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CALIFORNIA EXHAUST EMISSION STANDARDS AND TEST PROCEDURES
L 'FOR 1995 AND LATER
UTILITY AND LAWN AND GARDEN EQUIPMENT ENGINES

Part I. - 'Em1551on'Regulations for 1995 and Later New Lawn and Garden and
~Ut111ty Equ1pment Eng1nes, General Provisions.

1. General App11cab111ty

(a) These prov1s1ons shall be applicable to utility and lawn and
garden engines produced on or after January 1, 1995, and any utility and

lawn and garden equipment which uses engines produced on or_after January 1,
1995. S = - o

(b) Every ‘new ut111ty and Tawn and garden equipment engine that is
manufactured for sa]e, sold, offered for sale, introduced or delivered for
introduction into ‘commerce in, or 1mported into California which is subject
to any of the standards prescribed in these provisions is requ1red to be
covered by an Execut1ve Order qssued pursuant to these provisions.

[‘I; '

2. Def1n1t1ons 1!: i

"ARB Enforcement fo1cer" means any off1cer or employee of the Air
Resources Board: sp'designated in writing by the Administratoer for by his
des+gnee} Execut1ve 0ff1cer or by the Fxecutive Officer's designee.

"Basic Eng1ne" means an engine manufacturer's unique combination of
engine displacement., number of cylinders, fuel svstem. emission control
system and other engine and emission control system characteristics

specified by the Execut1ve 0ff1cer

“Execut1ve Order“ means an order issued by the Executive Officer
certifying eng1nes for sale 1n Ca11forn1a

"C]ass" ‘see Sect1on 9

'Comp1ete Eng1ne Assemny" or "Engine Conf1gurat1on" is_an assemb1y of
11 of th ifi

inlet., fuel and exhaust systems, etc.) and calibrations {(e. carburetor

jet size., valve'timing. etc.) in order that the assemblv can be installed
into a new unit of'equinment

“Crankcase Em1ss1ons“ means a1rborne substances emitted into the
atmosphere from any portion of the engine crankcase ventilation or
Tubrication system

"D1sp1acement", and “D1sp1acement Class"-, see Section 1l6.



“Emission Control System" includes any component, group of components,
or engine mod1f1cat1on which contro]s or causes the reduction of substances
emitted from an eng1ne :

I
_ “Eng1ne Fam11y“‘means the basie elassification unit of a
manufacturer~s engines is a subclass of a basic engine based on similar
emission characteristics. The engine family is the grouping of engines that

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

“Ehgtﬁe.Femily Group medns e co1Iection of similar diesel-cycle

end1ne fam111es used for the" purpose of engine cert1f1cat1on. and determined

‘Eng1ne Fam11y Name means a multi- character alphanumeric seguence

-that represents certa1n spec]f1c and general_information about an engine

family.

“Eng1ne D1sp1acement System Comb1nat1on" means or an e'Engine
fEamily- dD1sp1acement eEm1551on sControl s§ystem eCombination”~ is a
") e

Q be des1gnated by the Execut]vg Officer.

"Exhaust Em1ss1ons“ means substances emitted to the atmosphere from
any open1ng downstream from the exhaust port of an off-highway vehicle.

"Fuel System“‘means the comb1nat1on of any of the following
components:  fuel tank fuel pump, fuel lines, oil injection metering
system, carburetor or fuel 1nJect10n components, or all fuel system vents.

"Gross Power“‘means the power measured at the enu1n§ crankshaft (or

accessories that are necessarv for end1ne operation.

“Hang p“ means 'the s1tuat1on whereby hydrocarbon molecules are
absorbed. condensed, or otherwise removed from the sample flow prior to the
instrument detector; and any subsequent desorption of the molecules into the
sample 1o -when such mo]ecu1es are assumed to be absent.

I

“Intermed1ate Sneed“ means e1ahtv five (85) percent of rated sneed

|':E
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"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
MMM_LLMQD’E_ :

“Lawn and’ Garden and Ut111ty Engines" or "Lawn and Garden and Utility
Engines and Equ1pment" or "Engines" are identified as: small two-stroke and
four-stroke, air-cooled, Tiquid-cooled, gasoline and diesel and alternate .
powered engines under 25 horsepower (18 6 kW). They are designed for
powering lawn, garden and turf ‘maintenance 1mp1ements and timber operations
equipment; for generat1ng electricity; and for pump1ng fluids. They are
designed to be wused:in, but not limited to use in, the following
applications: walk- beh1nd mowers, riding mowers/lawn tractors, garden
tractors, snow bTowers, edge trimmers, string trimmers, blowers, vacuums,
tiliers, chain saws, pumps, generators, compressors, shredders, grinders,
welding mach1nes,rstumpbeaters, vibrators/finishers, portable saw mills and
refrigeration units, and ‘other miscellaneous applications. Al1 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. Env1ronmenta1 Protect1on Agency, are specifically not
included w1th1n th1s category

“Off Road Veh1c1e u means any non- stat1onary dev1ce powered by an

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

propel, move, or .draw persons’ or property including any device propelled,
moved, or drawn exc1us1vely by human power, and used in any of the following
applications: Marlne VYessels, Construction/Farm Equipment, Locomotives,

Utility and Lawn and Garden Equ1pment off- Road Motorcycles, and Off-Highway
Vehicies. = =

"0x1des of N1trogen" means the sum of the nitric oxide and nitrogen
dioxide conta1ned 1n a- gas samp]e as if the n1tr1c oXxide were in the form of
nitrogen d1ox1de T .

T i On S ,0": ot gt i - - -
engine mgnufacturer, r. when not so specified, the engine speed that
corresgonds to the‘max1mum poyer output of an engine.

'Sgec1a1 Too1“ means a tool or fixture spec1f1ed by an eng1ne
t ~intended t

respect to an eng1ne, and the effect1ve usage of the tool or fixture
reguires spec1al expert1se



R

"Scheduied Ma1ntenance"‘means any adJustment, repair, removal,
d1sassemb1y,:c1ean1ng,hor rep]acement of engine or equipment components or
systems required by.the engine manufacturer which is performed on a periodic
basis to prevent part failure or equipment or engine malfunction, or
anticipated as necessary ‘to correct an overt indication of malfunction or
failure for wh1ch per1od1c ma1ntenance is not appropriate.

'“Span gas" means a gas of known concentration wh1ch is used routinely
to set the’ output 1eve1 of any ana1yzer

"Ult1mate Purchaser“ means, wath respect to any new utility and lawn
and garden gu1pmen -engines and equ1pment the .first person who in good
faith purchases ‘a! new: ut111ty and lawn and garden equipment engine or
equipment for: purposes other than resale

"Unscheduled Ma1ntenance“ means any 1nspect1on, adjustment, repair,
removal, d1sassemb1y, c]ean1ng, or replacement of components or systems
which is performed to ‘correct or diagnose an _engine or engine part failure
oF engine eF equ+pment wh1ch was not anticipated.

;‘r D

"Useful L1fe“ 1s def1ned for all utility and lawn and garden gu1pment
engines to be 2 years

3. Abbrev1at1ons

ARB-. Ca11forn1a A1r Resources Board.
Bhp—=Brake horsepower
~ Bhp-=hr- Brake horsepower hour
C- Ce]s1us
cc- Cubic cent1meter(s) -
v efm- Cubi¢ feet’ per m1nute P
cfh- Cubic feet per hour ‘
cm- Cehtimeter(s).’ @g’
CO Carbon monox1de. '
Carbon Dioxide. B
ﬁc- Concentrat1on. SN
u - Cubic.t | L
"CVS-| ConstanttVo]ume Samp1e
EGR-' Exhaust . gas rec1rcu1atron
EP- End po1nt
" F- Fahrenhe'it!.

g- Gram(s) e :

h-"hour. i

HC- Hydrocarbon(s), {

Hg- Mercury o E

Hp- Horsepower ' PR

H 0- Water: fir'i-** R
- Inch(es) ' R

K KeTv1n ﬁﬁ




km- K11ometer(s)‘

- kPa- K1Topascals
kW - ‘kilowatt:
1b= Pound(s).:

" m- meter(s) e
mph- Miles per hour
mm- M111meter(s)

_N Newton u-“_.. ?
Nitrogen. =’ - o
Na - Oxides:iof ‘hitrogen. "
No - Numberf A
Oxygen.
PE Pascals.
Pb- lead.

ppm- Parts per m1111on by volume.
nsi- Pounds per square inch.
psig- Pounds per square inch gauge.
R- Rankine. L

L rpm-: Revo]ut1ons‘per m1nute
gt Weightigg b

- Degree(s

%~ Percent. o
PM-- Pa.-} |CU]nLe_ B

I ‘_.““!‘. ]

4, Measurement System.

(a) These prov1s1ons have been written using System In%epnat4an34
£81) wRits utilize the t
are indicated for convenience. The exhaust emission standard is an

exception: it dis sgec1f1ed by units of horsepower instead of kilowatt. ST
upits will be used te determine cempiiance with these Fegua4t4ens- Erglish

'equava4ents have been indicated selely fof the user‘s cenvenienees

5. General Standards~ Increase In Emissions; Unsafe Conditians.

(a) Any emission control system installed on or incorporated in a new

ut111ty and 'tawn and garden equipment engine to enable such an equipment
engine to conform’ to standards: imposed by these provisions:

(1) Sha]l not in its operation or function cause the emission into
the amb1ent air of any noxious or toxic substances that would not be emitted .
in the operat1on of such engine without such emission control system, except
as spec1f1ca11y perm1tted by regulat1on4 and..

(2) Shall not in its operation, function, malfunction result in
any unsafe condition ‘endangering the equipment, its user(s), or persons or
property in c]ose prox1m1ty to the equipment.

(b) Everyumanufacturer of new utility and lawn and garden engines
subject to any of the standards imposed by these provisions shall test, or




cause to be tested, eng1nes 1n ‘accordance with ‘good engineering practice to
ascertain that suchitest: eng1nes will meet the requirements of this Section
for the usefu1 Tife! of the eng1ne

. o i

6. Defeal: Dev{ees, Proh1b1t1on.

(a) No ut1]1ty and 1awn and garden equipment eng1ne shall be equipped
with a defeat deV1ce '

(b) Defeat dev1ce means any e]ement of design which:

(1) -:Senses temperature, engine RPM, manifold vacuum, or any
other parameter for.the purpose of ‘activating, modu]at1ng, delaying or
deact1vat1ng the operat1on of: any part of the emission control systemss
and.,

(2) Reduces ‘the effect1veness of the emission control system
under cond1t10ns which may reasonably be expected to be encountered in
normal equ1pment operat1on and use, unless:

() Such cond1t1ons are substantially included in the test
procedureTA or*_ Yl

s (}J)‘:The need for the device'is Just1f1ed in terms of
protecting’ the ut1 ity" nd 1awn and garden equipment engane against damage
or acc1dent?¢ or, P

(115) The deyjce does not go beyond the requirements of

“engine start1ng or warm up

7. [Reserved]rﬂ-

8. Rep]acement Eng1nes.
H ' .‘-!- i
No new eng1nes sha]] be produced for sale to replace pre-1935 model
equipment after’ January 1, 1999, ‘unless those engines comply with the 1995
mode 1 em1sspon standards e ‘ '

-10-



9. Exhaust Em1$s1on Standards For 1995 and Later Utility and Lawn and
Garden Eng1ne - R L

(a) Th1s sSect1on shal1 be app11cab1e to utility and lawn and garden
‘engines produced on or after January 1, 1995.

(b) Exhaust~em1ss1ons from new utility and lawn and garden equipment
engines, sold in this state manufactured for sale, sold, offered for sale,

introduced or delivered for introduction inte commerce, or -imported into
California, shall not ‘exceed: . .

I

Exhaust Emission Standards
(grams per brake horsepower-hour)

Hydro-
R U ~carbon plus
Calendar ' ' 'Engine ' j oxides! of Hydro- Carbon  Oxides of _ _
Year =ﬁ~3i¥CJa$sV(1) njtrogen (2) carbon (2) monoxide nitrogen _Particylate |
1995 to 1998 ‘jjjng@‘r": 1;];12;0 . 300 - 0.9 ¢23(3)
N AT 1000 - 300 - 0.9 £23(3)
111 (4 - . 220 600 4.0 - :
B () 180 600 4.0 -
v (4)T, AR 120 300 4.0 -
1999 and :.5-;;,‘ EEEE :
subsequent: 'I, I1 3.2 - 100 - 0.25 £32(5)
IIT, IV, V.(4) - 50 130 4.0 25 {3:(6)

(1) “C]ass I“ means utility and lawn and garden equipment engines
less than 225 cc 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 ut111ty and lawn and garden
. equipment eng1nes ‘Tess than 20 cc in displacement.
S "Class.Iv" . means’ hand held utility and lawn and garden
equ1pment .engines 20:cc to less’than 50 cc in displacement.
~ .. "Class V" means hand held utility and lawn and garden
SRRt equ1pment engines greater than or equal to 50 cc in
. displacement.

(2) The Executive Officer may allow gaseous-fueled (i.e.., propane,
natural gas) engine families. that satisfy the requirements of Section 20 of
Part T. to certify to either the hydrocarbon plus oxides of nitrogen or
hydrocarbon emission standard, as applicable. on the basis of the non-

methane hydrocarbon (NMHC) portion of the total hydrocarbon emissions
£23(3) Applicable to all diesel-gcycle engines. enly
{3} Applicable to all diesel and al} twe-sireke engines enly-

-11-




(4»; Thel g ‘dards may be used for enganes that meet the
requ1rements of: (1)

_=C11)!bélow, and for two-stroke engines that power
only snow throwers '

(i) The eng1ne must be used in a hand-held piece of
equipment, To be- c1ass1f1ed as a hand-held piece of equipment, the
equipment must requ1re its full weight to be supported by the operator in
the performance lof - its requ151te function.

- (11)?‘The enginerand equipment must require multi- -positional
character1st1cs faor.use (e.qg.:it must be capable of operating in any
position, upside down; or|sideways as required: ‘to complete the job).

(5) AnoTTcab1e to a11 d1esel cycle engines. and all ftwo-stroke

engines.

(c) In 1995 and subsequent years, fire and poI1ce departments, and
other entities which specialize in emergency response may purchase emergency
equipment powered by ‘a- non- -California certified engine emergency equipment
only when such equipment with-a California_ certified utility engine is not
available. For purposes of this sSection, a request to purchase ef

emergency egu1pment gewered by a non-California certified emergeney

equipment enginé sHa] : e‘requésted by submitted for approval applicatien
to the Executlve 0ff1:er

10. Ma1ntenance and Harranty Instruct1ons.

(a). Ma1ntenance and warranty instructions shall conform with the
requ1rements pursuant.to;Sect1ons 2405 and 2406 Title 13, Ca11f0rn1a Code
of Regu]at1ons" : o

11. Labe11ng.

(a) LaEe11n§Prequ1red purstuant to Section 2404, Title 13 of the
California Code of Regu1at1ons shall conform w1th the requirements specified
therein. 1

12. Subm1ss1on of Eng1ne Ident1f1cat1on Number.

(a) The manufacturer of any ut111ty and lawn and garden equipment
engine covered by' Xetut1vej0rder shall furnish to the Executive Officer,
at the beg1nn1ng ach'calendar year, information and an explanation about
an engine ‘ident’ification  number system (e.q., engine serial_number) which

identifies whether sdeh product1on enginefs} that are covered by an
Executive Order i

(b) Mithin~ 30 days oI rece1v1ng Upern request by the Executive

Officer, the manufacturer of: any utility and lawn and garden equipment
engine covered by'an Executive Order shalls within 30 daysg 1dent1fy the
such enginefs} cevered by the Executive. Order by the engine by their
identification number svstem prov1ded under the requirements of paragraph

(a) abov - o

Sy
]




13. PFeduet+en &n

fa} Any manu#aeturep ebta4nng eeFt+£4eataen shall supply te the
Executive Officer; upen his Fequeﬁt, & reasonable rumber of preduction
eng+nes selected. by the Executive 0fficer whieh are represenrtative of the
ergines; emission contrel systemss; and fuel systems %ypiea4 6f preductien
medels available feF 5a4e under the erder- JThese engines shall be supplied
for testing at sueh t*me and: p%aee and forF sHeh rFeasorable perieds as the
Exeecutive 0¥¥4eeF ‘may Fequ4pe—

tby  Any manufacturer obtaining certificatien shall rotify the E*eeutive
Offiecer annuaJ%y of the number of engines of each engine family-engine
d4sp4aeemen% emission: eentrol . system—iuel system combination preduced for
sale 3R’ Ga4+fepnaa dHF*Hg the :preceding year- Submissien of daka shall be
within 60 days a#teF the end of the calerdar year- If a manufackurer cannot
previde actuadl Ga44$an+a sa4es datay; it shall prewide its: tetal preduction
and am estimate of Galifornia sales: The manufacturer shall alse pFevide
5uppept4ng mateF4a4 £9F g5t est+mate-

14 App11cat10n For Cert1f1cat10n.r'

{a) The Execut1ve 0ff1cer may request not1f1cat1on. sixty (60) days

Dr1or to the 1n1t1a1 ca]endar year submiss1on of an enc1ne manufacturer S

engine family cert1f1cat10n (1 :e.. a letter of intent) so that the Executive

Dfficer can adeguate1y a11ocatg resources required for reviewing such
cert1f1cat1on aon]1cat1ons in‘a timely manner. Such letters of intent shall

provide the- engine ‘manufacturer's best estimate of general informatien for

the applicable calendar year certification. such as identification of sach
engine family, datelof expected submission, etc.

fad L_l New ﬂawn and garden and utility equipment engines are covered
by the follow1ng
() Manufacturers of new utility and lawn and garden equipment
engines shaII comp]ete and subm1t to the Executive Officer an written
app11cat1on4_1n the English 1anggage, requesting fer an Executive Order
that eertifying cert1f1es such engines be jssued. The engine manufacturer
shall update and correct by amendment such applications whenever
substantive changes are madel to! engines that are delineated in ¢e the
certification application are made_(see Section 28). Where pessible; aAn
engine manufacturer should sha]] include within a single application for
cert1f1catlon all eng1ne models:within ef an engine family (see Section 17
for a to determine definitien of what is an engine family see Seetion
17)s. a deseF+pt+an e£ all engines The application sha gscribe each
applicable eng1ne ‘modél in each the engine family. fer which eertificatien
is requireds An engine e manufacturer may, however, choose to apply
separately for certification of part of his its engine product*en line.
The selection of test engines and the computation of emission test results
will} shall be determined by the Executive Officer separately for each
separate and individual engine family certification application.




(2) The ‘certification application shail be iR we+t+ng and s1gned
by an authorized representative of the engine manufacturer. The
cert1f1cat1on application shall include the following:

"(i). Identification and description of the engines covered by
the engine family certification application: and a descriptions of their
eembust4en ehambeF, engine des1gn ( g . combust1on chambe:, va1ves,

etc.)si tificati ,
emission control system and dev4ees omponent s aux111ary emission control

devices, fuel system and components, gir inlet system and components.

exhaust system and components, and any optional equipment. For purposes of

- this s3ection, "auxiliary. em1s§1on 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 operat1on of any part of the emission control system.

- (ii) -FheE m1ss1on control label and its leeatien information

as set forth.1n Sect]on 11 . 1nclud1ng actua] product1on labels_and
descriptions 11 able t ti

L (i) ¥he Fange e# ava44ab%e ¥He4 and +gn4t+en system
adjustments—;ldent1f1cat 1d_d
any adjustable ‘engine ‘parameters (e.qg.. idle fue1la1r. ignition t1m1no.
etc.): and a descriiption of the method used to ensure that the emissijon
characteristics of: the certification test engines remain representative of
those of the oroductaon enoanes w1th respect to any adjustments of such
gngine parameters. " -
(iv) PrOJected Ca]1forn1a sales data sufficient te enable the
Executive 9¥f+eep to se4eet a test fleet representative of the engine_family

for which cert1f1cat1on is requested Such est imated sa]es data shall
f th

(v) A descr1pt1on of the test facility and equ1pment used_to

tificati luding (4f as applicable) ard fuel
and engine lubricants propesed te be used specifications about the
dynamometers, gas analyzers. data collection devices, etc.

Lo i) Information about the certifjcation test s and
lubricants. and information about the commerically available fuels and
1ubr1cants :ecommended for use in the production engines.

fviy (v1]1 A descr1pt1on of the proposed certification test

engine service accumu latio ., break- 1n)_procedure and the certification
test engine maintenance schedu1ed

Ewiiy (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 regulations. The statement
must include a 11st1ng ‘of the fuels and lubricants recommended for use by
the ultimate purchaser and a: descr1pt10n of the training program for
personnel who wil] perform such. ma1ntenance, and the equipment required to
perform such ma1ntenance ;'

(3) Comp1eted copies, of the engine fam11y certification
application and of any amendments thereto, and all notifications under
Sections 28 and 29 shalI be. subm1tted in such multiple copies as the
Executive 0ff1cer requ1res ”
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15. Approval ofeAﬁpTi¢&tion For Certification. |
(a) After a Eeﬁ%éw 6f thefcomp1e§g engine‘fami1y application for

certification and any other information which the Executive Officer shall
require, the Executive Officer shall approve the application if all the
foregoing conditions are satisfied,

(b) The Executive Officer ‘may disapprove an engine family application
for certification; in whole or-in part, for reasons including. but not
limited to, being incompleteness, inaceuraey inaccurate. or providing
inappropriate informatjon regarding proposed break-in procedures,
maintenance, test equipment, emission control label content or locations,
test fuel or lubricant.; and iReorperatien ef It may also be disapproved if
the described enginés_incorporate any defeat devices. in equipment er
erngines deseribed by the applieatien- If an engine family certification
application or part thereof 'isirejected, the Executive Officer shall notify
the engine manufacturer .in writing and set forth the reasons for such
rejection.: : BRI B

16. Engineipisp]atémepthéf Utiiityiand Lawn and Garden Equipmént Engines.

(a) Ehgﬁhef&i%piaﬁeﬁEnf$F$h&1]:be calculated using nominal engine
values and rounded to the nearest tenth of a cubic centimeter, in accordance
with ASTM E 29-?0;‘gApgust 1999), which is incorporated by reference herein.

17. Engineﬁ#ami]ies%‘;ng;gﬂgjné_fﬁmilx_ﬁtgup§4

(a) Certification Aapplications submitted by engine manufacturers
shall divide engines covered therein into groupings that are expected to
have similar emissiion characterjstics throughout their useful 1ife. Each
group of engines with: similar emission characteristics shall be defined as a
separate’engine family.' The manufasturer sha}l censider the follewirg in
determining enging familiesr -! | '

I ) "’

(1) The combustion cycle. »

(2) .The cooling mechanism.

(3) ' The cylinder biock configuration (i.e., inline, vee, opposed,
bore spacings, etc.). . S

~ (4). " The number of cylinders. '

() The engine displacement classs: 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
engine displacement class _requirement is satjsfied.

(6). The.method of air aspiration.

(7). The number of catalytie ceonverters, location, volume, and
composition- of any catalytic' converters.

(8) _The thermatl reactor characteristics.




(9) The number of carburetors . as applicable.
(10) The prechamber characteristics.

(11). Fer 2 strokess the pert4ey44edep seavengang design= The
d‘ T d ft k

€b} (c) At the ng1n manufacturer's option, reciprocating engines
identical in all the respeets specifications listed in paragraph ¢aj (b)
of this sSection may be furiher divided into different engine families if
the Executive Officer; determ1nes that they may be expected to have different
emission character1st1csT Th1s determ1nat1on wITT be based upon
consideration of factors such.asy :
(1) The bore and stroke.
w1 (2) : The combustion chamber conf1gurat1on
' (3) The intake and.exhaust timing method of actuation (i.e..
poppet valve, reed vaTve, rotary valve, etc.). .
,(4) The 'intake and' exhaust valve or port sizes, as applicable.
(5) The' fuel system. : :
(6) The,eXHaqst system;

lives to be combined - 1nto an’ eng1ne fam1Ty group. The Fxecutive Officer
shall base d determination of: an engine family group on the displacement per

cylinder_instead of the cylinder block conf1gurat1on Each engine family
group shall ‘be cons1dered a segarate engine family. In order to be included
'th -th ‘

of the f0110w1ng spec1f1cat1ons
(1) The combustigon-cycle.
" {2)  The cooling mechanism.
(3) The combustion” chamber conquurat1on
‘(4) The_fueT system.

! ) The engine dlsplacehent class: see Section 9.

6 The method of- a1 s 1rat1on

treatment devices. _
(8) ~ The'thermal reactor characteristics.

(9) The orechamber character15t1cs

18. Test Fileet Eng_]_n_e_g ;;

(a) Test eng1nes ‘Wwill be selected by the Executive Officer to represent
each engine- d1sp1acement -system comb1nat1on The Executive Officer shall

select the egngine conf1gurat1on (i.e., air inlet system. exhaust system.

engine calibration, etc.) of gach eng1ne displacement-system combination in
the engine family: manufaeturer s applieatien whieh that is expected to have
has the greatest probab111ty of exceed1ng the emission standards.
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(b) A test’ enuine sha1T be a complefe engine assemb]y with all emission
control systems and components that are specified in the certification :
pg]xcat1on 1nsta]1ed‘and functional for test purposes,

(c) A forced air-cooled eﬁq1ne family test engine shall be tested with
the coolinag fan 1nsta11ed except when_the Execut1ve 6fficer has prescribed

- [ -‘-1;'-‘ - ' I ‘ :
(d) Concurreht’ﬂith the Se1ection of an engine family test engine. the
Executive Officer shall determine the engine parameters subject to
ad justment for cert1f1cat1on, assembly—11ne quality-audit and compliance
tests. The . 0f hall. t

inhibit ad]ustment, .and shall evaluate resultant adJustabie ranges of each

parameter.: The Execut1ve 0ff1cer shall notify the eng1ne manufacturer of
gach determination.

(1)  The: Execut1ve 0ff1cer shall consider an engine parameter to be
subject to adjustment if the parameter is capable of iustment and

adjustment may s1gn1f1cantly affect emissions.
: (2) In order to determ1ne if _an ena1ne Darameter is sub1ect to

the parameter may be chanued from the values. or beyond the positions.,
soec1f1ed in the ena1ne fam11v cert1f1cat1on ann]1cat10n {i.e.,

nformat1on grov1ded in the preliminary e engine family application, and

information obta1ned from any. cdmp1iance-re1ated activities that are, or may
be. required. . :. P co

to be adequ ate1v 1naccess1ble when:
.The sical device that co tro]s dj able

paramefer can be accessed only by the disassembly of the engine or -
gu1pment, and th1s dasassemb1v requires the use of specia] tools.

parameter w111 not be demonstrated by the necessity to remove an engine
component that is' routinely removed in maintenance, or that is required to
be removed .in order to perform’ an adjustment.
; (iii) Adequacy of inaccessibility of an adjustable engine
parameter shall be satisfied by a demonstration of one or more of the
provisions Jlisted above.
(4) The Executive Officer shall determine an adiustab1e parameter

to be adeguate]y contro11ed or restricted when:
i d

restricted from adjustment beyond the range or va1ues specified in the
engine fam11v cert1f1cat1on ann]1cat1on

. (i) 'The restriction may be cifcumvented only through the use
of spec1a1 tools. Coih

[
vt
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For examp1e, ah  adjustment beyond the values or positions specified in the
en01ne family cert1f1cat1on ann11cat10n would not_ a!ter 51qn1f1cant1v the

are representatlve of 1n use engine family emissions.
' Any solid-state memory devices that control or monitor

emission controi systems or components are protected adequately against
unauthorized. or' inappropriate changes.

i (iii} Adequacy of control o triction of an adjustable
engine parameter $hal be sat1s jed by a demonstration of one or more of the
provisions 11sted above

¢y (f) IReservedE= A marufaciurer may eleect to operate and test
additienal eng*nes ‘which are identical to these seleeted by the Executive
@fficer~ Written neteee ef a; eemmetment to opeFate and test additienal
engines ‘shal? be given’ ‘e the: Exeeuteve 0fficer prioF te the start eof
testing and ‘ret Jater: that 30 days follewing netification of the test flest
se%eet;en—- Eaeh eng+ne must meet app44eab4e standaeds-

{e} Lgl In 11eu of test1ng an: engine and submitting data thereon, an

- engine manufacturer ‘may, " thh the prior written approval of the Executive

Officer, submit exhaust emis5ion data on a similar engine for which
certification has preV1ously been obta1ned or for whlch all applicable data
khas have prev1ous]y been subm1tted carr

19. Executive Offlcer s F%eet-;Englngie

(a) The Execut1ve Officer may require the testing of additional engines
identical in all mater1a1 respects to engines selected in accordance with
Section 18. = = P

20. Test Procedures General Requ1rements.

tay Manu#aetuFer 5ha44‘use'the pFeeeduFes ir Sestien I eor IIfs;
hewevers. manuiaetuFer shalll net use the precedures specified in Seetion III
HRless’ spee+¥4ea44y authep*zed by the Exeecutive OFficer prior to usex
Engines which must eemp#y w+th the particulate emissjon standard shall en4y
use khe pFeeeduFes in See%+en III

(1) Enq1ne manufacturers shall use the fo11ow1na
. The test procedures outlined i art II1. Raw Gas
Method (RGM).
Or. upon approval from the Executive Officer. the

Constant Volume sam“11n CVS) test method set forth in Part III.
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engine ogerat1ng conditions to‘be conducted on an engine dynamometer. The
exhaust gases generated during: eng1ne operation are sampled either raw_or
dilut d ; :

applicable) the: concentrat1on of hydrogarbons (HC), carbon monoxide (CQ).
carbon dioxide ‘(C0,). oxides of nitrogen (NOx). particulate matter (PM}.
exhaust volume, fu&] flow. and the gross power output. The measured values
are weighted'and used to_calculate the b:gke-specific emissions of each
ollutant (in both g/bhp-hr and g/kW-hr

- (3) The exhaust emission test uses_prescribed sequences of eng1ne

gperation that 1nc1ude three separate eng1ne test cyc1es as_indicated 1n

Tab -1 En iTest Cvcl The t

A, B and C) are specific t the articular range of engine operatio the
production engines of an engine family. Test Cycles A and B each cons1st of
one idle-speed mode and five power modes at one engine speed (i.e., either
intermediate or rated, as applicable). Test Cycle C consists of one idle-

speed mode and-one power mode_at the rateg gng1ne speed.

engine manufacturer to operate at only a rated speed shall be tested using
Test Cycle' B, . i 'wife v o xin g ‘ '
4 . A A d (P L

Cycle C. et

3§ : . | ,

{b} (d) The Executive Officer shall prescribe emission test procedures
for any utility and lawn and garden equipment engine which hefshe the
Executive Officer: detérmines is not susceptible to satisfactory testing by
the pFeeeduFes meth ds set forth in the test procedures

{e} L_l Integr
enganes oF equ+pment n .
engine manufacturer shall subm1ts an alternate test procedure and
supporting documentat1on and a4ternate test preeedure to the Executive

0fficer. and rece1ve Execut1ve fo]cer approva prior to certification
testing. "

ed equ1pment; i. e.. generator sets, may be tested as
in inal e

f The Execut1ve 0ff1cer ma a]]ow a manufacturer of aseous- ueled

.t.e non-methane hydrocarbon (NMHC) portion of the tetal hydrocarbon

xhaust emissions. Sugh an allowance shall be based upon a review and

acceptance by the Executive Officer of a NMHC test procedure that is
proposed hv_the engine manufacturer.
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¢4y (q) ¢ THe'Exééﬂt1Ve Off{cer'may amend revise these procedures on a
case-by-case basis when the amendment a request to do _go is supported by

data and. resu1ts, or othez 1nformat1on, show1ng the necessity for the
eeFFeet4en cev1§1 1IRRERPRETI T

TABL ;'-if Eﬁ‘ine Test Cycles

| MODE PBINTS
| -A Cyc1e- o

| LOAD PERCENT
-A Cycle-; .

LOAD PERCENT |

| -B Cycle+ 1100075 | )i ] ‘

[ S [_:-;__;_;___;;f,_______; __________________________________

i WEIGHTING [#]1 ©:9:1 20 | 329 ) 30 | 7 | I | | 5 |

| MODE POINTS .| i 1 | | | I | | !

I -C Cycle- : . | an | ; I | | | | 2 ¢
--------- —m e e e e [ )

| LOAD PERCENT | =~ | "= [ . | [ ] I | P I ;

{ -C Cycle- I B l { I | I | | 0
________________________________________________________________________ ——

[ WEIGHTING Ixal [ | i | | ! | 10

21. Break- 4.:.

or Procedures 4_Ig§1_£nglng§4

(a) The service: accumu1at1on (i.e. break in) procedure for breakirg
iR an m]ss1on test eng1ne shall be the p:ocedur recommended specified
break-in peried by the engine e manufacturer as. and approved by the
Executive 0ff1cer prior to the accumulation of- hours.

(b) During the bFeak -3n service accumulation period, engine
manufacturers sha]]\nqt qperate engines for a total of more than 12 hours
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n1ess'an a110ﬂance to do 50 ]s apprOVed by the Execut1ve Officer. Engine
shutdowns shall be permitted 'during the ‘operating sequences but: however,
the per1ods of shutdown sha]] not be 1ncluded in the 12 hour total.

22. Scheduled Ma1ntenance, Test Eng1nes.

{(a) Eng1n Mmanufacturers may schedule and perform break-in

-malntenance 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 ma1ntenance 1nstruct1ons furnished to the ultimate purchaser.

(b) Dur1ng bFeak iR service accumulation, an_engine manufacturer
shall be restricted: to inspecting, replacing, cleaning, adjusting and
service of the following items listed belew as required: (1) idle speed and
idle a1r/fue1 mixture: and, (2) :spark p]ugs Such procedures shall be
conducted in a manner.consistent with service instructions and
specifications provided by the.engine manufacturer for use by the ultimate
purchaser._ Such procedures sha]] not render the certification test engines

unrepresentative of - the em1ss1on character1st1cs of the engine family
product1on enq1ne” ! I

(c) The Executfve 0ff1cer may spec1fy, w1th1n the physically
available range, the‘jgn1t1on t1m1ng, idle air fuel mixture and other fuel
system adJustments to be used at each tune- up

(d) Engln Mmanufacturers may perform per1od1c changes of engine
0il, and may change or service oil, airs and fuel filters at the time
intervals specified in the engine manufacturer s break-in maintenance

instructions_that’ are furnished to the ultimate purchaser.

(e) Engine Mmanufacturers may request from the Executive Officer
author1zat1on to perform break-in service accumulation maintenance of
emission control related components not specifically authorized by this
sSection, and for anticipated 'maintenance-, Such requests must be made
prior: to the beg1nn1ng of the! bFeak -in service accumulation period. The
Executive 0ff1cer shall approve the performance of such maintenance, if the

engine manufacturer makes a sat1sfactory showing that the maintenance will
be performed by‘and/or for the, ultimate purchaser on engines in use and that
the ma1ntenance is reasonab]e and necessary

23. Unscheduled Ma1ntenance;‘Test Engines.

(a) ng1n Mmanufacturers shall not perform any unscheduled engine,
emission contro1 system, ‘or fuel 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 sha]] approve such maintenance if he the Executive Officer:




. (1) Has madé a preliminary determination that part
failure or: system ma]funct1on, of 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
1nJectlon component or. removable prechamber removal or replacement; and

: (11) :Has made a determination that the need for
maintenance: or repa1rs is indicated by an overt indication of malfunction
such as. persistent m1sf1re, engine stall, overheating, fluid leakage, loss
of oit: pressure oricharge indicator warning.

.. (2) ' Emission measurements may hot be used as a means of
determining: the. need for unschedu]ed ma1ntenance under paragraph (a)(1)(i)
of this: s3ection. Loy s , o

(b) Eng1n Mmanufacturers shall perform repairs of engine components
of test engines, other than the engine, emission control system, or fuel

system, only as‘a resu1t of part fa1]ure or w1th the prior approval of the
Executive Off1cer !

(¢) .. The Execut1ve 0ff1ier shall be given the opportunity to verify
the extent of any' overt indication of part failure (e.g., misfire, staT]),
or an activation of .an audible and/or visual signal, prior to the engin
manufacturer performtng any ma1ntenance re1ated to such overt 1nd1cat10n or
signal, ' _

_ (d) Un1ess approved by the Execut1ve O0fficer prior to use, engine
manufacturers shall not use any ‘equipment, instruments, or tools to 1dent1fy.
ma]funct1on1ng, maiadJusted, or defective engine components unless the same
or equivalent equipment,’ 1nstruments, or tools w111 be available at
deaTersh1ps and other service out]ets,A and:

‘(1)  Aret ‘used ‘in conJunct1on with scheduled maintenance on such
components,_,_'arld_L £

(2) Are used subsequent to the identification of a engine
maifunction, as’ provided -in paragraph (a)(1) of this sSection for
durabiiity or em1ss1on data eng1nes _

(e) If the Execut1ve 0ff1cer determ1nes that part failure or system

malfunction occurrence and/or | irepair rendered the engine unrepresentat1ve of
engines in use ‘the engine sha]].not be used as a test engine.

(f) Unléssfwafued‘by the Executive Officer, complete emission tests
are required before and after. any engine maintenance which may reasonably be
expected to affect emissions,;,

24. Eng1ne Fa11ure.jl

‘En g]n Mmanufacturers sha11 not use as a test engine any test engine
which incurs major mechanical fa11ure necessitating disassembly of the
engine. This proh1b1t1on does not apply to failures which occur after
compIet1on of the bFeak iR erv1ce accumuTat1o period.
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25. Data Subm1ss1on.r:“

(a) Eng1n Mmanufacturers shall inelude in the application submit
the test engine-emission data and results frem for all emission data tests
(1nc1ud1ng vo1ded tests) that it has pep#epmed- were conducted on the test

gngines. , R . _

(b) - The ng!n manufacturer shall furnish to the Executive Officer._
with the subm1551on of the information required by paragraph (a).
explanations. of:the ‘cause for .a .any voideding any emission tests. The
Executive Officer. shall determ1ne if v01d1ng the test was appropriate based
upon the exp]anat1on g1ven by the _ng1n manufacturer.

(c) When unschedu!ed or unant1c1pated maintenance is performed, the
engine manufacturer shall irélude irn the applieatien furnish to the
Executive Officer a complete record of all pertinent maintenance, including
the malfunction: d1agnos1s, the corrective act1on taken, and the test data
obtained., S _ .

(d) A‘complete record’ of all maintenance that was performed on any

test engines shall be supplied: furnished to the Executive Officer for as
part of the cert1f1cat1on agp11cat1on

26, Test1ng by the Execut1ve 0ff1cer.

(a) = At the conc]us1on of break-in Lthe service accumulation procedure
and emission tests;ithe engine ‘manufacturer shall submit the test engine

data and results to the Executive Officer in accordance with the
requirements of ' Section 25. After reviewing the test data and results. the

Executive Officer-may require' conduct emission testing on the test
engine(s) (i.e.. confirmatory test1ngl-- o_verif e _engine ufacturer's
test results, and to determine that the test engine emission characteristics

are representative of production engines. TFhe Executive Offiecer will
desegnate wheFe sueh testang sha44 be performed-

{cl The'Exeeutive Officer shall consider an_engine manufacturer's

test-waiver request by evaluating information submitted under the

reau1rements of Section 25. 1nformat1on conta1ned in the engine fam1¥v

cert1f1cat1on re]ated act1v1t1es,i*
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,(3)j% Use of new or d1fferent technologies that may affect engine

. | H- ! B : ‘:;l. . .
{d) whenever the Execut1ve 0ff1cer determines that conf1rmatorv

testing is not warranted. the engine manufacturer's test data and results
shall be accepted as the off1c1al test data and results for purposes of the
certification rev1ew snec1f1ed 1n Section 27(a)(2)(1}

_ (e) Whenever the Execut1ve Officer determ1nes that confirmatory
testing is warranted. the Executive Officer shall notify the engine
manufacturer to submit one or more of the test engines, at such a place or
. places as the Executive Officer may designate., for purposes of conducting
confirmatory testing. The data and results from that test shall. upless
subsequently invalidated by the Executive Officer. comprise the official

test eng1ne£s) data and results for purposes of the certification review
ec1f1ed 1n Se t1on 27(a)(2 .1 .

¢y () Thel
of the: retest w111
em1ss1on standards

gine manufacturer may request a retest. The results
used to determine comp11ance with the app11cab1e

{e}‘Lgi. ‘If ‘the em1ssao test resu]ts exceed the gpp|1cable standard,
the Execut1ve 0ff1cer shai]_deny cert1f1cat1on

27. Cert1f1cat1on.. A

(a) New ut111ty and Tawn and garden equipment engines produced by a
manufacturer are covered by the following certification requirements:

(1) Thé 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 regu]at1ons in this pPart. If such
statements cannot be made with‘respect to any engine tested, the engine
shall be 1dent1f1ed2 and all pert1nent test data relating thereto shall be
supp11ed Lo

[, after rev1ew of the test reports and data
submitted by the engine manufacturer, data derived from any inspection
carried out! under*Sect1on 31, and any other pertinent data or information,
the Executive Officer determ1nes that a test engine(s) meets the .
requ1rements of Sect1on 43013* of the Ca11forn1a Clean Air Act and of these
provisions, he ‘the Executive 0fficér shall issue an Executive Order
cert1fy1ng such eng1ne(s) except for engines covered by Section 32.

(ii) Sueh eertificate shall be issued for a peried te he
determined by the Exeeutive Officery; but net to exceed one calendar years
The engine family cert1f1cat1on shall be granted only for the calendar-year
engine production as specified by the Executive Officer in the Executive
Order: and upon spch terms as he the Executive Officer may deem necessary
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to assure that any new ut111ty|and lawn and garden equipment engine covered
by the xecutj eOrderlw111 meet the requirements of these provisions.

(111) ‘The Executive Order shall apply to all engines
within the: eng1ne fam11y represented by the test engine and shall certify
comp11ance with no more than one set of applicable standards.

. (iv). The engine manufacturer may, at its option, proceed
with any of the fol10w1ng alternatives with respect to engines represented
by a test eng1ne(s) determ1ned not to be in compliance with applicable
standards ‘ R

: Lo A) De1ete from the. app11cat1on for cert1f1catlon
engines thCh were represented by the failed test englne The Executive
Officer. shall then se]ect in: p1ace of each failed engine an alternate engine
chosen . in accordance with the 'selection cr1ter1a that were employed in
select1ng the eng1ne that failedss ory,

(B) Repa1r and retest the failed engine to
detepm+ne d -'t"t t 4€ it ‘meets the app11cab1e standards. The
engine manufacturer shall then'test a second engine which is in all material
respects the same as ithe first: ‘engines (as repaireds) shall themn be
eperated and tested ]n accordance with the applicable test procedures.
i f (v)i.If the engine manufacturer does not compiy with
submit the Fequ;re idatd required under ‘sub paragraphs (2){i). (ii) and

(iii) of this paFa'F h Sect1on ‘the Executive Officer shall deny
cert1f1cat1on L

(b) As spec1f1ca1iy a1iowed by the Executive Officer, the engine
manufacturer may assume. the responsibility for decisions applicable to the
utility engine fam11y for which certification is sought to the same extent
such authority:is provided to manufacturers of new motorcycles emgine
mandfasturers under T1t1e 40 Code of Federal Regu]at1ons& Sections 86.416-
80(d) and (eD B ;o :

28. Amendments to t

(a) The ng1n manufacturer shall 1nform the Executive Officer by
written: amendment to the cert1f1cat1on application of any proposed changes
to engines that’ are ‘in production or will be produced The Executive
Officer shall, /if. approprlate, select a new test engine. Except as provided
in Section 29, the e engine manufacturer shalil not institute any changes until
approved by the Execut1ve 0ff1cer

{b) The Executive 0ff1cer 5ha44 may a]1ow reduced testing_with

esgect to the requirements of this Section.if it meets the requiremenis set
ferth in Seeteen 249¥ Title 135 Galifornia Gode of Regulatiens-

29. Alternat1ve Procedure For Not1f1cat1on of Additions and Changes.

fa} £33 In 4+eu of net+¥y+nh the Executive Offieer in advaree fhat
it plans te preduce additienal engines oF a change iR an engine urder
Sectien 287 a manufacturer shatd retify the Executive Officer coneurrently
with the deeaeaen 4? the manuiaeturep determines that fellowirg the ehange



ald enganes affeeted by the add+t+on eF ehange will still meet applicable
emission standards—~

a) (1 If the engine manufacturer determines that a change in an
engine family model will not affect the subject engines 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 chan e is made

ather than. in advance as required by Section 28.

. .(2) «'such notification ‘'shall include a full description of the
add1t1on or change}and ‘any support1ng documentatlon provided by the engine
manufacturer to support .its determ1nat1on that the. addition or change does
hot cause noncomp]1ance _

(3) :The:e ng1n manufacturer s determ1nat1on that the addition or
change does not ‘cause: noncompliance: 'shall be based on an engineering
eva]uat1on of the add1t1on or. change and/or test1ng

(b) (1) The Execut1ve Officer may requ1re that additional emission
testing be performed to! support the engine manufacturer's original
determ1nat1on submitted in accordance with paragraph (a) of this sSection..

o2y I additional ‘testing is required, the Executive Officer
shall proceed as in.Section 28. -

(3) 1 If the Executive Officer Rrequests additional test data,
the engine manufacturer must provide such data within 30 days of the request.
- or the engine manufacturer must rescind the addition or change immediatelys
after the exp1rat1on of the 30 day period.

(4) +The: Execut1ve 0ff1cer may grant additional time to complete

testing 1f add1t1ona1 test1ng is:required. .
' (B) ased on th1s ‘additional testlng or any other
1nformat1on, the Execut1ve 0ff1cer determines that the engines affected by
the addition or chahgé do not: meet the applicable standards, the Executive
Officer shall not1fy ‘the engine manufacturer to rescind the addition or
change . immediately upon’ rece1pt ‘of 'the notification. and &hat the
maRufacturers sheu4d to cease: se111ng engines- affected by such addition or
change. e " .

(¢) If a__gngln_'manufacturer elects to produce engines under this
sSection, the engine manufacturer, upon notification from the ARB that
engines that itihas ' 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‘Ca11forn1a pursuant to Section 43017 of the Health and
Safety Code. Prior| to. seeking, to enjoin an _engine manufacturer, the
Executive 0ff1cerrsha11 cons1der any information provided by the engine
manufacturer Do

30. Ma1ntenance Pf Records. ,;:

(a) The manufacturer of any ut111ty and lawn and garden equipment
engine’ subJect to any ‘of the. standards or procedures prescribed in these
provisions shall establish, ma1nta1n and retain the following adequately
organ1zed and 1ndexed records, L

L
- ]
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?(1) Genena] records ‘
(1) (A) Ident1f1cat1on and descr1pt1on of all
cert1f:cat1on eng1nes for which testing is requirediunder this subpart.
(B) A description of all emission control systems
which are 1nsta1led on or. incorporated in each certification engine.
Cr(C) A descr1pt1on of all procedures used to test
each cert1f1cat1on eng1ne :
; (11) A proper1y comp]eted application, following the
format prescr1bed by the California Air Resources Board for the appropr1ate
year of production, sha11 fulfill each of the requirements set forth in
subseetion’ paragraph (a)(1)(i)+ of this Section.
(2) Indtvhdua1 records.
(i) - A brief history of each ut1l1ty and lawn and garden
equ1pment eng1nes used for cert1f1cat1on under these provisions including:
{A) (1) In the case where a current production
engine -is mod1f1ed for use #n’ as a certification engine, a description. of
the process by‘whmch'the engtne was selected and of the modification made.

: , ;'?(2) ‘In the case where the certification
eng1ne #eF a eert+£+eataen engane is not derived from a current production
engine,’ a genera] descr1pt1on of the build-up.of the engine (e.g.,
experimental:’ heads werevcast and mach1ned accord1ng to supplied drawings,
etc. );-eﬂ"pi‘~ :

: R (3) In both of the above cases, a
description {gs_app_lgahl_l of the origin and selection process for the
carburetor, fuel system, emission control system components, and exhaust
aftertreatmént device-shall be included. The required descr1pt1on shall
specify the ‘steps'.taken to assure that the certification engine is
representat1ve of product1on engines with respect to its fuel system,
emission control system components, exhaust aftertreatment device, or any
other deviCe‘orhcomponent that can reasonably be expected to influence
exhaust emissions. ' The description shall also state that all components
and/or engine construct1on processes, component inspection and selection
techniques,:and assembly techniques employed in construct1ng such engines
are reasonably 1ikely to'be implemented.for production engines, or that they

are as c]ose1y analogous as pract1cab1e to p]anned construction and assembly
processes ‘

| : (B) A comp]ete recordiof all certification emission
fests” performedl(_ cept . tests performed by ARB directly) 1nc1ud1ng test
results,-and the date”and purpose of each test, and the hours accumulated oh
the eng1ne '*r~ﬂ ,

‘:(C) The date of each break in service accumulation
procedure FHH, 4+se+ng the heurs aeeumuJated-
- (D) [Reserved].

" (E) A record and descr1pt1on of all maintenance and
other service performed, 1nc1ud1ng the date of the maintenance or service
and the reason for 1t '

_ (F) A record and description of each test performed
to d1agnose eng1ne or ‘emissions control system performance, giving the date
and time of" the test and the reason for it.

- (G) [Reserved]
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AR )] A br1ef descr1pt1on of ‘any significant events
affecting the eng1ne during the per1od covered by the history, including
such extraordanary eévents as engine accidents or dynamometer runaway.

(i¥) Each such history shall state the date that any of
the selection or build-up activities in paragraph (a)(Z)(1)(A) of this
sSection occurred with respect -to the certification engine. The history
shall be updated each’'time the operation status of the engine changes or
additional work is performed on it.

C o (3) A11 records, other .than routine emission test records,
requ1red to be ma1nta1ned 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 théy'relate. Routine emission test records shall
be retained by the: manufacturer for a period of one (1) year after issuance
of all Executive Orders ‘to which they relate. Records may be retained as
hard copy or reduced to m1crof11m, punch cards,,etc , depending on the
record retention procedures of the eng1ne manufacturer, provided, in every
case, all the 1nformat1on conta1ned in the hard copy sha]] be retained.

31. Right of Eﬁtﬁy‘
(a) {Any & ng1n manufacturer who has applaed for certification of a
Rew ut+4aty apd: 4awn -and garden equipment ergine subject te certifieation
test under these pFevasaens shall affected by these requlations, upon
receipt of prior noticesy shall admit or cause to be admitted during
operating hours any ARB Enforcement Officer that has presented proper
credent1a1s- upen pFesentataen of eredentialss: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
equ1pment eng1ne is:present’ and is being, has been, or will be tested.

(3) : Any facility where a manufacturer constructs, assembles,
mod1f1es, or builds—up an eng1ne 1nto a cert1f1cat1on engine that will be
tested for cert1f1cat1on

(4) - Any facility where any record or other document relating to
any of the above 1s 1ocated j

(b)  Upon adm1ss1on 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, act1v1t1es, and test1ng facilities, including, but not limited
to, monitoring eng1ne precond1t1on1ng, emissions tests and break-in,
ma1ntenance, and engine seak ard storage procedures.

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

(3) To 1nspect and make cop1es of any such records, designs, or
other documents; and, .

(4) To 1nspect and/or photograph any part or aspect of any such
cert1f1cat1on eng1ne and any components to be used in the constructioen
thereof . S
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(c) To perm1t an’ ARB determ1nat10n whether production utility and
lawn and garden® equ1pment engines conform in all material respects to the
design specifications!which apply app4+ed to those engines described in the
Executive Order cert1fy1ng 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
re1at1ng to the translation . .of . the design and construction of engines and
emission related components descr1bed in the app11cat1on for certification
or used for. cert1f1cat10n test1ng into product1on engines is located or
carried on,‘and v

(2) Any_ ac1I1ty where any ut111ty and lawn and garden equipment
engines to be 1ntroduced into ‘commerce are manufactured or assembled.

(3) . Any California.retail outlet where any utility and lawn and
: garden equ1pment eng1ne is so1d

(d) On adm1ss1on to any: such facility referred to in th1s eSect1on,
any ARB Enforcement Officer shall be allowed:

(D) o Te 1nspect and.monitor any aspects of such manufacture or
assembly anduother procedures;- :
(2) To' 1nspect and make copies of any such records. documents or
des1gns, and i i -

e (3) 1o nnspect and photograph any:part or aspect of any such new

utility and. lawn and garden eqiipment engines and any component used in the
assembly" thereof that ‘are reasonab]y related to the purpose of his the
Enforcement 0ff1cec-sﬂentry S DI A

(e) Any ARB_Enﬂorcement 0ff1cer shal] be furnished by those in charge
of a facility be1ng inspected with such reasonable assistance as may be
hecessary to discharge any function listed in this paragraph. Each
applicant 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
app11cant controls the fac111ty

(f) The duty to ‘admit or cause to be admitted any ARB Enforcement
Officer applies whether or not the applicant owns or controls the facility
in question and app11es both to domestic and foreign engine manufacturers
and facilities.’ The ARB will not attempt to make any inspections which it
has been informed that Tocal law forbids. However, if local Taw makes it
impossible to insure the accuracy of data generated at a fac1]1ty, no
informed judgment that an engine oF engine is certifiable or is covered by
a eertificate an Execut1ve Order can properly be based on that the data.

It is the respons1b111ty of the engine manufacturer to locate its testing
and manufactur1ng fac111t1es in Jur1sd1ct1ons where this situation will not
arise. B : ,

(g):‘ For purposes of th1s sSect1on
{1) “"Presentation of ‘credentials® shall mean a display of a
document de51gnat1ng a person to be an ARB Enforcement Officer.
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- (2) ‘Where engine,’ddmpOnent, or engine storage areas or
facilities are concerned, operat1ng hours" shall mean all times during
which personnel are at work in the v1c1n1ty of the area or faciiity and have
access to it. | ¢

(3) Nhere fac1]1t1es r areas other than those covered by
paragraph (g)(2) of ‘this! sSect1o are concerned, "operating hours" shall
mean all times dur1ng wh1ch an agsembly line is in operation or during which
testing, ma1ntenance, ‘break-in -priocedure, production or compilation of
records, or iany other!procedure dr.activity is being conducted related to
certification test1ng, franslation:of designs from the test stage to the
production.stage, or engine . manufacture or assemb]y

'+ (4) "Redsonable assistance" includes, but is not limited to,
providing c1er1ca1 wcopy1ng, interpretation and translation services; making
personnel ava11ab1e ‘upon request to inform the ARB Enforcement Officer of
how the fac111ty operates and to-answer quest1ons, and performing requested
emissions tests oh any :engine wh1ch is being, has been, or will be used for
certification test1ng ‘Such tests” shall be nondestructive, but may require
appropriate break-in. :.The g ngtn e manufacturer shall be compelled to cause
the persona] appearance of any employee at such a facility before an ARB
Enforcement - 0ff1cer, upon written request from the Executive Officer for the
appearance of any emp1oyee of ‘a‘facility, and service of such request upon
the engine manufatturer. Any such employee who has been instructed by the

engine manufacturer to appear will be entitled to be accompan1ed,

represented, and adv1sed by counse1

( ,:- ,'4

32. Den1al Revocat1on, or Suspens1on of Cert1f1cat1on.

(a) Notw1thstand1ng the fact that any engine(s) tested for
certification may comply w1th the provisions set forth herein, the Executive
Officer may withhold or:deny! the issuance of an Executive eOrder {or
suspend or revoke! any ‘such eertificate Ezecut1ve Order whlch has been
issued) with' respect to any- such eng1ne(s) if:

B (1) The engine manufacturer submits false or incomplete
1nformat1on in- 1ts app11cat1on for certification; or

' (2) ' The engine e manufacturer renders inaccurate or invalid any
test data wh1ch it submits perta1n1ng to the certification or otherwise
circumvents the intent of Section 43013 of the California Clean Air Act or
of these prov151ons ‘with' ‘respect to such eng1ne, or.

@3) . Any ARB’ Enforcement Officer is denied access on the terms
spec1f1ed in Sect1on 31 to any fac1]1ty which contains any of the following:

" (i) " The enginesi eF

i (11) Any components used or considered for use in its

mod1f1cat1on or'build-up into a certification eng1ne,4 BF

L (111) Any production engine which is or will be claimed by
the engine manufacturer to be covered by the certificatey; or

. (iv) : Any step in the construct1on of an engine described
in paragraph (c) of th1s'sSect1on;4 ek

(v) -Any records, documents, reports, or histories

required’ by th1s Part'to be kept concern1ng any of the above.
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'(4) Any ARB Enforcement Officer is denied "reasonable
ass1stance" ‘in exaanIng any of*the 1tems 11sted in ‘paragraph (a)(3) of this
SSectlon ot Wy 2

(b) The'sanct1one of w1thho1d1ng, deny1ng, revoking, or suspend1ng of
an eertificate Executive Order ‘may:be imposed:for the reasons in paragraph
(a) of th1s sSectlon on]y when the 1nfract1on is substantial.

(c) In any case in thCh an eng1n manufacturer knowingly submits
false or 1naccurate 1nformat10n, or knowingly renders inaccurate or in valid
any test data, or'commits any fraudulent acts.and such acts contribute
substantially tp_thewExecut1ve_0ff1cer decision to issue an order, the
Executive 0ffider mayvdeem such eertificate Execytive Order void ab initio.

(d) In any ‘case in which’ cert1f1cat1on of an engine is proposed to
be withheld, denied, revoked, orisuspended under paragraph (a)(3) or (4) of
this sSection, and:in which the Execut1ve Officer has presented to the

engine manufacturer involved:-reasonable evidence that a violation of Section
31 has occurred, the engine manufacturer, shall have the burden of
establishing . any contention: to the. sat1sfact1on of the Executive Officer,
that even though th_ jolation} occurred the engine in question was not
involved to such a degree that wou1d warrant withholding, denial,
revocation, ior suspens1on of cert1f1cat1on under either paragraph (a)(3) or
(4} offth1s 53ect1o ¥

(e) Any revoca 1on or. suspens1on of cert1f1cat1on under paragraph (a)
of this. 5§ect1on shall: -

(1) Extend ho further then to forb1d the introduction into
commerce of eng1nes prev1ous1y covered by the certification which are still
in the possess1on of ‘the engine manufacturer, except in cases of such fraud
or other m1sconduct as makes the certification invalid ab inito.

- 33. AdJud1catory Hear1ng. 0
Part1es affected by an Executive Officer's Determination, may file for

an adJud1catory hearing pursuant to Title 17,'California Code of

Regulations, Section 60040, et seq.- The previsions of Title 17,

California Code of Regulat1ons, Section 60040,.et seq. shall be fu]]y

app]1cab1e to fj ini _ade under,these prov131ons
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Part II. Raw Ges?MethodiTesthrdcedures

1. Purpose;

emissions from smgl] ut111ty eng1nes (ie., brake power less than 18.6 kW
[25 hp] ard B8 4nr7).  Details of engine test setup and exhaust gas analysis
technigques are Spec1f1ed with;the intent of prov1d1ng a uniform and
reproduc1b1e method of measurement

!

{b) The 1ntent has been to a]low as much flexibility as possible in
the physical construction of the experimental apparatus Therefore, only
those portions of the apparatus whose operation is critical to the accurate
measurement of em1ss1ons 1eve1s are prescribed 1n detail.

Lgl Set forth beJew in th1s Part is the engine test procedure,
including test sequence :for the various eguipment applications in which
small utility engines: are usedlf ‘The intent of the test procedure is to
provide an understand1ng of the levels of exhaust emissions and does not

imply that in a g.ven equipment application, an engine would operate in a11
the modes out11ned 1n the test procedure :

2. Eng1ne Test Setup;;_

engine beeﬂg tested sheuid be test setup shall be instrumented so that the

follewing variabltes; in addition te exhaust emissien levelsy parameters
specified in Sect1on 13 (as applicable) can be measured or ca1cu]at d.+

a= IRiet air mass flew Fate {Net Feeemmended for twe-streke eyele

engenes}

fhiet aie tempeeatuee L

¢+ Inlet air humidity ;-

d- Baremeiric pressure ' -

er Fuel mass $4ew rate

f- Engine speed '

g+ Engene bFake tquue eutput

L_l xhaust Gas Ana]yt1ca1 System Througheut the eourse of a tesks
exhausk eempes*t*en will be measured theeugh use of an analytieal trairn and

+nsteumentateen system whieh 35 desecribed in detai} in the sectiens belew-
1 he exhaust gas.analylical system shall provide a

by one probe and then be split: 1nterna11y to the different analyzers. The
schematic diagrams in Figures 2-2 and 2-3 indicate possible exhaust gas
analytical systems. and serve to illustrate only the essential elements of
such systems. Such systems operate as follows:
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* FIGURE 2-1; Engine Test Setup.
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FIGURE 2-2: Exhaust Gas Analytical System with HCLA.
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i Exhaust gases from the sample probe are separated ‘into
two or three streams depending on the sampling requirements. One sample
line passes through a heated filter 'and leads to a 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, dry exhaust gases to the analytical instruments. Fach

analyzer inlet has a valve to meter the flow rate, and gauges to measure the

pressure. Flow meters located in the exhaust of each analyzer indicate the
sample flow rate. ! :

(ii) The HFIQ analyzer oven temperature shall be
maintained between 175 to 200 "C (347 to 392 “F).
{63 Suggested engine setup and exhaust gas analysis systems are
itlustrated 4n Figs+- 1 and 25 respectively-

fa3(c}) Air and Fuel Measurements.

{1) Emissions measurements are made on a molar basis. and
results are given in terms of concentration- General practice at present is
o guete, and emissions are reported in mass terms of mass (i.e. rams}.
Conversion of concentrations into mass may be based either on engine airflow
or en fuel flow-: however, the fuel flow measurement js recommended for
all engines.’ Conversion methods for air and fuel flow measurements are
cutlined in Section 14(c)(3): conversion methods for fuel flow measurements

are outtined in Section 14(c){4). Fer twe-stroke eycle engines it is
recommended te use the Fuel Flow Methed as described im 14¢b3{23{44)-
Feliewirg paFagFaphs g*ve Feeemmended pFeeeduFes for measuring airF anrd fuel

flaw-
{13(2) Inlet Air F]ow Measurement.
© - {i) F4gs 1 shews in schematic ferm the suggesied inlet
airfiew measurement system- The schematic test setup of Figure 2-1

indicates an optional inlet airflow measurement system. The This
measurement system consists of a laminar flow meter used in conjunction with

a pressure wave damping chamber. The damping chamber may eersist of ary
vesse} having has an internal volume not less than 100 times the
displacement per cylinder of the engine under test. A conventieral drum of
the type used for sterage of petreleum preducts will be satisfactory for
this purpese- The damping chamber should be installed between the airflow
metering element and the engine earbureter 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 should adhere to. the practices specified by SAE J244 (approved May
1971, eemp4ete45 revised by the Autemetive Emissions Gemmitfee June 1983)
which is 1ncorporated by reference herein.

- (ii) If the airflow element reduces the engine airflow and
results in a beécause of excessive pressure drop that isy greater than 0«2
in H,0 or BO Pa lQQ_EQ_LQ_&_lﬂ__Hggl, an auxiliary blower can be used to
compénsate for the effect of the air meter. If a blower is used, engine
inlet pressure shou]d be measured and controlled to +4- 8-2 iR H o8 £+4- BO
Pa} +/- 50 Pa (+/- U 2 in. H,0) of barometer readings.

-36-



e

(iii) The engine air inlet air flow measurement range shall

be sufficient to measure accurately the air flow over the operational range
of the test engine.  Overall measurement accuracy shall be +/- 2 percent of
fuil-scale value of the measurement 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 shal] be notified of the
m%__mmwm'_

L When an engine system incorporates devices that
affect the air flow measurement (e.g.. air bleeds., air _injection., pulsed
air, etc.) resulting in understated exhaust emission results. the exhaust
emission results shall be corrected accordingly. The Executive Officer
shall be notifiediof such corrections. - ‘

' €23(3) Fuel Flow Measurement. A preecision mass rate meter
having an aceuraey of +/- 1% of the reading shall be used- The fuel flow
rate measurement instrumentation must have a combined accuracy of +/- 2

percent of the read1ng

£b3(d) Exhaust Gas Samp11ng System.

{1) The exhaust and exhaust gas sampling systems consists of
the exhaust system’ ﬂaFma4Jy supplied with the engine configuration that is
pec1f1ed for the: test gng1ne, an exhaust sampling probe, andfer an exhaust
gas mixing chamber: (a5 . the exhaust mixing chamber is net
recommended fer' testing tweo-stroke eycle enginess :

él}L_l . Exhaust Sample Probe.

it FBF four-streke. ‘enginess; the inrside epening of the exhaust
sampling pFebe shaJ% be 4eeated ‘in-the ecenter of the section of the exhaust
eonduit at a minimum 100mm {4 4nehes} downstream of the entramree ef the
exhaust eenduit er the exhaust valve of the last eylinder-

The exhaust sample prebe’ eonsists of a length of emm {144 4neh) 8-B=
stainless steel tubing- The sampie pFBbe inlet sheuld be centered in the
exhaust }ine and face upstFeam as shewn in Figure 1= AR alternate probe
design which may be'used is deséribed 4n SAE J216 {Appreved Nevember 19705
eempJeteJy revised by the Autemetive Emissiens Committee January 19803}
which is 4neaneFated by reference hereins

(1) - The sample probe shall be a_straight. closed-end.,
stainless steel, multi-hole probe (See Figure 2-4)., The inside diameter

shal]l not be greater than the inside diameter of the sample line plus 0.3 mm

(0.01 in.). The wa]T thickness of the probe shall not be greater than

1.0 mm (0.04 in.): The fitting that attaches the probe to the exhaust pipe
shall be as sma11 as nract1ca] in order to minimize heat Toss from the
probe.

(11) The nrobe shall have a minimum of three holes. The

radii g]anes o%!each hole shall be spaced such that equal (a pproximately)

cross-sectional areas of the exhaust duct a*g-covereg. The angular spacing

of any two holes 'in'one plane may not be 180" +/- 20° (i.e., Section C-C of
. ) ‘ . “‘I:. o : |; .

TR
|.’_i‘, !
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same flow.' rIf on1v three ho]e§ are used, the holes cannot be in_the same
radial plane L i

' (111) The probe shall extend radia11v across the exhaust

duct. The probe must pass through the approximate center and must extend

across at 1east 80 percent of the diameter of the duct.
: '(iv) - The probe should be Tocated in a position that vields

a well m1xed, homogenous sample of the exhaust gas
(v)_-:_ The probe should be 1ocated in the high pressure

side of a muff]er when the probe is located in the muffler.

‘ £43}, For two-streke ecycle engines; the exhaust sample
prebe shall be 4n the high pressure side of the muffler; but as far frem the
exhaust pert as. pFaet4ea4— Fegure 1A shews iR sehemat%e form the suggested
systems. -

{444} L_ll FGF twe streke eye4e and four-streke engines
equ%pped with anm ‘exhaust eata4yt+e converter in the wufflers; it shall be
recessary te lecate tThe exhaust sample probe shall be 1ocated downstream
from the eata4yt4e element but - net an exhaust catalytic converter element
when the test engine is equipped w1th an exhaust catalytic converter. The

exhaust: sample probe shall not ibe so close to the muffler exhaust outlet as

to 1ngest air from the atmosphere due to pressure putsations in the muffler

cylinder engine. or‘downstream 6f the final junction of the exhaust manifold

of a multi-cylinder:engine, and shall not be so close to the exhaust outlet

as to_ingest air frbm-tbe atmosphere due to pressure pulsatjons in the

exhaust.

exijt of a mixing chamber when a mixing chamber (optional) is used in the
test setup. ' The exhaust sample probe shall not be so close to the exhaust
outlet as to 1ngest ajc from'the-atmosphere due to pressure pulsations in

the exhaust.
(1x) The Execut1ve Officer may allow an alternative
location for an' exhaust. sample  probe when_the: above criteria are not
applicable to a particular test engine exhaust’ system Such_an alternative

location shall be 1ocated 1n_or.er to measure a well mixed, homogeneous

exhaust gas samp]e SR
{Z}L_l k Exhaust M1x1ng Chamber
(i) 1 The schematic test setup’ of Figure 2-1 indicates an
pt1ona1 mixing chamber component. 7Fhe exhaust mixing ehamber is nek

recommended for twe-stroke eyele. eng;nes— Fer four-stroke engiresy tThe
exhaust m1x1ng chamber is located in the exhaust system between the muffler
and the sample probe.: Its purpose is to ensure complete mixing of the
engine exhaust before sample extraction so that a truly representat1ve
average exhaust sample is obtained. The interral velume of the mixing
chamber must be ret less tham 10 times the eylinder dqsp4aeement of the
engine under test and shewld be ef roughly equal dimensiens iR hedights;
width; and depth— '

- _38-




: (11) The 1nterna1 vo1ume of the mixing chamber shall not
be 1ess than 10 t1mes the cylinder displacement of. the engine under test.
The shape of the mixing chamber shall be such that the chamber provides a
well-mixed, homogenous sample at the sample probe location. To minimize
dropout of heavy hydrocarbon fract1ons in the exhaust m1x1ng tank chamber
during part throttle; 1ight load ‘operation, the tank size should be kept as
small as pract1cable, cons1stent with the 16 times eylinder displaecement
minimum size limitation. Restr1ct1ng the size of the tamk chamber will
_keep interhal turbulence as h1gh as .possible, thus. promoting thorough
mixing of the exhaust gas. The tank chamber shou]d be coupled as close as
poss1b]e to the engine g;hggstﬂggtjgt

' (111) The exhaust line 1eav1ng the tank chamber should
extend at Jeast 24 '4n {610 mm} a'sufficient length (e.qg.. 610 mm [24 in.])
beyond ‘the sample probe Tocation to eliminate: :possible samp11ng errors due
to strong exhaust pulsat1ons pu111ng air back into the exhaust system. The
exhaust line shou]d be of suff1c1ent size to hold exhaust back pressure to a
minimum.

L (1v) The temperature of the inner surface of the mixing.
chamber must sha11 ‘be. maintained abgve the dew po1nt of the exhaust gases-
A tempesature Farge: e¥0359 -376:DEG-" F {177-190 DEG-° 6} (i.e., between 175
to 400 °C [347 to: 252.°F1). 145 recommended for beth four eyele and twe
-eye+e eng+nes if a m+*+ng cehamber is useds :

’ st 1_)_ ~IE 35 suggested that sur#aee tThermocoup1es eF other
suatabJe temperatuc mon1tor1ng devices be installed 3n the of the m1x1ng
chamber. is: regu1red to ensure: operat1on at the preper temperatures

pec1f1ed ih this: Sect1on Co
,‘3(4) ‘ Sample Transfer L1nes o

.(1 i) Heated sampi transfer 11nes shall be maintained at

the same temnerature range as snec1f1ed for the applicable heated analvzer's
oven temperature Qlf"jw.; L

na]yzers may be heated
v {B) Vent1ng

(i) All vents. 1nc1ud1na analyzer vents and pressure

requlator vents, shou]d be vented in such a manner as to avoid endangerment

of test Dersonne1

including performance: snec1f1cattons and emission detection methods. may be
used only w;th the apgrpva] of_the Execut1ve Officer.

T . .g -‘::--.cdmo.'-r-?- . .
pumps ., - sw1tches, and so forth, may be employed to provide additional

1nformat1on and coord1nate the functlons of the component systems.

Wi J X L
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3. Ana]ytxca] Gases

(a) Analyzer gases
(1) "Calibration or ‘span Ggases for the €O and CO2 analyzers
shall be singte blends of GO and GO, respectively using have“zero-grade
nitrogen as the diluent. . Combined B0 and Con span gases are permitted.
Zero-grade. n1trocen shall' be:the diluent forC0 and CO. span_gases.
- i(2) :Calibration or span Ggases for the hydFocarbon analyzer

-shall be single blends of. propane using air with _zero-grade nitrogen as

the diluent.when 1est1na ‘gasoline-fueled engings, The diluent shall be

zero—grade ajr when testing d1ese1 fue]ed eng1nes

(3) a]1brat1on or’ spa Ggases for NO, analyzer shall be single
biends e# ND named ‘as NO_: with & maximum N02 concéntrat1on of b percent of
the nom1na1 va1ue usxng 5ero~grad nitrogen~as the diluent.

(4) ‘Reserved Zero-grade gases for hydrocarbon analyzers shall

be n1trogen when test1ng gasoline-fueled engines and air when testing
diesel-fueled eng1nes Zero-grade gases for the carbon monoxide. carbon
dioxide and oxides of n1trogen ana]yzers sha]] be either zero-grade air or
zero-grade nitrogen:

1 (B) .. The: al1owab1e zero-grad gas (a1r or nitrogen) impurity
concentrat1ons shal? not exceed 1 ppm equivalent carbon response, 1 ppm
carbon monox1de 0. 04 percent (400 ppm) carbon dioxide, and 0.1 ppm nitric
oxide.

(6) Q“Zero grade a1r" lncTudes artificial "air" consisting of a
b]end of n1trogen and oxygen w1th oxygen concentrat1ons between 18 and 21
mole percent '

. = Th seof proport1on1ng and prec1s1on biend1ng devices
i.e.. gas dividers) to:obtain'the required analyzer gas concentrations is

allewable a11owed1prov1ded their use has been appeeved in advanee by the

Exeeutive 9££+eer- sych‘dev1ces are' maintained. i d ith t

(b) a11brat1on“g Ga44brat+en -gases’ 5ha44 be knewn teo within +£-2
pereenrt ef the tFue va4ues—-e‘~ ¥

ze:o-grade nitrogen. . L
: (i) The true concentration of a span gas must be within

+/= ercent [0} thetNIST as standard. The true concentration of a
- ti ;

;
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d11uted W1th e1ther zero- urade N, or zero-grade air (as applicable). The
accuracy of the diluted gases ma$ be determined to within +/- 2 percent.
' G0 (1v) Fue1 for the HFID detector shall be a blend of 40 +/-

less than 1 ppm equ1va1ent carbon_response: 98 to 100 percent hvdrogen fue1
may be used W1th advance annrova1 of the Execut1ve Officer.

o iIW\"
: i

4, Ca]:brat1ons -uency and 0verv1ew. ;:?

(a) Ca11bret1

ons. sha11 bejperformed as spec1f1ed in Sections 5 through

! -
o ”' :

10 3.

(b) [Reserved]__,_h : J
(€) At 1east monthly or after any ma1ntenance which could alter
ca11brat1on, the fo]10w1ng ca11brat10ns and checks shall be performed:
(1) iCalibrate the hydrocarbon analyzer, carbon dioxide analyzer,
carbon monoxide ana]yzer, and oxides of nitrogen analyzer (certain analyzers
may require more frequent ca]abration depending on particular equipment and

uses).
(20 Ca11brate the dynamometer as specified in Section 5. If the

dyRamemeter . FBB%EVB& g week+y perfermance cheeck {and Femains within
ealebrat+en} 'thef enth%y_ea#"b‘at+en need net be performed:

yEeF e#ter any ma4ntenanee which sould alter
ea4+brateen, the £e44ew+ng ea4+brat+ens and cheecks shall be performed:
Pedy Cheelk 'the' ex+des ef|n+tFegen eonverter efficiencys; if eoxides
of n*tregen ‘and are.measured, and
C o2y Run @ pepfermanee check on the dynamemeter- This cheek may
be omitted 4# the dynamemetep has been ea4+brated within the preceding
meRkh- o

{e}Lgl Sample cond1t1on1ng columns, if used in the CO analyzer train,
should be checked at''a frequency consistent with observed column life or
when the 1nd1cator of the co]umn packing begins to show deterioration.

!‘\

5. Dynamometer Cahbratmn.,iﬁE
(a} The dynamometer sha]l ‘be calibrated at Teast once each month using
the dynamometer manufacturer's‘method of calibration. If required by the
dynamometer manufacturer, the dynamometer shal] be er performance verified
at least once each. week. and. then calibrated accordingly. as required using
the dynamemeter manu#aeturer . methed ef ea4+brat+en-

: and Ana#ys*s -?

fay A suggested analytical system which provides fer eoRtinueus
measurement of emissions levels is i}lustrated in Figr 2- This drawing is
rot intended te FepFesen% a eemp%ete system- Rathers it 4s intended %o shew
the essential e4ements of sueh a systems
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i} Exhaastlias ; ﬁpsé Ehe samp%e pFebe are sp44t jnte twe eor three
streams depending Hpen samp44 gJFequ4Fements— ‘One sample lipe leads o the
heated FiB- | This Iine gheu4d be heatgd to the same temperakture as khe
detector oven- 350-376 °F €177 - 190 "6} s recommneded for beth 2-streke
eyele and 4-sircke eyele eng+nes- ~Fhis 1ine alse sheuld have a heated
particulate filter te remove centaminants if the optional heated tew
restriction filter and lube trap is omittied-
f6} A secend sample 1ine leads te the NBIR analyzers- The sample
passes through 'a eeld. tPap, wh%eh serves to remove the water; and then
through & ?44%ep— Fhe filieredsy dry exhaust gases are pumped by diaphragm
pumps te Ehe anaiyt*ea4 4HstFuments— The inlet of each analyzer is previded
with a me%eF+ng lvalye to! peFm4t adjustment of - flow rate through that
ijnsteument- Samp%e £low rates: are indicated by flow meters placed iR the
exhaust. of eaeh ana4yzep— In: add+t4en, gages are provided fer measurement
of pFessuFe ‘at ‘the 5amp4e +n4et peFt of .each ‘analyzer~
£d} Ihe ie#4ew;ng sequenee of eperatiens shall be performed in
eenjunet+en with each series of measurements for €05 GO,5 HE5 anrd NOx:
£33 ZeF'ith'janaJyzeps and obtain a stab4e EeFe Feadirg~
Recheek after tests 5
1gay i Intre e!spa'”gases and set +n5tpument gains+ IR srder e
aveid erreFsy Span: and ea44bFa¥e at the same. ¥4ew rates used te aralyze the
test sample: Span gases’ sheuld ‘have concenirations equal} to 7B £e 100
percent of full.sealer  If gain has shifted sigrificantly en the analyzerss
eheek the ea44bFat+en5-‘ Show actual concentrations on chart-
8y Gheek ‘z6Fes+ Fepeat’ the precedure iR paragraphs {a} {1} and
{2} of th*s section 4f Feguireds |
T 43 Gheek ‘flow rates and pFessuFes-
{6}  Measure HG; GQ 992, and, if appFepF+ate— NOx5
coneentrations ‘of .samples
' {6} ' Gheck zerp and span points~ If difference is greater than 2
percent of fulll 56349? Fepeat the pFeeeduFe +n paFagFaphs fay{1) threugh {83
of th45 seet+en— ! ,

F= 54

: ( opt1m1zat1on of detector response. Prior to
its introduction Hnto serv1ce]and at least 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 1n advance by the Executive Officer.

(1) ‘Follow the analyzer manufacturer's instructions or good
eng1neer1ng practice for instrument startup and basic operating adJustment
using the apprepriate ﬂFID fue] and zero- grade asr gas specified in
Sect1on 3 R

LA




' (2) 0pt1m1ze on the ‘Common operatlng range. Introduce into the
analyzer a .PFepane 4n air ma*ture the appropriate gas mixture as specified
in Section 3(a)(2). and with a'propane concentration equal to approximately
90 percent of the most common ‘operating range. -

L (3) Select .an operating HFID fuel:flow rate that will give near
max jmum response and least var1at1on in response with m1nor fuel flow
variations. '

(4) To determ1ne the optImum air flow, use the HFID fuel flow
setting. determ1ned above and: vary air flow. ‘

(5) -After'the opt1mum flow rates have been determined, record
them for future reference '

(c) In1t1al and per1od1c callbrat1on Prlor to its introduction into
service and monthlythereafter the HFID hydrocarbon analyzer shall be
calibrated on all normally used . fnstrument ranges Use the same flow rate
as when-analyzing: sample LiE

(1) . Adjust ‘analyzer: to' opt1m1ze performance
(2) Zero the hydrocarbon analyzer w1th zero-grade air_or zero-

w -abje. cal1brat1on gases hav1ng nominal :
concentrations of: 45 39 4by 69 15, and 90 10, 20, 30, 40. 50, 60, 70, 80
and 90 percent ‘of that range. For each range calibrated, if the deviation
from a teast squares best f1t stra1ght line is!2 percent or less of the
value at each data. po1nt,'concentrat1on values may be calculated by use of a
single calnbrat1on factor for:that-range. If:the deviation exceeds 2
percent. at any - po1nt ~the best:fit non linear equation which represents the
data to within 2 pej_ent of each test point shall be used to determine
concentrat1on ; ‘. L :

:*‘ er

g8 7. Carbon Monox1de Analyzer Calibrat1on

(a) In1t1al and per1od1c 1nterference check. Prior to its
introduction into’ serv1ce and annually thereafter the NDIR carbon monoxide
-analyzer shall® be’ checked for response to water vapor and CO

(1) = Follow the a nalyze rr manufacturer's 1nstruct13n for
1nstrument startup and operat1on AdJust the analyzer to optimize

(2) Zero': the carbon monox1de analyzer w1th either zero-grade air
-or zero grade n1trogen ;1n:\a ¥

' (3) Bubble’a mixture of 3 percent CO2 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 w1ll requ1re corrective action. (Use of conditioning
columns 1s one form of correct1ve act1on which may be taken.)

(b) In1t1al and per1od1c cal1brat10n Prior to its introduction into

service and monthly thereafter the NDIR carbon monoxide analyzer shall be
calibrated. -
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(1) Adgust the analyzer ‘to opt1m1ze performance

(2)  Zero the, carbon monoxide analyzer with either zero-grade air
or zero_grade n1trogen .
' (3) Ca11brate on: each normally used operating range with carbon
monoxide in N cal1brat1on gasés having nominal concentrations of 1By 30
465 605 783 aad 90 10, 20, 30. 40, 50, 60, 70, 80 and 90 percent of that
range. Additional calibration paints may be generated. For each range
calibrated, 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 a s1ng1e calibration factor for that range. If the
deviation exceeds: 2 percent at any point, the best-fit non-Tinear equation
which represents the data to within 2 percent of each test point shall be
used to determine concentrat1on ;

9- 8. 0x1des of Nltrogen AnaIyzer Ca11brat1on

(a) Pr1or to 1ts 1ntroduct1on into service and weekly monthly
thereafters $f exedes ‘of n+tpegen are measureds the chemiluminescent ox1des
of nitrogen analyzer shall be:checked for MO NO to:NO converter
efficiency.. Refer ta" F1gure F78-8:is a. Fefege__g for the follewirg steps+
of Section 12, Part IIT ‘and perform this efficiency check as follows:

(1) .. Folliow; ‘the a naiyze manufacturer's instructions for
instrument: startup and operat1on AdJust the ana1yzer to optimize
performance i :

(2) . Ze
zZero= grade nltrogen =

: (3) Connect the outlet of the NO
of the oxides of n1trogen ana]yzer which has
operating range. ' 3y

(4) . Introduce 1nto the NO generator analyzer-system a NO in
nitrogen (N,) mixture with a NO concefitration. equal to approximately 80
percent of Ehe most.common operating range. The NO, content of the gas
mixture shall be less than 5 percent of the NO concéntrat1on

o () . With the oxides.of nitrogen analyzer in the NO mode; record
the concentrat1on of NO indicated by the analyzer.

i (6) - Turn on the NO, generator 0, {or air) supply and adjust the

{or a1r) supply and. adjust éhe 8, ¢or a+g} flow rate so that the NO
1Ed1cated by the analyzer is about %0 percent: less than indicated in step 5.
Record the concentrat1on of:NO in this NO+0, mixture.

(7) * Switch the NO, " generator to“the generation mode and adjust

)

1he ox1des of nitrogen ana1yzer with zero-grade air or

generator to the sample inlet

Xbeen set to the most common

the generation ratejso, that the. NO measured on the analyzer is 20 percent of

that measured in step B..i There must be at Teast 10 percent unreacted NO at
this point. Record the: concentrat1on of residual NO.
: (8) Switch the oxides of nitrogen analyzer to the NO mode and
measure total NO Record this value.

(9) §w1tch off the NO_ generation but maintain gas flow through

the system. The oxides of n1trogén analyzer will indicate the N0 in the
N0+02 mixtuqe.. Record this yalue *

S0
1
|
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(10) Turn off the NO generator 0 (or air) supply. The
analyzer will now indicate the. NG, “in the orifinal NO in N, mixture. This
value should be no more:than 5 pchent above the value 1nd%cated in step 4.

(1) Ca1cu1ate theefficiency of the NOx converter by
subst1tut1ng the concentrat1ons obtained into ‘the following equation:

Percent Eff1c1ency {1+(a b)/(c d)}xlOU
where: -

a= concentratjon obtalned in step (8).
b=concentration obtained in step (9).
c=concentration obtained .in step. (6).
d-concentration obtalned in step*(?)

If converter eff1c1ency 15 not greater than 90 percent corrective action
will be requ1red : S

(b) In1t1a1 and per1od1c ca11brat10n Pr1or to its introduction into
service and monthly. thereafter, if oxides of nitrogen are measured, the
chemiluminescent oxides of n1trogen analyzer shall be calibrated on all
hormally used 1nstrument ranges. Use the same f1ow rate as when analyzing
samples. Proceed as' follows:!: ﬂ‘

(1) Adjust anaiyzer to: aptimize performance
(2) Zero the ox1des of n1trogen ana]yzer with zero-grade air or
Zero- grade n1trogen1
(3) Ca11brate on. each normally used operating range with NO in
ca11brat1on gases with nominal : ‘concentrations of b0 and 100 percent of
tﬁat range Add1t1ona1 ca11brat1on points may be generated.

0= 9. Carbon D1ox1de Analyzer Ca11brat1on
(a) Pr1or to'its’ 1ntroduct1on into service and monthly thereafter the
NDIR carbon d1ox1de analyzer shall be calibrated:

“(1) ‘Follow the analyzer manufacturer's instructions for
1nstrument startup and operatlon Adjust the analyzer to optimize
performance,

(2) Zero the carbon d10x1de ana1yzer w1th either zero-grade air
or zero- grade n1trogen

(3) Ca11brate on each norma]]y used; operating range with carbon
dioxide in N calhbrat1on gases having nominal concentrations of 165 305 465
. 805 #B5 and 59 10, 20..30, 40, 50, 60, 70, 80 and 30 percent of that range.

Add1t1ona1 calibratlion points may be generated. For each range calibrated,
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 a singie ca11brat10n factor for that range. If the deviation
exceeds 2 percentat 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 concentratlon
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1t. 10. Test Sequence Conditions, General Requirements.

(a) Ambient temperature levels encountered by the test oengine
throughgut the test sequence shall not be less than 20° C (68 F) nor more
than 30¥ C (86 F). The engire Non-handheld equipment engines shall be
appreximately level during the emission test to prevent abnormal fuel
distribution. _

12: EnRgine Fest Rreecedure
{a} Ergine Preparatien

Test the engine in the dynamemeters urder mede 2 conditienss; measuring
fuel consumption and power before the emission measuring equipment is
installed- After the emission measuring equipment is attached; the fuel
flow and pewer sheuld be remeasured and the results must agree within +4- Bb%
of the results ebtained befere the emissien measuring equiment was attached-
Rartieular attentien must be exercised during engire mounting en the
dynamometer as the fuel flow and emissions may be greatly influerced by the
modrting configuration-

11. Engine Fuel and Lubricant Specifications.

(a) Engine Fuel Specifications.
(1) Certification Fuels. . .
: - {i) Petroleum-based fuels. The certification test fuel
used for emission testing shall be consistent with the fuel specifications
as outlined in the California Code of Regulations, Title 13, Section 1960.1,
and the latest amendment of the "California Exhaust Emission Standards and
Test Procedures for 1988 and Subsequent Model Passenger Cars, Light-Duty
Trucks, and Medium-Duty Vehicles", incorporated by reference herein. The
test fuel specification should remain consistent from batch to batch. If a
particular engine requires a 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 subparagraph (a){1)(i) above.

(2) Service Accumulation Fuels.
- (i) Gasoline. :
mew

gasoline that satisfies the same fuel specifications as any of the
cerfification test gasolines., or Hunleaded gasoline representative of
commercial gasoline which will be generally available through retail outlets
snall be used in break-in precedures service accumulation for petreieum
gasoline-fueled OGotto-cycle vehieles engines. Leaded fuel shall not be
used during break-in precedures service accumulation. Additienal fuel
requirements for break-in precedures are as follews:
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S {4} Eng*ne 4ubF4eants FepFesentat4ve of commerically
ava+4ab4e eng4ne JubFicants which will be generally available threugh retail
outlets shall be used by manufaetupeps—

i {44} (B)  The:octane rating’ 'of the gasoline used shall be
no h1gher than 4.0 Research: eOctane rNumbers above the minimum recommended
by the engine manufacturer when a certification fuel is not used for service

cgumulation-. and shall _have 'a minimum sensitivity of 7.5 Octane Numbers,
Sens1t1v1ty is the Research Octane Number minus the Motor Octane Number,

- £4443(C) The Reid Vapor Pressure of the fuel used a_
ga5011n sha11 be characteristic of the meter e engine fuel during the season
in which the break-4n precedure service accumulation takes place in the ‘
outdoors. or shall be characteristic of the engine fuel appropriately suited
to the ambient conditions of an 1ndoor test ce11 in which_the entire service
accumu]at1on takes nTace '

: £3vy i IE Ehe. manu#aetupep speeifies several lubrieanis e
ke used by the ult*mate quehaseP— the Exeecutive Officer will select one teo
ke used- -

(11) }D1esel fue]

(A)_'As specified in subparagraph (a)(1)(i) of this

Section;;'fj

Section.

(b) E

ratio snec1f1ed by the engine manufacturer. Emission compliance shall be
demonstrated for each fuel 011 mixture ratio that is recommended to ths
ultimate purchaser." :
;{2) Service Accumu1at1on Lubricants.

¢ (1) -Engine 1ubr1cants that ar esent f

accumulation. f_% |

£33 Eng+ne Run In _: ;

PF+eF to beg%nn+ng eng+ne e*haust em4554en ‘testsy the engine shali be
FUR-3R iR accordance with the manufacturer's instructions- During the run-
in perieds the fuel?and 4ubF4eants specified in paragraphs {1} and {2} must
be emp%eyed- ‘ ; ' .
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(a) . Engine Pre-Test Procedures.

(1)3‘ Engine Service Accumulation and Stabilization Procedure.
: ' _The procedure for stabilizing the exhaust emissions
of an eno:ne shall be the service accumulation procedure determined by the

pg:pe manufacturer, and shall be consistent with good engineering practice.
_ : The en 1 e manufacturer sha11 determ1 e, for ach

displacement-system combination with respect to emission test purposes.

However. this stabilization time period shall not exceed 12 hours unless an
allowance to do so is approved by the Executive Officer. In the event an
engine manufacturer requests approval for a stabilization time period that
is greater’'than 12 hours, the engine 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 englne manufacturer may elect to accumulate up to 12
hours on each test ena1ne w1th1n an _engine family without making this
determ1nat1on N

iii) The appropriate fuel and Tubricants specified
Sect1on 11 of this Part shall be used in_service accumulation.

. (1v) Engine maintenance that is performed in service
accumu?at1on shall be conducted in accordance w1th Part 1. Section 22.

(2) . _Engine Pre- Test Pre aratio
‘H; it (1) [Reserved].

output beIope and{after the em1ss1on samp11ng equipment {jnglpg]pg the

samoie orobe) 1s 1nsta11ed on the eno1ne when the enu1ne is operated on the

Part I, Sect1on 20) and as fol1ows ‘
(A -Non-handhe]l ent engines to be sted as
per Test Cycle A sha11 be operated at Test Mode 6;
#lo (B)_ ‘Non-handheld equipment engines to be tested as
per Test Cycle B sha11 ‘be’ operated at Test Mode 1: and.

{0 Handheld egu1pment engines to be tested as per
Jest Cyc1e C sha1! be operated at Test Mode 1

significant affect on’ the ooerat1ona1 characteristics of the engine (i.e.
the before and after resu1ts shall be within five (5) percent).

Filter elements shall be gplaced or cleaned as
necessary; and: the system shall be leak checked. The maximum allowable
Ieakage rate on alvacupm side of a portion of the system is 0.5 percent of

the 1n-use f1ow rate in_that po ortion of the system. The maximum allowable
e ate 0 a ressure s1de of a portion of the system is five (b :
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: (11) Pefform”(as applicable) system checks. such as,
amg]e 11ne temperat ures . system response t1me, hvdrocarbon hang-up, etc.
coo {d41) AnaTvzer Zero and_span sha]l be checked before and
a_tt_e.r_.mucgst_de .
‘L i | {iv)- Svstem f!ow rates and nressures shall be checked., and
r_Q;S_QLLS_LML- R

{4;' Eng+ne;§taFt up

Peier teo staFt4ng the em45549n5 testsy the engine shall be warmed up iR
accordance te the manufeatureris instruetions- Befere preceeding with the
testsy -the earburetor and engire adjustments shall be set te the
manuiaetuFeF s Feeemmendat%ens— :

{b) namometer Test Run

(;)' Enq1ne and Dvnamometer Start-up.

(i) ' Only engine adjustments in accordance with Section 22
of Part I sha11 be a11owed or1or o the .start ‘of a test
‘ i)

i Record a ]1cab1e data as specified in Sectaoﬁ 13,

for 20 minutes.

(iﬁi) Diesé]-ch]e engines shall be preconditioned as
follows: -
- (A ) Opergte the engine at idle for 2 to 3 minutes:
B Operate the engine at approximately 50 percent
power at the max1mum torgue speed for b to 7 minutes: and,
(C) Operate the enq1ne at rated speed and maximum
power for 25 to 30 m1nutes ;

the 1n1t1a1 therma] stab111zat1on determination) shall begin within b

minutes after comg1et]ng the engine Qrecond1t1on1ng

(vi} - Test modes shall be performed in the numerical order
specified for the apnropr1ate test cycle.

't Ii'. .
EL
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{vii) Determine the maximum engine torque output at the
rated or intermediate engine speed., as applicable. For non-handheld
engines., determ1ne and record the torgue values that ¢ gcrespond to 75, b0,
25 and 10 percentiof the maximum engine torque output. The minimum torque

capability. of an eng1ne may be 'substituted for the 10—percent value when a
10- nercent va1ue of.. the. max1mum engine torque output is not attainable.

AR (y111) Once_engine speed and load are set for a particular
mode, the engine shall be operated for a sufficient perjod of time to

achieve thermal stab1]1ty The ob]ect1ve is to stabilize all eng1ne
parameters that affect em1ss1ons prior to the - start of any emissions

recorded. . - :

(1x) Record continuously all modal emission data
specified in Section 13 (as applicable) for_a minimum of two (2 inutes and
as dictated .by good:  engineering practice in order to obtain accurate and

reproducible data. ' The duration of time during which these data are '
recorded shall be labeled as the "sampling period". The data collected

during the sampl1ng period shal]l be used for modal emission calculations.
(x) Cont1nuouslv record the analyvzer's output te the

(x1) A teSt mode mayv be reoeated
2 (x11) If a delay of more than one (1) hour occurs between:
the end of one mode and the beg1nn]ng of another mode, the test js void and
hall. arte : i (E B}

action shou]d be taken and the test re-started.
K {xiv) "If the‘engine stalls while in a test mode. the

engine shall be re-started 1mmed1ate1v and the test continued at paragraph
{(bY(1)({iv)(G) of this Section.- If the engine is not re-started within two

2) minutes, the test shall be voided. If maintenance is required on the
engine., advance approval from the Executive Officer is required 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 correct1ye action implemented shall be recorded.
. - {xv) Idle-mode fuel and air flow measurements may be
etermined 1mmed1ately before or after the dynamometer sequence or as
d1ctated by good eng1neer1ng pract1ce ‘
i ! . ‘._5 ) - - . ) ) -

:éb}‘ quss4en PFeeedHFe

(l} ¥est Sequenee

A seqaenee ef se4eet+ve eng+ne epeeat+ng medes shatl be empJoyed when a
compFehensive mappeng ‘of exhaust emissions frem a giver emnigne i5 desired-
It sheuld be understoed that' onee an engine is ceupled te the end products
it may seldem epepate in seme ef the modes shewn in Fable 1- Desigrated
emis53i0AS measurements sha%l be Fecerded in each mede- The ergine shall pun
in a given mede for a stabilizabtion peried and three consecutive readimgs
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shall be ‘taken at Jeast 15 5eeeﬂd5 apaFt agpee within +/-B% of a central
value fer atd. measupements- 'The throttle must be lecked in plaece for each
specified thFett4e sett4ng rather than ruRRing:under a geverned threttle
eend4t+en—* Fest sequenee +s shewn 4n Table 1— :

'f ¥ab4e 1 i '

\Wede T 11 2 T3 T4 T3 1 6 1 7 4
+ Speed . . JIdle {Rated {8B% ofi86% ofi86% ofi8B% of{86% ofi
} 4+ 4~ 'JRated {Rated JRated {Rated }Rated }
1 kead ‘ 1+"9 4 Fu44 } Full 176% ef1B0% of42B% ofiMini- |
} 4 i i 4 Fuld § Fuld 4 Fuld Jmum = |
{ Hand He-lei“ -|'4:9% -!'_99% b b = b = 4 - b -}
} B SUNRE S I | IR T 1 1
} Nen- Hand He4d+ E%j{i,ﬁ; 4094 4 209+ 29% 1 303 + 7% 4
Mo ot S S S S S

Netes WheFe theFe +s :Fated speed gaveng the speed at maximum herepeweF
should be used-r Max geveFaed speed '35 the marufacturers recommended maximum
speed ebtained wh++e using a threttling gevermrer: Terminal speed is the
maximum attainable speed witheut any lead applied te the enigne- Beam lead
is the load measured by the. dynamemetep— Full lead $s the maximum load
whieh €an be app44ed at 2 g+ven EBHd*tiGH- e _

(') Exhaust Gas Measurements
1} . ‘
sample.

2 Each ana zér;ran e that may be used during a test cycle
shall have the zero and span:response recorded prior to the execution of
each test cvcle. Only the range(s) used to measure the emissions durin
test cycle is required to have its zero and span recorded after the
completion of the test cycle, . The span shall be conducted at the same flow
rates used to analyze the test sample. Span gases should have
concentrations of 75.to 100 percent of full scale. Actual concentrations
shall be recorded. . *

ci 43 Fi 1ter e1ements may be re ced between modes.
AT | K

equipment engines, and the aopronr1ate two-mode test cycle for handheld
equipment engines, shall be utilized (See Table 1-1 Engine Test Cycles; Part
I, Sectien 20). - :

2 The engine  speed values specified in Table 1-1 Engine Test

Cycles, Section 20, Part I. shall be maintained to within +/- five (5)

percent for a power mode. The engine speed only shall be maintained to
within +/- ten (10 ercent of the engine manufacturer's specified engine

idle speed for an idle mode. The engine load values specified in Table 1-1
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applicable: loads, to w1th1n the langer range provided by +/- 0.27 Nm

(+#/- 0.2 1b-ft), or'+/- ten (10) percent of the specified load value for
loads of 50 percent'and less, or +/- five (5) percent of the specified load
value for loads above 50 percent. All tolerance ranges shall be determined
and recorded for each test mode.

-{3) _The Executive Officer shall specify tolerances for engine
speed and load for test purposes when such specifications are supported by

test data and results, surveillance information, and other engineering

information. o ' -

(e)  Analyzer Post-Test Procedures.
(1) Begin a hydrocarbon hang-up check.within one minute of the
p1et1on of the 1ast mode in .the test cycle.

m1nutes of the completion of the last _mode in ‘the test cvcle. The zero and

span [esgonse for each gnglyzer cgnge used in the test cycle shall be
recorded ‘

(4} The ana]vzer dr1ft betﬂeen the befote- and afte[—test cycle
h 11 lows: .

checksHof each_ana

(ii). The zero: response dr1ft shall not exceed two i2]

ercent of uli -scale deflection for each range used above 155 r
ppmC): or three (3)- nercent of ful] scale deflection_for each ranue _below

155 pom or ppmC _?f S

Yoty
il PR

13. Records Requ1red

The. fo110w1ng 1nformat1o' shall be recorded (or calculated) with
respect to each test:i +'i ti:i i L .

(a) Test number. :

(b) . Engine or engine S_ystem oF dev4ee tested (brief description).

(¢) | Date and’ “time: of - day: for each part of the test schedule.

(d)  Instrument” operator{s).

(e) Engine Information: Makes; Emginme 4deat+¥4eat4en Rumbers; Galerdar
years Engine displacements Engine familys Emissien centrel systems
Recemmended idle RPMy- and Neminal fuel tank eapae+ty—

1) Eng1ne family_name.
(2)  Engine identification (e.qg. engine serial number. engine
code. model type, etc.}).

- Engine class: _
CaTendar-year production.

Combustion cycle,.
‘Engine displacement.

EEEE
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Enu1ne em1551on contro] svstem(s)

~Engine: ‘fuel(s) and lubricants.

Lo En ine fuel 011 mixture rat1o as ag licable).
. Nominal k- it

(£) ne Test Informatxon

“Number of_ hours of operation accumulated on the eng]ne

prior to the start of the eng1ne pre ~test portion of the test:; and after the
emission test. SRl

E ?EEEE = ;'-"',

Lﬁl N Max1mum observed torque for intermediate and rated engine
speeds (a pplicable) 'during engine pre-test.

ﬁil; ‘Observed engine torque and speed for each mode.

L&li Cont1nuous record of engine forque and engine speed for
each mode. c

Lﬁl;ﬁ ‘Enq1ne 1n1et tempergture and humidity (as applicable).

(6)  FEuel mass flow rate for each mode.
{1) . Engine inlet air flow for each mode (as applicable).
"~ {8) ¢ Pollutant mass flow. ° ‘

(9} ;Exhaust mixing chamber surface temperature (as

pp]1cab1el :

the barometric pressure 'at the central barometer location.

¢€3(g) " Dynamometer Information: Manufacturer., model, serial
numbers. AS an a1ternat1ve to record1ng the dynamemeter seriad number
this information, 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 1nstrument information.

¢g3(h) = A1l pértinent. instrument information such as tuning-. gain-
 Serial numbers-. detector numbers.-rarge 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, prov1ded test cell cal1brat1on
records show the pert1nent 1nstrument information.

¢h3(1)  Recorder’ Charts o _£_QLhQL_QQLQ_QQQ!lilLlQﬂ_QQMlQQE Identify
zeFey SpaRy exhaust'gass and'dilutien air samples fraces.

(1)  Record and identify for egch test cycle the zero traces

and span traces for each ranae used

L_l ; ecord and 1dent1fy the hang-up check.

£43 Iest 6344 baFemetF+e pFessuFe amb*ent temperature and humidity-

Nete: A central 4abepa%epy baFemeteF mat be used Provideds that individuad
test eell baromeirie BFBSSHFBS are shewn te be within +£- O0:1 percent of %he
baremetrie pFessuFerat the central baremetric: location-

I
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14. Data Reduction:and Presentation of Resu1t54
- (a)- Eng1ne Performance T e mass emission calculations pr sented in
this Section are soec1f1c to' oaso11ne fuels only. Mass emission

calculations for Phase II reformulated gasoline; or other alternatively
_fueled_engines shou]d use a d1fferent set of constants {i. e.. ut111zat1on of

‘ d
Parameters sheu4d sha11 be presented for each- test in the SI units

{Eng11sh un1ts shaI] be 1nd1cated- parentheses)

fﬁParametergﬁ SI Units
3 A1rf1ow rate (dry) - 1b/h b g/h
. Fuel f]ow rate * “Tb/h . g/h
i Engine ‘speed- ;' Crpm P . rpm ‘
. Engine torque output Jlb-ft ¢ N - m Nm
. Power output - hp :['[ -% : kW
U AIrintet temperature ;degﬂoF Pk : deg °c
-Air hum1d1ty :Jgra1gsllb‘dry a1r mg/kg
~ Coolant: temp ature . -deg i . deg
- {water .cooled) i ! SN PAURE S '
‘LExhaustfmiuﬁng_thembe deg' F deg C
surface. temperature ;i o o R o
Exhaust sampie Tine: ! " deg F ' deg C
.. temperature | . nE g L
Total accumu]ated h _ h

hours of engine
operation-

Py
1;¢:

(b) Spec1f1c Em1551ons
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where:

i _to n: .n is the number of modes in the applicable test
uecycle L

Mass em1ss1on rate for each test mode in_grams per hour.

Gas Mass Rateel

WE e E ting factor for each test mode in_accordance wit
BB S bIe 1-1 Engine Test Cycles: Section 20
Power - L- . - Gross eng1ne ‘power output fo[ each test mode.

¢byle) Exhaust;Spec1es Concentrat1ons ,
- (1) al Molar Concentrations. In all HC designations the C
is expressed in Cl

J;Concentrat1ons of each of ‘the exhaust species will be
measured 1n the fo low1ng units:

Unburned hydrocarbons (HC) ;- ‘Molar:ppm €1 (in:wet exhaust)
2 . - Mole percent §1n dry exhaust;
_ o ;jf-frt: .. Mole percent (in dry exhaust
NO - T - ‘Molar ppm {in dry or wet
SR exhaust measured by
_ N SR . .chemiluminescent analyzer)
G, L } “r;gf;ff- ' "Mole percent (in dry exhaust)

S (2) Convers1on to Mass Emission. Ratesé
2 {4) ‘“.Conversion to mass terms: should be wet specie
concentrat1on data;, but care.must be taken that all.data are reported on the
same basis. Since eng1ne emissions are: d1scharged to the atmosphere in the -
wet state, it would’ ‘seem reasonable’to report emissions concentrations on a
wet basis. For this reason, the conversion equations given below are
written for use with wet concentration data.: A suggested method for
convert1ng dry concentration data into wet terms is given in Appendix A.
(11) Two methods may be used to calculate mass rate of
discharge. One method makes use of both air and fuel flow data. The other
method is based upon fuel flow alone.
€43 (8) Air and Fuel Flow Method.
{i) = The following equations may be used to calculate 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 hum1d1ty is insignificant when the overall accuracy of measurement

is cons1dered and, therefore, is conSIdered as part of the experimental
error. ; e

0. 00629 e
HC, g/h = —-——=--_ mmdmmem X (airflow, Tb/h +. fue] flow,1b/h) x HC, ppm C1
mo | wt explw‘ _
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Cowes w0t
R R eooeen (a1rf1ow, o/h + fue1 1ow g/n) x KC, ppm C1
Sk “k,mo] wt ex L [ : - :

€0, g/h = commmmmi- - % (airflow, ‘Tb/h '+ fuel flow Tb/h) x CO, % wet

or

R i}(airf1dw, g/h + fuel flow, g/h) x CO, % wet
: mq]-wt-exh . Lot ‘ - |

L 0. 02087 o s
NO,, g/h:='4—4f-ﬁ-+Fe '8 (a1rflow, lb/h + Tuel Tlow ib/h) x NU ppm wet x KH

or

=TT mmmmie DX (3jff10wé g/h + fuel flow,g/h) x NO, ppm wet x KH
~omol wt exhhci T o -

where: o .
: 13. 88 x HC ppm C 28.01 x C0%
mol wt exh- PN bl EE e TR — pm==-------

2.016 HZ% SRR EEETI | HC ppm C
+ —mmmme——ge—=S ~- + 18,01 x (1 K) + [28, 01 X (100 - ey
102 | 10%

. NO N 2
- C0%- Co, % --~-4-----'- 0,% - 100 x (1 K))1 7 10

! i



KH = federa1 factor for correct1ng for the effect of
_ hum1d1ty on NO2 formatlon .

T - 0. 0047 (H - 75)]
where:
H = specific humidity, grains/1b of dry air at test conditions

(ii) 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 ver1f1ed for small 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" regardless of humidity. .

(iii} For sto1ch1ometr1c and’ Ieaner m1xtures, an exhaust
molecular weight of. 29 1s a good approx1mat1on and the above equat1ons
reduce to the fo110w1ng a :

HC, g/h = 0 000217 x (a1rf1ow, 1b/h + fuel f]ow, 1b/h) X HC ppm C1

or . e o :
= 0.476 10'6'x'(airf1ow;‘g/hr+ fuel flow, g/h) x HC, ppm C1

€O, g/h = 4.38 x (airflow, 1b/h + fuel flow, Tb/h) x €O, % wet
or | . |
e= 0.965 x 1073 x (airflow,” g/h + fuel flow, g/h) x CO, % wet
NOZ’ g/h‘ 5j0.dbo}2“ (airf]dwgﬁib/ﬁ * fuei flbw, 1b/h) x NO, ppm wet x KH

or o ' : i '
= 1.685 )(-10'6 X (a1rf1ow, g/h + fuel flow, g/h) x NO, ppm wet x KH

{iv) In some cases’ it may not be practical to measure fuel flow.
The fuel/air ratio,” how?ver, can be determined from the exhaust products
using the Spindt method™. With this information available, the term
(a1rf1ow) x (1.+ F/A) may be substituted for the (airfliow + fuel flow) term
in the preced1ng equations. This substitution is valid for 4-stroke cycle
engines only. It does not apply to 2-stroke cycle engines.

1. R. S. Spindt, "Air Fuel Ratios from Exhaust Gas Analysis.” SAE
Transactions, Vol. 74 (13866), paper 650507.
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{44} L_lj; Fuel Flow Method 2
{i) .The fo110w1ng equat1ons may be used when fuel flow is
selected as a bas1s for mass ' ca]cu]at1ons These equations are based on the
- same assumptlons used for the combined air and fuel method.

fuel consumption,lb/h

HC, o/h = 4]536'x 10 _;x HC ppm! 'C1 K —mmmmm il
g L €
or , B L :
4 -+, i+ fuel consumption, g/h .
HC, g/h = 107 x HC, ppm Cl X ==---mmmmmmmmmm e
L Co TC
S ~ fuel consumption, Tb/h
CO, g/h = 916 27 x CO % wetl x : ——————————————————————————
L B T - TC
or I _ - L

: ‘ g i 5afue1 consumpt1on, g/h
2 02 x CO % wet X¢Ll—-f;q----"“f*""’*

ST

1 TC f
NO,, g/h = 15. x NO ppm wet x KH x. fuel consumption, 1b/h
TC
or A
S . fuel consumption, g/h
= 3.32 x 10 7 x NO, ppm wet X KH X =wcmmimmmmmeee
. L 1C
where:

TC = total carbon'é vo1‘% 002 wet + vol % CO wet + vol % HC wet
{e} Add+t+ena4 Infepmat4en

The fe4iew+ng addqt+ena4 +n$epmataen shea%d be supplied w+th the
resuits e# eaeh test 5eF4es~-- e ;
a} EHg%He mede4 d*spJaeementu and! peweF Pat+ng
b} Fype of fuel used
e} Type of lubricart used
d} Fuel eil ratie used for 2-streke eye4e eng*nes
e} Type of dyaamemeteF dsed

2. Adapted from spark ignition 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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. ~ APPENDIX A
{a) When FID (f]ame jonization detector) is used in HC analysis and a
chemiluminescent analyzer utilizing a wet sample is used for NO -analysis,"
the combustion water is not removed and therefore measurements are made with
reference to the wet exhaust. When NDIR and chemiluminescent analyzer
requ1r1ng a dry sample arée used for species analysis, water vapor 1is removed
prior to the concentration measurement and the results are on a dry basis.

The foilow1ng equation . may be ‘used to determine the correct1on factor to be
used in convert1ng dry measurements to a wet basis.

cow,a x €0, %,1

y— H/C rat;o of test .uei
Therefore Spec1es concentrat1on wet= K X spec1es concentrat1on, dry

Far two stroke: cycle eng1nes ‘we assumeno res1dua] free Hz'and modify K by
deleting the H term S _;;‘ g

{b) The above method does not include a:correction for air humidity.
The humidity contribution to the exhaust is small and may be neglected. If
it is desired to include the effects of humidity, Appendix C gives the
derivation of a general equat1on wh1ch may be used to determine the
correction factor., . - L -
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, s : APPENDIX B
L Der1vat1on of Equations used for ‘Air and
Fuel F1ow Method of Mass Conversion

Hydrocarbons - The exhaust unburned HC is assumed to have an average
hydrogen-to- carbon rat1o of 1. 85/1 and a mo]ecu1ar we1ght of 13.85.

o | | 13.85
HC, g/h= (airf1ow;1b/h+fue1 f]dw,1b/h) P
o s T nol wt exh
x ‘HC,ppm €1 x 107® x 453.6 g¢/1b
S 0.00629 1 SR T i -
HC, g/h=" — e e - -x (airflow,1b/h+fuel flow,1b/h) x HC,ppm C1

" mol wt exh

Carbon Monbxidé-}tbihﬁgté m61ééu1ar:we1§ht of 28.

o R L 28 :
CO, g/h= (airflow,lb/h+fuel flow,1b/h) X ==-—clceeeee
S A . mol wt exh
x C0,%wet x 1072 x 453.6 g/1b
| - o 127.00
CO, g/h= (aTrfiow;lb/h+fue1 flow;1b/h) X == x CO,%wet

mp] wt exh

Nitrogen Dioxide-' In accordance with present practice, NOx mass
determinations are made in terms of 'NO,. Molecular weight of NO, is 46.

. 46
NO,, g/h= (airflow,1b/h+fuel flow,Tb/h) x mm—smmmmm oo
: :”*ff B ﬁ _ mo] wt exh
X NO,ppm wet x 106 x 453.6 g/]b x KH
T TR 0.02087
NDZ’ g/h= (airflow,1b/h+fuel flow,Ib/h) x ----—cmmmmmemue X NO,ppm wet x KH
I _ : mol wt exh
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Exhaust Mo]ecu]ar We1ght The fo]low1ng equation may be used to determine
the mo1ecu1ar wezght of the exhaust

? 13.88 x HC ppm C1 - 28.01 x CO%

‘ mo1 wt exh-' ——————————————— e A mm————
B ] ‘. : : .. B 106 102
44.01 x c02% " 46.00 % NO, ppm 32.00 x 0,%
G e gy ———— — F omme e mm e S — e ———
102 i 10° 102
2.016 x H2% T | -
s mrm—mpm=Ba 0 4 18,01 x. (1K) + [28.01 x (100
T T T o
HC ppmel : ji. NOx 2
- il g - OO €0yt - ooeo- - 0,% - 100 x (1-K))1/10

For.2- stroke eng1nes, we assume ndgresidual,frée Hz.and modify K by'deletfng '
the H2 term. T ; ‘ .
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APPENDIX C
{a) Th1s append1x outlines the development of the correct

factor for converting dry data to a wet basis, account1ng for the effect of
both humidity and combustion water. '

Lg1~- Combustion in. a gaso]ine engine can be approximated by the
general equat1on

v Ny (9 + m)Hy0 fgk”z
where: ' ‘
: P S a | d g
n=moles of oxygen ‘in air to-engine = -~ + b + =—— + & + —--
A e 2 F 2 2
y=atoms of hydfpgen”periéarbonfétom;= 3c+:29 + 2k
. | _‘d
f=moles of N2 3 76n - =
_ . LR
=moies of water'in 4. 76n moles of air
Mass of fue1 per unit time: , |
F = 12 01 + 1 008y
Mass of wet air per unit time:

A= 32n + 105, 28n + 18.016m
Then: ; T

12 01 + 1 008y :
FifA s cms e o liomia e ———

137 28n + 18. 016m
i

If specific hum1d1ty is measured in terms of gralns/pound of dry air,
h, then the pounds of water 1n 137.28n pounds of dry air is:

137.28n x 0.000143 Ib/grain x h = 1.964 x 10™2nh, 1b H,0
This must be equal to 18.016m .in the equations:: therefore:
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12.01 + 1 008y ‘
F/A _‘+___________-_----; ————— x 107 nh or
137 28n + 1. 964 T

12,01 + 1.008y_,;

_ n(137 28n .+ 1. 964 x.107%h) .
and  m = 1.964 x 1072nh/18.016 or 1.09 x 10”3nh
IT F and A are measured then n can be ca1cu]ated from:

T Y 008y ”
= (A/F) X oo

137 28 +1.964 x 10 -

h

Volume fract1on of water in exhaust

a+b+c+d+e+f+k+g+m'
But: _ |
d

r"'3}76n LR T
L s

-
"

==+ b + —— jl@d -

2. ' 2 2

=S
[

SubStituting:and:c011ectingi'4‘

W om oo mm oo
=+ C+ —— +m+k + 4.76n
2 2
y - 3c - 2k
But: g = —~-mimmmmee and ¢=1-a-b
2 ‘
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Therefofe:

Subst1tut1ng for m

yo3l-a- b) sk 3
_‘ _______ ‘—.—-----—-—‘———..——l——.l—‘— + 1.09 X 10 nh ’

W= __;____;___;-;_;_________l_;__f___; ______________________
y +'1 +a="b +"2k C -3
e L L PP PP PR PR + n(4.76 + 1.09 x 107 "h)

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 Appendlx 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 incorporated by reference herein. '
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Part III. 'Constanf[Vo1ume Samp]ing‘Test Procedures

1. [Resefved];::
2. Exhaust Gas Sampling Sysﬂem;

(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 proportioned
volume of sample must be collected for analysis. Mass emissions are
determined from the sample concentration and totalized flow over the test
period. ; : o : -

' (2)  [Reserved]. '

(3) 'Positive Displacement 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 volume is measured by counting the revolutions made by the
calibrated positive displacement pump. The proportional sample are achieved
by sampling at a constant flow rate. '

- {4) Critical Flow Venturi. The operation of the Critical Flow
Venturi-Constant Volume Sampler (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.g., a heat
exchanger with the CFV-CVS or-an electronic flow integrator without a heat
exchanger, with the PDP-CYS):

(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:

(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 wgth 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 %he need for this closer tolerance.)

(2) ' The''gas mixture temperature, measured at a poigt immgdiate]y
ahead of the positive displacement pump, shall be within +«/- 5 C (9" F)
during the entire test. The tegperaturg measuring system shall have an
accuracy and precision of +/- 1~ C (1.8 F).

(3) The pressure gauges shall have an accuracy and precision of
+/- 0.4 kPa (+/- 3 mm Hg). '
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(4) The location of the dilution air inlet shall 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.

() Sample collection bags for dilution air and exhaust samples
thydrocarben and carbon memexide} shall be of sufficient size so as to not
impede sample flow.

(c}) Component description, CFV-CYS. The CFV-CVS, Figure F90-2,
consists of a dilution air filter and mixing assembly, cyclone particulate
separator, unheated sampling venturies for the bag, critical flow venturi,
and assorted valves, pressure and temperature sensors. The CFV-CVS shall
conform te the following requirements:

(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 driving“cycle with no connection to
the exhaust. (Sampling systems capab]e 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 substant1§tes the need for this closer
tolerance.)

(2) Thg tempersture measuring system shall have an accuracy and
prec1s1on of +/- 1° 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 oil).

(3) The pressure measuring system shall have an accuracy and
precision of +/~- 0.4 kPa (+/~ 3 mm Hg).

(4) The location of the dilution air inlet shall be placed so as
to use test-cell air for dilution air and the flow capacity of the CVS sha]T
be large enough to eliminate water condensation in the system.

. (6) Sample collection bags for dilution air and exhaust samples
{hdeeeanan and earben mene*+de} shall be of sufficient size so as to not
impede sampie flow. ‘ RTINS

3. Exhaust Gas Analytica] System.

(a) Schematic Drawings. fEigure F90-3 is a schematic drawing of the
exhaust gas analytical system for analysis of hydrocarbons (HC), carbon
monoxide (C0), carbon dioxide (C0,), and oxides of nitrogen (NO,). Since
various configurations can producé accurate results, exact conformance with
the drawing is not 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 c0mponent description. The exhaust gas analytical system
for HC, CO and CO,, Figure F90-3, consists of a flame ionization detector
(FID) for the detgrm1nat10n of ' hydrocarbons, nondispersive infrared
analyzers (NDIR) for the determination of carbon monoxide and carbon
dioxide, ands; 3f exides of nitregern 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
sample be converted to nitric oxide before analysis. Other types of
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analyzers may be used if shown to yield equivalent results and if approved
in advance by the Executive Officer.

{2) The carbon monoxide (CO) NDIR analyzer may require a sample
conditioning column containing Ca504, or indicating silica gel to remove
water vapor and containing ascarite to remove carbon dioxide from the CO
analysis stream.

(i) If €O 1nstruments which are essentially free of CO

- and water vapor interference are used, the use of the conditioning coTumf

may be deleted, see Sections 11 and 26

_ (ii} A CO instrument will be considered to be essentially
free of CO, and water vapor interference if its response to a mixture of 3
percent CO, in N, which has been bubbled through water at room temperaturs
produces aﬁ equiGaient €0 response, as measured on the most sensitive CO
range, which is less than 1 percent of full scale CO concentration on ranges
above 300 ppm full scale or less than 3 ppm on ranges below 300 ppm full
scale; see Section 11.

(c) Other analyzers and equipment. Other types of anaiyzérs and
equipment may be used if shown to yield equivalent results and if approved
in advance by the Executive Officer.

4. Engine Fuel and Lubricant Specifications.

(a) Engine Fuel Specifications.
(1) Certification Fuels.

(i) Petroleum-based fuels. The certification test fuel
used for emission testing shall be consistent with the fuel specifications
as outlined in the California Code of Regulations, Title 13, Section 1960.1,
and the latest amendment of the "California Exhaust Emission Standards and
Test Procedures for 1988 and Subsequent Model Passenger Cars, Light-Duty
Trucks, and Medium-Duty Vehicles", incorporated by reference herein. The
test fuel specification should remain consistent from batch to batch. If a
particular engine requires a different octane (or cetane) fuel, test records
shouid 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 subparagraph {(a)(1){i) above.

(2) Service Accumulation Fuels.

(i) Gasoline.

' (A)¢b} 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-in precedures service accumulation for petreleum
gasoline-fueled Ootto-cycle vehieles engines. Leaded fuel shall not be
used during break-in procedures service accumylation. Additienal fuel
requirements for break-in proeedures are as followss
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{1} Eng*ne lubricarts representative of eemmeF+ea44y
available engine lubricants whieh will be generally availabie through retail
eutltets shall be used by manufacturerss

- €2} (B) The octane rating of the gasoline used shall be
no higher than 4.0 Research eQctane nNumbers 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 oc umbers.
Sen 't'v' is the Research Octane Number minus the Motor Octane Number.

‘ {3} (C)} The Reid Vapor Pressure of the fuel used a_
gasoline shall be characteristic of the meter engine fuel during the season
in which the break-in precedure service accumulation takes place in the

outdoors, or shall be characteristic of the eng1ne fuel appropriately suited
to the ambient conditions of an 1ndoor test cell in which the entire service
accumulation takes place. :

£4} If the manufacturer 5peeq£4es several lubrieants te be
used by the u4t4mate pHFGhQSEF— the Exeeutive Bfficer will select one to be

H5ed-
(ii) Diesel fue], ‘
‘ (A) As specified in subparagraph (a)(1)(i) of this
Section. ;f
(ii ) A1ternat1ve fuels.
_ o : (A) As specified in subparagraph (a3(13(1) of th1s
Section. i .

(b) " Engine Lubr1cat1on

gngine manufacturer: D

‘ (ii) Two-stroke engines shall use the fuel-o0il mixture
ratio specified by the engine manufacturer. Emission compliance shall be

demonstrated for each fue1 011 m1xture ratio that is recommended to the

ultimate purchaser ‘
2 Serv1ce Accumu]at1o Lubricants.
(i) Eng1ne lubricants that are representative of
commercially ava11ab1e enq1ne 1ubr1cants shall be used in the engine serv1ce-
accumulation.

b. Analytical Gises.

(a) Analyzer gases

(1) Calibration or span Ggases for the CO and CO analyzers
shall be single blends of CO. and CO2 respectively using n1trggen 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 NO named as NO, with a maximum NO concéntration of b percent of
the nominal value using H1trogen as the d11ae

(4) ' [Reserved]. '

(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.
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{6) "Zero_grade air" includes artificial "air" consisting of a
blend of n1trogen and oxygen w1th oxygen concentrations between 18 and 21
mole percent.:

(7) The use of proport1on1ng and precision blending devices

(i.e.. gas dividers) to obta1n the required ana1yzer gas concentrations is
allowedabde provided their use ‘has been appreved 3R advanree by the

Execukive Offieer- such devices are majntained in accordance with the
instructions of the device manufacturer

(b) ]zbration gas Ga44bFat+9H gases shall be known te within +/-2
percept of the true values-

1 Calibration gas values are to be derived from the Natijonal

Institute for Stgndards and Technology's (NIST's) "Standard Reference

Materials" (SRM’s). and are to be single blends as follows: :
Mixtures of gases that have the followina chemical
compositions shall be available: C.H. and zero-grade air: CO and zero-garde

nitrogen: NOx and zero-grade nitrogen_(the amount of NO? contained in this
calibration must not exceed b percent of the NC content¥: and. Con and zero-

grade nitrogen.
(ii} The true concentration of a span gas must be within

+/- 2 bercent‘ef'the'NIST-aas~standard. The true concentration of a
calibration gas must be within +/- 1 percent of the NIST gas_standard. All
concentrations of ‘calibration: qas sha]] -be 01ven on a_volume basis (volume

percent or vo1ume pp ). ig

accuracy of the diluted gases ma be determined to within +/- 2 bercent

‘ . (div). _Fuel for the. FID detector shall be a blend of 40 +/~
2 percent hydrogen with the balance as helium. The mixture must contain
ess than 1 ppm equivalent carbon response: 98 fto 100 rcent hvdrogen fuel
may be used with advance approval of the Executive Officer.
he_accuracy of the djluted gases may be determined to within +/- 2 percent.
v 0 en interference check gases st tain propane
with 350 +/- 75 ppmC hydrocarbon. The concentration value to calibration
gas tolerances shall be determined by chromatographic analysis of total
hydrocarbons plus impurities, or by dynamic blending. Nitrogen must be the
predominant diluent with the balance oxygen.
' {(vi) Hydrocarbon analyzer burner air. The concentration
of oxygen must be W1th1n 1 mo]e percent of the oxygen concentration of the
: d th

the d1fference in ‘oxygen_concéentration is greater than 1 mole perc nt; the
oxvgen interference must be checked and the ana1 er ad justed ecessar
to satisfy the percent 0.I requi i

than 2. pme hydrocarbon
6. [Rgignygd14 E*haust Em4ss4en MeasuF+ng Procedures

fa} The steady state test medes used feF measuring exhaust emissiens
are listed iR Seetqen 1164}- 5 ‘ :
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7. Calibrations, Frequency and Overview.

o | |: T P o ) .
(a) Calibrations shall be performed as specified in Sections 8
through 14. IEERRRNC T ' -

(b) [Reserved];"“

(c) At Jeast month]y or after any ma1ntenance which could alter
calibration, the f011ow1ng ca!1brations and checks shall be performed:

(1) Calibrate, the 'hydrocarbon analyzer, carbon dioxide analyzer,
carbon monoxide analyzer, and oxides of nitrogen analyzer (certain analyzers
may requ1re more frequent ca11brat1on depend1ng on part1cu1ar equipment and
uses)

(2) Ca11brate the dynamometer as sgec1f1ed in Section 8. If the
dynameme%eF recieves a weekly :perfermance cheeck {ard remains within
ea44bFateen} the menth4y ea4+bpateen Reed Ret be perfermed-

(d) At Ieast week1y~L or after any maintenance which could alter

ca11brat1on, the follewing ea44bpet+ens and eheeks a CVS system verification
check shall be performeds. @ :%°

. £} Gheek, the ex4des e# n*tFegen eenveptep efficiencys +$ exides
of n+tpegen ‘and measureds amd " -

{2} Perferm a B¥S 5ystem veF4¥+eat+en- and

{3} Run a performance check on the dynamemeter- This cheek may
be omitted 4f the dynameme%ee has been ea44beated within the preeeding
meRths - - . . _ .

(e) The CVS pos1t1ve d1sp1acement pump or critical Flow Venturi shall
be calibrated following initial installation, major maintenance or as
necessary when 1nd1cated by the CVS system ver1f1cat1on (described in
Section 9). :

(f) Samp]e cond1t1on1ng co1umns, if used in the CO analyzer train,
should ‘be checked at & frequency consistent thh observed column life or
when the’ 1nd1cator of the column pack1ng begins- to show deterioration.

8. Dynamometer Calibrat1on.;d .

(a) The dynamometer sha]] be calibrated at least once each month
using the dynamometer mahufacturer's method of calibration. If required by
the dynamometer manufacturer. the dynmometer shall be er performance
verified at least once each week. and then calibrated accordingly. as
required using the dynamemeter manufacturer-s methed of calibratien-

9. Constant Volume Sampler Calibration.

(a) The CVS (Constant Volume Sampler) is calibrated using an accurate
flowmeter and restrictor valye. Measurements of various parameters are made
and related to flow through the unit. Procedures used by ARB for both PDP
(Positive D1sp1acement Pump) and CFY {Critical Flow Venturi) are outlined
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below. Other procedures y1e1d1ng equivalent results may be used if approved
in advance by the Executive Officer. After the calibration curve has been
obtained, verification of the entire system can be performed by injecting a
known mass of gas into the system and comparing the mass 1nJected An
indicated error does not necessarily mean that the calibration is wrong,
since other factors'can irfluence the accuracy of the system, e.g., analyzer
calibration.. A verthcat1on procedure is found in paragraph (d) of this
sSection, SR

(b) PDP ca11brat1on (1) The following ca11brat1on procedures
outlines the equ1pment ithe test conf1gurat1on, and the various parameters
which must’ be measured to establish the flow rate of the constant volume
sampler pump. ATl of the parameters related to the pump are s1mu1taneous1y
measured with the parameters related to a flowmeter which is connected in
series with the pump. The calculated flow rate (at pump inlet absolute
pressure and temperature) can then be plotted versus a correlation function
which is the value of a- spec1f1c combination.of ipump parameters. The linear
equation which ‘relates the pump flow and the correlation function is then
determined. 1In the event that a CVS has a multiple speed drive, a
calibration for each range mist be performed

‘ (2) " This cal1brat1on procedure is based on the measurement of .
the absolute values of the pump and flowmeter parameters that relate the
flow rate at each po1nt Three conditions must be maintained to assure the
accuracy and 1ntegr1ty[of the: ca11brat1on curve. First, the pump pressures
should be measured at: ‘taps on the pump rather than at the external piping on
the pump inlet and" out1et 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 stab111ty must be maintained during the calibration.
The laminar flowmeter" 1s'sen51t1ve to inlet temperature osc1l13t1ons which
gause the data ‘point’s to’ be:scattered. Gradual changes (+/-1 “C {[ +/-1.8

F}1) in 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 abSo?utely_v01d of any 1eakage

(8) "'During an exhaust emission test the measurement of these
same pump parameters enables the user to calcu1ate the flow rate from the
calibration equation: *

(4)  Connect a system as shown in Figure F78-5. Although
particular types of’equ1pment are shown, other configurations that yield
equivalent result-may be used if approved in advance by the Executive
Officer. Fer the system indicateds the fellowing data with given aceuraey
are Feguired: Table 3-1 Ca11brat1on Data Measurements lists the data
re u1red ith accurac _for ' the indicated system.

(b) " 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. Retord the calibration data.

: (6)  Reset the restrictor valve to a more restricted condition in
an 1ncrement of pump inlet depress1on (about 1.0 kPa (4 in. HZO)) that will
yield a minimum of : s1x data: points for the total calibration. Allow the
system to stab111ze for 3 m1nutes and repeat the data acquisition.

i
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| .?Kzl Tab]e 3 1 balibratiod:data‘Measurements

Parameter © |Sym. | Units [ Tolerances
: C Gt I [
Barometric: pressure corrected.....;.. Pg kPa(in.Hg) ;/50.03 kPa (+/-0.01 in.
Sy I ! ' : g
Ambiient temperature...t;.,.;.:igr.e;. T, % (°F) +1-0.3°C (+/-0.54°F)
Air Temperature into LFE,............ ETI % (°F) +/-0.15°C (+/-0.27°F)
Pressure depress1on upstream of LFE EPI |kPa (in. HZO) +/-0.01kPa (+/-0.08 in.
7 = “: P '. ' HZO
Pressure‘drop acrossﬁthe.LFEjmathix.. EDP  |kPa (in. H,0)| +/-0.001kPa (+/-0.005 in.
T .'_ . : H o H,0
T G i 2 .
Air temperature at cvs pump  inlét % (°F): +/-0.25°C (+/-0.45°F)

Pressure depress1on at CVS :
pump 1n1et f e NP

: Spec1f1c grav1ty o {manomete
fluid (1.75 0¥1).i.%
Pressure’ head at CVS pump out1et

. +s

Air temperature at CVS pump

outlet (optional):
Pump revolutions dur1ng test peériod.
Elapsed time for test per1od..;;...

ooooooooooooooooooo

P .
.

Jiil0sp arl.

.IPPI  [kPa(in.Fluid)]
| | . '; I

%.|PPO IkPa(1n Flu1d)[
S
..|PTO |°C'(°F)

JAN°  [Revolutions |
St

| seconds |

+/-0.021kPa (+/-0.046 in.
Fluid)

+/-0.021kPa (+/-0. 046 in.

I Fluid)
~+/-0.25°C (+/-0.45°F)-

+/-1 revolution
+/-0.05 seconds

(7) . Data ana]ys1s
(1)

' ‘The air; Tow rate Q
from the flowmeter data us1ng ‘the manufacfurers’

(Q /n) x (T /293) x (101 31Pp)

Where:
Ve

Qs

(A)
;: (8)

per m1nute, standard cond1t1ons are 20 C, 101 3 kPa (68 F, 29.92 in.

i
I

0 o

“ 75—

s at each test point is calculated
prescribed method.

3 Do (i) " The air flow rate is then converted to pump flow, V
inm per revo]ut1on at abso]ute pump inlet temperature and pressure.

o

Pump flow, m /rev (ft frev) at T P
Meter air f]ow rate in standard cubac meters

Hg.).
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_(3) 

.(1)
273. |
_ (2)
S (E) (1)
(in.Hg) = Pg - PPI.

R (2)
PPI(SP.GR./13.57). -
Where: S

':(F) PBf'
- (6) PPI
(H) s

relative to water f:

.GR;
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For English units, Tp =

P

For Eng]ish units,

p

p

= Pump speéd in revolutions per minute.
= Pump inlet temperature, (°k)

PTI + 4860.

= PTI +

= Absciute pump inlet pressure, kPa

bakometric'pressure, kPa (in.Hg.).

o

= P

B -

Pump inlet depression, kPa (in.fluid).
+= Specific.gravity of manometer fluid

- (111) The corre1at1on funct1on ‘at each test point is then
ca]cu]ated from the calibration data:

—P_
e

correlation function.

*lxo %‘ % O ﬁya
. ‘ Pe
Where:
(A) Xo =
(B) APp =

to pump outlet, kPa (in. Hg)
(c)
kPa(in.Hg) = PB + PPO.

PPO(SP.GR./13.57).

:(1)

(2) For English.units, P

The pressure differential from pump inlet

P

P

e

p*
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Where:
(D) PPO = Pressure head at pump outlet, kPa '
(in.fluid). e
(iv) A Tinear least squares fit is performed to generate
the caTibrationfequations which have the forms:

V M(X )
n A - B(AP ) ,
D M, A, and B are the s]ope 1ntercept constants, descr1b1ng the lines.

. (8) cvs. system that has multiple speeds shall be
calibrated on each speed used. The calibration curves generated for the
ranges will be approximately parallel and the intercept values, D wal]
increase as the pump flow range decreases.

. (9) If the calibration has been performed careful]y,
the calculated values from the equation will be within +/-0.50 percent of
the measured value of V_ Values of M will vary from aone 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 influx from use will cause
the pump slip to decrease as reflected by lower 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 ref]ect pump s1ip stab111ty - :

{c) CFV ca11brat1on , '
(1) Calibration of the Critical Flow Ventur1 (CFV) is based upon
the flow equation for a critical venturi. Gas flow is a function of out
pressure and temperature;

o ‘KVP
QS'[ = -
5, T
Where: o
(1) = Flow. "
: (11) K = Caiﬁbfatibn coefficient.
| (i) P =‘Absbiute‘pressure.
" (iv) ‘T = Absolute temperature.

The calibration procedure 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 est egu1gment manufacturer s recommended procedure
shall be followed for ca11brat1ng electronic portions of the CFV.
' (3) Measurements necessary for flow calibration are as fellewss:
listed in Table 3-2 Calibration Data Measurements.

Table 3-2 Calibration Data Measurements

Parameter |Sym. | Units i Tolerances
o : - | [ C |
Barometric pressure corrected........ Pg- [kPa(in.Hg) +/50.03 kPa (+/-0.011n.
‘ : _ : : ‘ Hg
Air Temperature, flowmeter....i...... ETT 1% (°F +1-0.18°C (+/-0.27°F)

Pressure depression upstream of LFE..|EPI [kPa (in. H,0) +/ 0.01kPa (+/-0.05 ir.
Pressure drop across the LFE matrix..|EDP |kPa (in. Hp0) +? 0.001kPa (+/-0.005 in.

Air flow....... j..;;ﬁ.,.....;;:é,;.... o, |mmin (ftTmin) 13%.51

CVS inlet depress1onhss;;{.;;;;;sr:}.IPPI |kPa(in.Fluid) | +/-0.02kPa (+/-0.05 in.
FEAEEE B S IR B . [ Fluid)

Spec1f1c grav1ty of manometer ] | |

fluid (1.75. o11)..;.;.........;....,.is Grileiiveeinnienntl ‘

Pressure head at CVS pump outlet..... IPPO  |kPa(in.Fluid) | +/-0.021kPa (+/-0.046 in.

| | Fluid)
Air temperature at ventur1 1n1et ..... Ty IOC‘(OF) ‘ +/-0.25% (+/-0.45° F)

(4) Set up equipment as shown in Figure F78-6 and check for
Teaks. 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 8 readings across
the cr1t1ca] flow range of the venturi.
S (7) Data analysis.. The.data recorded during the calibration are
to be used in the fo110w1ng calculation:
(i) ~The air flow rate, Q., at each test point is
calcu]ated from the f1owmeter data using tﬁe manufacturer’s prescribed
method. o : !
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- (11) CaTcu]ate'vaTGes of the calibration coefficient for
each test po1nt ' '

Where:

, (A) Q Flow rate in m?/minute, standard conditions
are 20 °Cm4 101.3 kPa (68 °F 29.92‘1n.Hg)

(B) T, = Temperature at venturi inlet, °%K(%R).

; (C) ;(1)' P = Pressure at venturi inlet, kPa (mm
Hg) = Pg-PPI. o \
For Eng11sh unxts,t? = Pg - PPI(SP GR. /13 57) |
: (D) PPI Ventur1 inlet pressure depression, kPa
{(in.fiuid). e :

'.i(E) SP.GR, = Specific gravity of manometer fluid,
_ reIat1ve to water

(111) Plot K, as a function of venturi inlet depression.
For sonic flow, K. will have ¥ relatively constant value. As pressure
decreases (vacuum increases), the venturi 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) I¥ the standard dev1at1on 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- 1nJected into the system. If the CVS
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. (Verification 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 samp11ng
period Lapprox1mate1y 5 m1nutes)
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‘(4)_ The‘caleu1atfone 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 )15 used.

(5) 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. =~

-~ (6)  The cause for any d1screpancy greater than +/-2 percent must
he found ‘and corrected ' .

10. Hydrocarbon Analyzer Ca]1brat1on.

(a) The FID hydrocarbon ana]yzer sha11 rece1ve the following initial
and per1ed1c ca11brat1on :

(b) Initial and per1od1c opt1m1zat1on of detector response. Prior to
its introduction into service 'and at least annually thereafter, the FID
hydrocarbon analyzer shall be.adjusted for optimum hydrocarbon response.
Alternate methods yielding equivalent results, ‘may be used, if approved in
advance by the Executive Officer.

(1) Follow the analyzer manufacturer's instructions or good
eng1neer1ng practice for instrument startup and basic operating ad justment
using the appropriate FID fuel and zero-grade air.

(2) Optimize on the common operating range. Introduce into the
analyzer a propane in air mixture with a propane concentration equa1 to
approximately 90 percent .of the most common operating range.

(3) Select an operating FID fuel flow rate that will give near
max imum response and least variation in response with minor fuel flow
variations. .

’ (4) ' To determ1ne‘the optimum air flow, use the FID fuel flow
setting determined above and vary air flow.

(5) “After the opt imum flow rates have been determined, record
them for future reference

(c) In1t1a1 and periodic calibration. Prior to its introduction into
service and monthly thereafterithe FID hydrocarbon analyzer shall be
calibrated on all normally used" 1nstrument ranges Use the same flow rate
as when analyzing sample. T

(1) Adjust analyzer to optimize performance

(2) Zero the hydrocarbon analyzer with zero-grade air.

(3): CaTliibrate on' each normally used operating range with propane
in air calibration gases having nominal concentrations of ibs 30; 4B; 605
765 and 90 10. 20, 30, 40, 50, 60. 70, 80 and 90 percent of that range.
For each range calibrated, if the deviation from a least squares best-fit
straight 1ine 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 linear equation which represents the data to within 2 percent of
gach test pOTnt shaTi be used to determ1ne 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 CO

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

(2)  Zero the carbon monox1de analyzer w1th either zero-grade air
or zero-grade nitrogen.

(3) Bubblela m1xture of 3 percent CO2 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 cond1t1on1ng
columns is one form of correct1ve action which may be taken.)

(b) In1t1al and perlod1c cal1brat1on Prior to its introduction into
service and monthly thereafter the NDIR carbon monoxide analyzer shall be
calibrated. P

(1) AdJust the analyzer to opt1m1ze performance.
C {2) . Zero Lhe carbon mon01|de analyzer wlth either zero grade air

or zero grade nitrogen. R ET

: (3) Cal1brate on: each normally used operat1ng range with carbon
monexide in: N, calibration gases having nominal concentrations of iby 365
- 4b5 605 7Bs: aad 90 10, .20, 30,:40. 50, 60, 70,80 and 90 percent of that
range. . Additional ¢alibration:points may be generated. For each range
calibrated, if the deviation from a least-squares best-fit straight 1ine 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: 2ipercent 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: concentrat1on

12. Oxides of N1trogen Analyzer Calibration.

(a) Prior to-its:introduction into service and weekiy monthly
thereaftersy if oxides of nitrogen are measureds; the chemiluminescent oxides
of nitrogen analyzer shall be checked for NO, to NO converter efficiency.
Figure F78-8 is aireference for the followrns steps:

(1) Follow:the analyzer manufacturer's instructions for
instrument startup and operat1on AdJust the analyzer to optimize
performance. '
(2) Zero the ox1des of n1trogen analyzer with zero-grade air or
zero-grade n1trogen S

(3) "'Connect the outlet of the NO generator to the sample inlet
of the oxides of n1trogen analyzer which has been set to the most common
operating range. 7V

(4) Introduce into the NO_ generator analyzer-system a NO in
nitrogen (NZ) mixture with a NO concefitration 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 5 percent of the NO concgntration.

(b) With the oxides of nitrogen analyzer in the NO mode, 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 &he © {oF a#g} flow rate so that the NO
iﬁdicated by the analyzer is about ¥O-percent less than indicated in step 5.
Record the concentration of NO in this N0+02 mixture,

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

1 (8) ' Switch the oxides of nitrogen analyzer to the NO_ mode and
measure total NO_. Record this value. - X
, (9) §witch off the NO_ generation but maintain gas flow through
the system. The oxides'of nitrogénAanalyzer will indicate the NO_in the
N0+02 mixture. Record this value. X

(10)° Turn off the NO_ generator O, (or air) supply. The
analyzer will now indicate the N§_ in the orifiinal NO in N, mixture. This
value should be no more than:b pchent above the value 1nd%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: R
a=congentration obtained in step (8).
b=concentration obtained in step (9).
c=concentration obtained in step (6).
d=concentration. obtained in step (7).
R FER R T N .
If converter efficiency is not greater 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 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) Catibrate on each normally used operating range with NO in
N, calibration ‘gases with nominal concentrations of 50 and 100 percent of
tﬁat range. Additional calibration points may be generated.

13. Carbon Dioxide Analyzer Calibration.

(a) Prior to its introduction into service and monthly thereafter the
NDIR carbon dioxide analyzer shall be calibrated:
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(1) Follow the analyzer manufacturer's instructions for
instrument startup and operat1on Adjust the analyzer to optimize
performance.

(2) Zero the carbon diox1de analyzer with either zero-grade air
or zero-grade nitrogen.

(3) Calibrate on each normally used operating range with carbon
diocxide in ca11brat1on gases with nominal concentrations of 1b; 305 4B;
605 #bs and 59 10, 20.:30, 40,50, 60. 70, 80 and 90 percent of that range.
Add1t1ona1 calibration’ po1nts may be generated. For each range calibrated,
if the deviation from a jeast-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-linear equation which
represents the data to w1th1n 2 percent of each test point shall be used to
determine concentrat1on ‘

14. Cal1brat1on of Other Equ1pment

Other test equ1pment used for test1ng shal] be ‘calibrated as often as
requ1red by. the manufacturer or ‘as necessary accord1ng to good practice.

15. Test Prccedures 0verv1ew.

fay Ihe pFeeeduFes desep%bed in this and subsequent sections are used
to determine the eenf+Fm+ty e# engqnes with the standards set feorth in the
genepa4 pFevasaeas- AT e

{6} The evePa44 test eens+sts ef pFeseF4bed sequences of eperating
ceonditions- . ‘

¢e} The exhaust emission test is designed to determine hydrecarbens
c¢arbon moRexides ‘and oxides of n4tpegen mass emissiens- A propertienal part
of the diluted exhaust | ‘emissions is eellected continuously fer subsequent
analysisy H5iRg a constant velume {variable dilution) sampler=

¢d} Execept in Gases of compénent malfunction or failures all emissien
contred systems installed en or 41eereFated in a Rew motor engine shall be
funetioning during all proceduresVin these provisiens- Mainterance to
¢orrect componrent’ ma4£unetien oF $a44uFe shatl be autherized iR accerdance
with Seet4en I- -

(a) The annronr1ate six-mode test cycle for non-handheld equipment

engines, and the apgropr1ate two-mode test cycle for handheld equipment

engines., shaill be utilized (See Table 1-1 Engine Test Cycles; Part I,

Section 20).

b Pa ticuiafe:;at éri'éésureme t data a results sh e generated

by the use of a test procedure. as allowed by the Executive Officer,

outlined in Part IY (ji.e.. International Organization for Standardization

(IS0) test procedure 8178-1 RIC engines - Exhaust emissions measurement.

i
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Part I: Test bed measurehent‘of gaseous and particulate exhaust emission
from RIC engines. Version N124: November 11, 1992),

16. Test Sequenee'cgngitjgng-:Generel Requirements.

(a) Amb1ent temperature 1eve1s encountered by ths test gngine
throughgut the test sequence shall not be less than 20" C (68" F) nor more
than 30° C (86° F). Fhe engine Non-handheld engines shall be
appreximately 1evel dur1ng the em1551on test: to prevent abnormal fuel
distribution. C Sy ‘

17. Engine Preparatiun;‘

¢a} The manuiaetueep shall previde additional fittings and adapterss as
Fequeped by the Exeeuteve Gfficer for exhaust sample coliectien-

fa) Engine Serv1ce-AccumuIat1on and Stabilization Procedure.

(1) The procedure for stabilizing the exhaust emission of an
ngine shall be the service accu ulation procedure determined b the engine

family. Lhe amount of time required for stabiiization of the enagine—

1sp1acement system-combination with respect t6 emission test purposes.

However. th1s stab1lizat1on t1me ner1od sha11 not exceed 12 hours uniess an

may elect to ggcumuTate 12 hours on each test eng1ne within an engine family
without making this determination.
~ (3) ‘The appropriate fuel and Jubricants specified in Section 4 of

this Part shall be used 1n serv1ce accumulat1on
A .
shall be conducted in’accordance with Part I. Section 22.

(b) Analvzer Pre-Test Procedures.
(1) __Filter elements shall be replaced or cleaned as necessary:

and the system shall be leak checged The maximum allowable Ieakage rate on

a_vacuum side of a portion of the system is 0.5 percent of the in-use flow

rate in that port1on of the systgm The maximum allowable 1eakage rate on a

pressure side of a nort1on of the svstem is 5 nercent of the in-use flow
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3 Anal zer zero and s shall be checked before and after
each test cyc1e _
4 S} ste flow rates and pressures shall be checked, and re-set
as reau1red o :

18. Eng1ne Precond1t1on1ng
ji |

{a)} The ergine shall be moved te the test area and the fellewing

operations performeds:
£1} The fuel tank{s} sha44 be dFa+ned and eharged with the
specified test fuels; Section 45 teo half the tank{s} eapacity-
{2} The'ergine shal} be placed en a dynamemeier and eperated

threugh the applieabie mode schedule {see Sectien II {12}}= The engine need
Aet be ee4d? aad may be used te set dynamemetep hersepeweFr~

{b} N;th*n £+ve {5} m4nute5 ef ‘completien: of pFeeend4t4en+ng, the
ergine - shal? be. removed from: the. dynamemeteF and meoved te the seak arear
The engine- shall be stered fBF ﬁet Jess than the fe#Jew*ng times prier te
the eotd stapt exhaust test— - :

In ne case sha44 the eng+ne be steFed FeF more than 36 heurs prier te the
‘exhaust test— ‘

(a) Spark 1an1t1on ena1nes are recommended to be preconditioned as
follows: ' ™

(1 0 erate the en ine_at a ower greater than or equal to 50
X imum’ at the rate

(1) ' Operate the" enu1ng at idle for 2 to 3 m1nutes,

(2) 'Obe%afe the engin oximatel ercent po at the
max1mum torque speed for to 7 m1nutes, and. '

service” accumu]at1on may be! subst1tuted for the engine precenditioning if
such service accumulation has been occurring: for at least 40 minutes prior
to commencing the test cycle. ‘]‘ ‘ .

completing the engine preconditioning.

(e) Test modes shall be‘performed in the numer1ca1 order specified for
the appropr1ate test cycle.

f Determine the maximum engine torque out ut at the rated o

intermediate engine speed. as applicable. For non-handheld engines,

determine and record the torque values that correspond to 76, 50, 25 and 10

percent of the max imum engine torque output. The minimum torque capability

of an engine may be substituted for the 10—percent value when & 10-percent
value of the max1mum enq1ne torque outnut is not attainable.

F
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19, Dynamometer Prbcedure.
(a) - Enginé and’ Dvnamometer Start-up. ay
(1) -Only engine ad1ustments in accordance with Sect1on 22 _of
Part I sha11 be allowed prior to the start of 'a test.

_ (2) - The dvnamometer shall be warmed up as necessary, and as
recommended by the dvnamometer manufacturer. or use good engineering
gract1ce 1 i ‘

(3) An ‘engihe mav be operated using the engine's_speed governor
if the engine is so equipped. or with the throttle in a fixed position. The

regu1rements of Section 15(b) must be satisfied,

4 Once engine speed and load_are set for a particular de
the engine shall be operated for a sufficient period of time to achieve
thermal stability. The objective is to stabilize all engine parameters that
affect emissions prior to the start of any emissions measurements. The
method used to determ1ne thermal stability (e.g.. variation in cylinder

temperature, eng1ne oil temperature, etc.) sha]l be recorded.

{a}i_l the dynamemeter EHR eens+5ts of a.2het! FuRRing test- The
engine shall be started and warmed-up per manufcaturer specifieatienss The
exhaust emissionsiare diluted with ambient air and a cont fnuously
proportional sampie is collected: for analysis during each phase test mode.
The composite samp]es collected in"bags are analyzed for hydrocarbons,
carbon monodxide, carbon d1ox1de, and fer oxides of nitrogen. A parallel
sample of the dilutijon air is:similarly analyzed for hydrocarbon, carbon
monox1de, carbon d1ox1de,:and #er ox1des of n1trogen

{b}L_l Separate bags sha11 be collected for each eperating test mode
of the app]1cab]e test cycle: dur1ng the Funnang exhaust emission test.

{e}L_) ¥he eng*ne speed sha44 be measureds; and a speed vs- time
Feeordings as ovidenee of dynamemeter test vatidity; shald be suppiied sn

reguest of the Exeecutive Officer- In order to: ver1fy that the test engine

has followed the test cycle corréctly. the dynamometer or engine readout

1gnals for speeg and torque must be co1lected in & manner that allows a
tati ' Jati t
cycle. Normally., this co]lgct1on process would involve conversion of the

analog dvnamometer ori‘engine’ signals into digital values for storage into a
microprocessor. The conversion of the dynamometer or endine values that are

used to evaluate the validity:of éngine performance in relation to the test
cycle shall. sat1sfv the toierance specifications outlined in Sectien 21,
paragraph (f) R %vw:ff ' L

Py e
. “ gl [

¢d) If the’ éynamemeter has net been eperated during the two-hour peried

immediately préseding the tets;-at shall be waFmed up as Feeemmended by %he
dynamemeteF manuiaeturep~ P :
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{e} I£ the dylame ' er hépsepeWeP must beiadjusted mardaldys it shall be
set within ene heur prier te the eihaust emissions best phase- The test
ergine shal} et be wsed te make this adjustment- Dynamometers using
automatic contrel of preselectable pewer settings may be set anytime prier
to %he beganﬂ+ng e¥ the em4ssaens test—

20. Englne Start1ng and Restart1ng

(a) (1) The eng1ne sha]] be started accord1ng to the manufacturer's
recommended start1ng procedures e

(2) Choke operation; (1) Engines equ1pped with automatic chokes
sha]l be’ ‘operated. accord1ng to.the ‘instructions in the engine manufacturer's
operat1ng 1nstruct1ons or owner‘s manua] ane4ud4ng cheke setting and “kiek
down= fFom ee%d fast '4dle- L

P J(11) Eng1nes equ1pped with manua] chokes shall be operated
accord1ng 'to-the e ng1n manufacturer s operating instructions or owner's
manual, . When tames .arei ‘provided iR the jnstructionssy the Exeecutive Officer
may speeaﬁy the spee+£+e peant‘#ee epepataen wathan 16 seeends of the
Feeemmended tame-} L i

(3) The : the choke Jthrottle etc. where necessary
to keep the ‘engine’ runn1ng \- :

{4} I ‘the manu#aetueer 5 epeFatang instFuctioRs oF ewnerls
manua} de Ret epeea#y & warm eRgine stariting precedures; the ergine
tautematie and mahual choke engines} shall be started by epening the
throttile abeut ha4£ way and eFank+ng the eng*ne uREdil it startss

tb3 ReeeFved-.:ﬁ

{e} If the eng+ne deee net staet after ten seconds of erarkingy eF ien
eyetes of the manual staptang mechdnismy eranking shall eease; the test
shall be veided; The engine removed from the dynamemeter eeFFeetave actien
taker 4n’ aeeeFdanee wath Sections I {22 and 23} and the engine rescheduled
for test: The 'Feasen for the. ma%funet4en {a# deteemaned} and the eerrective
aetaen taken sha44 be FepeFted—“ :

£dy 43 the engane “£a45e stapts 7 the epeFateF shall repeat the Feeom-
merded staFtang pFeeeduFe,{sueh‘as Fesett+ng the chokes ekex}

{e3 S%a44+ng= ! engane stalls due+ng an eperating medes %he
ergine shall be restapted +mmed4ate4y and the! test continueds .

{2} I the engane will net restart withim eme minute; the test
shall be veaded the | ergine remeved frem the dynamemeter; cerreetive aetien
takens and the sngine rescheduled for test- The reaser for the malfunctien
{if determined) and the corrective actien taken shall be reported-

21. Dynamometer %est Ruhs

(a) 7Fhe engane ‘shald be a44ewed to stand with the engine turpred off
{see Seetion 18 for required tame} The engine shall be stored prior to the

em1ss1on test 1n such a manner that prec1p1tat1on (e.g., rain or dew) does

‘ i
g0 18 "
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not occur on the engine. The dynamometer test consists of a steady-state
het running dilute exhaust gas sampling procedure. The engane shald ge
threugh a sequenee e$ 5e4eet+ve epeeatqen medes as shewn in Seetion I
€323 -
(b) . The fo110w1ng steps sha11*be taken for each test:

: S (1) | For a11weng1nes,lw1th the sample selector valves in the
“standby pos1t1on connect evacuated sample collection bags to the dilute
exhaust and d11ut1on air sample collection systems.

(2) i-Start the CVS (if not already on), the sample pumps and the
temperature recorders. ang £¥the heat exchanger of the constant volume
samp1er, if used., - -

L (3) AdJust the samp]e flow rates to the desired flow rate and
set the gas f1ow measur1ng dev1ces to zero. .-

g (i) For gaseous bag samples (except hydrocarbon samples),
the minimum flow rate is 0-17 efm {008 }/5}- '0.08 1/s (0.17 cfm).

' (ii)  For hydrocarbon samples, the minimum FID flow rate is
0-0e6 efm (G 93} 15+ __ggl_l[g_ig_gg@ﬂgim)_

Note: CFV sample flow rate is fixed by the venturi design.

“(4) Attach the flex1ble exhaust tube to the engine tailpipefsy
exhaust out1et T
. (B) " Start: ‘the gas: f1ow measuring dev1ce position the sample
selector valvesito dinect the’ samp1e flow into the "steady-state" exhaust
sample bag, the “steady-state" d11ut1on air sample bag, turn the ignitien
oRy and.start crank1ng the eng1ne"

Co (6) After’ the, eng1ne completes the e engine manufacturer's
spec1f1ed warm up per1od, engage the dynamometer .

(7) Gperate the'engine according to the methed set forth in
Seetion 6+ ppropr1ate test cyc1e (See Igb]e 1 1 Engine Test Cycles. Part
I. Section 20). -

(8) Co11ect gaseou. emissions for each mode of the test cycle in
a separate samp1e bag Gaseouh emissions shall be collected for a period of
tes f h test"

'(9) Turn the enQIne off.Z seconds after the end of the last test

mode.,

(10) F1ve seconds after the engine stops running, simultaneously
turn off gas flow measur1ng dev1ce Ne- 2 and position the sample selector
valves to the "standby" p051t1on ' Record the measured roll or shaft
revolutions, (both gas meter or flow measurement instrumentation readings),
and re-set the counter As. soon as possible, transfer the "stabilized"
exhaust and dzTut1on air samp1es to the analytical system and process the
samples according’ to Sect1on|22 obta1n1ng a stabilized reading of the
exhaust bag sample on'all ana]yzers within 20 minutes of the end of the
sample co]Iectton phase of the test

- (11) Turn.off the CVS or disconnect the exhaust tube from the
taa%pape{s) exhaust'out]et of ! the ‘engine.

(12) Gemtinueus. men*ter+ng 6f exhaust emissiers will net
rermally 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 concentrat1on is- between fifteen (15) and

[ --;; i
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eighty-five (85) percent of full-scale deflection. and be equipped with

automatic_range change circuitry, and other requirements that may be

soecified by. the‘Executive Officen:

o Gat:er sam']es of a11 re u1red modal emission data specified in
Sect1on 25. The duration of time during which these data are recorded shall
be labeled. as the “"sampling period". The data collected during the sampling

period shall be used for modal em1ss1on calculations.

(d) A test mode may be reoeated

{e) If a de]av 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 with the engine preconditioning sequence (Section 18).

(f) _The engine 'speed values specified_in Table 1-1 Engine Test
Cycles. Section 20. Part I, shall be maintained to within +/- five (5)
percent for_a power mode. The engine speed only shall be maintained to
within /- ten (10) percent of the engine manufacturer's specified engine
1d1e soeed for an. 1d1e mode The enolne load : va]ues soec1f1ed in Table 1-1

’ . MY H L LW ' e ar - 3 .
(+/ 0.2 1b- ft}. or: +/ ten (10) Dercent of the specified load value for
loads of BO oercent and 1ess or +/ f1ve (5) oercent of the specified 1oad

and recorded for each test mode

{o) The Execut1ve 0ff1cgr sha]l specify tolerances for engine speed

and load for test purposes wheh such specifications are supported bv test

data and resuits. surveillante _information., and other engineering

information.

(h)" If the test equipment 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 eno1ne stalTs wh1le in _a tes mode., the engine sha1l be
' ti .

re- started im ed1ate11

conducted .

. xi‘j‘

(i) Idle mode fuel and a1r flow measurements may be determined
immediately before or after the dynamometer sequence as dictated by good
engineering pract1ce s !
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22. Exhaust Sainp]e‘An.a]ysis

The ie44ew*ng sequence e¥ eperatiens shall be performed iR eonjunctien
with each series of measurements:
fa} FoF 685 60,5 HGy and NOx: .
- {l} Zepg the ana4yzer ‘and ebtaen a stab4e zere readings Recheek
after tes%s-
£2y Intpeduee span gases aﬂd sek +nsteument gainss IR erder teo
aveid eFF9F5? span and ea4+bFate at the same flow rates used to analyze the
fest eample- Spahn gases sheu4d ‘have eeneentpat*ens ‘equal to 76 te 100
percent 'of full seale: |If gain ‘has; shifted segn4¥+eant4y en the analyzerss
eheek the ea4+bFat+ens-f Shew aetua4 eoneentrations .en chark-
{3} Gheek ZEFOSE Fepeat the pPeeeduFe in paragraphs {a} {1} and
- £23 ei th4s seeteen if requireds-
- £4) :Cheek flow rates and pFessuFes-
. {6} . Measure HE; COL GG 5 and, if appFepF4ate— NOx5
conecentratiens of samples— I
{6} ' Check zere and’ 5pan peints- If difference is greater than 2
percent of full sea4e Fepeat the pFeeeduFe in paragraphs {a} €%} through
{5} ef th4s seeteen— L _ _ _

- Each: analyzef ‘range that mav be used during a test cvcle
shall have the zero and span response recorded prior to the execution of
each test cycle. Only the range(s) used to measure the emissions during a

test cycle is regux:ed to have 1ts zero and span recorded after the
1 f _th t t L T ;

D a : » Span aases should have
concentrataons eaua? to ‘75 to 100 Dercent of fu]] sca]e Actual

cogcentrations shall-‘be recorded. i ;
S (2) F11ter ‘elements: mav be: rep1aced between modes.

(L) = Bea1n a hvdrocarbon hana -up check w1th1n one minute of the

completion of the''last mode'in theitest cvecle.
{2 Analyzer span checks shall commence within six (6).minutes
of the completjon -of the last mode in the test cycle. The zero and span
response for each apalvzer range used in the test cycle shall be recorded,
(3) ° A vacuum check shall be performed immediately after the
span checks if filter elements were cleaned or replaced in the test. The
results shall satisfy the specifications of Section 17(b)(1) of this Part.
' (4) . _The analyzer drift between the before- and after-test cvcle

span checks of each ana1yzer|sha11 sat1sfy the regu1rements as fo1lows
7 I o, lj ; A Th F— — S

Ia . | " .
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‘ o (B D | ns
nercent of fu11 sca1e deflection for each range used above 155 ppm (or
ppmC ) or three. (3) percent of full- sca1e def]ect1on for each range below
155 ppm_{or nomc) :

23. [Rg;g[!gﬂ]; We+gh4ng Ghambep and MaeFegFam Balanee Specifieations~

£ad Ambient eend+t4ens—‘ {1} ?empeFatuFe- ¢he temperature of the
chamber {oF Feem} in whiech the partieuiate f44tepseaFe conditioned ard
weighed sh844 be maintained ga w4th + 10° F ¢+ & 6} of a set point
between 687 F {29 G} and 86 F {39 63, duFeng atl filker eend+t+en4ng and -
weighirgs . ,

Lo {2} Hum+d+ty— ¥he Fe4at4ve humidity of the chamber {or reem} in
whieh the papteeu4ate #44teF5 aFe ‘eonditioned and weighed shall be
maintained te within + .10 peFeent {relative humidity)} of a set point between
30 and-¥9 peFeentVduFingﬁa44 £+4tep§eend4t4en+ng &nd weighing-

LS ] mbeF {erFeem} env+Fenment sha44 be free of any
amb4ent eentam*nants‘{sueh as’ dast} that would! settJe on the particulate
filters during their stab+4+zat4sn—a It! 45 required ‘that at least twe HRHSed
reference £ilteks FeWain im the we4gh4ng roem at ail times im evered (o
-reduce dust eentam*nat4en} but. unsealed (te permit humidity exchange} petri
dishes- 7These reference filters shall be placed in the same general area as
the sample filters-.'These reference £ilters shall be weighed within 4 heurs
of; but pFeiePab4y at the same time ass the sample. f44%eF weighings-

RS ERSE the avepage we+ght of the FefeFenee filters changes
between samp4e filter we+gh+ngs by & B8 pereent er more of the neminal
filter 493d4ng ta recommended minimum of 6.3 milligrams); them all sampie
filters 4n the process of stabilization shall be disecarded and the emissiens
tests Fepeated- : S

T £BY ¢ £$ the avepage weaght af the FeFeFenee filters ehanges
betweer sample | filter’ weagh%ags by mere than -1:0 perecent but less thar -B-0
percent of the nemihal filter leading {a we%ght less} thern the manufacturer
has the eptien e£ e+theF Fepeat+ng the emissiens test or adding the average
ameunt | of we%gh% £ e e

\ tl i ,, * B . i

{6} If the aveFage we;ght e£ the. FeFeFenee f£ilters changes
between sample £filter weighing by 'meFe tham 10 percent but }ess tham 60
percent of the memimal filter leading {a weight gain}s then the manufaeturer
has the ept+en of elither Fepeat4ng the em*ss;ens test or aceepting the
meastred samp4e f44teF we*ght va4ue5—

2y If' the aveFage we*ght of the referenece filters changes
betweer sample filter weighings by Ret mere tham + 1-0 percents then the
measdred sample fitter weights shall be used-

b
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: {8} ¥he FefeFenee £+4ter shall be ehanged at least onee a
meRths but nRever between'slean and used weighings of a given sample filter-
More than ene set of reference ¥+4ter may be useds, The reference £ilters
shall be the same. 542e and mateF+a4 ‘as the samp4e £+4teps—

{b} We+gh+ng ba4anee spee+¥4eat4ens- The maeFegFam batanece used te
determine the we*ghts 'of atd ¥i4¥EF5 shali have a. preeision {standaFd
dev+at+en} ei 29 m+eFegFams and Feadab44+ty of 10 micrograms+

24. [RgggrxggJA Papt+eu4ate f+4tep Hand4+ng and . We4gh4ng-

ta}y At 4east 1 heHF— but | net mere than 80 ‘heursy before the test; place
eaeh filter in a elesed.{to.eliminate dust eentam+natien} but unseated {%e
permit humidity e*ehange} petri dash and place iR a weighing ehambeF meeting
the 5pee4£+eat4ens ef Seet%en 23 #eF stab44+zat+en—

(b} At the end ef the stab+44zat4en periody weigh each filter on a
balanee having a ppeeqs4en ei 20 m+epagpams and a Fead4b+44ty of 10
m+eFegFam5- 5 ERRTRRUE IS N

(e} ¢he ¥+4tep sh344 then: be s%eped in a eeveped petri dish er a sealed
filter holders; either e$ wh%eh*sna++ Femain 4n the we+ghiag chamber uriil
needed ieF test;ng—v ST - ;

{d} li the #44teF 45 net ésed w+th4n 1 hBHF ei its remeval frem fhe
weighing: ehambep A” ' Fe-weighed. before user This limit of 1 heur Ray
be replaced" by | uﬂ 8 hGHF 44m4t 3F e+theF of the’ Fe#4aw+ng three conditiens
are met: 3 L i . )

{l} A stab444zed #44%9# is pJaeed and kept in a sealed filter
helder assemb%y w&th the ends p%ugged oF ’

{23 A‘stab*Jazed $+4tep is plaeed in a sealed filter holder
asﬁemb4y7 whieh is then_4mmed4ate4y placed in a sample line threugh which

there is Re flows. OF i

{3} Al eemb+nat+an e# the conditions specified in paragraphs {d)

(1) amd £23- . , ST

te} AﬁteF the em+ss*ens test _and after the sample and baek-up filters
have been FetuFaed to the we+gh4ng Feem aftep be%ng usedsy they must be
eend+t%ened FeF at Jeast 1 heuF but ret meore than 80 hequ and then weighed-

{f) The net weaght ef eaeh £+4teF is 4%5 gress we4ght minus its tare
weights Sheu4d'the samp4e 8n. ‘the' $+4teF eentaet the petri dish oF any ether
supiaee— the test is 'veid and must be FEFuA=

€83 ¥he papt*eu4ate £ilter ‘weight (Pf} is the sum of the nmet weight of
the pF4maFy filter. p4us the net we*ght of the backup filters
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£hy The #e#iew#ng eptienal weighing procedure is permitieds:

- {1} At the end of thelstabilization perieds; weigh beth the
pFémaFy‘and back-up filters as a Ppair on a balanee having a pFee454en of 20
m+epegFams and a Fead4b44+ty a# 19 m4eFegFams-_

i (2} AiteF the emissions testy iR FemeV4ng the filters from the
filter holders the back-up filter is inverted on tep of the primary filter-
They must then be cenditioned in the weagh%ng chamber for at least one heur
but net mepe than 89 haqu- ¥he '_ter are . then we+gheé as & pairs

{3} PaFagFaphs {a} {e}. {d} and £f) of this sectien apply te
this ept;env e*eept tha% the weFd "f%%teﬁ is replaced by “filters:*

25. Records Reqm red

The f0130w1ng 1nformatlon sha11 be recorded (or calculated) with respect
to each test:

(a) | Test number

(b) Engine or_engine S_ystem oF deviece tested (brief description).

(c) Date and time.of day for. each part of the test schedule.

S (d) - Instrument operator(s).

(e) = Engine Information: Make— Eng+ne +dent4£*eat4en numbery Galendar
years Engine displacements Eng+ne iam44y, Emissien contrel systems
Reeemmeﬂded +d4e RPM7 and Nemana4 iuel tark eapae4ty-

SRONEE
(2) ' Engine”
code, mode1 type. etc.). _
o 1[3) % ‘Engine’ classi’ i .
. (4) ,:_Ca1endar-year grdduction. I
(5)  Combustion'cycle.? ! f _
'[6)  Engine displacement. '
AR .Engine emission control system{s).
“'(8) "' Engine fuel(s) and lubricants.
{8) = Engine fuel/oil mixture ratio (as applicable).
(10) Nominal fuel tank capacity (as_applicab

:

(f) Engine Test Informat1on

" Number of s of operation accumutated on the engine

13

prior_to the start of the eanne pre-test portion of the test: and after the
emission test. ‘

Lgl ax1mu‘ observed torque for 1ntermed!ate nd rated engine
speeds (as applicable) during engine pre-test
: {3) © Observed engine torque and speed for each mode.
" (4) ' :Continuousirecord of engine torque and engine speed for
each mode. . = = R ' .
o L5)
®)
(L) E dinlet flow f h
(8) Eng1ne exhaiyst gas flow rate.
- {9)

PpT]utant mass flow.
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SRR RO SRRt ¥
(10) IReservedI' i
(11) i ] '

{12) Ambient test environmental conditions (e.q.. temperature,

barometric pressure. saturation vapor pressure. absolute humidity, etc.). A

central laboratory barometer may be used for pressure measurements: however,
individuatl test cell barometric pressures must be within +/- 0.1 percent of
- the barometric pressure at the central barometer location.

{£3{g) Dynamometer Information: Manufacturer, model. serial numbers:.
As an alternative to recording the dynamemeter serial number this -
information, 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.

£g3(h) + All pertinent instrument information such as tuning-. gain-.
serial- numbers—' detector numbers.—range and calibration curves. As an
alternative, a reference to a‘endine test cell: number may be used, with the
advance approval of ‘the Execut1ve :0fficer, provided test cell ca11brat1on
records show the pert1nent 1nstrument information.

{h}L_l Recorder ‘Charts 'or other data acquisition devices: Idemtify
Z8FOy span ‘exhaust gas,_and dilutien air samples traces.

: L_l eco d'identify for each test cycle the zero traces

for_each rahge used, 'and: span‘traces for each range used.
2) Record_and 1dent1fy for each test mode the emission

concentrat1on traces -and- the associated analvzer ranges{s).
L_l gecord and 1dent fv the hanq up _check.

£43 ¥est ee44 baremetp+e pFessuFe- amb*ent temperature and hum*d*ty-

Note: A ecertral laboratery baremeter mat be used; Prevideds that individual
test eell baremetrie pressuyres are shewn te be within +/- 0-1 percent of the
barometrie pressure at the eentFa4*baFemetF4e tecatien-

26. Ca]culations~ Exhaust Em155jons.

The f1na1 reported test. resu1ts- w+th exides of’ Ritregen being
eptienals shall be computed by'use of the fo]]ow1ng formula: (The results
of all emiss1on‘tests 'shall:beéirounded, -using the. "Rounding-0ff Method"
specified in ASTM E*29-90, to the ‘number of places to the right of the
decimal point 1nd1cated by express1ng the app]1cab1e standard to three
STgn1f1cant f1gure5j o ‘ . 8 ;

= (Power,) x: (WF.)
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Where:

[—l .

:»cycle.

Gas Mass : ' = Mass of a ollutan for each test mode in grams.

WF . SRR :i We1oht1no factor for each test mode in accordance with
’ : Table 1- 1 EnQIne Test Cycle: Section 20, Part I.

Power =

“Gross eng;ne gower output for each test mode.

{a}i_l The mass- of each po]]utant for the hot Funn4ng exhaust test is
determ1ned from the fo]]ow1ng ‘ ! L
| (1) Hydrocarbon mass

HCmass o= Vm1x X Dens1tyHc X (HCConc

(2) 0x1des of: n1trogen mass:

-Noxmass. = Vm1x X Dens1tyN02 X KH X (NOx

(3) Carbon monoxide mass
Comass L= Vm1x X Dens1tyCO X (CO
"(4) : Carbon d1ox1de mass

COomass = VYmix X Dens1tyco x‘(002conc / 100)

/ 1 000,000)

conc ! 1,000,000)

conc / 1,Q90,000)

(b}L_l Mean1ng of - symbols
N (1) .(1)~ ‘Hcmass Hydrocarbon em15510ns, in grams per test
phase. : : o ey i T.
| l (11) Dens1tyHC = Dens1ty of hydrocarbon in the exhaust gas,
576.8 g/m 3/ carbon atom (16. 33 glftBIcarbon atom), assuming an average
carbon to hydrogen rat1o of 1 1 85, at 20 °c (68 F) and 101.3 kPa (760 mm
Hg) pressure ' : '

(111) (A) HCconc i'Hydrocarbon concentration of the dilute
exhaust sample corrected for background, in ppm carbon equivalent, i.e.,
equivalent propane Xx 3..

(B) ”qunc'? HC, - HC4(1 - (1/DF))
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(ivj' kh&r Hééi: derocarbon"concentrations of the dilute
exhaust sampIe as measured, in"ppm'carbon equivalent (propane ppm X 3).
(B) HC, "2 Hydrocarbon concentration of the dilution
air exhaust samp]e as measured, in. ppm carbon equivalent (propane ppm x 3).
:(2) (1) mass‘f 0x1des of nitrogen emissions, grams per test
phase. — 7
. (11) Den51tyNOZ = Dens1ty of oxides of nitrogen in the
exhaust gas, assuming they are: 1n the form of nitrogen dioxide, 1913 g/m
(54.16 g/ft ), at 20 °c (68" F) and '101.3 kPa (760 mm Hg) pressure.
. (111) (A) NOxconc Oxides of nitrogen concentration of the
dilute exhaust samp]e corrected for background ppm.
._}5 - ';;_l(p)f NOxconc-— NOx, - NOxd(l - (1/DF))
" Where: _ S a,.“.. 4; -
C(iv) Nbi 0x1des of n1trogen concentration of the dilute
exhaust. samp]e as measured ppm _
L ‘(v)}- NOxd = 0x1des of n1trogen concentration of the
dilution a1r as measured ppm : ‘
(3)(i).- 'Comass = Carbon ‘monoxide emissions, in grams per
test phase. - : ' o
| (11) Dens1tyCO Density of carbon monoxide, 1164
g/m (32 97g/ft ), at 20 °c (68 °F) and 101.3 kPa (760 mm Hg) pressure.
(111) (A) Coconc ‘ . Carbon monoxide concentration of the
dilute exhaust samp]e correct for background water vapor, and C02
extraction, ppm ' y “Tj‘; ;
(B) Coconc 0, —*Cod(l - (1/DF))
Where: A ‘ D
| (ﬁv) (A) CO ‘Carbon‘monoXide concentration of the dilute
exhaust sample voluine - corrected for water vapor and carbon dioxide
extract1on, in ppm. The ca1culat1on assumes “the carbon to hydrogen ratio of
the fuel is 1:1:85. o
(Bg c0, = (1 - 0.01925C0, - 0.000323R)CO_
(v) ‘CDEm = Carbon monoxide concentration of the dilute
exhaust sample as measured, in ppm:
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(vi) C02e = Carbon dioxide concentrat1on of the dilute
exhaust samp]e, in percent
(v11) R'= Relat1ve hum1d1ty of the dilution air, pct (see
Section 2B{RYY- _§Lgli__ll_ j‘ g
_ ' (v111)(A) CO 'Cdrbon monoxide concentration of the
dilution air corrected for water vapor extraction, ppm.
| | (B) cod = (1 - 0. 000323R)cod
Where: @ o f »
(ix) COdm = Carbon monox ide concentrat1on of the dilution
air sample as measured, ppm. ' ‘

Note: If a CO 1nstrument whxch meets the. cr1ter1a specified in Section 3
is .used. and the cond1t1on1ng co1umn has been deleted CO can be
subst1tuted d1rect1y for CO and COd must be substatuted directly for CO

o (4) (1) Zmass!f Carbon d1ox1de emissions, grams per test
phase. ' ' ; : : : ;
(11) Dens1tyC 2‘_ Dens1ty of carbon dioxide, 1830 g/m
(51.81 g/ft ), at-20 °c. (683 F) and 101.3 kPa (760 mm Hg) pressure.
' (111) (A) 002conc%; carbon dioxide concentrat1on of the-
dilute exhaust samp]e corrected for background, in percent.
(B) co = COZd(l - 1/DF)

2conc ‘
Where: :

(iv) €0,y = Cérbdn dioxide concentration of the dilution
air as measured, in percent.
(5) (i). DF = 13; 4/{coZe + (HC, + €0,)107%}

CE43(d) U (A) m1x' Total d11ute exhaust volume in cubic
meters per' testi phase’ corrected to standard cond1t1ons (293 % (528 0R) and
101.3 kPa (760 mm Hg. )) ‘ :"

(B) :V = Vo X N X (PaP P 5 Pi) X 293
el 013X T,
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Where: . ‘

(ii) Vdi= Vo1ume3ef gas pumped by the positive displacement
pump, in cubic meters per revolution. This volume is dependent on the
pressure differentjal across the pqsitive displacement pump. (See
calibration techniques.in Sectioni9l

(i11) N. = Number of revolutions of the positive
d1sp1acement pump dur1ng the test phase while samples are being collected.

(1V) PB = Barometr1c pressure, kPa.

(v) Pi = Pressure depression below atmospheric measured at
the 1n1et to the pos1t1ve d1sp1acement pump, kPa.

(v1) Tp Average temperature of dilute exhaust enter1ng
positive displacement pump during . test while samples are being collected, %.
(v11) (A) Kh Hum1d1ty correction factor.

. (B) Kh = 1/{1 - 0.0329(H - 10.71)} (Gasoline)
Kh 1 1 - 0 0182(H - 10.71 Diesel '
Where: ‘

(v111)(A) H = Absoiute humidity in grams of water per
kilogram of dry aIr R ' '

(B) H eb{(sléll)na X Pd}/{PB - (P4 X R,/ 100)}

(ix) * R_ = Relative humidity of the ambient air, pct.
(x) P, = Saturated vapor pressure, in kPa at the ambient
. D ) . .
dry bulb temperature. o
' - (xi) Pg =+ Barometr1c pressure kPa.

27. [Reserved]. Ga%eu4at+ens,‘Part+eu4ate Exhaust Emissiens~

fa} The final reperted steady;state em#sseen test results shall be
computed by use of the follewing formulas

B« Py

WH BHP-hR

{l} P Weeghted mass partieculates grams per brake hersepewer-
heur-

£23 = Mass particulate measured during £Ehe het runRing
exhaust test;gFamET : .
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I TR R L T 1 :
" 'BHR-RF), = Foal bﬁaké%héﬁsepeweF—heéF {brake hersepewer
jntegrated with ngpeet to time} for the hot rummring exhaust test-

tb} The mass of particulate for the hot running exhaust test is
determined ferm the follewing equatien wher a heat exchanger is used {irery
Ae flew eempensatien}s and when background filters are used to correct for
backgreund particulate Jevelss'
Pmass i {Vmi* - st} X {Pi#Vsi_— {.Fb£¢vb£ X €1 - €14BF}1

{3y P 65 ™ Mass of particulate emitted per test phases gFams
per test phase- ?ﬁn = Pmass for the hot FuRning exhaust test-

£23} evm.“ = Jotal dilute exhaust velume corrected to stardard
conditions {628°R™E93%K) and 760 mm Hg {101-3 kPa)}- eubic Foet per test
phase- For a PDR-CVYS: s _

Yooy = Yo X NERY —3P4}é528°R)§t£§?69 mn Hg)F 3

in SE wmitsy |
L J' i
Yaix = Yo X INCRg

Wheres

P

iingg o Hgééxp}i

'py3€293%33 4

o 13 ¥ = Volume of gas pumped by the pesitive displacement
pumps; cubie feet {eab%g‘metera per Fevelutien~ This velume is dependent en
the pressure differential aeross the pesitive displacement PHRP~ :
_ €44} N = Number ef revelutiens of the pesitive displacement
pump during the test phase while samples are being collected-
¢i143) P, = Barometrie pressures mm Hg {kPa}-

o {iv} PR,"= pressure depressiens belew atmespheric measured
at the inlet %o the pesit%ve displacement pump fdurirg an idle rede}s mm Hg
{kPa}: . P

: ¢¥3 T = Average tempepgtuFS of dilute exhaust entering the
pesitive displacement Bump during testy R ( K}-

£33 V_. = Tetal velume of sample remeved frem the pFimary
dilutien tunnels 3§b4e feet at standard cemditions-
¢4} Fer a single-dilution systems:

Ve = TV o X €Rg - R, ¥ X 528?3%?#¥¥45 X 760 mm Hg
Where: BN L : ,
(A} ¥__ = Aetual velume of dilute sample remeved form
the primary-dilutien tunngi; eubie feet~ .
; 4B} PRp = Baremetric pressures; mm Hg-

R. = Pressure elevation above ambient measured at
the inlet to the dilute edfaust sample gas meter er flow instrumentationsy mm
Hg= {Fer mest gas meters or flow instruments with unrestriecied discharges
P45 is negligible and ean be assumed m 0<)

¢} ¥._ = Average temperature ef ihe d44ut8 exhaust

sample at the inlef %o thgsgas meter or flew instrumentatiens; R-
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{4} Fer a detbleldilutien system:
" o

s = Yy ¥

Wheees

pf

{A} v n {v X ¢Rg ;'} % 628°RY 4 T, X 760 mm Hg-

‘ {B} - Aetual ve%ume of double diluted sample whieh
passed thFeugh the paptquXate filters; cubie feet-
6 PB = Baremetric pressures mm He<
B- > = Pressire elevation abeve ambient measured at
the inlet te the sampie gag meter loeated at the exit side of the secendary-
dilution tunnel; mm'Hg- ' {FoF mestigas meter with unrestriected disecharge
p#v is neg44g4b4e an can. be assumed = 0=
E v ‘Average temperature of the dilute exhaust 5
sample at the imlet %o tha exit side gas meter or ¥4eg jnstrumentationy R
o {FE £ " ¥ _ X €R_ + P. 3 X B28°R} 4 F. X 760 mm Hg-
G Vp - Aeﬁﬂal veiume 3? secondary d44334an airs eubie
feet: I
: {H} P -*Bapemetr*e pressures; mm Hg-
{1} PRI = Pressure elevation abeve ambient measured at
the inlet te the sample gie meter or flow instrumentation lecated at the
jnlet side of the seecondary dilutien turnels mm Hg- {For mest gas meters
with unpestF+eted diseharge P* 45 negligible and can be assumed = 0:3}
(43 ¥, Rvepage temperatdre of the secendary d+4gt4en
air at the inlet to' the +§3et side gas meter oF flew instrumentatien; "R-
€43 R, w Mass ef: papt+euiate on the sample filter {or sample
baek-up 544ters;4§ the baek up #44tep 45 required to be includeds; grams per
test phase«
{63 = Net we+ght e# papt4eu4ate en the background
pap%4eu4ate i44te§ gpams— '

(6) ¥b¥ - By x {PB . P b} X 528°R} £ T, sp % 760 mm Hg

Wheres: '
{4} ¥ = Astual ve4ume of primary dilukien air sampled by
backgreund partieuiate Eamp4eF7 eubie feek:
£33 Pin" Pressure elevation above ambient measured at the
jniet to the background’ sas meker o f£low instrument; mm Hg- {(For mest gas
meters or flew instruments w+th Whrestricted disehargey Pgy is Regligible
and ean be assumed - 9 }
444 = AveFage tempeFatqu of the backgreund sample at
the intet te the gas metéb oF flow instruments; "R -4
€73 BDBF = 13:4 { {592 '+ {HG + GO ) X 107735 oF BFE = 13:4 {
o, =
2e {8} Rea4 t4me ¥4ew Fate measuFement under these Fegulationss
The appFeppaate ehanges iR %he abeve ea4eu4at4ens shall be made H5iRg seHRd
engineering prineiples=
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49} ' Othér systems and eptienss as permitted under these
regulatienssy may require caleulations ether than thesey but must be based en
sotnd engineering prineiples and be appreved in advance by the Exesutive
Officer at the time-the alternate system is appreveds:
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Part 1IV. Particulate Matter Test Procedures.

The International Organizatjon for Standardjzation (IS0) test procedure
8178-1 RIC engines - Exhaust emissions asurement, Part T: Test bed
measurement of gaseous and particulate exhaust emission from RIC engines.
Version N124. dated November 11, 1992, shall be incorporated, with
modification, by reference herein. Entire glauses of the 8178-1 procedure
that are incorporated shall be indicated by section number and title.
Modifications to the 8178-1 clauses may include either the deletion of

~ existing lanquage or the addition of new California lanquade. or a
combination of both. Deletions of the existing lanquage shall be indicated
by the phrase "DELETE:"; additions of the new California Janquage shall be
indicated by the phrase "ADD:". Any existing lanquage that is not so
indicated shall remain unchanged. Clauses of the 8178-1 test procedure that

are not 1ndicated shall not be*incdrnorated into these procedures.

To the extent as a1lowed.bv the'Executive Officer, and that the provisions
of IS0 8178, Part 1, Version N124, dated November 11, 1992. pertain to

testing and compliance of particulate emissions from utility and lawn and

garden equipment engines. such provisions are adopted and incorporated
herein by reference. o

The ﬁrovisions tontained 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. S o
2. Mormative References.
1'- D E. -!-

{a) - ADD: "The definitions provided in Section 2 of Part I of these
procedures shall be applicable in addition to the definitions contained
herein."” ,

{a) ADD: "The abbreviations provided in Section 3 of Part I of these

procedures shall be applicable in addition to the definitions contained
herein." ‘

{a) Section 5.4 - Engine air inlet system.
(1) DELETE: A1l existing language.

{2) ADD: "The test engine shall_be equipped with the air inlet

system that is specified for the engine confiquration which was selected as

the certification test engine."
(b) Section 5.5 - Engine exhaust system.
{1) DELETE: Al]l existing language.
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{2) ADD: "The test'engfne shall be equipped with the exhaust

system that is specified for the engine confiquration which was selected as

the certificatijon test engine."
6. Jest Fuels.

{a) ELETE A1l existing test fuel language.

{b) DO: “"Fuels and lubricants used for engine certification an

service accumulation shall satisfy the requirements specified in Section 4
of Part III."

1. MQg5HE£mQﬂL_EQHJDmQﬂLJﬂBLJ&ﬂZLJ!LJKLJEﬁ&HLQﬂ;

(a) DELETE ex1st language that i licable onl the
measurement and determination of gaseous emissions. :

(a) DELETE: Al1 existing lanquage.
{b) ADD; “Epgine test cycles are outlined in Table 1-1 Engine Test
Cycles: Section 20, Part I."

contained within ISO 8178 4,
{b) ADD: "The engine test cycles and appropriate sequences are
specified dn 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 .gaseous emissions.

va]uat1on of data for gaseous emissijons.
13. £g1suJgL1gn_gf_ﬁggggu5_5m1§§19n54

{(a) DELETE: Any existing language that is applicable only to the
calculation of gaseous emissions.

lLE]!]!.,;[E-!. late Emissi
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&mgmmtj_qn_oj_thgjamsjmm_an

(a) DELETE: Any existing language that is gpp11cab1e only to the
determ1nat1on of gaseous em1§5]gns

&Msmmm_n_gf_thg_hm_c_ulm
lLB_quts_s_and_Expjmtjgns_L‘

Anm :
Annex B —- Aux111arv euu1nment

Annex C =- NMHC method, efficiency

Annex D L-@Cglcu]ation formulas for u, v and w
. Annex E -- Heat calculation transfer fube

- Annex F - Informative .

i .
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