher surface of the mixing
abgve the dew pointeof the exhaust gases-
A %emaegataFe Fanrge e$0359-3¥5 BEG-" F {177-190 DEG:° 63 (i.e.. betwsen 175
£0 400 "C [347 1o 752 “F1). 45 recommerded for beth four eyele and iwe
eyele engines if a mixing chamber i5 used- ' '
: - {v) It 45 suggested that surface tThermocouples oF sther
suttable temperature monitoring deviees be installed ir the of the mixing

chamber ‘is reguired to ensure operation at the preper temperatures
specified in this Section.. . o :

(4)  Sample Trapnsfer Lines B
{1} The maximum inside diameter of a sample line shall

. be 13.2 mm (0.52 in.3.

{31) Heéted-éamo1e transfér lines shall be maintained at .

" the same temperature range as specified for the applicable heated analvzer's

oven temperature.
(iii) The sample transfer lines for the CO.'CO2 and NOx

‘analvzers may be heated.

{B)__ Yenting,
{3) A1l vents. including anaiyvzer vents and pressure

regulator vents. should be vented in such a manner as_to avoid endangerment
of test personnel.

(e)__Any variation from the specifications in this Part II procedure.
including performance specifications and emission dstectiop methods. may be
used only with the approva] of the Executive Officer,

(f) Additional components. such as instruments., valves. solenoids.
pumps ., switches, and so forth, mav be emploved to provide additional
infoermation and coordinate the functions of the component systems.

3. Analytical Gases.

{a) Analyzer gases.
(1) Calibration or span Ggases for the CO and €O analyzers
shall be sirgte bierds of GO ane 992 Fespectively using have“zero-grade
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nitrogen as the diluent. Combined CO and €O, span gases are permitted.
Zero-grade nitrogen shall be the diluent for“C0 and CO, span gases.

‘ {2) Calibration or span Ggases for the hydFocarbon analyzer
shall be single bierds of propane usirg air with zero-grade nitrogen as
the diluent_when testing gasoline-fueled engines. The diluent shall be
zero-grade air when testing diese]-fueled engines,

(3) Calibration or span Ggases for NO_ analyzer shall be single
Blerds of NO named as NO_ with a maximum NO concéntration of 5 percent of
the nominal value using Zero-gr nitrogen“as the diluent.

(4) 'Reserved Zero-grade gases for hvdrocarbon analyzers shall
be nitrogen when testing gasoline-fueled engines and air when testing
diesel-fueled engines. Zero-grade gases for the carbon monoxide. -carbon -~
digxide and oxides of nitrogen analyzers shall be either zero-grade air or
zero-grade nitrggen. o , : :

- (5) 'The allowable zero-grade gas (air or nitrogen) impurity
concentrations shall not exceed 1 ppm equivalent carbon response, 1 ppm
carbon monoxide, 0.04 percent (400 ppm) carbon dioxide, and 0.1 ppm nitric
oxide.

(6) "Zero-grade air" includes artificial "air" consisting of a
blend of nitrogen and oxygen with oxygen concentrations between 18 and 21
mole percent. i _ ,

' (7) The use of proportioning and precision blending devices
{i.e.. gas dividers) to obtain the required analyzer gas concentrations is
allewable allowed provided their use has beer appreved 3R advanece by the
Exeeutive OFffiecer- Such devices are malntained in accordance with the -
insfructions of the device manufactyurer,

(b} Calibration gas. Galibratien gases shall be krewn to within +4-2
pereent of the true values- S
{1} Calibration gas values are to be derived from the National
Institute for Standards and Testing's (NIST's) “Standard Reference
Materials® (SRM's). and are to be single blends as follows:
~{d)  Mixtures of gases that have the following chemical
compositions shall be available: CiHo and zero-grade nitrogen: CO and zerec-
grade nitrogen; NOx and zero-grade Hitrogen (the amount of NO., contained in
this calibration must net exceed b percent of the NO content)$ and, CO. and
zero-grade nitrogen, = . : - ' <
{i1) The true concentration of a span gas must be within
+/-_2 percent of the NIST qas standard. The truye concentration of a
calibration gas must be within /= 1 percent of the NIST qas standard. Al]
concentrations of calibration gas shall be given on g volume basis {volume
percent or volume ppm), - :
{iii) When the gas concentration used for calibration and
s$pan is _obtained by means of a qas divider the gas concentration shall e
diluted with either zero-grade N, or zero-grade air (as applicable).  The
accuracy of the diluted gases ma% be determined to within +/- 2 percept.
{iv) Fuel for the HFID detector shal]l be a blend of 40 +/-

2 percept hydrogen with the balance_as helium. The mixture must contain
less than 1 ppm equivalent carbon response; 98 to ]00 percent hvdrogen fuel
-may be used with advance approval of the Executive Officer.
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4.  Calibrations, Frequency and Overview.
(2} Calibrations shall be performed as. specified in Sections 5 through
16 8. : S : e

- {b) [Reserved].

(c) At least monthly or after any mainienance which could alter
calibration, the following calibrations and checks shall be performed:

(1) Calibrate the hydrocarbon analyzer, carbon dioxide analyzer,
carbon monoxide analyzer, and oxides of nitrogen analyzer (certain analyzers
‘may require-more frequent calibration depending on particular eguipment and
uses). _ S
) . {2) Calibrate the dynamometer_as specified in Section 5. If the
dynamemeter recieves a weekly performance check fard remairs within

.€atibratienty the meRtRiy calibraiieon reed net be perfeormed-

td) At least weekly or after ary maintenance which gouid alter
calibrations the fellewing calibratiens ard cheeks shall Ee performed:
{13} Gheek the exides of Ritrogen eorverter efficieneyy 4F exides

~ of mitregen ard are measureds; and ‘

- €2} Rur a performance check on the dynamemeter. This cheek may
be emitted ¥ the dyramemeter has been edtibrated within the preceding
meREAs : - o

o fe3(d) Sampie cohditioning columns, if used in the C0 analyzer train,
should be checked at a frequency consistent with observed column life or

 when the indicator of the column packing begins to show deterioration.

5. Dynamometer Calibration.

 '(a) The dynamometer shall be caiibrated at least once each month or
performance verified at least once each week and then calibrated as required
using the dynamometer manufacturer's method of calibraticn.

&+ Exhaust Sample Preparatien and Aralysis

fa} A suggested analytieal system whieh provides for csRiiRwous
measurerment of emissiens levelds is 31lustrated 4m Fig= 2 Thic drawing is
rRot intonded to represert a cemplete system- RatheFrs; it 35 irtended io shew
the essential elemenrts sf sueh a system-

£b3 Exhaust cases frem the sampie prebe are split ipte twe er three .
streams deperding upen sampling rFequirements- One sample 1ire leads te the
keated FIB- This }ime ghea4d be heatsd te the same temperature as ihe
detector evenr 3B0-378 °F {177 - 190 °C) is recommreded for botih 2-5tFeke
eyele ard 4-stroke eyele emgines- This 1ire alse sheuld have a heated

particulate filter to remeve contamirants 4f the eptionat heated Jew

restriectien filter and lube irap 35 emitted-

f{e} A seecord sample }ime jeads te the NBIR anatyzers- The sample
passes threugh a e€eld trap; which serves to remave the watery &rd then
throuwgh 2 filter- The filtered; dFy exhaust gases are pumped by diaphragm
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PURPS & the amalytical $mstruments- The 3R1et of each amralyzer is pravided
with a metering valve te permit ddjustment ef flow rate thredgh that
instrument- Sample flew rates are indieated by flew meters ptaced 3R khe .
exhaust of each amalyzer- In additieny gages are provided fer measuremert
of pressure at the sample injet pert of eaeh amalyzer- '

td> The follewing sequeree of eperatiens shall be performed iR
eonjunetion with each series ef measurements for 685 60,y HGE; and Noxs:

€13} Zere the zralyzers and obtaim a stable Sero Feadingr

Recheck after tests- ,

o ~ €23. Iniroduece spar gases ard set instrument gains- IR order to
aveid erFoFs; span and calibrate at the same flow rFates used te amalyze the
%aa&zsamg&aMfaSaamwg&ses 5heﬁ4d%havw~eene€%@Fat$éns egual te 7B te 188 Y -
peréent’ of full seales 1f :gain has shifted sigrificantiy 8R the aralyzers;

- eheek the ealibratiens- Shew aetual cercentratiohs on chart. R R

¢3) Cheek zeres; repeat the' precedure ¥n paragraghs ¢d} 1) améd
€23 of this section if required-

t4) Cheek flew rates and PFESSHFes+

€6} Measure HGy 605 9927 ards if appropriates NOxs
¢oreentratiens of samples~

{63 Gheck zers aRd spap peints- If differerce is greater than 2
percent of full sealey repeat the procedure iR Paragraphs {aj{1} threugh {53
of this sectien- = , , » :

¥- 6, Hydro@arbon Analyzer Calibration.

(a)  The HFID hydrocarbon analyzer shall receive the fo]Tdeng initial
and periodic calibration. ‘ : C '

(b) Initial and periodic optimization of, detector response. Prior to
.its introduction into <ervice and at Teast annually thereafter, the HFID:
‘hydrocarbon analyzer shall be adjusted for optimum hydrocarbon response as_
specified in this Section. Alternate methods yielding equivalent results
may be used, if approved in advance by the Executive Officer. '

(1) Follow the analvzer manufacturer's instructions or good

engineering practice for instrument startup and basic operating adjustment
using the apprepriate HFID fue] and Zero-grade air gas specified in

Section 3. :

{2) Optimize on the. common operating range. Introduce into the
analyzer a propane $n air mixture the appropriste gas mixture as specified
in Section 3{2)(2). and with a hropane concentraticn equal to appreximately
80 percent of the most common operating range.

(3) Select an operating HFID fuel flow rate that wil] give near
max imum response and ileast varijation in response with minor fuel flow
variations. ' .

(4) To determine the optimum air flow, use the HFID fue] Tlow
setting determined above and vary air flow.

(5) After the optimum flow rates have been -determined, record
them for future reference. - S o
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o (e) Initial and periodic caiibratien.” Prior to its introductien into
service and monthly thereafter the HFID hydrocarbon analyzer shall be
calibrated on all normally used instrument ranges. -Use the same flow rate
as when analyzing sample. :

(1) Adjust analyzer to optimize performance.
{2) Zero the hydrocarbon anelyzer with zero-grade air_or_zerg-
grade nitregen (as_applicable). ' -

. - (3) Calibrate on each normally used operating range with propane
in air {or nitrogen. as applicable} calibration gases having nominatl

- concentrations of 165 30+ 465 60y 7By and §0 10, 20. 30. 40, 50, 60, 70, 8O

and 99 percent of that range. For each range calibrated, if the deviation

~from a least squares best-fit straight line is 2 percent or less of fhe

value at each data point, concentration values may be calculated by use of a

'single calibration factor for that range. If the deviation exceeds 2

percent at any point, the best-fit non linear equation which represents the
data to within 2 percent of .each test point shall be used to determine
cencentration. ) :

8 1. Carbon Honokide Analyzer Calibration.

(a)  Initial and periodic interference check. Prior to its

-1ntroduction.into.serviceﬁandlannua1!y thereafter the NDIR carbon monoxide -
~analyzer shall be checked for response té water vapor and CO,: o

(1) Follow the analvzer manufacturer's instructigﬁ for
instrument startup and operation. Adjust the analyzer to optimize.

performance -on the most sensitive range. -

- (2) Zero the carbon monoxide analyzer with either zero—gfade'aif
or zero=grade nitrogen. :
(3) Bubble a mixture of 3 percent CDZ in N2 through water at

~room temperature and record analyzer response.

{4) An analyzer response of more than 1 percent of full scale.

for ranges above 300 ppm full scale or of more than 3 ppm on ranges below

300 ppm full scale will require corrective action. (Use of conditioning
columns is one form of corrective action which may be taken.)

(b)  Initial and pericdic calibration. Prior to its introduction into
service and monthly thereafter the NDIR carbon monoxide anaiyzer shall be
calibrated.

{1) Adjust the analyzer to optimize perfarmance.

(2) Zero the carbon monoxide analyzer with either zero-grade air
or zero-grade nitrogen.

(3} Calibrate on each normally used operating range with carbon
moenoxide in N, calibration gases having nominal concentrations of 165 30+
455 665 765 ahd 90 10. 20. 30. 40, 50, 60. 70. 80 ang 90 seveens of ihop
range. Additional calibration points may be generated. For each range
caiibrated, if the deviation from a least-squares best_fit straight Tine is
2 percent or Jess of the value at 2ach data point, concentratien values may
be calculated by use of a single calibration factor for that range. If the
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deviation exceeds 2 percent at any point, the best-fit non-linear eqdation
which represents the data-to within 2 percent of each test point shall be
used to determine concentration. :

9~ 8. Oxides of Nitrogen Analyzer Calibration.

(a) Prior to its introduction into service and weekly monthly
thereafters if oxides of RitFegen are measureds; the chemiluminescent oxides
of nitrogen analyzer shall be checked for NO to NO converter . _
efficiency. Refer to Figure F78-8 is a Fefegene foF the fellewing stepss:
of Section 12. Part ITI and perform this efficiency check as follows:.

' (1) Follow the analyzer manufacturer's instructions for
instrument startup and operation. Adjust the analyzer to optimize
performance. Lo . : ! o _

. (2} Zero the oxides of nitrogen analyzer with Zerozgrade air or -
zero-grade nitrogen. : o
_ (3) Connect the outiet of the NO generator to the sample inlet
of the oxides of nitrogen analyzer which has*been set to the most common
operating range.
(4) Introduce into the NO generator analyzer-system'a NO in
_nitrogen (N,) mixture with a NO concefitration equal to approximately 80
percent of ghe most common operating range. The NO, content of the gas
mixture shall be less than 5§ percent of the NO.concéntration. a
i (5) With the oxides of nitrogen analyzer in the NO mode, record
the concentration of NO indicated by the anatyzer. . -
(6) Turn on the NO generator 0, (or air) supply and adjust the
0, (or-air) supply and adjust the 0 fer aég} Tlow rate so that the NO _
iﬁdicated by the analyzer is about fG percent less than indicated in step 5.
Record the concentration of NO in this NO+O mixture, :

' (7)- Switch the NO generator to“the generation mode and adjust
the generation rate so that thie NO measured on the analyzer is 20 percent of
that measured in step 5. There must be at least 10 percent unreacted NO at
this point. Record the concentration of residual NO. :

(8) Switch the oxides of nitrogen analyzer to the NO. mode and
measure total NO_. Record this vidlye, ’ X _

(9) Switch off the NO_ generation but maintain gas flow through
the system. The oxides of nitrogén analyzer will indicate the NO;ih the
NG+0, mixture. . Record this value. - X

(10) Turn off the NO generator 0, (or air) supply. The
analyzer will now indicate the N§ in the oriainal NO in N, mixture. This
value should be no more than § pefcent above the value ind?cated in step 4. .

(11) Calculate the efficiency of the NOx converier by :
substituting the concentrations obtained into the following equation:-

L

Percent"Effic1ency={1+(a—b)/(c-d)}x100
where: ¥
a=concentration obtained in step -(8).
b=concentration obtained in step {9).
C=concentration obtained in step -(6).
d=concentration obtained in step (7).
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If converter efficiency is not gréater than 90 percent corrective action
will be required.

(b) Initial and periodic calibration. Prior to its introduction into
service and monthly thereafter, if oxides of nitrogen are measured, the

~chemiluminescent oxides of nitrogen anaiyzer shall be calibrated on al]

normally used instrument ranges. Use the same flow rate as when analyzing
samples.  Proceed as follows: _ '
(1) Adjust analyzer to optimize performance. , E
- (2} Zero the oxides of nitrogen analyzer with zero-grade air or
zero-grade nitrogen. : ' o
. {3) Calibrate on each normally used operating range with NO in
N, calibration gases with nominal concentrations of 50 and 100 perceni of
tﬁat range. Additional calibration points may be generated.

18- 9. Carbon Dioxide Analyzer Calibration.
. (8) Prior.to its introduction into service and monthly thereafter the

NDIR carbon dioxide analyzer shall be calibrated:
(1) Follow the analyzer manufacturer's instructions for

.:'”finstrument startup and operation. ~Adjust the analyzer to optimize
- performance. C A : o .

(2) Zero-thefcarbbn dioxide ana]yZef with either'zero;grade air .

. or zero-grade nitrogen.

(3) Calibrate on each normally used operating range with carbon

dioxide.in Ns calibration gases-having nominat concentrations of 15s; 365 45+ -
8

e85 7By and 10, 20, 30, 40, 50. 60. 70. 80 and 90 percent of ‘that range.
Additiondl calibration points may be generated. For each range calibrated,

-if the deviation from a teast-squares best-fit straight line is'2 percent or

less of the value at each data point, concentration values may be calculated
by use of a single calibration factor for that range. If 'the deviation
exceeds 2 percent at any point, the best-fit non-1inear equation which

represents the data to within 2 percent of each test point shall be used to
determine concentration. '

1i- 10. Test Sequence Londitions, General Requirements.

(a) Ambient temperature levels encountered by tge testoengine
throughgut theotest sequence shall not be less than 20° C (68 F) nor more
than 307 C (86~ F). The ergine Non-handheld equipment engines shall be

appreximatedy level during the emission test to prevent abnormal fuel
distribution.

12+ ERgime Test Precedure
ta; Engine Preparatien
fest the enginme 4m ihe dyramometer; under mode 2 €oReitiens; measuring

tded consumpiien and power befere Lthe emission FReasurirg equipment is
installed: After the emissien measuring equipmert is attacheds the fuel
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vlow and pewer sheuld be remeasured and the resulis mUst agree within +/- BY
of the results obtained befaore the emissien medsuring equiment was attached-
Partisular attention must be exercised duFing engine meunting or the
dynamemeter as the fuel flew and emissions may be greatly $nfluerced by the
medrRting configuratisn~ '

11. Engine Fuel and Lubricant Specifications,

¢4} (a)  Engine Fuel Specifications.
{1) Certification Fuels. :
- {i)__Petroleum-based fuels. The certification test fue]
used for emission testing shall be consistent with the fuel specifications
as outlined in the California Code of Requlatijons. Title 13, Section 1960.1,

+and the latest amendment of the "California Exhaust Emission Standards ard
Test Procedures for 1988 and Subsequent Model Passenger Cars, Light-Duty
Trucks, and Medium-Duty Vehicles”, adepted May 20; 1987 anrd amended suly iz
$991 amd incorporated by reference herein. The test fuel specification
should remain consistent from batch to batch. If a particular engine
requires a higher different octane (or cetane) fuel, test records should
indicate the fuel used.

: (ii) Alcohol-based fuels, Alcohol-based fuels shall be
allowed for emission test purposes when the appropriate emission standards
with respect to such fuels are a part of these provisions. Such fuels shall .

be as specified in suhparagraph (a)(1)(i) above,
{2) _Service Accumulation Fuels.
(i) _ Gasoline,

o (A) The engine manufacturer has the option to use a
gasoline that satisfies the same fuel specifications as any of the
certification test gasolines. or Hunleaded gasoline representative of ,
commercial gasoline which will be generally available through retail outlets
shall be used in break-3ir preceddres service accumulation for petraleum
gasoline-fueled Botto-cycle vehisles engines, Lleaded fuel shall not be
used during break-iRn precedures service accumulation. Additioral fuel
Fequirements foF break-im Precedures are as fellows:

t4} ERrgire Jubrisants Fepresentative of ecommerically
avaitable ergine lubricants which will be generatly available through retail
outiets shall be used by manufacturerc. - :
_ £343 (B) The octane rating of the gasoline used shall be
no higher than 4.0 Research eOctane ANumbers above the minimum recommended

by the engine manufacturer when a certification fuel is not used for service
accumulation-._and shall have a minimum sensitivity of 7.5 Octane Numbers.
sensitivity is the Research Octane Number minus the Motor Octane Number.

. €4443(C)  The Reid Vapor Pressure of the fuel used g _
gasoline shall be characteristic of the meter gngine fuel during the season
in which the break-ir precedure service accumulation takes place,

£iv}  If the manufacturer speeifies several Jubricants to
be used by the ultimate purchaser; the Executive Gfficer will select onme te
be wseds .. - S '
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~ulfimate purchaser.

{i1) Diesel fuel, : : o
{A) As specified in subparagraph (a)}(1)(i) of this

(iii) Alternative fuels. : -
. S {A) As specified in subparagraph (a)(1)(3i) of this
“Section.

(b) fngine tkubrieatirng 033 Lubrication.
{1) Certification Test Lubricants. _ :
- {i) Engines shall use the lubricants specified by the
engine manufacturer, : ,
{11} Two-stroke engines shall use the fuel-oi] mixture
rstic speetfieq: by-the gngine manyfecturers Emission compliance shall ba'
demonstrated for each fuel-¢il mixture ratip that is recommended to the

~ be -empioyeds-

{2} _Service Accumulation Lubricants.
: (i) Engine lubricants that are representative of

commerciaily available engine lubricanis shall be used in_the erdine_service

accumulation.

- £33 . Engimre Run-Ir
" Prier te begiRRing engine exhaust emissien testsy the erngine shald be

FUR-iR 4R @ccerdance with the marufactuarerts irstructions: During the run-
ir perieds the fuel and lubricanis specified ¥R paragraphs {1} amd {2} must

(a) Engine Pre-Test Pro;edurés.

{1} Engine Service Accumulation ‘and Stabilization Priocedure.
- {i} _ The procedure for stabilizing the exhaust emissions
of ar engine shall be the service accumulation procedure-determined by the
engine manufacturer. and shall be consistent with good engineering practice.

{ii)_ The engine manufacturer shal] determine., for each

engine family, the amount of time required for stabilization of the enaine-
displacement-svstem comhination with respect fo emission test purposes.
However, this_stabilization time period shall not exceed 12 hours unless an
allowance to do s¢ is approved by the Executive Officer. In the event an
engine manufacturer_requests approval for a stabilization time period that
is_greafer than 12 hours, the enqine manufacturer shall maintain. and
provide to_the Executive Officer upon request. a record of the rationale
used to determine the time period required for emission control svstem
stabilization. The engine manufacturer may elect to accumulate up to 17
hours on each test engine within an engine family without making this

determination, o
(iii) The appropriate fuel and lubricants specifisd in

Section 11 of this Part shall be used in_service accumulation.
(iv) Engine maintenancé that is psrformed in service
accumulation shall be conducted in dccordance with Part 1. Section 22.
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(2) _Engine Pre-Test Preparation.
' i), Reserved

(i) Measure the engine's fuel cansumption and the power
output before and_after the emission sampiing equipment {including the
sample probe) is installed on the engine when the engine is éperated on the
dynamometer at the appropriate Test Mode (see Table 1-1 Engine Test Cvcles.
Part I. Section 20). and as follows:

(A)  Non-handheld equipment engines to be tested as
per_Test Cvcie A shall be operated at Jest Mode 6 ‘
(B Non-handheld equipment engines to be tested as
per Test Cycle B shall be operated at Test Mode 1: and., B
' - - {€)*_ Handhe'ld ediipment engines to be tésted as_per
Test Cycle € shall be gperated at Test Mode 1, '

[ii) The emission sampling equipment shall not have &
significant affect on the operational characteristics of the engine (j.e..
the before and after results shall be within five (6) percent).

{3) Analyzer Pre-Test Procedures.

(i} Filter elements shall be replaced or cleaned as
necessary: and the system shall be leak checked. The maximum allowable
leakage rafe on a vacuum side of a portion of the system is 0.5 percent of
the in-use flow rate in that portion of the system. The maximum allowable
leakage rate on .a pressure side of a portion of the system is five (5)
percent of the in-use flow rate ip that portion of the system. The emission
analyzers shall be stabilized as necessary prior to calibration: heated )
sample lines. filters and pumps shall be stabilized thermally as necessary.

{ii) Perform (as applicable) svstem checks. such as,
sample-Tine temperatures. system response time. hvdrocarhon hang-up, ete. ‘
_ {1i1) Analyzer zero and span shal] be checked P
before and after each test cvcle. ; , Co S

_ ' (iv) System flow rates‘and pressures shall be ‘checked. snd |
re-set as required, o ‘ '

W
b

{4}' 'Eﬁgine Start-up

Prior to starting the emissiens testsy; the emgine shall be warmed Hp +R
accordance to the manufeatureris JRstructions. Before preceeding with the
testsy the carburcter and engime adjustments shall be set teo the
manbdfactUFreris rocommendations—

{b) Engine Dvnamometer Test Run.

(1) Engine and Dynamometer Start-up.
_ . (i} Only engine adjystments in_accordance with Section 22
of Part I shall be allowed prior to the start of a test. ‘ :
{ii) The dynamometer shall be warmed Up as necessary. and
as recommended by the dynamometer manufacturer: or use good engineerinag

practice.
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follows: -

(iii) An engine may be operated using the engine's speed
governor if the ergine is. so _equipped., or with the threttle in a fixed
position. The recuirements of paragraph (d) of *his Section must be
satisfied. . - ' . ‘

{2) " The following steps shall be conducted for each tast:

(i) Record applicebie data as specified in Sectjon 13.

{it) Spark-ignition engines shall be preconditioned by
operating the engine .at a power greater than or egual to 50 percent maximum
power at the rated or intermediate speed (&s applicable) for 20 minutes.
R (iii) Diesel-cycle engines shall be preconditioned as

(A) _Operate the engine at idle for 2 to 3 minutss:
- (B) Opgrate the engine at approximately 50 percent

power at the maximum torque speed for 5'to 7 minutes: and, o
: {CY Operate the engine at rated speed and maximum

: power for 25 to 30 minutes,

_ {iv) For both spark-ignition and diesel-cycle engines.
the engine service accumulation may be substituted for the endgine

preconditioning if such service accumulation has been occurring for at least

40 minutes prior to commencing the test cvcie,

{¥) _The test cvcle portion of the emission test (i.e..

- the initial thermal stabilization determination) shall bedin within b
. minutes after completing the engine preconditioning.

(vi} ' Test modes shall be performed in the numerical order

- specified for the appropriate test cycle.

_ _ (vii) Determine the maximum engine torqgue output at the
rated or intermediate engine speed. as-applicable. For non-handheld
engines. determine and record the torque values that correspond to 75. 50.
25 and 10 percent of the maximum engine torgque output. The minimum toraue
capability of an engine may be substituted for the 10-percent value when a
10-percent value of the maximum engine torque output is not attzinable.
{viii) Once engine speed and load are set for a particylar
mode, the engine shall he operated for a sufficient period of time to
achieve thermal stabilitv. The obiective is to stabilize all engine
parameters that affect emissions prior to the start of anv emissions
measyrements. The method used to determine thermat stability (e.qg..

variation in_cylinder temperature, engine oil_temperature. etec.) shall be
recorded,

{ix) _Record continuously all modal emission data
specified in Section 13 (as _applicable) for a_minimum of two (2} minutes and

as_diciated by good engineering practice ip order to obtain accurate and
reproducibie data. The dyration of time during which these data are
recorded shall be labeled as the "sampling pericd”. The data collected

‘during the sampling period shall be used for modal emission calculations.

{(x) Continuously record the analyzer's output to the
exhaust gas during each mode.

(x4} A test mode may be repeated.

{xii) If a delay of more than one {1)_hour occurs between
the end of one mode and the beginning of another mode. the test is void_and

shall be re-started at paragraph (b){1){iv)(A) of this Section.
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: {xiii) If the test equipment malfunctions at any time
during a test mode, the test is void and shall be sborted. Corrective
action should be taken and the test re-started. :

(xiv) If the engine stalls while in a test mode, the
engine shall be re-started immediatelv and the test continued at paraaraph
(b)(1)(iv)({B) of this Section. If the engine is not re-started within two
(2} minutes, the test shall be voided. If maintenance is reaquired on the

engine. advance approval from the Executive Officer is reguired as specified
in Section 23 of Part I. After corrective action is taken, a test of the
engine may be re-scheduled. The reason for the malfunction (if determined)
and the corrective action implemented shall be recorded. . ‘
{xv) TIdle-mode fuel and air flow megsurements may be
determined immediately before or after the dvnamometer sequence or as
dictated by good engineering practice. ‘ ~

¢b3 Emission Precedure
¢} Test Sequerce

A sequeree of selective engine operating modes shall be empleoyed when a
compreRensive mapping of exhaust emisssens frem a giver erigre is desired-
It should be understeed that.ence an ergine 45 coupled te the end preducts
4t may seldom operate 3R Some of the medes shewn 3n Fable i- Besigrated
-emissiens measurements shall be recorded 3B each rmede- The engire shall rum
in a giver mode fer a stabilizatien peried and three cersecutive Feadings
shall be taken at least 1b seconds apart agree within +/-B% of a certral
vatde FoF all measurements- The throttle must be locked iR place for each
specified throttle setting rather than FURAiRg Wnder a geverned throttle:
~ eerditien- TJest sequence 35 shewn $m Table 1.

 Table 1
1 _Made 4+ 1 + 2 4 3 1 4 1 & 1 6 4+ 7 1
1 Speed 1idle {Rated 18E% of{85% of{85% ofl86% 0fi85¢ of}
1 + .4 tRated {Rated {Rated {Rated JRated |
1 ksad 0+ Fudd 4 Fudd }76% of {603 ofl2y ofdiMini- |
$ 4 4 1 + Fu3d 4 Fudd § Fuld lmum 4
{ Hand Held 4 10% { %03 ¢ == 4+ = } - i = 4 ==}
1. _ 4 1 1 1 1 + 4 1
'+ Nen-Hand Held} 8% 4 -- 1 9% 1. 20% T 29% 4 30% 1 g1
$ ' i i 1 4 i i 1 1

Netei Where there is re raied speed givers; the speed ai maximum hersepewer
sheuid be used~ Max govermed speed 45 the manufacturers recommended maximum
speed ebtaimed while using a threttling gevermrsF- Termimal speed 45 the
maximum attainable speed witheut any Jead applied te the enigre- Beam }ead
15 the load measured by the dymramemeter- Fu}l Jead 45 the maximum Jead
which ean be applied at a giver conditien- :
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(c} Exhaust Gas Measurements.
(1) Measure HC., CO, CO2 and NOx concentrations in the exhzust .

sample. -
0 (2)  Each analvzer range_that may be used during a test

cvcle shall have the zero and spap response recorded prior %o the execution

of sach test cycle. Only the range(s) used tc measure the emissions during -

a test cycle is required to have its zero and soan recerded after the

completion of the test cvcle. The span shall be conducted at the same flow

 rates used to analvze the test sample. Span gases should have

concentrations of 75 to 100 percent of full scale. Actual concentrations
shall be recorded. '
- (3) Fiiter elements may be replaced between modes .
(4) System leak checks may be performed between modes. :
{B) . A hydrocarbon hang-up check may be performed between modes:

(d)_ Endine Test Cycle.
1) The appropriate six-mode test cvcle for non-hancheld’

equipment engines. and the appropriate two-mode test cvcle for handheld

equipment engines, shall be uytilized (See Table 1-1 Engine Test Cycles: Part

I. Section 20).

~ {2)_The engine speed and load values specified in Table 1.1

.'-EneineiTest Cycles. Section 20. Part I. shall be maintained to within +/-

five (5) percent for a power mode.  The engine speed onlv shall he
maintained to within +/- ten (10) percent of the engine manyfacturer's
specified engine idle speed for an idle mode. When a torque that is less
than 0.27 Nm (9.2 ib-ft) is applied to the engine. the engine speed and load

shall be maintained to the smallest tolerance that is possible within the
capabilities of the test equipment and by the use of good engineering

practice. Such %olerance ranges shall be determined and recorded for each
fest mode. ' ' Cd

v {3) EThe Executive Officer shail soeéifv toferances for énhine
speed and load for test purposes when such specifications are supnorted by

test data and results. surveillance information. and other engineering
information,

(e) Anglyzer Post-Test Procedures. ,
. {1) Perform a_hydrocarbon hapg-up check within one minute of
the completion_of the last mode in the test cycle,

{2)  Analyzer span checks shall be commenced within six (6)
minutes of the completion of the last mode in the test cycle. The zero and
span response for each analvzer range used in the test cvcle shall ke
recorded.

{3) - A vacuum check shall be performed immediately after the
span_checks if filter elements were cleaped or_replaced in the test. The

results shall satisfy the specifications of Section 12(a}{3)(i) of this
Part.

{4) The analyzer drift bet@een the before- and after-test cyele

span ¢hecks of each analvzer shall satisfy the requirements as follows:
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(i) _ The span drift (i.e,. the change in the difference
between the zero response and the span response) shall not exceed two (2)
percent of the full-scale deflection for each rapnge used in the test,

{ii)} The zero response drift shall not exceed two (2)
percent of full-scale deflection for each ranace used above 155 ppm (or
ppmC): or three (3) percent of full-scale deflection for each range below
155 ppm (or ppmC).

13. Records Required.

- The following information shall be recorded Lor caleulated) with
respect.to each test: ' = -
(a) Test number. . o
(b) Engine or engine Ssystem eF ‘dévice tested' (brief description).
(c) Date and time of day for each part of the test scheduie.
(d) Instrument operator(s).
~(e) Engine Information: Makes Ergine identification Rumbers; Galendar
yeary Engine displacements Brgine familysy Emissien centrel systems
Recommended $die RPM; and MNemimal} fuel Etark €apacity~
' ) Engine family name.
(2) Engine identification (e.q¢.. engine serial number. engine

Engine class.

Calendar-year production.

Lombustion cvcle.
Engine emission contro] system(s),
Engine fuel(s) and lubricants. )
Engine fuel/oil mixture ratio (as appliceble).
' Nominal fuél tank capacity (as applicable).
{f) Engine Test Information: . ' _ :
. : Number of hours of operation accumulated on the engine
pzjor’to the start of the engine pre-test portion of the test: and after the.

e. mo

EEEREEED

i

j

Maximum observed torque for intermedjate and rated endgine
speeds {as applicable) during engine pre-test. :

3) Observed engine_torque and speed for gach mode,
- {4)  Continyous record of engine torque. and_engine speed for
each_mode, _ . o _
{5) Engine inlet temperature and humidity (as _applicable)..
{6) "Fuel mass flow rate for each mode.
(7} Engine inlet air flow for each mode (as applicable).
, [8)  Pollutant mass flow, ' . '
o {9) Lxhaust mixing chamber surface temperature (as
applicable}. T
{10)  Exhaust sample line temperatures (as applicable).
(11) Ambient test environmenta] conditions (e.g.. temperaturs,

barometric pressure, saturation vapor pressure, absolute humidity, etc.). A
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central Jlaboratory barometer may be used for pressure measurements: however,

individual test cejl barometric pressures must be within +/- 0.1 percent of
the baromeiric pressure at the central barometer location. _
t¥3{g)l Dynamometer Information: Manufacturer, model. serial
numbers. As an alternative to recording the dynamemeter serjal Rumber
this informaticn, a reference to a engine test cell number may be used, with

the advance ‘approval of the Executive Officer, provided the test cell

records show the pertinent instrument information.

- fg3(h) A1l pertinent instrument information such as tuning-. gain-
~ serial numbers-. detector numbers.-ramge and calibratiecn curves. As an
alternative, a reference to a engine test cell number may be used, with the

'f'advance approval of the Execuyt tve-Bfficer,“provided test cell calibratiol

records show the pertinent instrument information. : _

. £h3(1) Recorder Charts or other data acquisition devices: Idertify
ZerFey SpaRy exhadust gas; amrd dilutisn air sampies EFaces. ‘ :

, (1) = Record and idsntify for each test cvcie the zero traces

and span traces for each range used. : ' '
S (2) Record and identify for each test mode the emission
concentration traces and the associated anaivzer ranges(s).

- {3)  Record and identifv the hang-up check.

¢4} . Test cell baFémetsie p#essuFleamééeét,tempepatapé and humidity-

- Ns€e+_A.sen%éa4 4abe#ater'baFeéeEEF mat be useds PFev4déd7 that 4ﬁé#viduai'

test cell barometric pressures are shown te be within +4- 8-1 pereent of the

 'b§EemetFie'pEessuFe at the eentral baremetrie Jecatier-

?14; ‘Data Reduction and PreSgntation of ResuTts;

(2) Engine Performance, he mass emission_c¢alculations presented in
this Section are specific to gasoline fuels only. Mass emission

calculations for alternatively fueled engines should use a different set of
constants (i.e., utilization of the molecular weiqht of the test fuel)., The
fellewing engine operating and performance parameters listed in Table 2-1
Engine Test Parameters shewld ghall be presented for each test in tke SI

units {English units shall be indicated: in parentheses).
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TABLE 2-1. FEngine Test Parameter;
- Uriks Yo
Parameter Engiish Units SI Units
Airflow rate (dry) Th/h g/h
Fuel flow rate 1b/h a/h
Engine speed rpm rpm -
Engine torque output 1b-ft N -mHim
Power output - : hp-@wm-m“ kwm§ﬁ=
CATF T Tét temperature deg F deg “C
Air bumidity . graigs/ib dry air mg/kg
Coolant tempetature deg “F deg C
(water cooled) _ o o
Exhaust mixing chamber deg F deg C
surface temperature o o
Exhaust sampie 1ine . deg F deg C
temperature -
Total accumulated h h

hours of engine
operation.

Specific Emissions.
{1) The weighted emi

ssion rates for each individual aas

component shall be calculated as

follows:

Emission Rate

e - ——— i

2‘(Poweri) X (WFi). --_i o | .1‘

- - - - -

where: "7

.i

1 ton; nis

Gas Mass Rate

Mass emission rate for

the nhmbEr of_modes_ipn the applicdble test

each test mode_in grams per hour .

¢h test mode in _accordance with

Section 20, Part I.

power output for each test mode.

WE Weighting factor for ea
Jlable 1-1 Fnaine Test Cvcles:
Power = Gross engipe
¢b3(c) Exhaust Species Concentrations_
(1) Initial Molar Concentrations,

is expressed in C1.
measured in the following units:

Unburned hydrocarbons (HC)
C02
co

Concentrations of each of

In all HC designations the C
the exhaust species will be

Molar ppm C1 (in wet exhaust)
Mole percent (in dry exhaust)
Mole percent (in dry exhaust)
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~ NO o © Molar ppm (in dry or wet

-exhaust measured by
; _ o chemiluminescent analyzer)
0, - : _ Moie percent (in dry exhaust)

(2) Cenversion to Mass Emissjon Rates.. : _

‘ o - (i) Conversion to mass terms should be wet specie
concentration data, but care must be taken that -all data are reported on the
same basis. Since engine emissions are discharged to the atmosphere in the
wel state, it would seem reasonable to report emissions concentrations on &
wel basis. For this reason, the conversion equations given below are
writien for use with wet concentration data. A suggested method for
converting dry concentration data into wet terms is given in Appendix A.

o ' _ (i1} Two methods may be used to calculate mass rate of ‘
discharge.  One method makes use of both air and fuel flow data. The other
methed is based upon fuel fiow alone. . '

© €30 {3) Air and Fuel Flow Method, : :

o ) The following equations may be used to cajculate mass
emissions when the air and fuel flow method is used. Air is ‘measured on a
dry basis. Derivation of the equations is given in Appendix B. A

- correction for the mass effect of humidity on exhaust species concentration

is not included in the equations. .The error introduced by neglecting the

‘effect of humidity is insignifipént'when the ‘overall accuracy of measurement -

'isvconquEred and, therefore, is considered as part of the experimenta)

Serror. -
| 0.00629 - -
HC, g/h = e - x (airflow, 1b/h + fuel flow,1b/h) x HC, ppm CI .
mol wt exh : . : . . ‘
bp
13.85 x 1075 | | -
T e mma x (airflow, g/h + fuel flow g/h) x HC, ppm CI
mol wt exh
127.00
CO, g/h = —emmmmme x (airflow, 1b/h + fuel flow 1b/h) x CO, % wet
mol wit exh
or
28 x 1072
e T x (airflow, g/h + fuel flow, g/h) x €O, % wet
mol wt exh
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0.02087

NDZ’ 9/h = —memeoo X (airflow, 1b/h + fuel flow,1b/h) x NO, ppm wet x KH
mol wt exh :
or
46 x 1078 - | | 5
B mrmmm=e-ooseeeceo ¥ (@irflow, g/h + fuel flow,g/h) x NO, ppm wet x KH
mol wi exh : c | _ _
where: . v o ‘
13.88 x HC ppm C 28,01 x CO0%
mol wt exhs ~——-aoao g mmmme——mee S T S ——— p-mm=mm—--
10 10

44.01 x C0,% 46.00 x NO, pPm  32.00 x 0,3

Ll it P, b e ———— + ey e ma———
T . 108 102
2.016 foz% Co S S ppm C
+ mm——— e + 18.01 x (1-K) + [28.01 x (100 - me—tian 7"
10 10
. NO, - 2.
¥ -~ C0%~ C0,% ——=-3o_ - 0,% - 100 x (1-K))] / 10
t d 2" TTIE Uer 4
KH = federal factor for correctihg for the effect of
humidity on N02 formation
1
{1 - 0.0047 (H - 75)]
where:

H = specific humidity, grains/1b of dry air at test conditions -

{i1) The humidity correction factor given above was taken from
the Code of Federal Regulations, 40 CFR 86.144-78. This correction factor
has not been verified for smali engines. Moreover, the NOx emissions for
small engines are low, and the KH factor approaches one in a laboratory test
environment. The KH factor for two-stroke cycle engines should be set to
“1" regardiess of humidity. - - - S

{(iii) For stoichiometric and leaner mixtures, an exhaust
molecular weight of 29 is a good approximation and the above equations
reduce to the following:
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HC, g/h = 0.000217 x (airflow, 1b/h + fuel flow, 1b/h) x HC, ppm C1

P | | I
= 0.476 x 107 x (airflow, g/h + fuel flow, g/h) x HC, ppm C1

L0, g/h = 4.38 x (airflow, 1b/h + fuel flow, Tb/h) x €O, % wet-

or . R
e= 0.965 x 1073 x (airflow, a/h + fuel flow, g/h) x €O, % wet |
NO,,.g/h - = 0.00072; (afrf1bw, 15/h + fuel flow, 1b/h) x NO, ppm wet x KH

ar

U ='1.585 x 107° X (airfiow, g/h + fuel flow, g/h) x NO, ppm wet x K

R {iv) In some cases it may not be practical to measure fuel flow.
The fuel/air ratio, howTver; can be determined from the exhaust products
using the Spindt method™. With this information available, the term _
(airflow) x (1 + F/A) may be substituted for the (airflow + fuel flow) term
in the preceding equations. This substitution is valid for 4-stroke cycle
engines.only.. It does not apply to 2-stroke cycle engines, . = ce

£44) (4)  Fuel Flow Method 2 | . L
- {3) The following equations may be used when fuel flow is -

o se1etted_asra basis for-mass calculations. - These equations are based on the
L ~same ‘assumptions: used for the combined air and fuel method. L

‘fuel consumpticn,lb/h

HC, @/h = 4.536 X 1072 X'HC, PPM €1 X mwommmmmmmemmoontill |
AR i T '
or ‘
-4 ' fuel consumption, g/h
HC, g/h = 107" x HC, ppm C1 X =cmmmcomcomo 1 2
. TC
fuel consumption, 1b/h
€0, g/h = 916.27 X CO, % Wet X =mcoommomommoe ol
TC

1. R. S. Spindt, "Air Fuel Ratios from Exhaust Gas Analysis." SAE
Transactions, Vol. 74 (1966), paper 650507.

2. Adapted from spark fgnition engine emissions test procedure perpared by
Off-Highway and Industrial Spark Ignition Engine Emissions Subcommittee of
the Engine Manufacturers® Association Emissions Standards Committee.
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or
- fue] consumpt1on, g/h
= 2.02 X CO, % wet ¥ =

NOZ’ ¢/h = 16.06 x 10"2 x NO, ppm wet x KH x fuel consumption, 1b/h

e . -

or _
| 4 ~  fuel consumption, g/h
= 3.32 ¥ 107 x NO, ppm wet X KH X ~ememmcmemmmmoo 2l 2l

where:
TC = total carbon = vol ¢ C02 ‘wet + vol 4 CO wet + vol % HC wet

te} Additieral Informatien

Ihe follewing additisnal infermatien should be supplied with the
Fesddis 9# eaeh test seF4es- e - ‘

asd Engane mede#; displacements and pewer Fating
b} Fype of fuel used

€} Fype of Jubricant used

~d3 .Fue} 631 ratie used for 2- stpeke eyele eng4nes

e} Type of dynamometer used b
A
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~ APPENDIX A

_ {a) | When'FID'(fTame_1onization detector) is used in HC ana1ysfs_and'a
chemi]uminescent.ana1yzer.uti1izing @ wet sample is used for NO analysis,
the combustion water is not removed and therefcre measurements are made with

-reference to the wet exhaust. When NDIR and chemiluminescent analyzer

requiring a dry sample are used for species analysis, water vapcr is removed
prior to the concentration measurement and the resuits are on a dry basis.
The follewing equation may be used to determine the correction Tactor to be
used in converting dry measurements to a wet basis. :

‘ - _ S T o :
R T el |
‘ l+0.005-x'(C0%+C02%)‘x y-{0.01 x Hzl
- where: | | '
0.5 X y x CO% x (CO%+COM4)
H :

- (C0%+3) x CO,3
y= H/C ratio of test fuel

g :Therefpre:.Spéciés;cbntehtration;-wet= K x_specieszcondentration;‘dry

“'Fbr tWO}stroke'cyETe:éngineé; weréssume no reéidua1 free‘HZ and~quify‘K“by-

deleting the H, term. =

{b) The above method does nof include a correction for air humidity.
The humidity contribution to the exhaust ig small and may be neglected. If
it' is desired:to .include the &ffects of humidity, Appendix C gives the

derivation of a general equation which may be used to determine the
correction factor. : ' o
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| . APPENDIX B |
Derivation of Equations used for Air and
ruel Flow Method of Mass Conversion

Hydrocafboné - “The exhaust unburned HC is assumed to have an average
hydregen-to-carbon ratio of 1.85/1 and a molecular weight of 13.85.
o e 1385
HC, g/h= (airflow,1b/h+fuel flow,1b/h) x e
SRR ' - mol wt exh
x HC,ppm C1 x 107% x 45306 g¢/1p
- 0.00629 ' ' - _ - '
HC, g/hs  mmmmmaeo (airflow,Tb/hffue1 filow,1b/Rh) x HC,ppm Ci

~mol wt exh

~:Carbon Monoxide- €0 has a moiecuiaf-weight'pf'ZB._

L BRI R 28
- C0, g/h= (airflow,1b/h+fue]_f]ow;lb/h)_x ----- —————
R R : L ~mol wt exh
© X CO,avet x 1072 x 453.6 /b |
, _ - .. 127.00
€O, g/h= (airf]ow,lb/h+fuelﬁfﬂbW;]b/h)ﬁx -------------- x CO,%wet
. - mol wt exh

Nitrogen Dioxide- In accordance with present practice, NOx mass

determinations are made in terms of NOZ. Molecytlar weight of NOZ is 46,

- 46
NC,, g/h= (airflow,1b/h+fuel Flow,16/h) X ccmmcoo—mmeeees

mo! wt exh

x NO,ppm wet x 1078 x 453.6 g/1b x KH

G.02087
NO,, g/h= (airflow,1b/h+fuel Tlow,1b/h) X —ccemmmm . x NO,ppm wet x KH

mol wt exh
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Exhaust Molecular Weight- The following equation may be used to determine
the molecular weight of the exhaust:

13.88 x HC ppm C1 28.01 x C0%

MOT Wt EXh= mmcmmmcmcmmo oo 4 omm—mpeeen
| 108 102
44.01 x COL%  46.00 x NO, ppm 32.00 x 0,4
+ _-__2 _______ +- ..._;'_;-..._-E ________ & e — - 2.._,.-..-.---.._...._'
10 10 _ . 10 -
- —--.-'--2 --------- + 18.01 x (1-K) + [28.01 x (100
10
HC ppm C1 NOX : >
g - C0%- €08 - —wm-nXo___ - 0,% - 100 x (1-K))]/10

For 2-stroke engines, we assume no residual free H2 and modify K B} de?efing
the H2 term. :
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APPENDIX C

- {a)  This append1x cutlines the development of the correct

' factor Tor converting dry data to a wet basxs accounting for the effect of

both. hum1d1ty and combustzon water,

: . {b) Combust1on in a gasoline engihe can be approximatéd by the
.genera1 equat1on . _ .

CHy + nO2 + 3 75nN2 + mH20~->aCO + C02 + cCH3 + dNO + 902
. + ‘fNE + . ( g«'.'.-+ m“)HZ 0 +\,: kHZ ) . . | . ' . . | | . Bt 5
where: : '

2 o d ' g

- n=moles of oxygen in air to engine = ——= 4 b 4 222 4+ @ 3 —_=

a2 2.

. y=atoms'df:hydrogen'per'baqun atom =.3¢c +2g + 2k
R e
_f=moles of N, = 3.76n - ———
S Sk : 2

| —mo1es of: water 1n 4. 76n moTes of air

"lMass of fuel per un1t tlme

F = 12 01 + 1. OGSy
Mass of wet air per un1t time:

A = 32n + 105.28n + 18.016m
Then:

12.01 + 1.008y
CFJA = memmmm e

137.28n + 18.016m

- If specific humidity is measured in terms of gra1ns/pound of dry airy
h, then the pounds of water in 137.28n pounds of dry air is:

137.28n x 0.000143 1b/grain x h = 1.964 x lo-znh, 1b HZO

_This must be equal to 18.016m in the equations+; therefore:
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12.01 + 1,008y
FIA =« L. x 107 nh or
‘ 137.28n + 1.964

12.01 + 1.008y
'n(137.28n + 1.964 x 10-%h)
and m = 1.964 x 107°nh/18.016 or 1.09 x 10-%nh
If F and A are measured, then n can Ee cﬁTcﬁiatédlfrdm:

12.01 + 1 008y
= (A/F) X =bommmmmm DL
137.28 + 1.964 x 107 h

Yolume fraction of water in exhaust?y

2 + b *C o+ d + e+ T + k +g+m
But:
d .

3.76n - --
2

-4
[}

a  d g
N= -~ 3+ b+ b B i

2 2 2

Substituting and collecting:

g+m
W om o m e
4 g
==+ C+--+m+ Kk + 4.76n
2 2
- Yy - 3c - 2k . o :
But: g = m=emmmeenil and ¢ =1-a-b
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Therefore: | o ~

y-3(1I-a-b)-2k :

e TR +m
. 2
W = e e e e e
y - 3(1l-a-b) -2k _ a
Bt LTI [ R -= 4+ M+ K + 4.76n
y-3(1-a-b)-2
e e +m
2
A S e e e
Y+ 1 +a b+ 2k o
————————————————————————————— +m+ 4,76
Th
" ‘Substituting for m _
Sy o3 ia-b) - o
----------- emememedeeoo 4 1,09 x 107nh

The correction factor to be applied to the dry gas values,
then, is ' :

CF=1-W

~{c) On the lean side of stoichiometric, the amount of free hydrogen
in the exhaust is small and k can be dropped. On the rich side, however,
the hydrogen content can be appreciable. One source from which an estimate
of the free hydrogen in the exhaust can be obtained is Chapter 10 of
“Internal Combustion Engines” by E. F. Obert. It should be noted that the
measured exhaust data cannot be directly substituted in the above equation.
A combustion equation must be written in the form of the general equation at

the beginning of this Appendix to determine the numerical values of a, b, vy,
and k. ' ,

{d) An alternative approach to that presented above in. this Appendix
is given {in.SAE ARP 1256, issued January 10, 1971, revised January 8, 1990
and incorpcrated by reference herein.
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Part IiI. Constant Volume Sampling Test Procedures

ll [Reserved].
2. Exhaust Gas Sampling System.

(a) (1) General. The exhaust gas sampling system is designed to
measure the true mass emissions of engine exhaust. 1In the CVS concept of
measuring mass emissions, two conditions must be satisfied: the total volume
of exhaust and dilution air must be measured and a continuously.propostioned.
volume of sample must be collected for analysis. Mass emissions are
determined from the sample concentration and totalized flow over the fest
period. '

(2) [Reserved]. _ : -

(3) Positive Dispiacement Pump. The positive displacement pump-
constant volume sample (PDP-CVS), Figure F90-1, satisfies. the first
condition by metering at a constant temperature and pressure through the
pump. The total voiume is measured by counting the revolutions made by the
calibrated positive displacement pump. The propertional sample are achieved
by sampling at a constant flow rats,

(4) Critical Flow Venturi. The operation of the Critical Flow
Venturi-Constant Volume Sampier (CFV-CVS), Figure F90-2, is based upon the
principles of fluid dynamics associated with critical flow. Proportional
‘sampling is maintained by use of small CFVs in the sample lines, which
responds to the varying temperatures in the same manner as the main CFV,

(5) [Reserved], . : :

(6) Other systems. Other sampling systems may be used if shown
to yield equivalent, and if approved by the Executive Officer {e.g9., & heat
exchanger with the CFV-CVS or an electronic flow integrator without a theat
exchanger, with the PDP-CVS).

(b) Component description, PDP-CVS. The PDP-CYS, Figure F90-1,
consists of a dilution air filter and mixing assembly, heat exchanger,
positive ‘displacement pump, sampling systems including, probes and sampling
lines and associated values, pressure and temperature sensors. The: PDP=CVS
shall conform to the following requirements: T - ‘

: (1) Static pressure variations at the exhaust of the engine
shall remain within +/- 1.25 kPa {+/- 5.02 in. H,0) of the static pressure
variations measured during a dynamometer cycle w%th no connection to the
exhaust. (Sampling systems capable of maintaining the static pressure to ™
within +/- 0.25 kPa (+/- 1.00 in. H 0) will be used by the Executive Officer
if a written request substantiates Ehe need for this cleser tolerance.)

{(2) The gas mixture temperature, measured at a poigt,immgdiate]y
ahead of the positive displacement pump, shall be within +/- 5° ¢ (97 F)
during the entire test. The te@peraturs measuring system shall have an -
accuracy and precision of +/- 1° ¢ (1.8° F). ‘ :

(3) The pressure gauges shall have an accuracy and precision of
+/- 0.4 kPa (+/- 3 mm Hg). '
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~various configurations. can produc

(4) The lecation of the dilution air inlet shall be placed sc as

- to use test-cell air for dilution air and the flow capacity of the CVS shall

be Targe enough to eliminate water condensation in the system. :
> () Sample collection bags for dilution air and exhaust samples
thydreearbon ard carbon memexide} shall be of sufficient size so as to not

- _impede sample flow. E

{e) . Component description, CFV-CVS. The CFY-EVS, Figure F3S0-2,
consists-of a diiution air ¥ilter and mixing assembly, cyclone particuiate
-separator, unheated sampling venturies for the bag, critical flow venturi,
and assorted valves, pressure and temperature sensors. The CFVY-CVS shall

conform.to. the-fodlowing requirements: .

o (1) Static pressure variations at ‘the exhaust of the engine
shall remain within +/- 1.25 kPa (+/- 5.02 in. H,0) of {he static pressure
varfations measured during a dynamometer driving“cycle with no connection to
the exhaust. (Sampling systems capable of maintaining the static pressure

- Lo within +/- 0.25 kPa (+/- 1.00 in. H,0) will be used by the Executive

Cfficer if a written request substantigtes the need for this closer
‘tolerance.) L ‘ ' _ :
: (2) Thg tempergture measuring system shall have an dccuracy and
precision of +/- 17 C (1.8" F) and a response time of 0.100 second to 62.5
percent of a temperature change (as.measured in hot silicone eil).
. {3) .The pressure measuring system shall have an accuracy and
precision.of +/- 0.4 kPa (+/- 3 mm Hg). S o
_ ' - (4) The location of the dilution air inlet shal] be placed so as
to use test-cell air for dilution air and the flow capacity of. the CVS shall

" be large: enough to eliminate water condensation in the system.

: (5) Sample collection bags for dilution air and exhaust samb1es
{hydrecarbdr ard earben meRexidey shall be of sufficient size so as to not
impede sample flow. :

3. Exhaust Gas Ana1ytiéa1 System..

(a) Schematic Drawings. fEigure F90-3 is a schematic drawing of the
exhaust gas analytical system for analysis of hydrocarbons (HC), carbon
moncxide (CO), carbon dioxide (C0,), and oxides of nitrogen (NC,). Since

g accurate results, exact confGrmance with
the drawing is nct required. Additional components such as instruments,
valves, solenoids, pumps and switches may be used to provide additional
information and coordinate the functions of the component systems.

{b) Major component description. The exhaust gas analytical systenm
for HC, CO and CO,, Figure F90-3, consists of a lame ionization detector
(FID) for the detgrminaticn of hydrocarbons, nondispersive infrared
analyzers (NDIR) for the defermination of carbon moncxide and carbon
dioxide, ands 4f exides of mitregen are measured a chemiluminescence
analyzer (CL) for the determination of oxides of nitrogen. The exhaust gas
analytical system shall conform to the following requirements:

(1) The CL requires that the nitrogen dioxide present in the
sampie be converted to nitric oxide before analysis. Other types of
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analyzers may be used if shown to

in advance by the Executive Officer.

yield equivalent results and if approved

! (2} The .carbon monoxide (CO) NDIR ané1yzer may require a sample
conditioning column -containing CaSo,, .or indicating silica gel to remove

-analysis stream.

- water vapor and containing ascarite to remove carbon dioxide from the CO

_ (i) If CO instruments which are essehtia]]y free of CO
and water vapor interference are used, the use of the conditioning co1umﬁ

may be deleted, see Sections 11 an

d 26.

: - (i1) A CO instrument will be considered to be essentiaTTy
free of CO, and water vapor interference if its response to a mixture of 3

percent CO5 in N, which has beern
produces ag equﬁ@a]ent CO response

. 'range, which isj}eSS'than'L.percen
.. ,above 300 ppm-full scale or less *
- scale; see Section 11.

(c) Other ana1yzers and equi
equipment may be used if shown feo
in advance by the Executive Office

4.  Engine Fuel and Lubricant Spe

bubbled through water at room temperature »
. 2@s measured on the most sensitive CO

t of full scale CO congentration on. ranges
han.3 ppm on ranges below 300 ppm ful]

phent, Other types of analyzers and _
yield equivalent results and if approved
r. - - o o

speeificationss

(a) Engine Fuel Specificati

cifications. Fuel and emgine Lubricant

ons.

(1} Certification Fue

1s..

(i) Petroleum-b

ased fuels. The certification test fuel

" used for emission testing shall be

as outlined in the California Code

consistent with the fuel specifications
of Requlations, Title 13. Section 1960.1.

and_the tatest amendment of the “C

alifornia Exhaust Emission Standards and

Test Procedures for 1988 ‘and Subsequent Model Passenger Cars, Light-Duty

Trucks, and Medium-Duty Vehicles",
1991 and incorporated by reference

adepted May 208+ 1987 ard amerded duly 125
herein. The test fuel specification

should remain consistent from batch to batch. If a particular engine

requires a higher different octane
indicate the fuel used.

(or cetane) fuel, test records should

{ii) Algchol-based fuels. Alcohol-based fyels shall be

allowed for_emission test purposes

when the appropriate emission standards

with respect %o such fuels are a part of these provisions. Such fyels shall

be as specified in subparagraoh {a){(1)Y(i) above.

(2)  Service Accumulation Fuels.

{1} -Gasoline.
{A)Y{b} The

engine manufactyrer has the opticn to

use a gasoline that satisfies the same fuel spegifications as any of the

certification test gasoclines, or Yunleaded gasoline representative of

commercial gasoline which will

be generally available through retail outlets

shall be used in break-ir precedures service accumulation for petroleum
gasgline~fueled Ootto-cycle vehieles engines. Lleaded fuel shall not be
used during break-in precedures service accumulation. Additiemal fuel

FequiFemants for break-4n preceddres are as follewss
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: - , ¢1} Ergine lubricamts representative of commeriecally
avaitabie engine Jubricants which will be generatly available ithrough retasl -
outlets skald be wsed by manufacturers- . : L

? €2y (B) The octane rating of the gasoline used shall be
no higher than 4.0 Research eQctane RNumbers above the minimum recommended
by the engine manufacturer when a certification fuel is not used for service

accumulations, and shall have a minimum sensitivity of 7.5 octane numbers.
sensitivity is the Research Octane Number minus the Motor Qctane Number,

: €23 (L) The Reid Vapor Pressure of the fuel used &
gascline shall be characteristic of the moter engine fuel during the season
in which the break-4n precedure service accumulat i takes place, L

- {43} If the manufacturer specifies several Jubricani?y to be
used by the ultimate purchaser; the Executivé Officer will seleet ené te be
wsed= ;1o et : , : ; _ ‘ N

©ob 0 (41) Diesel fuel,
’ ' (A) _As specified in subparagraph (2)(1)(i) of this

section.
‘ {iii) Alternative fuels,
o {A) As specified in_subparagraph (a)(1}(i) of this
Ssction. . : ' ' '

{b) . Engine lubrication. _
- [1)_ Certification Test Lubricants.
' ; (1) Engines shall use the luybricants specifTied by the
-engine manufacturer. : .

(ii) Two-stroke engines shall use the fuel-oil mixture
ratio specified by the enqine manufacturer. Emission compliance shall be
'demonstrated for each fuel-oil mixture ratio that is recommended to the
- ultimate purchaser, i

(2)  Service Accumulation Lubricants.
{i)_Engine Tubricants that are representative of

commercially avajlable engine lubricants shall be used in the enqine service

gccumu[atfon,_ |
5. Analytical Gases.

(a)  Analyzer gases. _ :
(1) Ealibration or span Ggases for the CO and CO analyzers
sh?lT-be~singIe blends of CO and CUZ respectively using nitrégen as the
diluent. -

(2) Calibration or span Ggases for the hydrocarbon analyzer
shall be single blends of propane using air as the diluent.

., {3) Calibration or span Ggases for NO, analyzer shall be single
blends of INO named as NO_ with a maximum NO concdntration of 5 percent of
the nominal value using Aitrogen as the dilfent. S
' (4) [Reservedl. o

(5) The allowable zero-grade gas (air or nitrogen) impurity
concentrations shall not exceed 1 ppm equivalent carben response, 1 ppm
carbon monoxide, 0.04 percent (400 ppm) carbon dioxide, and 0.1 ppm nitric
oxide. ' :

(6) "Zero-grade air" includes artificial "air® consisting of a
blend of nitrogen and oxygen with oxygen concentrations between 18 and 2?1
mole percent. C
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_ (7) The use cof proportioning and precision biending devices
(i.e.. gas dividers) to obtain the required analyzer gas concentrations is
allowedable provided their use has been appreved in advance by the
Exeeutive OFfficer- such devices are maintained in_accordance with the
instructions of the device manufacturer.

: (b) Calibration gas. Gaiibratier gases shall be kaewn te within +{-2
percent sf the true values- - ‘ ' :

- (1) __Calibration gas valyes are to be derived from the Nationa]
Institute for Standards and Testing's (NIST's) "Standard Reference

Materials® (SRM's), and are to be single Elends as follows:

: (1) Mixtures of gases that have the following chemical
compositions shall be avaifable: .C-H_ and zero-grade air; CO and zero-darde

nitrogen: NOx and zero-grade initrogZn®(the amount. of NO. contained in this
calibration must not exceed § percent of the NO content$: and. CO2 and zero-

grade nitrogen, ‘ : ; .

(i1} The true concentration of a span gas must be within.
+/-_2 percent of-the NIST gas standard. The true goncentration of a
calibretion gas must be within +/- 1 percent of the NIST gas standard. A1l
congentratijons of calibration gas shall be given on a volume basis (volume

~ bercent or volume ppm).

- {iii) When the gas concentrétion used for calibration .and

_“span_is obtained by means of a gas divider the gas concentration shall be
diluted with either zero-grade N, or zero-grade air {as applicable}. The
. accuracy of the diluted gases ma% be determined to within +/- 2 percent.

_ “{iv) Fuel for the FID detector shall be a blend of 40 +/-
2 percent hydrogen with the balance as helium. The mixture must contain
less than 1 ppom equivalent carbon response: 98 to 100 percent hvdrogen fuel
may be used with advance approval of the Executive Officer.
he accyracy of the diluted gases mav be determined to within +/- 2 percent.

‘ {v) Oxygen interference check gases must contain propane
with 350 +/- 75 ppmC hvdrocarbon. The concentration value to calibration '
gas tolerances shail be determined by chromatographic analysis of total
hydrocarbons plus impurities, or by dynamic_blending. Nitrogen must be the
predominant dijyent with the balance oxvaer.

{vi) Hydrocarbon analyzer burner air, The copcentration
of oxygen must be within 1 mole percent of the oxygen concentration of the
burner air used_in the latest oxvgen interference check (percent CG.])}. 1If
the difference_in oxygen concentration 15 greater than 1 mole percént. the

oxygen interference must be checked and the analyzer adjusted (as necessary)

to satisfy the percent 0.1 requirements. The burner air must contain less |
than 2 ppmC hvdrocarbon.© '

6. [Reserved]. Exhaust Emission MeaSuring Precedure.

ta3 7The steady-state test medes used fer measuring exhaust emissiens
are tisted in Sectien II{43-

.



7. Calibrations, Frequency and Overview.
(a) Calibrations shall be performed as specified in Sections 8
through 14. : .

(b)  [Reserved].

(c) At least monthly or after any maintenance which could alter

calibration, the following calibrations and checks shall be performed: _

' (1) Calibrate the hydrocarboen analyzer, carbon dioxide anhalyzer,
carbon monoxide analyzer, and oxides of nitrogen analyzer (certain analyzers
may require more frequent calibration depending on partiqu]argequipment and
uses;). 4 P : o P S :
o (2) Calibrate the dynamometer as specified in Section 8. If the
dynamemeter recieves a weekly perfermance eReek {and remains within
calibratien}; the menthly ecalibratier meed rRet be performed-

{d) At least weekly. or after any maintenance which could alter
calibration, the tellowing calibrations amd cheeks a CYS system verification

check shall be performeds:. - i

¢1) Cheek the exides of Ritregen converier effitieney. +f eoxdides
of Ritregen and measured; and - ;

€2} PRerfrem a CVYS sysiem verificatiensy and &

€33 Rur a performance check on the dyramermeter~ This check may
be emitted if the dynamemeter has beenr eatibrated within the preceding
meRth- T -

(e) The CVS positive displacement pump or critical Flow.Yenturi shall
be calibrated following initial installation, major maintenance or as
necessary when indicated by the CVS system verification (described in
Section 9). .

() Sample conditioning §o1umns, if used in the CD analyzer train,
should be' checked at a frequency consistent with observed column life or
~ when the indicator of the column packing begins to shaw deterioration,

8, Dynamometer‘Calibration.

(a} The dynémohetér éhé]] be calibrated at least once each month or
performance verified at least once each week and then calibrated as required
using the_dynamometer manufacturer's method of calibration,

-9, Constant Volume Sampler Ca]ibration.

(a)  The CVS (Constant Volume Sampler) is calibrated using an accurate
flowmeter and restrictor valve. Measurements of various parameters are made
and related to flow through the unit. Procedures used by ARB for both PDP
(Positive Displacement Pump) and CFV (Critical Flow Venturi) are outlined
below. Other procedures yielding equivalent results may be used if approved
in advance by the Executive Officer. After the calibration curve has been
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cbfained, verification of the entire system can be performed by injecting a
known mass of gas into the system and comparing the mass injected. An
indicated error does not necessarily mean that the calibration is wrong,
'since other factors can influence the accuracy of the ‘'system, e.g., analyzer
calibration. A verification procedure is found in paragraph (d) of this
s3ection. : : '

(b) PDP calibration. (1) The following calibration procedures
cutlines the equipment, the test configuration, and the various parameters
which must be measured to establish the flow rate of the constant volume
sampler pump. All of the parameters related fo the pump are simultaneously

measured-with the parameters-related“to a Tlowmeter WRich 15 connected in

N series with the pump. The calculated flow rate (at pump inlet absolute
ol bressure,and temperature) can then be plotted versusia correlation function
. which is the value'of a specific combination of pump parameters. The linear

equation which relates the pump flow and the correlation function is then
determined. In the event that. a CVS has a multipie speed drive, a

~calibratien for each range must be performed.

(2) This calibration procedure s based on the measurement .of

-thé absolute values of the pump and flowmeter parameters that relate the

fiow rate at each point. Three conditicns must be maintained to assure the

-accuracy and integrity of the calibration curve. First, the pump pressures

should be measured at taps on the pump rather than.at the external piping on

. the pump” inlet and outlet. .Pressure taps that are mounted at the top center
and bottom center of the pump drive headplate are exposed to the actual pump
~cavity pressures, and therefore reflect the absolute pressure differentials.

Secondly, temperature stability must be maintained during the calibration.
The laminar flowmeter is sensitive to inlet temperature osci]]stions which
gause the data points to be scattered. Gradual changes (+/-1 °C {[ +/-1.8
F31) 1in temperature are acceptable as :long as they occur over a.period of
several minutes. Finally, all connections between the flowmeter and the CVS
pump must be absolutely void of any leakage. .

(3) During an exhaust emission test the measurement of these
same pump parameters enables the user to calculate the flow rate from the
calibration equation.

(4) Connect a system as shown in Figure F78-5. Although

particular types of equipment are shown, other configurations that yield

equivalent result may be used if dpproved in advance by the Executive

Officer. Fer the sysiem iRdicated; the follswing data with given zecuragy

aFe regdHired: Jable 3-1 Ca11bration Data Measurements lists the data
required (with accuracy) for the indicated system.

{5) After the system has been connected as shown in Figure F78-

6, set the variable restrictor in the wide open position and run the CVS

pump for twenty minutes. Record the calibration data. ‘

(6) Reset the restrictor valve to a more restricted conditiecn in
an increment of pump inlet depression (about 1.0 kPa (4 in. H 0)) that wil
yield & minimum of six data points for the total calibration.® ATlow the
system to stabilize for 3 minutes and repeat the data acquisitien.
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© Iable 3-1. Calibration Data Measurements

_Parameter [Sym. | Units | ToTeraﬁces2-
‘ | | I .

Barometric pressure corrected......... PB kPa{in.Hg) - 'ﬁ/_0'03 kPa (+/-0.01 in.

. L 9) L
Ambient temperature.................. T, |°C (°F) +/-0.3°C (+/-0.54°F)
Air Temperature into LFE.,........... ETI % (°F) +/-0.15°C (+/-0.27°F)
Pressure depression upstream of LFE BRI [kPa (1n.=H20) #-0.0TkPa (+/<0.05 in.

. ' 1 .: f : ? HZO i ' .
Pressure drop across the LFE matrix..|EDP [KPa (in. H,0)| +/-0.001kPa (4+/-0.005 in.

=1 HaD -
) S 2 o

Afr temperature at CVS pump inlet....|PTI |° (OF) +/-0.25°C (+/-0.45°F)

Pressure depression at CVS
pump inlet
Specific gravity of manometer
fluid (1.75 o0i] X

Air temperature at CVS pump
outlet (optional) TR :
Pump revolutions during test period
Elapsed time for test period '

-----------------

R I T

--------------------

---------

| I

. |PPI lkPa(in.F]uid)! +/-0.021kPa (+/-0.046 in.
o [ .| Fluid) i

o | I

ASp Grle..oa. L, [ ‘ : _

. [PPO IkPa(in.FTuid)l +/-0.021kPa (+/-0.046 in.

l | Fluid) o

...’PTO l°c (°F) +/-0.25°C (+/-0.45°F)

-IN IRevolutions | -+/-1 revelution

Jt [seconds | +/-0.05 seconds

(7) Data andlysis:
(1)

3 (i1) The air flow rate is then ¢
in m” per revolution at absolute pump injet tempe

_ 3 The air low rate, Q
from the flowmeter data using the manufacfur

V, = (Q./n) X (1,/293) X (101.3/P )

ers'

,» at each test point is calculated
prescribed method.

onverted to pump flow, V0
rature and pressure.

Where: o _ 3, - 9 .
{(A) ‘Vo = Pump flow, m"/rev (ft /rev) at Tp-P
(B) Q; = Meter air flow rate in standard cub
_ - , 0 0
per minute; standard conditions are 20 C, 101.3 kPa (68 F, 29.92

=75~

p.
ic meters

in. HQ.).
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(C) n érPump speed in revolutions per minute.

. 0y (Y T, = Pump inTet temperature, (%K) ='PTI +
273, - - | o R
| (2) For English units, T, = PTI + 460
o | (E) '_(1) Pp = Abso]utg pump inlet pressure, kPa
{in.Hg) = Py - PPI. - R | -
' _ _ (2) For Eng]ish units, Pp = Pg -
PPI(SP.GRT/13,57)1

Where: -
(F) Py barometric pressure, kPa (in.Hg.).
() PPI Pump inlet depression, kPa (in.fluid).

' (H),_SP.GR. += Spec1f1c gravzty of manometer fluid

relat1ve to water

D ' (111) The corre!at1on funct1on at each test-point is then
. ca]cu]ated from the ca11brat1on data : C T

1. [2p

0" Y Sl -2
S n..'r .Pe
‘Where: .
' (A) X, = correlation function.
(B) APp = The pressure differential from pump inlet

to pump outiet, kPa (in.Hg) = e - Pp.
(C) (1) Pe = Absolute pump outlet pressure,

kPa(in.Hg) = PR + PPO.

| ‘ {(2) For English units, Po = Py +

PPO{SP.GR./13.87).
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Where:
' (D) PPO = Pressure head at pump outlet, kPa
{(in.fluid).

| (iv) A linear least squares fit is performed to generate
the calibration equations which have the forms:

VO = D0 - M(XO)
Doé_M, A, and B are the slope-intercept constants, describing the lines.

(8) CVS system that has multipie speeds shall be
calibrated on each speed used. The calibration turves generated for the
ranges will be approximately parallel and the intercept values, D_ will
increase as the pump flow range decreases, °

" (9) If the calibration has been performed carefully,
the caleculated values from the equation will be within +/-0.50 percent of
the measured value of V_ Values of M will vary from one pump to another, but
values of D_ for pumps 8f,the same make, model, and range should agree
within +/-3"percent of each other. Particulate infiux from use will cause
- the pump s1ip to decrease as reflected by Tower values for M. Calibrations
should be performed at pump startup and after major maintenance to assure
the stability of the pump slip rate. Analysis of mass injection data will
also reflect pump slip stability. - o o

-~ A{e) CFY calibration,
(1) Calibration of the Critical Flow Venturi (CFV) is based upon .
the Tlow egquation for a critical venturi. Gas flow is a function of out
pressure and temperature: =~ -

v

Q=
JT
Where:
' (1) Qg = Flow.

(i1) Kv = Calibration coefficient.
{(iii) P = Absolute pressure.
(iv) T = Absolute temperature.

The calibration pFocedure described below establishes the value of the
calibration coefficient at the measured values of pressure, temperature and
air flow.
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. (2) The tgst.gqgigmen; manufacturer's recommended'procédure
shall be followed for catibrating electronic portions of the CFV.

: : (3) Measurements recessary for flow calibration are as £eljewss
listed in Table 3-2 Calibration Datas Measurements.

Table 3-2 Calibration Data Measurements -

Parameter : [Sym. [ Units ] Tolerances.
S [
Barometric pressure corrected........ PB kPa(in.Ha)... - +/50.03 kPa f+fi-2.014n.
. ; o e ‘ Hg
Air Temperature, flowmeter........... ETI [°C (°F) +7-0.15°C (+/-0.27°F)

y Pressure depression upstream of LFE..{EPI |kPa (in. HZO) +/-0.01kPa (+/-0.05 in.
_ ‘ * o - H,0 ' :
Pressure drop across the LFE matrix..|EDP |kPa (in. HZO) 4;-0.001kPa (+/-0.005 in.

: : . : H,O
Air-flow...... ... ..., e e i QS m?min (ft?min) -f%-O.S%
CVS.inlet depression............. oo IPPT TkPa(in.Fluid) | «/-0.02kPa (+/-0.05 in.
o 3 o R i | | Fluid)
Specific gravity of manometer b N : _
fluid {1.75 0i1).yevnn..... . ISP Grla L | ‘ L
- Pressure head at CVS$ pump outlet..... IPPG  [kPa(in.Fluid) | +/-0.021kPa (+/-0.046 in.
Lo P e o A A o ol Fluid) o o :
~ Air temperature at venturi inlet..... T, 17 C(°F) : +/-0.257C (+/-0.45°F)

. (4) Set up equipment as shown in Figure F78-6 and check for
leaks. Any leaks between the flow measuring device -and the critical flow
venturi will seriously affect the accuracy of the calibration.

(5) Set the variable flow restrictor to the open position, start

the blower and allow the system to stabilize. Record data from all
instruments.

(6) Vary the flow restrictor and make at least & readings across
the critical flow range of the venturi.

(7) Data analysis. The data recorded during the calibration are
to be used in the following calculation:

' (i) The air flow rate, Q_, at each test peint is
caiculated from the flowmeter data using tRe manufacturer's prescribed
method.
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- (i1) Calculate values of the calibration coefficient for
each test point: : , :

_ Where: o . -
'5 . (R) Q= Flow rate in m3iminute, standard conditions
are 20 °Cm. 101.3 kPa (68 °F, 29.92 in.Hg) _
I (B) T, = Temperature at venturi inlet, °k(°R).
() (1} P, = Pressure at venturi inlet, kPa (mm

Hg) = Pg-PPI.
For English units, P, = Pg = PPI(SP.GR./13.57).

(D) PPI = Yenturi inlet pressure depression, kPa
(in.fluid). o _ _
I (E) SP.GR. = Specific gravity of manometer fluid,

relative to water. : - '

(i) Plot K, as a function of venturi inlet depression.
For sonic flow, K, .will have % relatively constant value. As pressure
decreases (vacuum'increases), the ventur3 becomes unchoked and K, decreases
. {is no longer constant). See Figure F78-7. _ :

(iv) For a minimum of 8 points in the critical region,
calculate an average K and the standard deviation.

(v) If the standard deviation exceeds 0.3 percent of the
average Kv’ take correction action. ‘

(d) CVS system verification. The following "gravimetric” technique can
be used to verify that the CVS and analytical instruments can accurately
measure a mass of gas that has been injected into the system. If the CVsS
and analytical system will be used only in the testing of gasoline-fueled
engines, the system verification may be performed using either propane or
carbon monoxide. (Yerification can also be accomplished by constant flow -
metering using critical flow orifice devices.)} _ :

(1} Obtain a small cylinder that has been charged with pure
propane or carbon monoxide gas (caution-carbon monoxide is poisonous).
(2) Determine a reference cylinder weight to the nearest 0.01
grams.
' (3) Operate the CVS in the normal manner and release a quantity
of pure propane or carbon monoxide into the system during the sampling
+ period (approximately 5 minutes).
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_ (4) The calcuiations of Section 26 are performed in the normal
way except 'in the case of propane. The density of propane (0.6109 .
kg/m>/carbon atom (17.30 g/ft%)is used. ' |

: : (8) The gravimetric mass is subtracted from the CVS measured
mass and then divided by the gravimetric mass to determine the percent
accuracy of the system. o S _ _ _
. () The cause for any discrepancy greater than +/-2 percent must
be feund and corrected. ' ' —

10. Hydrocarbon Analyzer Calibration. -

~(a) The FID hydrocarbon athyzer_sha}1 receive the following initial
and periodic calibration. ‘

"~ (b) Initial and periodic.optimization of detector response. Prior to
its introduction into service and at Jeast annually thereafter, the FID
hydrocarbon analyzer shall be adjusted for optimum hydrocarbon response.
Altérnate methods yielding equivalent results may be used, if approved in
advance by the Executive Officer. o _ C

(1) Foilow the analvzer manufacturer's instructions or good
engineering practice for instrument startup and basic operating adjustment
using the appropriate FID fuel and Zero-grade air. ' _

: ~ ~ {2) Optimize on the common operating range. Introduce into the

‘1,ana1yzér a8 propane in air mixture with a propane concentration equal to

approximately 90 percent of the most common operating range.

(3) Select an operating FID fuel flow rate that will give near

maximum response and least variation in response with minor fuel flow
variations.

! (4) To determine the opt imum air flow, use the FID fuel flow
setting determined above and vary air flow. :

(5) After the optimum flow rates have been determined, record
them for future reference.

(¢) "Initial and periodic calibration. Prior to its introduction into
service and monthly thereafter the FID hydrocarbon analyzer shall be
calibrated on all normally used instrument ranges. Use the same Tlow rate
as when analyzing sample.

(1) Adjust analyzer to optimize performance.
(2) Zero the hydrocarbon analyzer with zero-grade air.
(3) Calibrate on. each normally used operating range with propahe
in air calibration gases having nominal concentrations of ib; 2385 4B; 69
765 ard 90 10, 20. 30, 40, 50. 6G, 70. 80 and S0 percent of that range.
For each range calibrated, if the deviation from a ieast squares best-fit
straight line is 2 percent or less of the value at each data point, -
concentration values may be calculated by use of a single calibration factor
for that range. If the deviation exceeds ? percent at any point, the best-
fit non linear equation which represents the data to within 2 percent of
each tesi point shall be used to determine concentration.
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11. Carbon Monoxide Analyzer Calibration.

(a) Initial and periodic interference check. Prior to its introduction
into service and annually thereafter the NDIR carbon monoxide analyzer shall
be checked for response to water vapor and {0,:

(1) Follow the analvzer manufactu?er's instruction for
instrument startup and operation. Adjust the analyzer to optimize
performance on the most sensitive range. .

(2) Zero the carbon monoxide analyzer with either zero-grade air .
or zero—grade nitrogen.

(3) Bubble a mixture of 3 percent CO2 in Nz through water. at
room temperature and record analyzer response.

(4) An analyzer response of more than 1 percent of full scale
for ranges above 300 ppm full scale or of more than 3 ppm on ranges below
300 ppm full scale will require corrective action. (Use of conditioning
columns is one form of corrective action which may be taken.)

(b) Initial and perijodic calibration. Prior to its introduction into
service and monthly thereafter the NDIR carbon monoxide analyzer shall be
calibrated. ‘

(1) Adjust the analyzer to optimize performance.

(2) Zero the carbon monoxide analyzer with either zero grade air
or Zero grade nitrogen. - - ‘

{3) Calibrate on each normally used operating range with carbon
monoxide in N, calibration gases having nominal concentrations of ibsy 305
4b5 68y 7B+ aad 96 10. 20, 30. 40, 50, 60, 70. 80 and 90 percent of that
range. Additional calibration points may be generated. For each range
calibrated, if the deviation from a least-squares best-fit straight line is
z percent or less of the value at each data point, concentration values may
be calculated by use of a single calibration factor for that ranga. If the
deviaiion exceeds 2 percent at any point, the best-fit non-linear equation
which represents the data to within 2 percent of each test point shall be
used to determine concentration. , _

12. Oxides of Nitrogen Analyzer Ca]ibrqtiqn.

- (&) Prior to its introduction into service and weekdy monthly
thereafiers; 4f oxides .of Attregen are measureds the chemiluminescent oxides
of nitrogen analyzer shall be checked for NO, to NO converter efficiency.
Figure F78-8 is a reference for the fo]1ow1n5 steps: o

(1) Follow the analvzer manufacturer's instructions for
instrument startup and operation. -Adjust the analyzer to opftimize
performance. : -
(2) Zero the oxides of nitrogen analyzer with Zzerozgrade air or
zero-grade nitrogen. _ ' ' ' :

(3) Connect the outlet of the NO generator to the sample inlet
of the oxides of nitrogen analyzer which has*been set to the most common
operating range. - . T o

.~ (4) Introduce into the NO generator analyzer-system a NO in
nitrogen”(Nz) mixture with a NO conceftration equal to approximately 80
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percent of the most common operating range. The NO, content of the gas
mixture shall be less than § percent of the NO concéntration.
L (B} With the oxides of nitrogen analyzer in the NO mede, record
the concentration of NO indicated by the analyzer. ) :

(6) Turn on the NO_ generator 0. (or air) supply and adjust the
0, (or air) supply and adjust fhe 0 for a#g} Tlow rate so that the NO '
iﬁdicated by the analyzer is about %0 percent less than indicated in step 5,
Record the concentration of NO in this NO+0, mixture.

(7) Switch the NO, generator to“the generation mode and adjust
the generation rate so that tKe NO measured on the analyzer is 20 percent of
that measured in step 5. There must be at least 10 percent unreacted NO at
this: points “Record the concentration of residual NO.

(8) Switch the ;oxides of nitrogen analyzer to the NOX mode and
measure total NO . . Recordithis value. ;

, (9)_'§witch off -the NO_ generation but maintain gas flow through
the system. The oxides of nitrogen analyzer will indicate the NOxin the
ND+02 mixture. Record this value.

: (10) Turn off the NO generator 0, (or air) supply. The
analyzer will now indicate the N in the oriéina] NO in N, mixture. This
value should be no more than 5 pefcent above the value ind?cated in step 4.

(11) Calculate the efficiency of the NOx converter by
substituting the concentrations obtained into the following equation:

Percent Efficiency={1+(a-b)/(c-d)}x100
‘where: S :
‘a=concentration obtained in step (8).
b=concentration obtained in step (9).
c=concentration obtained in step (6).
d=concentration obtained in step (7).

If converter éffiéiency is not greaterfthan 90 percent corrective action
will be required.

(b) Initial and periodi¢ calibration. Prior to its introduction into
service and monthly thereafter, if oxides of nitrogen are measured, the
chemiluminescent oxides of nitrogen analyzer shall be calibrated on all
normally used instrument ranges. Use the same flow rate as when analyzing
samples. Proceed as follows; : ' '

' (1) Adjust analyzer to optimize performance.
(2) Zero the oxides of nitrogen analyzer with zero-grade air or
zero-grade nitrogen.
. {3) -Calibrate on each normally used operating range with N0 in
N, calibration gases with nominal concentrations of 50 and 100 percent of
tﬁat range. Additional calibration points may be generated. '

13. Cafbon Dioxide Analyzer Calibration.

(a) Prior to its introduction into service and monthTy-thereafter the
NDIR carbon dioxide analyzer shall be calibrated:
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_ (1) Follow the analyzer manufacturer's instructions for
instrument startup and operation. Adjust the analyzer to optimize’
performance. ' ' ' L '

. {2) Zero the carbon dioxide'ana]yzérfwith'either zero-grade air

. or zero=-grade nitrogen.

(3) Calibrate on each normally used operating range with carbon
dioxide in N, calibration gases with nominal concentrations of 165 305 455
685 765 ame 80 10, 20, 30, 40. 50, 60. 70. 80 and S0 percent of tias range.
Additional calibration points may be generated. For each range calitrated,
if the deviation from a least-squares best-fit straight line is 2 percent or
less of the value at each data point, concentration values may be calculated
by use of & single calibration factor for-that range. If the“deviation "
exceeds 2 percent at any point, the best-fit non-linear equation which

represents the data to within 2 percent of each test point shall be used ta
determine ‘concentration. v

14, Ca1ibration of Other Equipment.

Other test equipment used for'tésting shall be calibrated as often as
required by the manufacturer or &8s necessary according to good practice.

~ 15. Test Procedures, Overview.

£a} The pFaeeéuFes described ik this and subsequent seetions are wsed

 te determine the confirmity 6f engines with the standards set ferth $n the

gererat previsienss

© ¢b} The evera}} test comsists of preseribed sequences of eperating
conditiens~ - ‘

te} 7The exhaust emissier test js desigred to determinre hydrecarbens ,
€¢3Fben merexidey and exides of Ritrogen mass emissioRs: A PFepertisral part
of the diluted exhaust emissiens 35 collected €ontinuously for subseguent
aratysiss using a esnstart velume fvariable d+lutisr} sampler+

td} Except 3n cases of compenent malfupetisp oF failyres all emis53enR
eoRrtrFed systems imstalled on sF ineorperated in a Rew moter engine sha+d be
funetiorirg during al} Precedures ir these previsisns: Mainteranece to

€oFFect compoRent malfurciien sF failure Shait be 2uiherized im accordance
with Seetdien I-

() The appropriate six-mode test cvele for non-handheld equipment
gngines. and the appropriate two-mode test cvcle for handheld equ ipment
engines, shall be utilized (Se= Table 1-1 Engine Test Cvcies; Part I.

Section 20).

{b) Particulate matter measyrement data and results shall be generated
by the use of a test procedure, as allowed by the Fyecutive Officer.

outlined in Part IV (i.a., Internationzl Organization for Standerdizaticn

(IS0) test procedyre 8178-1 RIC engines - Exbaust emissions measurement.
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Part I: Test bed measurement of gaseous and particulate exhaust emission
from RIC engines. Version N124, November 11. 1992). L

16. Test Sequence Conditions, General Requirements.

(a) Ambient temperature levels encountered by thg test Sngine
throughgut theotest sequence shall not be Tess than 20° ¢ (68~ F) nor more
than 30 C (86° F). 7The engine Non-handheld engines shall he
2ppreximately level during the emission test to prevent abnormal fuel
distributien. :

17. Engine Preparation.

fa3 The manufacturer shall provide additional fittings and adapéeps? a5
Fequired by the Executive Offiecer for exhaust sampte eollectien-

{a) Engine Service Accumulation and Stabilization Procedure.

(1) The procedure for stabilizina the exhaust emission of an
engine shall be the service accumulation procedure determined by the engine
manufacturer, and shall be consistent with good engineering practice,

(2} The engine manyfacturer shal] defermine, for ieach engine
family, the amount of time required for stabijlization of the engine-
displacement-system combination with respect to emission test purposes,
However, this stabilization time peried shall nof exceed 12 hours unless. an
allowance to do so is_approved by the Executive Qfficer. The engine.
manufacturer shall maintain, and provide to the Executive Officer upon
request. & record of the rationale used to determine the time period
required for emission contrsl system stabiljzation, The enqine manufactyrer

may elect to accumulate 12 hours on each test engine within an engine family
without making this determination. L -
{3) - The appropriate fuel and lubricants specified jn Section 4 of

this Part shall be used in service accumulation.
{4) _Engine maintenance that is performed in service accumulation
shall be conducted in accordance with Part I, Section 22,

{b) _ Anajvzer Pre-Test Procedures, : _
{1) Filter elements shatl be replaced or cleaned as_necessary;
and the system shall be leak checked. The maximum allowable leakage rate on

a. vacuum side of a portion of the system is 0.5 percent of the in-use flow
rate in_that portion of the system. The maximum dllowable leakage rate on a

bressure side of a portion of the system is b percent of the jn-use flow -
rate in that portion of the system, The emission_analyrzers shall be
stabilized as necessarv prior to calibration: heated sample lines., filters
and pumps_shall be stabilized thermally as necessary.

{2) _Perform (as applicable) svstem checks. such as, sample-1line
temperatures. system response time, hydrocarbon hang-up, etc. '
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{3)  Analvzer zero and spar shazll be checked before and after
each test cvecle, : '

(4) System fiow rates and pressures shall be checked. and re-set
.88 required. _

18. Engine Preconditioning.

tay The engire shall be meved te the test area ard the feollewing

eperatians perfermeds

€13 The fuel tank{s} shall be draired and charged with the
specified test fuels Seetien 45 to half the tank{s} capacity-
: " {23 7Yhe ergire shall be placed en a dynamemeter and eperated
threugh the applicable mede schedule {see Sestisn I1 {1233+ 7The ergine need
Aot be celds anmd may be used te set dynamemeter RoFsepewer- ‘

{67 Within five {5} minutes of complietier of preconditioningy the
ergine shall be Femeved from the dynamemeter and moved e the seak area~
fke ergine shall be stered for Rat Jess thar Lhe feilowing times prier teo
the eold stari exhaust fest-

~

In ne ease shall the engine belstepeﬂ tor mere thar 36 heurs prier te the
ExRaust test- :

{a) Spark-ignitijon engines shé11 be preconditioned as follows: ‘
_ (1) - Operate the engine at a power greater than or equal to 50 i
percent maximum power gt the rated or intermediate speed (as ‘applizable) for

- 20 minutes,

{b) Diesel-cvcle engines_shall be preconditioned as follows:
) Qperate the engine at idle for 2 to 3 minutes:

: (2) _Operate:the engine at approximately 50 percent power at the
maximum_torque speed for & to 7 minutes: and.

{3) DOperate the engine at rated speed and maximum power for 25

Lo 30 miputes,

{¢c) For both spark-ignition and diesel-cvcle engines, the engine
service accumulation may be substituted for the gngine preconditioning if
such service agcumulation has been occurring for at least 40 minutes prior
to commencing_the test cvcle,

{d) The test cycle portion of the emission test (i.e.. the initial
thermal stabjlization determination) shall beain within 5 minutes after
completing the engine preconditiogning.

(e} Test modes shel] be performed in the numerical order specified for -
the appropriate test cvcle.

{f) Determine the maximum engine toraue output at the rated or
intermediate engine speed. as applicable. For non-handheld engines.
determine and _record the torgue values that correspond to 75, 50, 25 and 10

percent of the maximum engine torgue output. The minimum torque capabilijty

of gn _engine may be substituted for the 10-percent value when a 10-percent

value of the maximum engine teraque output is not attainable.
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13. Dynamometer Procedure.

(a) Engine and Dynamometer Start-up.
&) Only endine adjustments in accordance with Sectiopn 22 of
Part T shall be allowed prior to the start_of a test. .
{2) The dynamgmeter shal] be warmed uUp as necessary. and as
recommended by the dvnamometer manufacturer: or use good engineering

practice. _ : . g
{3) _An engine mav be operated using the engine's speed governor

if the engine is so equipped, or with the torottle in a fixed position. The.
requirements of Section 15(b) must be satisfied, '

4 Once engine speed and load are set for a particular mede,
the engine shall be operated for a sufficient period of time to achigve
thermal stability. The objective is to stabilize al] gngine parameters that

affect emissions prior to the start of dny emissions measurements.. The .
method used to determine thermal stability (e.q.. variation in cylinder

temperature, engine oi] temperature. etc.) shall be recorded.

taj(b) The dynamemeter Fum comsists ef a “hot" rurning test- The
enrgine shall be started apd warmed-up per mahufeaturer specifications- The
exhaust emissions are diluted with ambient air and a continuously
proportional sampie is collected for analysis during each phase test mode.
The composite samples collected in bags are analyzed for hydrocarbons,
carbon monoxide, carbon dioxide, and fer oxides of nitrogen. A parallel
sample of the dilution air is similarly analyzed for hydrocarbon, carbon
monoxide, carben dioxide, and fer oxides of nitrogen. :

£b3(c) Separate:bags,sha11 be collected for each eperating fest mode
of the appiicable test cycle during the FUAR4Rg exhaust emission test.

€c3(d) The ergire speed shai} be measdreds; and a speed vs- bime

Feecordingsy as evidenece of dyrRamemeter test vatidity; shall be supplied en
Fequest of the Exeeutive Offiecer: Ip order to verify that the test engine
has followed the test cyele correctly. the dynamemeter or engine readsiit
signals for speed and torque must be collected in a manner that allows a. .
statistical correlation between the actual engine performance and the test
cycle. Normally, this collection Rrocess would jnvolve conversion of the
gnalog dynamometer or engine signals inte digital values for storage into a
microprocessor, The conversion of the dynamometer or engine values that are

used to evaluate the validity of engine performance. in relation to the test
cycle shall satisfy the tolerance specifications outiined in Section 21.
paragraph (a).

{d} If the dynamemeter has'ﬁet beer eperated during the twe-heur perisd

immediatedy preecding the tets; $t shall be waFmed Wp as recommended by the
dynamemeter mamnufacturer- .. . T S
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‘to keep the engine running.

fey If the dyramemeier Horsepower must be adjusted manwally; it skall be
set withinm oRe hsuF prisr o the exhaust emissions iest phase- The Lest
ergine shail Ret be used to make this adjustment- Dynamemeters using

- autematic eontrel ef preselectable power settings may be set anpytime prier

ts the beginning of the emissisRs tesk-

20, Engine Starting and Restarting.

(a) (1) The engine shall be started according to the manufacturer's
recommended starting procedures. . '

: (2) Choke operatien. (i) Engines equipped with automatic chokes
shall be operated.according:-to the instructions in the“engine manufacturer®s™
operating instructions or owner's manual_ineluding choke setting and “kiek

- dewn- from celd fast idle-

(1i) Engines equipped with manual chokes shall be operated
according to the engine manufacturer's operating instructions or owner's

- manual.’ Wher times are provided 4m the insiructiens; the Execuitive Officer

may speeify the speeifiec poaint for eperatieny within 1B secerds of the

- Fecommended times

(3) The operat6r7may-Use the choke, throttle etc. where nécessary_

- €4} If the manuiae%aFeFls'apeFat4ag irstruetions eF ewreris

T marual do Ret spaeify a warm engine starting procedures; the erRgine
~fautematic and manrual choke ergines) shall be staried by epening the
~threttie abeut half way and eranking the ergine until it starksr

€6}  Reserved. _ N
¢e} If the engime dees ﬂé? start after ten secepds of erankings eF ten
eyeles of the manuat. starting meehanismy eranking shall ceases the test

T

shall be veideds The BRgRE  Fereved frem the dynamemeter; eerrective actien

taken 4n aceordance with Seetisnrs I £22 and 23}y and the ergime rescheduled

for test- The reasen fer the malfunciion £4f determined} and the eorrective
actien takemn shall be reperieds

 £d3 If the engine “false starts®, the eperater shald repeat the recem-
meneed starting precedure {sueh as Fesetting the ehekey etex)

te} Stallirgr {1} If the engime stalls duFing ar operating medes the
enginre shail be restarted immediately and the test certiRued-
€23 If the engine will met restart within oRe Ainrutes the fest
SAald be veddedy the engine remeved from the dyramemetery corrective actien
takers amd the engire rescheduled fer test- The Feasok for the malfumciien
(3f determined) and the correective aectism taken shall be reperted-

21. Dynamometer Iest Runs.

(2) 7The engire shall be allewed te stamd with the engine Eturned off
{see Seetion 18 for reguired time}- The engine shall be stored prier to the
emission test in such a manner that precipitation (e.g., rain or dew) does
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not occur on the engine. The dynamometer test consists of a steady-state
het runnring dilute_exhaust gas sampling procedure. The ergime shall ge
threugh a sequeree of selective operation modes as shewn 3R Seectien II
£i23+ '

(b) The following steps shall be taken for each test:

(1) For all engines, with the sample selector valves in the
“standby” position connect evacuated sample collection bags to the dilute
exhaust and dilution air sample collection systems.

: (2) start the CVS (if not already on), the sample pumps and the
temperature recorder-, and {Ithe heat exchanger of the constant volume
sampler, if used, o

(3). Adjust the sample flow rates to the desired flow rate” and™
set the gas flow measuring devices to zero. _

' (i) For gaseous bag samples (except hydrocarbon samples),
the minimum flow rate is 0-17 efm £6-68 3fs53- 0.08 1/s (0.17 cfm). o

(i) For hydrocarbon samples, the minimum FIB flow rate is
€-066 efm {0-03% 3{s)- 0.031 1/s (0.066 cfm).
Note: CFV sample flow rate is fixed by the venturi design.

(4) Attach the flexible exhaust tube to the engine tailpipe{s)
exhaust outlet. .. - ‘ : '

() Start the gas flow measuring device, position the sample
selector valves to direct the sample flow into the "steady-state" exhaust
sample bag, the "steady-state" dilution air sample bags turr the igritier -
@Ry and start cranking the engine.- : : :

(6) After the engine completes the engine manufacturer's
specified warm-up period, engage the dynamometer. :

- {7) Operate the engine according to the methed set forth 3g
Seetior 6- appropriate test cvcle (See Table 1-1 Engine Test Cycles. Part .

(8) Collect gaseous emissions for each ‘mode of the test cycle fn.

a sepa}ate sample bag. Gaseous emissions shall be collected for a perjod of .

four (4) minutes for each test mode.
- (9) Turn the engine off 2 seconds after the end of the last test

mode.

(10) Five seconds after the engine stops running, simultaneously
turn of f gas flow measuring device Ne- 2 and position the sample selector
valves to the "standby" position. Record. the measured roll or shaft
revolutions, (both gas meter or flow measurement instrumentatijon readings),
and re-set the counter. As soon as possibie, transfer the "stabilized”
exhaust and dilution air samples to the analytical system and process the
samples according to Section 22, obtaining a stabilized reading of the
exhaust bag sample on all analyzers within 20 minutes of the end of the
sampte collection phase of the test. - ' o . _

(11) Turn off the CVS or disconnect the exhaust tube from the
- tatipipefs) exhaust outlet of the engine. . ,

(12) Gentinueus monitering of exhausi emissiens will pet
Rermaily be allewed- Specific written approval must be obtained from the
Executive Officer for continuous monitoring of exhaust emissions.__Such an.
approval will require that analyzers used for continuous analysis be.
operated so that a measured concentration is between fifteen (15) and
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eighty-five (88) percent of fyll-scale deflection. and be gquipped with
automatic range change circuitry, and_other requirements thef may be -
specified by the Executive Officer. - '

{¢})- Sather samples of all required mods] emission data specified in .
Section 25, The duration of time during which these data_are recorded. shall

be_labeied as the "sampling period”. The data coliegted dur?nq‘the sampling

pericd shail be used for modal emission calculations.

!ej A test mode mav be repeated.

() If & delay of more than one (1) hour occurs befween tHe end of
one mode and the beginning of another mode, the fest is void and shall be

- re-started with the engine preconditioning sequance (Sectijon 18).

{g) The engine speed_and load values specified in Table 1-1 Engine
Test Cycles. Section 20, Part I. shall be maintained fo within +/- five (5)
percent for a power mode. The engine speed only shall be maintained to
within +/- %en (10} percent of the engine manufacturer's specified engine
idle _speed for an idle mode. When a tordue that is less than 0.27 Nm (0.2

1b-ft) is applied to the engine. the enqine speed and load shall be

maintained to the smallest tolerance that is possible within the

- gapabilities of the test equipment ‘and by the use of good engineering

practice. Such tolerance ranges shall be determined and recorded for each

. lest mode,
(h) The Executive Officer shall specify tolerances for encine speed_

and Joad for test purposes when such specifications are supported by test
data and results, surveillance information, and other engineering -
information. o ‘ - : L S

(i) If the test_gguinmént malfunctions at any time during a test
mode., the test is void and shall be aborted, Corrective action should be
taken and the test re-started.

i If the engine stalls while in & test mode, the engine shall be
re-started immediatelv and the test continued at Section 18(d)} of this Part.

If the engine is not re-started within two (2} minutes, the test shall be
voided. If maintepance is reauired op the engine., advanced approval from
the Executive Officer is required as specifijed in Section 23 of Part I.
After corrective action is taken. a test of the engine may be re-scheduled.

Ihe reason for the malfunction (if determined) and the corrective action
conducted. ‘

(N Idle-mode fyel and air flow megsyurements may be determined
immediately before or after the dynamometer sequence as dictated bv good
engineering practice.
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22. Exhaust Sample Analysis.

The fellewipg sequerce of eperations shall be perfermed 4n €enjuretien
with eaech series of measurementss:
ta} Fer €05 GO, HE; ard NOxs:
£13 ZerB the analyzers ard ebtaim a stable zere Feading- Reeheek
after tesis-
€2} IRtreduce span gases amnd set 4RStrument gains- In erder te
avoid eFrFeorsy spam and ealibrate at the same flew rates used %o gnalyze the
test sample- Spar gases should have coReentrations equal &e 76 to 180
pereent of full seale- If gaim has shifted sigrificartly on the“smalyzersy
cheek the ecalibrations- Shew actual eoreentrations on chark-
€33 Gheek zeros; repeat the precedure in paragraphs {a} {1} and
€2} of this seetion if required- :
€4} Gheck flew rates and pressures- : .
€6} Measure HG; GG EQE; aRdy 4f apprepriate; NOx-
cencentrations of samples- _ :
{6} GCheek zere and spam peiris- If difference 4s greater thap 2
pereent of full scaley Fepeat the precedure in paragraphs {a} {1} threugh
(5) of this seetion~

(a) Measure HC. CO. €O.. and NOx concentrations in the exhaust sample.
{1) Fach analyzefF range that may be used during a test cvcle
shall have.the zero and span response recorded prior to the execution of
each fest cvcle. Only the range(s) used to measure the emissions during a
test cycle is required to have its zero and span recorded after the
completion .of the test cvecle.  The span shall be conducted at the same flow
rates used to apalyze the test sample. Span gases should have ‘
concentrations equal to 75 to 100 percent of full scale, Actual .
concentrations shall be recarded. ; o
{2) Filter elements mav be replaced between modes.
0L sSystem leak chegcks may be performed between modes.
{4) A hydrocarbon hang-up check may be performed between modes’

{b)__Analyzer Post-Test Procedures. : _

{1} _Perform a hvdrocarbon hang-up check within one minute of
the completion of the Jast mede in the test cvycle. -

(2) _ Analyzer span checks shall commence within six (&) minutes
of the completion of the last mode in the test cvele. The zero_and span
‘Lesponse for each analyzer range used in the test cvele shall be recorded,

{3) A vacuum check shall be performed immediately after the
span checks if filter elements were tleaned or replaced in the test. The
resylts shall satisfy the specifications of Section 17(b)(1) of this Part. .

{4)  The analyzer drift between the before- and after-test cyele

span checks of each analyzer shall satisfy the requirements as_follows:
{A) _The span drift (i.e.. the change in the difference

between the zero response and the span response) shall pot exceed two {2)

percent of the full-scale deflection for each range used in the test.
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. {B) _The zero response drifi shall not exceed two (2)
percent of fuyll-scale deflection for each range used above 1855 ppm (or

ppmC): or three (3) percent of full-scale deflection for egach range below
155 ppm {or ppmC). o : :

23.'iEg§g[!gd}, Weighing Chamber and H$EFegFam Balaree Spee%i%eat%ansf

ta} Ambient comrditioms: {1} Temperature- The temperature 8f the
ehamber {er Fesm} 4R which the paFt#EH%ateeiéJtEFséaFe ecnditioned and -
weighed shs44 be maintained ke wéthgn + 337 F {+ 67 6} of a set peint
Betweer 68" F {20° 6} ard 86° F {30 €3 during a1l filter eenditiening and
weighing- : _ :

o o £2) Humidity. The relative Rumidity of the chamber {or Feems 4R
which the particulate filters are conditiened ard weiched shall be

maintained to withim + 10 pereert {relative humidity) of a set peirt between
38 anrd 70 pereent during ald filter esRditiening and weighing- :

- £33 The chamber {oF room) enviroAment shall be free of aRy
ambient centaminants {such 85 €ust) that would setfle ep the partieulate

- fiiters during their stabilizatien- It is required that at least twe urused

rereFenee ¥ilters remain 4n the weighing Foem at all times in evered tte
.Feduee dust cemtaminatiom) but urseated {te permit humidity exchange} peiri
‘dishesr These refererece filters shall be piaced in the same gereral area as

"the sample filterss These reference filters shall be weighed within 4 hours
ety but preferably at the same time asy the'samp4e filter weighings~

S t43 If the awerage we#ght of the reference filters changes
between sample filter weighings by + B-0 percent oF mere of the RemiRal
filter leading {2 rFecommerded minimum of 6-3 .milligrams)s them all sampie

fitters 4n the precess of stabilizatien shall be disecarded ard the emissioRs
tests repeated-

~ £63 If the average weight of the Fefererce filters chaRrges
betweern sampie filter weighings by mere than -1-0 pereent but Jess thar -5-0
pereent of the romimal filter teading {a weight less) ther the marufaciurer
has the eptien of either Fepeating the emissiens test or addirg the average
amobRt of weight less te the pet weight of the sample-

t63 If the average weight of the refereonce filiers ehanges
betweer sample filter wveighing by mere tham 1:0 percent but Jess than 6-9
pereerz of the memimal filter leading fa weight g2+n}; then the marufacturer

Ras the optien of either repeatirg the emissiers test gp acecepting the
measured sampie filter weight values-

{?} if the average weight of ihe referepce filters changes
betweer sample filter weighings by Aot mere tham + 1-0 pereerts them the
measured sample filter weights shall be used-
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t8) The refererce filters shall be ¢harged at least once a

' moRthy but Rever between elean and wsed weighings of a given sample filters
Mere tham one set of reference filters may be usedr The refereres filters
thald be the same size and material as the szmple filters-

tb} Weighing balarce specificatiors~ The micregram balanee used e
determine the weights of all £ilters shall have a preeisien {standard
deviatieny of 20 misregrams ard Feadabidity of 10 micrograms-

24, [Reserved]. Particulate £ilter Hardling ard Weighing-

€2} At least 1 hours but ret mere thar 80 heurs; befsre the test- p4aeéﬂ
each filter iR a eclisied {te etimindte dust eortamiration) but uasealed {te
permit ' humidity exthange) petrs dish and place 4R a weighirg chamber meeting
the specifications of Sectiep 23 fer stabilizatien~.

£} At the end of the stabilizatisn periedy weigh eaeh filier o a
bataree Raving a precisien ef 29 micFegrams aRd a Feadibility eof 310
miErograms+ ‘ :

€63} The Filter shall them be stered in a eovered petri dish er a sealed
filter heldery either of which shall remair $m the weighing chamber wntil
Reeded for testings : S

£d) ' If the f£ilter 45 met wsed within 1 hour of its remeval from the =
weighing chambers it must be re-weighed befere wser Fhis Jimit of 1 heur may
be replaced by an 8-Ratr 1imit if either of the fellowing three esmditions
are mets ' oo . : .

&) A stabilized filter 45 placed and kept in a sealed filter
Relder assembly with the erds pluggeds eF

€2} A stabilized filter is placed 4m a sealed filter helder
assembiys whieh 35 .thep immediately placed iR a sampie 1ipe through whieh
there 45 ne flews eF _ :

GQ}V.A'eembinatépn of the corditiens specified 4n paragraphs {d3}

{1} and £2)-

te} After the emissiong testT and after the sampJe'and baek-up f£ilteps
have beer returred te the weighing Feem afier being useds they must be -
corditiened fer at_%easé 2 haus but Rot mere than 80 heurs ard thHen weighed-

£} The Ret weight eof each filter is its gress weight minus its tare
weight- Sheuld the sample or the filter centact the petri dish oF -any ekther
surfaces the tesi 45 veid and must be rerun- S S

€8} TFhe particulate filter weight {P_3 is the.sam of the net weight of
the primary filter plus the net weight of the backup filter-
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each mode,

{h} the feoliewing ept#éna% weighing procedure 3s permiticd:

i £33} At the enrd of the stabilizatien perieds weigh beik the
primary ard baek-up filters as a P&iF oR & balanee having a preeisisn of 20

. micregrams ard a readibility ef 10 RicFegrams -

: {23 Afier the emissiens tesi, 4R Femewing the filters frem the’
fitter Roldery the back-up filter is inverted em tep of the primary filter-
They must them be cenditioned 3im the weighing chamber for at least ore heur
but net mere tham B0 hsurs- The filiers are ther weighed a5 a pasr-

. €87 ParagrapHs (a)y (e)s {dj7 and {f) of this sectier apply e
this eatienr except that the werd ~filter” 45 replaced by “filters:t

25. Reoﬁéds Required.

‘The following information shall be recorded (or calculated) with respect

 to each test:

(a) ~ Test number.

(b) - Engine or engine Ssystem sr device tested (brief description).
(¢} Date and time of day for each part of the test schedule.
(d) -~ Instrument operator(s). = ' _
. (e) Engine Information: Makes Brgine idertificatien rumber; Calendar
years tngine displacementy ERgine familys Emissien eentrel systems

‘ _Reeemmended\éd%e RPM; ard Nemimal fued tamk capacity-

Engine family name.

o (2) Engine identification (e.g.. engine serial number, engine
code, model type, stc.). : : ‘
{3) ngin o
(4) . Calendar-vear production.
{5) ombustion 1
{8) Engine displacement,
{7 Engine emission control svstem(s).
8) Engine fuel{s) and lubricants.
9) Engine fuel/oil mixture ratio (as applicable).
(10) Nominal fuej tank capacity fas applicabie).

{f) Engine Test Information:

1 Number of hours of operation accumutated on the endgine

prior to the start of the engine pre-tes* portion of the test: and after the
gmission test.

E

S

Maximum observed torque for intermediste and rated enqine-
speeds (as appiicable) during engine pre-test,

Observed engine torque and speed for each mode.
Continuous record of engine torque and engine speed for

-Engine inlet temperatyre and humidity (as applicable).
Fuel mass flow rate fer each mode {optional). ‘
Engine inlet air flow for each mode (optional).

tngine exhaust gas flow rate.

Pollutant mass flow.

BEEEE ER
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{10) [Reserved].

{11) Exhaust sample line temperatures (as applicable).
(12) Ambient test environmental conditions (e.qg.., temperature,
barometiric pressure, satyration vapor pressure. absolute humidity, etc.). A

cepiral laboratory barometer may be used for pressure measurements: however,

individual test cell barometric pressures must be within +/~- 0.1 percent of
fhe barometric pressure at the central barometer location. -
€f3(9) Dynamometer Information: Mapufacturer. model, serial numbers.
As an alternative to recording the dyramemeter serial Rumber this .
- information, a reference to a engine test cell number may be used, with the
advance approval of the Executive Officer, provided the test ceil records
show=the pertinent instrument informatyon; :
¢g3(h} A1l pertinent instrument information such as tuning-. gain-,
serial numbers-, detector numbers.-range and calibration curves. As an
alternative, a reference to a engine test cell number may be used, with the’
advance approval of the Executive Officer, provided test cell calibration
records show the pertinent instrument information.
th3(i) Recorder Charts or other data acquisition devices: identify
Z8FOy Spany exhaust gas;y and dilutien asr sampley ErFaces. -
Record and identify for each test cycle the zero traces
for _each range used. and span traces for each range used.
2} Record _and identify for each test mode the emission
concentration traces and the associated analyzer ranges(s).
{3)°  Record and identifv the hang-up check,

€4)  Test eel} baremetrie pressure, ambicnt temperature and humiditys

Notes A eentFai’JabSEater baremeter mat be useds; Provided; that $rdividual
test cedl baremetriec pressures are shews te be within +f- B-1 pereent of the
baremetriec pressure at the ceptral baremetrie Jecatiep- ' i

26. Calculations: Exhaust Emissions.

The final reported test resultsy with exides of ritregen being
eptienals shall be computed by use of the following formula: (The results
of all emission tests shall be rounded, using the “Rounding-0ff Method"
specified in ASTM E 29-80, to the number of places to the right of the
decimal point indicated by expressing the applicable standard to three
significant figures.) ' '

- (&) Specific_Fmissions, _
= ()}  _The weighted emission rates for each individua]. gas
component shall be calculated as follows: S

Emission Rate L= mmeeen mmmmmmeem L
- b2 (Poweri) x (WF:)-
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: Power

“Whergz -

=1 ton: n is the number of:modes in the applicable fest
o cvele | __ |
Gas_Mass = Mass of a_pollutant for each test moce in grams.
o HE | = Weighting factor for each test mode in accordance with
S Table 1-1 Engine Test Cycle: Section 20, Part I

ﬁross engine power outout for each test mode

éa}L_l The mass of each poT]utant for the het ruRAiRg exhaust test is-

determ1ned from the- following:

T HC =V X Den51tyHc X (HC
L vm1x X Dens1tyN02 X Ky X (NOx

.';Dmass:‘ é.Vm1x X Dens1tJCD X (CO

(1) Hydrocarbon mass:

‘mgss.. mix COHC

/ 1,000,000)
(2) Oxides of n1trogen mass: ' '

| conc /1,000,000)

“{3) Carbon monoxide. mass: :
conc /:1,000,000)
-(4) <Carbon dioxide mass: o :

CO0hmass = Vmi; X Densitycoz X (CO2conc /;100)
¢b3(c) Meaning of symbols:

(1) (i) HCmass = Hydrocarbon emissions, in grams per test

phase,

(i1) Densx;yHc = Dens1ty of hydrocarbon in the exhaust gas,

576.8 g/m / carbon atom (16.33 g/ft /carbon atom), assuming an average

carbon teo hydrogen ratio of 1:1.85, at 20 °c (68 F) and 101.3 kPa (760 mm
Hg) pressure.

(ii1) (A) Hcconc = Hydrocarbon concentration of the dilute

exhaust sample corrected for background, in ppm carbon equivatent, i.e., -
equivalent propane x 3.

(B) HC,gne = HCy - HC,(1 - (1/DF))

-98-



o (iv) (A HC, = Hydrocarbon concentrations of the dijute

exhaust sample as measured, in ppm carbon equivalent (propane ppm X 3).
(B) HCd = Hydrocarbon concentration of the dilution

exhaust sample as measured, in ppm carbon equivalent (propane ppm x 3).

(2) (1) NOxmass = Oxidesrof nitrogen emissions, grams per test
phase. - o :
| '(ii} DensftyNoé = Density_of oxides of nitrogen in the ;

. exhaust gas,.assuming they are in the form of nitregen dioxide, 1913 g/m
(54.16 g/ftd), at 20 O (68 °F) and 101.3 kPa (760 mm Hg) pressure.
(i11) (A) _Nchonc = Oxides of nitrogen concentration of the
dilute exhaust sample corrected for background, ppm.
' (B) NOxconc = NOxe —.NOxd(l - (1/DF))
Where: -

. e = Oxides of nitrogen concentration of Fhe dilute
exhaust sample as measured, ppm. _ ,
_ (v) NOxd = Oxides of nitrogen conéentration of the
dilution air as measured, ppm. _ L
' _ (3)(i) COmass = Carbon monoxideuemissions, in grams per
test phase. . - : ‘
: c (i) DensityCO = Density of carbon monoxide, 1164
g/n°(32.97g/£t%), at 20 °C (68 °F) and 101.3 kPa (760 mm Hg) pressure.
(iii) (A) Coconc = Carbon monoxide concentration of the
dilute exhaust sample correct for background, water vapor, and co,
extraction, ppm. o
'(B)”-coéoﬁc=cGé‘~ CO4(1 - (1/DF))
Where: N ' '

(iv) (A) o, = Carbon monoxide concentration of the dilute
exhaust sample volume corrected Tor water vapor and carbon dioxide
extraction, in ppm. "The calculation assumes the carbon to hydrogen ratio of
the fuel is 1:1:85. - ~

(B) Coe = {1 - 0.01925C0ze - 0.000323R)C0em

{v) CDem = Carbon monoxide concentration of the dilute

exhaust sample as measured, in ppm
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".phase._}]

_—(51 81 g/ft ), at 20 °c (683"

~ Where:

S (vi) CO2€ = Carbon dioxide concentration of the dilute

’ exhaust samp1e, in percent.

(vii) R = Relative humidity of the d1]Ut?Oﬁ air, pct {see
Section 25{5}} =25(a)(12)), -

(viii)(A) 'COd Carbon monoxzde concentration of the

dllutTOn air corrected for water vapor extraction, ppm.

- (B) CO = (1 - 0.000323R)C0dm

Hhere:

{ix) Codm = Carbon monox1de concentrat1on of the d11ut1on
air samp?e as measured ppm

Note CIfa Lo instrument which mests the criteria specified in Sect1on 3
is’ used and ‘the cond1t1on1ng co1umn has been de]eted CO can be ,
subst1tuted d1rect1y for CO and CO must be substItuted directly for COd
_(4_. (1) CDZmass = Carbon d10x1de em1ss1ons, grams per test
(11) Dens1tyC 9. = Dens1ty of carbon d1ox1de, 1830 g/m3
g) and 101.3 kPa (760 mm Hg) pressure.
(111) (A) COZconc = carbon dioxide concentrat1on of the

| d11ute exhaust sample corrected for background, in percent.

(B) co2c0nc - poZd(l - 1/DF)

{iv) COZd = Carbon dioxide concentration of the dilution
air as measured, in percent.
(5) (i) DF = 13.4/{C0,, + (HC, + CO_)1074}

R4 (A v mix= Tota1 d1]ute exhaust volume in cubic
meters per test phase corrected to standard conditions {293 % (bes R) and
101.3 kPa (760 mm Hg V).

(8)  Vpiy = Vo X N X (Rap_g Pi) X 293

101.3 X Tp
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Where:

(i1) Vo-= Volume of gas pumped by the positive displacement
pump, in cubic meters per revolution. This volume is dependent on the
pressure differential across the positive displacement pump. (See
calibration techniques in Section 9).

' ' (111) N = Number of revolutions of the positive
displacement pump during the test phase while samples are being collected.

(iv) PB

(v) Pi
the inlet to the positive displacement pump, kPa.

Barometric pressure, kPa.

Pressure depression below atmospher1c measured -at

(vi) Tp Average temperature of dilute exhaust enter1ng
oos1t1ve displacement pump during test while samples are being collected,®
(vii) (A) Kh = Humidity correction factor.
(B) Kh = 1/{1 - 0.0329(H - 10.71)}
- Where:
{viti)(A)

kilogram of dry air.

-
"

Absolute humidity in grams of water per

(B) H = {(s. 211)R_ X Pd}/{P - (P4 X R/ 100)}

EE | (ix) Ra- Relative hum1d1ty of the amb1ent a1r, pct.

| : (x} Pp = Saturated vapor pressure, ‘in kPa at the ambient
: ﬁry bulb temperature ‘ ’

(x1) Pg + = Barometric pressure, kPa.

27. [Reserved]. Cateulatienss Partieuwlate E*hEHStIEm45§49H57”

€38} The final reperted steady-state emissien test results shall be
computed by use ef the fellewing formulas

R
P My
Wi BHP-Rp

. £33 P = Weighted mass particuiate; grams per brake hersepewer-
6HF =

£23 PR, = Mass particulate measured duF+ng the het Funneng
exhaust tests gFamg

BHP hF = fotal brake kersepower-hour {bpake hersepewer
integrated with Féspeet te time} for the het FHRAiRE exhaust tesi-
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- Wheres

————— e r—————— =

§by ‘The mass of partieulate for the hot Fumring exhaust test 3¢
determined form the follewing equation whem a heat exchanger 45 used {i-e-s

‘a8 flew compersatienr}y and when backgreurnd filters are used to correct for

background partieulate levelss

Poscs - EYasy ~ ¥oed X {P£f¥s£ - E Puef¥e X B f.{;49;)}}

= Mass of pariiculate emitted per test phases grams

. .{} P I-¥) ;
~ per test phase- TﬂH = Proasg FoF the het ruRrAing exhawst test-

23 éym' -eie%a4 dijute exhaust velume correcied te standard
eonditiens {528°R %§93 K3 a2rd 760 mm Hg €361-3-kRa}}- eubie Feet per tuct

| pRase-  FeF a PDRP-CYS:
V'V¥m§x ;.¥e X {N{Pg ~ P4}{5289R}},; {760 mm Hg}é¢é}

- - 4n ST unmits;

aix = Yo X HERg - RO293%0) ¢ (1013w HeieR,)

{4} ¥ w Volume of gas p&mpeéléy the pesitive ﬁésp%aeeéeat

_ _aamag'ééb#e #éet‘{eabég metersy per revelutior- | Fhis velume 35 dependent oR
- the pressure differential aecress the pesitive displacement pump- - :

€443 N = Number of revelutiems of the pesitive displacemen

'f.pﬁmp éa##éﬁfthe test phase while samples are being eellected-

. r,“1{444}_-935- Barometric pressures mm Hg {kRaj=- : o

o oo ti¥} B, = pressure depressiens below atmospheFrie measired
at the 3Rrlet £o the pesét#ve displacement pump {(durirg amr idle mede}s mm Hg
fkpa}f o )
: : ' ¥3 F_ = Average temsesgtuFS ef ditute exhawst entering the
pesitive displacement Bump during tests "R { K}«

£33 V¥_. = Tetal volume of sample Femeved from the primary

dilutien tumrels §§b4e feet at standard ecomditienss

- ¢4} Feor a siprgle-dilutien systems

| . |
e BYL X6y - Ry X B28%R3 4 7, X 760 m Hg

Wheres

£A3 ¥.o = Aetual velume of dilute sampie remeved form
the primary-dilutien twardd, eubic feet
(B} P, = Baremetrie pressures mm Hg-

£63 P:_ = Pressure elevatisr above ambient measured at
the inlet te the dijute eXRaust sampie gas meter oF flew imstrumentations mm
Hg= {For mest gas meters oF £low instruments with uRrestricted diseharges
Pis is regligible amrd can be assumed = O-

. {8y T s = Average temperature of the ditute exhaust
sampie at the $rlet to thé gas mezer er flow iRsirumentations R+
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. £4#4) Fer a deuble-dilutien systems

2] . A ,
A} ¥y m DV, X £Rp - B, ) X B528°R3 4 T,, X 760 mm Hg-

€B} ¥ = Actual velume of double diluted sampie whicgh
passed through the paFtéeaiate filtery eubic feeb-
£6} Pp = Barsmetrie pressures; mm Hg=
, B:, = Pressure elevatior abeve ambient measured at
the intet te the 5amp4e-g3§-metes,4eeated az the exit gide of the secondapy
dilutien tunrels mm He- {Fer mest gas meters with urresiricted d¥seharge -
R;, #5 negiigible an car be assumed = O- l :
¥ _ £ ¥-¥ = Average temperaiure of theé dilute exhaust 6
sample at the inlet to tha"exit cide gas meter oF fioy instrumentatiens “R-

Fy ¥ £ " Y. X fP. + P, 3 X B28°R} [ T. X 760 mm Hg-

63 ¥PT . AgfBal vetume & Secondary d44354en.a4F7 eubic
feet~ SP o ' -
£H) P, = Barometric pressure; mm Hg- .

: P.. = Pressuyre elevation above ambient measured at
the inlet te the sample gif meter oF fiow instrumentation lecated at the
intet side of the secendary dilutien turRRelsy mm Hg- {FeF mest gas meters
with HRFestricied discharge Pé is negligible and can be assumed = 8-3 .

_ _ I, = Rvesage temperature of the SecoRdary d#JStéen
- atF at the inlet to the iANet side gas meter or flow instrumentatiens; °R-

{43 PR, = Mass of particulate em the sampie filter {eor sample
back-up filters %f the back-up filter is Fequired to be ineludeds grams per
test phase-r ' :

- £B3 P ¢ = Net weight of particulate sr the baekgreund
partieuiate i%%te§7_gFamsf : : S

§83 Wpg m B¥gy X {Pg + Py} X 628%R3 £ T, X 760 mm He

Wheres :

€43 ¥ . = Actual velume of PFRimary dilutiemn air sampied by
backgreund paptéeu4atea§amp4EF7 cubie feet-

€343 R; = Prescure elevatien abeve ambient measured at the .
inlet to the background sas meter er flow instrumentr mm Hg= {For mest gas
meters oF flew imnstruments with HRrestricted discharges P-b i5. Regligible
aRd €am be assumed = 0-) ? ' '

t4443 ¥, = Average %empepa%an 8f the background sample at
the inlet to the gas metdl or flew instruments “R- 4
co ¢73 BF = 13-4 4 {nge + {HGE + Gge} X 107735 or BF w 12:4 4

2e S §8) Real time flew rate measuremenrt under these regulationss

The eppropriate charges in the abeve ealentations shall be made H5iRg seund
ergireering principless : : ' '
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¢53 bLther systeés and'eptiens? as pepmiéted HRder these

.Feguéat#eas7 May Feguire
-504Rd ergireer$ng prired
Bffieer at the time the

catedlatiens ether tham these; but must be based on

pies anrd be approved 4R advance by the Execuiive
alterrate system is appreved-
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The International Organizatien for standardization (IS0) test procedure
8178-1 RIC engines - Exhaust emissions measurement. Part ]: Test bed
measurement of gaseous and particulate exhaust emission from RIC engines,
Yersion N124, dated November 11. 1997. shall be incorporated. with .
modification, by reference herein. Entire clauses of the 8178-1 brocedure
that are incorporated shall be indicated by section number and title.
Modifications to the 8178-1 clauses may include either the deletion of
existing language or the addition of new California language, or a
combipation of both., Deletions of the existing language shall be indicated
by the phrase "DELETE:": additions of the new California lanquage shall be
indicated by the phrase "ADD:". Anv existing language that is no: so
indicated shall remajn unchanaed. Llayses of the 8178-1 test procedure that

are not jindicated shall not be incorporated into these procedures,

To the extent as allowed by the Executive Officer. and that the provisions
of 150 8178, Part 1. Version N124, dated November 11, 1992. pertain to
testing and compliance of particulate emissions from utility and lawn and
garden eqyipment engines. such provisions are adopted and incorporated

herein by reference.
The provisions centained in the 8178-1 test procedure that do not pertain to

the utility and lawn and garden equipment engine requlations shall not be
-applicable to the these procedures.

1. Scope.
2. Normative References,
3, H:E. it ions :

{a) ADD: "The definitions provided in Section 2 of Part I of these
procedures shall be applicable in addition to the definitions contained

herein."
4. Symbols and Abbreviations.

{a)  ADD: "The abbreviations provided in section 3 of Part I of these
mnocgdures shall be applicable in addition to the definitions contained

herein.
5+ Test C it 3

{8} Section 5.4 - Engine air intet system.

{1) DELETE: A1l existing lanquaae.

{2) ADD: "The test engine shall be equipped with the air inlet
system that is_specified for the engine configuration which was selected as
the certification test engipe.” ’

(B)  Section 5.5 - Engine exhayst svstem.

(1) DELETE: A1l existina lanauaqe.
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8. Calibration of the Analytical Instruments.

_ lﬂé._Runhinq:Conditions fTESt'Cyc]gsj _

{2) ADD: “The test engine shall be equipped with the exhaust

system that is specified for the engine configuration which was selected as

 ihe certification test engine.”

6. Test Fuels.

-{a) DELETE: A1! existing test fuel lanquage. o ,

{b) ADD: "Fuels and iubricants used for engine certification and
service accumulation shall satisfy the requirements specified in_Section 4
of Part JII." . : : ' B - '

L. Measurement Equipment and Data to be Measured,

(a) DELETE: Any existing lanquage that is aonlicﬁbﬁe only to the,

" ! T

~measurgment ‘and determination of gaseous emissions.

{a) DELETE: Al1l existinawanaTvtica1'1nstrhment calibration 3ancuaqeﬁ

{b)  ADD: “"Analyzers shal] be calibrated as specified in Section 7 of .

9. ‘Calibration of the Particulate Sampling System

]

(&) DELETE: A1l existing language, - R |
oo (b)Y : "Engi sL cycles are outlined in Table 1-1 Engine Test
Cycles: Section 20, Part L. . -

_leIM

{a) DELETE: Any existing Janguage that is applicable to test cvcles
contained within ISO 8178-4. '
(b} ADD: "The engine test cvcles and appropriate sequences are

specified in Table 1-1 Engine Test Cycles: Section 20, Part I.”

{c) DELETE: Any existing language that is applicable only to the
measurement and determination of caseous emissions, ‘

12, DBata Evaluation for Gaseous Emissions and Particulate Fpissions.

{al DELETE: Any existing language that is applicable only to the
evaluation of data for gaseous emissions,

13. Calgylation of Baseouys Emissions,

{a) DEEETE: Anvy existing language that is applicable ecnly to the
calculation of gaseous emissions,

J4. Calculation of Particylate Emissions.
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15. Determination of the Gaseous Emissions,

{a)  DELETE: Any existing language that is aoo11cab1e on1v to the
determination of gaseous emissions, ;

16. Determination of the Particylat

17. Figures and Fxplanations.

{a) Annex A

{b) Annex B -- Auxiliary equipment

{c) Annex C -- NMHC mefhod. efficiency

{d) . Annex D -- Calcylation.formulas. for u. v and w o
{e) Annex F -- Heat calculation (transfer tube)

[f)  Annex F -- Trformative S
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