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and install the smokemeter 10 to 32 
feet downstream from the junction of 
the individual exhaust outlets, or ex-
haust aftertreatment device(s), which-
ever is farthest downstream. 

(2) For engines with multiple exhaust 
outlets, install a smokemeter in each 
of the exhaust pipes 10 to 32 feet down-
stream from each exhaust manifold, 
turbocharger outlet, or exhaust 
aftertreatment device, whichever is 
farthest downstream. 

(3) For engines with multiple exhaust 
outlets, install a smokemeter on the 
exhaust pipe which produces the high-
est smoke levels 10 to 32 feet down-
stream from the exhaust manifold, tur-
bocharger outlet, or exhaust 
aftertreatment device, whichever is 
farthest downstream. It may be re-
quired to make smoke measurements 
from other exhaust outlets if deemed 
appropriate by the Administrator. 

(4) When utilizing an end-of-line 
smokemeter, the terminal two feet of 
the exhaust pipe used for smoke meas-
urement shall be of a circular cross 
section and be free of elbows and bends. 
The end of the pipe shall be cut off 
squarely. The terminal two feet of the 
exhaust pipe shall have a nominal in-
side diameter in accordance with the 
engine being tested, as specified below:

Maximum rated horsepower 

Exhaust 
pipe

diameter
(inches) 

HP<50 ................................................................ 1.5
50≤HP<100 ........................................................ 2.0
100≤HP<200 ...................................................... 3.0
200≤HP<300 ...................................................... 4.0
300≤HP<500 ...................................................... 5.0
HP≥500 .............................................................. 6.0

(5) When utilizing an in-line 
smokemeter, there shall be no change 
in the exhaust pipe diameter within 3 
exhaust pipe diameters before or after 
the centerline of the smokemeter op-
tics. Within 6 exhaust pipe diameters 
upstream of the centerline of the 
smokemeter optics, no change in ex-
haust pipe diameter may exceed a 12 
degree half-angle. 

(d) An engine air inlet system pre-
senting an air inlet restriction within 
one inch of water of the upper limit for 
the engine operating condition which 
results in maximum air flow, as estab-
lished by the engine manufacturer in 
his sales and service literature, for the 
engine being tested. 

[48 FR 52203, Nov. 16, 1983, as amended at 62 
FR 47122, Sept. 5, 1997; 63 FR 63967, Nov. 17, 
1998]

§ 86.884–9 Smoke measurement system. 
(a) Schematic drawing. The Figure I84–

1 is a schematic drawing of the optical 
system of the light extinction meter.

(b) Equipment. The following equip-
ment shall be used in the system. 

(1) Adapter—the smokemeter optical 
unit may be mounted on a fixed or 
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movable frame. The normal unre-
stricted shape of the exhaust plume 
shall not be modified by the adaptor, 
the meter, or any ventilatory system 
used to remove the exhaust from the 
test site. 

(2) Smokemeter (light extinction 
meter)—continuous recording, full-flow 
light obscuration meter. 

(i) It is positioned so that a built-in 
light beam traverses the exhaust 
smoke plume at right angles to the 
axis of the exhaust stream. 

(ii) The smokemeter light source 
shall be an incandescent lamp with a 
color temperature range of 2800K to 
3250K, or a light source with a spectral 
peak between 550 to 570 nanometers. 

(iii) The light output is collimated to 
a beam with a maximum diameter of 
1.125 inches and an included angle of di-
vergence within a 6° included angle. 

(iv) The light detector shall be a pho-
tocell or photodiode. If the light source 
is an incandescent lamp, the detector 
shall have a spectral response similar 
to the photopic curve of the human eye 
(a maximum response in the range of 
550 to 570 nanometers, to less than 4 
percent of that maximum response 
below 430 nanometers and above 680 
nanometers). 

(v) A collimating tube with apertures 
equal to the beam diameter is attached 
to the detector to restrict the viewing 
angle of the detector to within a 16° in-
cluded angle. 

(vi) An amplified signal cor-
responding to the amount of light 
blocked is recorded continuously on a 
remote recorder. 

(vii) An air curtain across the light 
source and detector window assemblies 
may be used to minimize deposition of 
smoke particles on those surfaces pro-
vided that it does not measurably af-
fect the opacity of the plume. 

(viii) The smokemeter consists of 
two units; an optical unit and a remote 
control unit. 

(ix) Light extinction meters employ-
ing substantially identical measure-
ment principles and producing substan-
tially equivalent results, but which 
employ other electronic and optical 
techniques, may be used only after 
having been approved in advance by 
the Administrator. 

(3) Recorder—a continuous recorder, 
with variable chart speed over a mini-
mal range of 0.5 to 8.0 inches per 
minute (or equivalent) and an auto-
matic marker indicating 1-second in-
tervals continuously records the ex-
haust gas opacity, engine rpm and 
throttle position. 

(i) The recorder is equipped to indi-
cate only when the throttle is in the 
fully open or fully closed position. 

(ii) The recorder scale for opacity is 
linear and calibrated to read from 0 to 
100 percent opacity full scale. 

(iii) The opacity trace has a resolu-
tion within one percent opacity. 

(iv) The recorder scale for engine rpm 
is linear and has a resolution of 30 rpm. 

(v) The throttle position trace clear-
ly indicates when the throttle is in the 
fully open and fully closed positions. 

(vi) Any means other than a strip-
chart recorder may be used provided it 
produces a permanent visual data 
record of quality equal to or better 
than that described above (e.g., tab-
ulated data, traces, or plots). 

(4) The recorder used with the 
smokemeter shall be capable of full-
scale deflection in 0.5 second or less. 
The smokemeter-recorder combination 
may be damped so that signals with a 
frequency higher than 10 cycles per sec-
ond are attenuated. A separate lowpass 
electronic filter with the following per-
formance characteristics may be in-
stalled between the smokemeter and 
the recorder to achieve the high-fre-
quency attenuation: 

(i) Three decibel point—10 cycles per 
second. 

(ii) Insertion loss—zero ±0.5 decibel. 
(iii) Selectivity—12 decibels per oc-

tave above 10 cycles per second. 
(iv) Attenuation—27 decibels down at 

40 cycles per second minimum. 
(5) In lieu of the use of chart record-

ers, automatic data collection equip-
ment may be used to record all re-
quired data. Automatic data processing 
equipment may then be used to per-
form the data analysis specified in 
§ 86.884–13. The automatic data collec-
tion equipment must be capable of 
sampling at least two records per sec-
ond. 

(c) Assembling equipment. (1) The opti-
cal unit of the smokemeter shall be 
mounted radially to the exhaust pipe 
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so that the measurement will be made 
at right angles to the axis of the ex-
haust plume. For an end-of-line 
smokemeter the distance from the op-
tical centerline to the exhaust pipe 
outlet shall be 1 ±0.25 inch. The full 
flow of the exhaust stream shall be 
centered between the source and the 
detector apertures (or windows and 
lenses) and on the axis of the light 
beam. 

(2) Power shall be supplied to the 
control unit of the smokemeter in time 
to allow at least 15 minutes for sta-
bilization prior to testing. 

[48 FR 52203, Nov. 16, 1983, as amended at 49 
FR 48141, Dec. 10, 1984; 62 FR 47122, Sept. 5, 
1997]

§ 86.884–10 Information. 
The following information, as appli-

cable, shall be recorded for each test: 
(a) Engine description and specifica-

tions. A copy of the information speci-
fied in this paragraph must accompany 
each engine sent to the Administrator 
for compliance testing. If the engine is 
submitted to the Administrator for 
testing under subpart N, only the infor-
mation specified in § 86.1344–84 need ac-
company the engine. The manufacturer 
need not record the information speci-
fied in this paragraph for each test if 
the information, with exception of 
paragraphs (a)(3), (a)(12), and (a)(13) of 
this section, is included in the manu-
facturer’s part I. 

(1) Engine-system combination. 
(2) Engine identification numbers. 
(3) Number of hours of operation ac-

cumulated on engine. 
(4) Rated maximum horsepower and 

torque. 
(5) Maximum horsepower and torque 

speeds. 
(6) Engine displacement. 
(7) Governed speed. 
(8) Idle rpm. 
(9) Fuel consumption at maximum 

power and torque. 
(10) Maximum air flow. 
(11) Maximum and test air inlet re-

striction. 
(12) Exhaust pipe diameter(s). 
(13) Maximum exhaust system 

backpressure. 
(b) Test data; general. This informa-

tion may be recorded at any time be-

tween four hours prior to the test and 
four hours after the test. 

(1) Engine-system combination. 
(2) Engine identification numbers. 
(3) Instrument operator. 
(4) Engine operator. 
(5) Number of hours of operation ac-

cumulated on the engine prior to be-
ginning the warm-up portion of the 
test. 

(6) Calibration date(s) of neutral den-
sity filters used to calibrate the 
smokemeter. 

(c) Test data; pre-test. 
(1) Date and time of day. 
(2) Test number. 
(3) Barometric pressure. 
(4) [Reserved] 
(5) Intake air humidity and tempera-

ture: 
(i) Humidity-conditioned air supply. 

Air that has had its absolute humidity 
altered is considered humidity-condi-
tioned air. For this type of intake air 
supply, the humidity measurement 
must be made within the intake air 
supply system, and after the humidity 
conditioning has taken place. 

(ii) Non-conditioned air supply. Humid-
ity measurements in non-conditioned 
intake air supply systems must be 
made in the intake air stream entering 
the supply system and within 18 inches 
of the inlet for supply system. Alter-
natively, the humidity measurements 
can be measured within the intake air 
supply stream. 

(iii) Engine intake air temperature 
measurement must be made within 48 
inches of the engine. The measurement 
location must be made either in the 
supply system or in the air stream en-
tering the supply system. 

(d) Test data; modal. (1) Observed en-
gine torque and speed during the 
steady-state test conditions specified 
in § 86.884–7(a)(3)(i). 

(2) On the recorder or automatic data 
collection equipment: Identify zero 
traces—calibration traces—idle traces 
(or printout of the zero and calibration 
values)—closed-throttle trace-open 
throttle trace—acceleration and 
lugdown test traces—start and finish of 
each test. 

[48 FR 52203, Nov. 16, 1983, as amended at 49 
FR 48141, Dec. 10, 1984; 62 FR 47123, Sept. 5, 
1997]
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