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F 2.7 REERPEEET RIS (HORIBA MEXA-130S)[6]

Model MEXA-130S
Approved standards ISO-11614 (conformed)
. Measurement of smoke in the exhaust gas emitted from
Application . .
diesel engines
Opacity method
Principle Detector: Photo sensor

Light source: 560 nm (green LED)

Range

Opacity: 0.00 to 100 %
Light absorption coefficient: 0.000 to 10.00 m”

Sampling method

Partial flow

Connection of sample
gas

Dedicated probe (included), 2.5m, [.D. 10mm

Display and resolution

Liquid crystal display
Opacity: 0.1 %
Light absorption coefficient: 0.001 m”

Digital input/output: RS-232C

Input/output )
Analog output: optional
Control unit: 240(W)x357(D)x156(H) mm
Dimensions Detector unit: 380(W)x90(D)x235(H) mm (excluding
legs)
Mass Control unit: Approx. 2 kg

Detector unit: Approx. 4.5 kg
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EATURE

RUCLE  Opacimeter MEXA-130S

Nobutaka Kihara

System configuration diagram
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Abstract

Reduction of the particulate matter emitted from diesel vehicles 15 an urgent task. In Japan, aside from the filter
welzhing method, the main method cwrently used for FM testing based on regulatory requirements 15 the reflecting
smoke meter method. However, thas method does not provide adequate sensitivity and cannot be used for contnuous
measurement. Horba bas now developed the MEXA-1305 Opacimeter, which 15 capable of continuous and high-
sensitivity measurement of all kmds of smoke, blue and white as well as black. The paper describes the measurement
principles and features of the MEX A-1305, and reports the results of performance tests. We also performed tests
rnning an engine on a chassis dynamometer to establish the correlation with the filter weighing method, and

actually drove a diesel vehicle egupped with a MEXA-1305 through an urbap area to examine the possibility of
onboard measurement of exhaunst zas.
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Opacimeter MEXA-1305

n Introduction

Fecent vears have seen a growing need to reduce smoke
emitted from diesel vehicles. In Japan, a part of “the
Safety Regulahon for a Foad Motor Velacles™ was
revized, and the parmitted smoke level for new cars on
sale from October 1, 1999 was reduced from 40% to
25%.

Until now automobile service shops bave measured
smoke 1 exhaust using a smoke meter, whereby the
smoke 12 collected on a filter and the photographic
denzity i1s measured by means of reflected light (Bozch
method).

In general, diezel engines ermit mostly black smoke
when under a heavy load, and emut more blue and white
smoke as the load lightens. This fact has effected the
sensitivity of conventional refleching-type smoke meters
according to the engine conditions, leading to mmadequate
sensifivity and measurement erTors.

For this reason, Honba has developed the Opacimeter
MEXA-1305, with high sensitivity and high
reproducibility.

Cverview of MEXA-130S

2.1 Principle of Meazurement

Smoke meters that use hight can be broadly classified
info two types: a ight reflacting type that measures
smoke concentration based on chanpges in the reflectivity
when light 1= shown on PM collected on a filter, and a
light frapsmathing type (opacimeter) that measwres smoke
concentration based on the strength of the absorbed and
scatterad light when light 15 shown directly on the
exhaust gas. The MEXA-1305 uses the hizht transmm=sion
method, which also has a lugh sensifivity with respect to
bhue and white smoke.

Fig.1 shows the principle of measurement of the
MEXA-1305. The exhaust gas 15 drawn mto the zample
cell, and when the gas contams black smoke due to hagh-
temperature fuel combustion and blue and white smoke
due to unbwned oil, unbuwrned fuel and water, the visible
light from the hght source 15 attenuated due to absorption
and scattermg. The concentration of smoke 15 calculated
from the amount of attenuation using the Lambert-Beer
equation (Equateon {1}

The result 15 expressed as an opacity M (%) given by
Egquation (2], or a hight abzoption coefficientk (m™)
grven by Equation (3).
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I =L -e¥=l - ( 1-N10M) -——--——- (1)
H=(1-110 - 100 memmee e (2
k=-11T- In(1-H/100) =mremmmeeeeas (3

L. : Light inten=ity when there is no smoke
I : Light inten=ity when smoke exists
L : Cell length {m)

ir Sample gas inlet ﬁur

\’%Fu lll

F

Detector

__=====e¢=:==:===:q:::::::
,u’ ” 11 H 3,
; o 1% LA
M
"M Exhaust I}eaher Exhaust Half-rmirmar
Lens

Fig.1 Principle of Measurement of MEXA-1305

2.2 Sampling

The MEXA-1305 uzes a sampling method that utilizes
the exhaust gas pressure. With thiz method, a special
sampling pump 15 not needed and stable collection of
exhanst gas, which 15 very changeable, 15 possible.

Fig.2 shows the cvele of the free acceleration method,
which 1z a typical measwrement method. A zamphing
probe iz mserted into the tallpipe, and the engine 1=
quickly accelerated with no load to produce smoke. The
exhanst pressure causes the smoke to pass through the
probe and mto the sample cell. the engine 15 revved a set
number of tmes, the smoke concentration 1s measured
a5 the peak value of the output s1gnal during
acceleration.

An opacimeter and the free acceleration method are
used 1o combination in automobile service shops in
Europe'’, and it 15 apticipated that thas will become an
effective and convement smoke measurement method for
low-concentration smoke.
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Fig.2 Measurement Cycle of Free Acceleration Method

2.3 Features and Specifications

In addition to the theoretical advantage of measunng
smoke concentration o real ime, the MEXA-1305 1=
equipped with fonctions for complete sase-of-oparaton.
1) The detector unit 1= separated from the display umt,

enabling measurement by 2 singls operator.

) Support= free acceleration measurement, by displaving
ruide miessapes for accelerator operation and by
automatic data collection.

3) Simplified maintenance, which can be performed by
users.

Fig.3 shows the appearance of the MEX A-1305 and
Table 1 shows the outline of the specifications.

Fig.3 Opacimeter MEXA-1305

HORIBA Technical Reports

Model

MEXA-1305

Approved standards

IS0-11614 (conformed)

Application

Measurement of smoke in
the exhaust gas emitted from
diesel engines

Principle

Opacity method
Detector  : Photo sensor
Light source - 560 nm{green LED)

Range

Opacity : 0.00 to 100 %
Light absorption coefficient
: 0.000 te 10.00 m™

Sampling method

Partial flow

Connection of
sample gas

Dedicated probe (included),
2.5m, I.0D. 10mm

Display and resolution

Liquid crystal display

Opacity 0.1 %
Light absorption coefficient
:0.001 m!

Inputioutput

Digital input’output : R5-232C
Analog output : optional

Dimensions

Control umnit
2 240(W)x35T(D)x 158(H)} mm
Detector unit
2 3B0(W ) B0(D)x235(H) mm
{excluding legs)

Mass

Control unit : Approx. 2 kg
Detector unit: Approx. 4.5 kg

Table 1
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Performance Evaluation of MEXA-1305

3.1 Ewvaluation of measurement sensitivity

Fig.4 shows the tme chart of the MEXA-1305 output
signal when an actual vehicle 12 run using the free
acceleration method. A stable signal with sufficiently
high 5/M was obtamed.

e Response time
s000
mr:m

=, 4000
E oo e =)
53 W 2nd fiker f

2000 B

1000 /

ooo L L L

] 1000 2000 3000 4000 S000

Time{ms)
Fig.4 Time Chart of Smoke Measurement Using Free
Acceleration Mathod

3.2 Determination of PM Emigsion Mass from
Smoke Concentration

The zensitrity of an opacimeter 15 normally calibrated
at a light tran=muttance of 0% and 100% and the linsanty
vertfiad with the optical filter whosze transmuttance 15
known. This means that the readings of an opacimeter are
not directly calibrated using PM ti=elf In order to study
the vahdity of deternning the PM emission mass from
the readings of an opacimeter, the authors conducted a
comparison with the conventional filter method using an
engine runnmg test on a chassis dvnamometer. The test
vehicle was an BV wehicle equipped with a divided
combustion chamber diezel engine. The main
specifications are shown in Table 2.

ltems Specifications
Engine Type 10 diesel; with inter-cooler and turbocharger
EGR With
Gearshift 4 AT
Engine displacement| 1.388]L]
Vehicle weight 1500(kg]
Proeduct date 1884 [year]
Running history 92 000[km]

Table 2 Main Specifications of Test Vehicle
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First we ran the test vehicle on a chassis dynamometer
at fixed speeds of 40, 60, 70, and 80 km'k, and meazured
the PM myass using the filter weighing method. We
simultanecuszly measured the smoke concentration using
the MEXA-1305. We mayv infer that the relation given m
Equation (4) holds between the PM mass (M) obtained
using the filter weighing method and the light abzormption
coefficient k obtamned uwsing the MEXA-1305.

Mey =0 k- Qex -memmmeeeeeee (4]

Mpy : PM mass[g/s]

Omg - PM densitviz/s]

k : Light absorption coefficient[m™]
C : Conversion coefficient[m]

Qex : Flow rate of exhaust gas[L /5]

Fig.5 shows the test results. A good comelation 15 evident
betwreen the smoke concentration and the P mass.

3
y = 0.2200 x + 0.08382 0

| r=ng884
"
)
E
= 2 =
=]
()]
L]
= [
4 Iy
% 1 vl
=
o

o 1 1 1

0 4 ] 12

PM QUANTITY BY SMOKE METER
(k[ JcQdLiz])

Fig-5 Relation of Smoke Concentration to Emitted
Pk Mass

3.3 10-15 Mode Running Test

The amount of smoke emitted vanes widely depending
on the running state. We measured the change in smoke
concentration aleng with other components in exhanst
gas in 10-15 mode, a Japanese standard mode for exhanst
gas testing.

Fig.6 shows a tme chart of vehicle speed and the
quantiies of HC, OO, and PM emitted. The PM mass
was obtained by conversion from the smoke
concentration using the appresimation line of Fig.5. The
emission of PM increases and decreases according to
changes in vehicle speed, and the pattern resembles thosze
of other components. The fact that we can cbserve an
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emlssion pattern that 1s very close to the expected pattern
supports the possibility that the MEXA-1305 15 effective
as a real fime testng imstrument for P
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Fig.8 Emission Pattern while Running in 10-15 Modes

3.4 Testing while Driving through an Urban Area

Interest 15 growing in on-board measurement, whereby a
test vehicle 15 equipped with a small analyzer and the
exhaust gas 15 measured while actually drving through
an wban area. Followmg HC, CO, and NOx testing”, the
authors studied the possibility of on-board measurement
of PM using the MEXA-1305.

We equipped the test vehicle with a MEXA-1305
Opacimeter, a Portable-type Total Hydrocarbon Analyzer
(MEXA-11T0HFID), and 2 Nitrogen Oxide Analyzer
(MEXA-120M0x). We drove the vehicle through the
suburbs of KEyoto and measured the exhanst gas. We alse
simultaneously recorded the output of an excess air ratic
sensor and the outputs of vanous thermometers and
bumadity sensors.

The results are shown in Fig.7. The emitted mass of
PM obtammed using the MEX A-1305 shows the same
pattern of change comesponding to sudden acceleration
and deceleration as THC, NOx, the excess air ratio, and
fuel copsumphion. This indicates that the MEXA-1305
can be used for PM measurement not only on a chas=ais

dynamo but alse mn on-board measurement.

HORIBA Technical Reports
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Fig.7 Emission Pattern during Urban-Area On-Board
Measurement

n Conclusion

Development of cleaner and more efficient diesel
engines 1s bemg constantly pursued. At the same tume, 1t

15 important to ascertamn bow much smoke 15 emtted
from wehicles in usze and take appropriate measures. We
have developed and introduced the MEXA-1308 a= 2
high-sensitrvity, convenlent opacimeter for use in
automobile zervice, research and development, and 1n the
future, automobile inspection. We are confident that this
instrument will adequately fulfill this role.

To zecurately and stably measure smoke with its complex
dynamies, a wider-ranged approach 15 also important.
Honba has many vears of experience 1o the research and
development of measurng mstruments for exhaust gas, and
with the introduction of this opacimeter, we hope that
opportunifies for serving our customers will merease even
further For example, the MEXNA-1305 can serve as a
supplement to the conventional filter method and may
possibly even be used for on-board measurement We hope
that this paper serves to deepen exchange with our
customers, and will continne our endeavor to develop and
introduce new measunng instuments.
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