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PO BOX 747 A storage box 100, on the bottom surface of Which are 
FALLS CHURCH’ VA 22040'0747 (Us) attached casters 101, has a heater 102 positioned on the 

_ _ _ _ _ bottom surface thereof and left-hand side and the right-hand 

(73) Asslgnee: }{1°“‘1TakG‘keJ‘l‘) Kogyo Kabushlkl Kal' side interior spaces being divided by a partition plate 103, 
S a’ 0 yo( ) Wherein nine (9) sampling bags 104 . . . in total can be 

_ received Within a Wide space at the right-hand side thereof. 
(21) Appl' NO" 09/923’409 On one side of the storage box 100 is provided a connector 

22 Fl (12 A _ 8 2001 unit 110. This connector unit 110 is constructed With an 
( ) 1 6 ug ’ elevating block 112 hooking on guide rails provided in a 

Related US Application Data direction of up and doWn, and the elevating block 112 is 
biased upWard With a gas spring 113. In guide holders 112b 

(62) Division of application NO_ 09/310,342, ?led on May of the elevating block 112 are provided guides 115 . . . in the 
12, 1999, HOW pat NO_ 6,293,161 same number as the number of the sampling bags 104, and 

into each guide 115 is inserted a ?exible conduit 116 made 
(30) Foreign Application Priority Data from stainless steel, in a such manner that it can be draWn 

out therefrom. Heaters and Warm air passages are provided 
May 12, 1998 (JP) ......................................... .. 10-129138 to prevent the condensation of moisture Within a sampled 
May 12, 1998 (JP) ......................................... .. 10-129148 gas under a range of operating conditions. 

l R 
104 | 100 

Analyzer 

<- N2 Purge 



Patent Application Publication Nov. 29, 2001 Sheet 1 0f 8 US 2001/0045136 A1 

Analyzer 
6- N2 Purge 

1 

ETID °° 

FIG. 



Patent Application Publication Nov. 29, 2001 Sheet 2 0f 8 

FIG. 2 

100a H8 

H5 

{0111/ 
110/1 
112a x 

116 /% 

161 101 

US 2001/0045136 A1 

104 



Patent Application Publication Nov. 29, 2001 

FIG. 3 

Sheet 3 0f 8 US 2001/0045136 A1 

100 

114a 

H5 —\ 

117A 

122 

110' 

101 101 



Patent Application Publication Nov. 29, 2001 Sheet 4 0f 8 US 2001/0045136 A1 

FIG. 4 

I00 



Patent Application Publication Nov. 29, 2001 Sheet 5 0f 8 US 2001/0045136 A1 

FIG. 5 

i m _ 

u w u M 

. . 1|. — 

“ wLiiup ..... l. _ 

. n \ . _ 

_ _ _ . 

_ wi _ q _ n _ 1 _ @Q: n _ 

. _ s . . 

@ w J _ w 
_ m w w m _. _ ....... I! .T: .|.|....l_ g n @ 

U m n _ 

__ 1 _ 



Patent Application Publication Nov. 29, 2001 Sheet 6 0f 8 US 2001/0045136 A1 

FIG. 6 

H7 

FIG. 7 

a 

305 

303 L 3204 m/ 
A 0 

[if i 





Patent Application Publication Nov. 29, 2001 Sheet 8 0f 8 US 2001/0045136 A1 

FIG. 9 

Variable Flow Rate Venturi 208 

V 
Neck Portion 251 

Core 250 

JR 
Flow Passage 252 

(a) 

Flow Passage 252 

C 0 r e 2 5 0 

(b) 



US 2001/0045136 A1 

EXHAUST GAS SAMPLING APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to an exhaust gas 
sampling apparatus for analyzing contents in exhaust gas 
from an automobile, a motorboat, a moWing machine and so 
on. 

[0003] 2. Description of Related Art 

[0004] The construction of an exhaust gas sampling appa 
ratus according to the conventional art Will be explained by 
referring to FIG. 8. In the ?gure, reference numeral 201 
indicates an intake air supply conduit for supplying fresh air 
from outside, an end of Which is enlarged in the diameter 
thereof so as to form an air intake 202, in Which is provided 
a ?lter 203. To the intake air supply conduit 201 is connected 
an exhaust gas supply conduit 204, and a gas mixture 
circulation conduit 205 is formed doWnstream from the 
connecting portion of the intake air supply conduit 201 and 
the exhaust gas supply conduit 204, and through the gas 
mixture circulation conduit 205, exhaust gas diluted With 
fresh air is extracted to the doWnstream side by a bloWer 206 
provided in the doWnstream side thereof. 

[0005] Here, the reason for mixing the exhaust gas With 
fresh air from outside When analyZing the contents of the 
above-mentioned exhaust gas lies in that there is a necessity 
to loWer a ratio of moisture Within the exhaust gas by mixing 
With fresh air, since otherWise deW drops Will be condensed 
due to a decrease in the temperature on the Way, When trying 
to send a pure sample of exhaust gas to an analyZer. 

[0006] Interrupting the gas mixture circulation conduit 
205 in the doWn-stream side from the connecting portion of 
the above-mentioned intake air supply conduit 201 and 
exhaust gas supply conduit 204, there is provided a mixing 
device 207, and further provided is a venturi device 208 
doWn-stream of the mixing device 207, for the purpose of 
maintaining the exhaust gas at a constant flow rate, as a 
means of conforming to the different displacements and 
exhaust flow rates of various kinds of engines. 

[0007] Further, from the gas mixture circulation conduit 
205 is divided a sampling conduit 209, in the doWnstream 
side from the above-mentioned mixing device 207 but 
up-stream from the above-mentioned venturi device 208, 
and this sampling conduit 209 is further divided into three 
(3) conduits, to each of Which is connected one of sampling 
bags 211 . . . through one of joints 210 . . . , respectively. 

[0008] Further, from the air supply conduit 201 leads a 
reference air supply conduit 220, from the How up-stream 
from the connecting portion With the exhaust gas supply 
conduit 204, and this reference air supply conduit 220 is also 
divided into three (3) conduits to be connected to the 
sampling bags 211 . . . through one of the joints 210 . . . , 

respectively. 
[0009] Furthermore, a lead back conduit 230 being con 
nected to the analyZer is connected to or closed from each 
one of the divided conduits 209a and 220a by means of 
valves 230a . . . While an exhaust conduit 240 is also 

connected to or closed from each one of the divided conduits 
209a and 220a by means of valves 240a, respectively . . . . 

Still, valves 212 and 222 are provided in the up-stream side 
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from the valves 230a and 240a for each one of the divided 
conduits 209a and 220a, and also a reversible pump 241 is 
provided in the How of the exhaust conduit 240. 

[0010] Moreover, an air supply conduit 242 is connected 
or joint to the above-mentioned gas mixture circulation 
conduit 205 just before (up-stream of) the bloWer 206 
provided thereon. 

[0011] The analyZing method in such an exhaust gas 
sampling apparatus according to the conventional art, the 
structure of Which is mentioned in the above, Will be 
described beloW, in particular With reference to the sampling 
conduit 209. 

[0012] First, the pump is driven under the condition Where 
the valves 212 are turned OPEN While the valves 230a and 
240a are CLOSED, so as to introduce the diluted exhaust 
gas into each of the sampling bags 211 according to a 
measuring mode, and then the valves 212 and 240a are 
turned CLOSED While the valves 230a are OPEN, so as to 
send the diluted exhaust gas into the analyZer through the 
lead back conduit 230, thereby measuring carbon monoxide 
(CO), hydrocarbon (HC), nitrogen compounds (NOQ and 
so on in the exhaust gas, in accordance With the predeter 
mined mode for measuring. 

[0013] As such the measuring modes are already knoWn as 
an LA-4 mode and a US06 mode, as per the regulations in 
the USA, for example. (There are also knoWn a 10.15 mode 
and 11 mode, as per the domestic regulations in Japan.) 
Here, in accordance With the LA-4 mode, the contents in the 
exhaust gas are measured in each of the folloWing time 
periods: (1) from starting of the engine up to a time point of 
a lapse of 504 sec., (2) from 505 seconds up to the time point 
of the lapse of 1,374 sec., and (3) from a re-starting after 10 
minutes suspension of the engine up to the time point of the 
lapse of 504 sec. Accordingly, in the LA-4 mode, the exhaust 
gases during the above-mentioned intervals (1) to (3) must 
be collected into the sampling bags, respectively, and there 
fore there are prepared the three (3) pieces of the divided 
conduits and the three (3) bags. 

[0014] Also, in accordance With the SU06 mode, in Which 
the exhaust gas exhausted from the engine being at almost 
full throttle for ten (10) minuets is reserved or stored in the 
sampling bag to be analyZed, only one of the sampling bags 
is used according to this measuring mode. 

[0015] In the case Where the measurement of the above 
LA-4 mode is conducted With an ordinary gasoline engine, 
the flow rate is changed for each of the intervals (1) to (3) 
of the LA-4 mode, While suppressing the mixture With air to 
as loW a ratio as possible, for obtaining correct measurement 
values. Therefore, because the gas mixture ?oWing Within 
the gas mixture circulation conduit must be controlled to be 
from 3 to 9 m3/min in the flow rate thereof, the above 
mentioned venturi, of a variable flow rate type, is utiliZed. 

[0016] Further, in the US06 mode, the gas mixture must be 
controlled at 21 m3/min in the flow rate thereof. 

[0017] FIG. 9(a) shoWs an enlarged cross sectional vieW 
taken along the direction of the How in the venturi 208 of the 
variable flow rate type, and FIG. 9(b) shoWs an enlarged 
cross sectional vieW taken in the direction orthogonal to the 
direction of 110W, Wherein the cross sectional area of flow 
passage 252 at a neck portion 251 is changed by shifting an 
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external Wall or a core of the venturi in a relative manner, so 
as to control the ?oW rate through it. 

[0018] When completing the measurement, the valves 212 
and 230a are turned CLOSED While the valves 240a are 
OPEN, and air is sent into the sampling bags 211 by driving 
the reversible pump 241 of the exhaust conduit 240 into the 
reverse direction of rotation. Then, the reversible pump 241 
is rotated in the forWard direction to discharge the exhaust 
gas including the air Within the sampling bag. The exhaust 
gas Within the sampling bag is completely removed by 
repeating this operation, so as to be prepared for the next 
measurement. 

[0019] In the exhaust gas sampling apparatus as men 
tioned above, an exhaust pipe of an automobile is connected 
to the exhaust gas supply conduit 204 and at the same time 
the bloWer 206 is driven, then the exhaust gas is diluted by 
mixing With the intake air, to a concentration Wherein the 
mixture has a mass 20 times that of the exhaust gas con 
stituent therein, so as to eliminate the condensation of Water 
droplets due to the decrease in the temperature of the gas. 
After being sent through the sampling conduit 209, as Well 
as the conduit divided therefrom, to be then stored in the bag 
211, a portion of the exhaust gas is supplied to the analyZer 
to be analyZed. 

[0020] HoWever, When the exhaust gas exhausted from the 
engine is diluted to 20 times the mass thereof, it is dif?cult 
to obtain a correct result of the measurements. In particular, 
With an automobile of loW pollution (emissions) installed 
With a lean burn gasoline engine Which burns diluted fuel 
therein, the contents of the exhaust gas discharged from it is 
inherently near to those of the fresh air, and the draWback 
mentioned above comes to be remarkable. 

[0021] Further, as the sampling conduit is used a conduit 
made from Te?on resin or that on Which Te?on resin is 
coated, according to the conventional art. With this, hoW 
ever, pollution or soot is easily absorbed on the sampling 
conduit and also an ingredient of hydrocarbon is exuded 
from the Te?on resin, therefore it is unsuitable for use in the 
measurement of the emissions of an automobile of a loW 
pollution type as discussed above. 

[0022] Moreover, explaining by taking the consideration 
the sampling conduit 209 as an example, in the conventional 
art, When completing the predetermined sampling opera 
tions, the valves 230a are turned OPEN While keeping the 
valves 212 . . . in the CLOSED condition, and the reversible 

pump 241 is driven to rotate in the reverse direction so as to 
supply the air into the bags 211 . . . through the exhaust pipe 
230, and thereafter, the reversible pump 241 is driven to 
rotate in the forWard direction to discharge the gas from the 
bags. This is repeated several times so that no exhaust gas 
remains Within the bags or the conduits connecting to the 
analyZer. 

[0023] HoWever, though conducting such air purging in 
the above-mentioned manner, the absolutely correct mea 
surement value cannot be expected, since it is impossible to 
substitute the air for the exhaust gas remaining Within the 
sampling conduit 209 at the side up-stream of the valves 
212 . . . . 

[0024] Furthermore, in the conventional art, the contents 
of the exhausts gas remaining Within the conduits are 
removed by the air, hoWever, since the contents contained in 
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the exhaust gas are very small in quantity and are similar in 
composition to the fresh air, in particular in the case of the 
measurement for the loW pollution car, no guarantee can be 
made of the correct measurement With such air purging. 

[0025] Also, in the exhaust gas sampling apparatus of the 
conventional art, the analysis is made by connecting the 
sampling bags 211 to the conduits 209a . . . at the side of a 

main body thereof, therefore, the conduits must be elon 
gated, Which is troublesome in a case Where the analyZer is 
located at a position far from the exhaust gas sampling 
apparatus. Further, on the passage thereof is generated the 
Water condensation into Which the contents of the exhaust 
gas dissolve, therefore, it is impossible to obtain a correct 
result of the analysis. 

[0026] Even in the conventional apparatus, it is of course 
possible to divide the sampling bags 211 from the portion of 
the joints 210, hoWever it is troublesome to carry a large 
number of the bags, and there is a possibility of mistaking 
the bag in Which the reference air is contained for the bag in 
Which the diluted exhaust gas is contained to be measured. 

[0027] Furthermore, even if it is possible to carry them, 
since the exhaust gas Within the bags is cooled doWn during 
transport (?oW) thereof through the conduits, causing Water 
condensation, and into the condensation is dissolved the 
contents of the exhaust gas, it is therefore impossible to 
obtain the measurement correctly. 

[0028] Also, the conventional apparatus includes a prob 
lem relating to the variable type of Venturi. In the conven 
tional apparatus, for the purpose of decreasing the ?oW rate 
of the gas mixture, the core is shifted to the left-hand side in 
FIG. 9(a), so as to make the area of ?oW passage narroWer. 
On the contrary, it is shifted to the right-hand side for 
increasing the ?oW rate, so as to Widen the area of ?oW 
passage. For enabling both the measurement of the LA-4 
mode and of the US06 mode, although it is theoretically 
adequate to set up the diameter siZe of the Venturi, in 
particular at the neck portion thereof, so that the ?oW rate of 
21 m3/min can be obtained under the condition of full 
opening thereof, it is impossible, hoWever, to throttle cor 
rectly if the diameter at the neck portion is large, and the 
control of the ?oW rate in the vicinity of 3 m3/min comes to 
be dif?cult to achieve. 

[0029] For this reason, in the case Where the venturi of the 
variable ?oW rate type mentioned above is used, it is 
impossible to control the ?oW rate Widely. Namely, the 
control of ?oW rate in the range from 3 to 21 m3/min is 
impossible to achieve by use of only one of the venturi of the 
variable ?oW rate type. 

[0030] As a means for dissolving the above problem, by 
providing a plurality of Venturis of a ?xed ?oW rate type, it 
is possible to achieve the control of ?oW rate by exchanging 
the OPEN and CLOSED states therebetWeen, hoWever When 
doing so, it is impossible to change the ?oW rate continu 
ously thereWith. For controlling it ?nely, the number of the 
venturis of the ?xed ?oW amount types must be increased, 
and the structure thereof thus becomes complicated. 

[0031] Furthermore, When providing the plurality of ven 
turis of the ?xed ?oW amount types, the ?oW rate becomes 
unstable When they are exchanged therebetWeen. 

SUMMARY OF THE INVENTION 

[0032] According to the present invention, for dissolving 
the ?rst problem (i.e., the problem of condensation of 
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moisture), there is provided an exhaust gas sampling appa 
ratus, comprising: an exhaust gas supply conduit; an intake 
air supply conduit; a gas mixture circulation conduit being 
formed by joining said exhaust gas supply conduit and said 
intake air supply conduit; and a sampling conduit, being 
divided from the passage of said gas mixture circulation 
conduit, Wherein a gas mixture to be analyZed is extracted 
through said sampling conduits, and Wherein said exhaust 
gas supply conduit, said intake air supply conduit, said gas 
mixture circulation conduit, said sampling conduit, or a 
portion thereof Where the gas mixture is stored temporarily 
is provided With a heater for preventing condensation of 
moisture in the exhaust gas. 

[0033] With such a construction, though being diluted up 
to 20 times by mass With fresh air according to the conven 
tional art, the condensation of moisture can be prevented, 
and may be prevented even With the dilution of 5 times by 
mass, thereby improving the accuracy in the analysis 
thereof. 

[0034] Also, it is possible to provide a heat exchanger on 
said sampling conduit, at the doWn-stream side from the 
portion Where said sampling conduit is divided, for decreas 
ing the temperature of the exhaust gas, so as to protect a 
bloWer from damage thereby. 

[0035] Further, it is also possible to provide a heater in 
said intake air supply conduit, in the side up-stream from the 
portion being joined With said exhaust gas supply conduit. 
With such a construction, it is possible to effectively prevent 
the exhaust gas from being decreased in the temperature 
thereof. 

[0036] Further, said sampling conduit may be provided in 
plural systems thereof, depending upon kinds of engines. 
With such a construction, the conduit, in Which remain the 
exhaust gas and the constituents (i.e., soot or the like) of the 
exhaust gas from the ordinary engine can be avoided to be 
re-used for the analysis of the exhaust gas from an engine of 
a loW pollution car, thereby enabling accurate measurement 

[0037] Further, it is preferable to use the sampling conduit 
Which is made from stainless steel. With the sampling 
conduit made from stainless steel, it is possible to prevent 
from such draWbacks as the exuding of hydrocarbon from 
the conduit material, as occurs When heating the conduit 
made of Te?on, as Well as providing for removal of any 
pollution or deposit therefrom easily, thereby increasing the 
accuracy in the measurement. 

[0038] Furthermore, there is provided a lead back conduit, 
being connected betWeen said sampling conduit and an 
analyZer, through Which the exhaust gas to be analyZed 
?oWs, Wherein said lead back conduit is able to introduce 
purging gas therein, thereby enabling increase in the accu 
racy of the measurement, compared to that of the conven 
tional art. In particular, the purging gas is preferably nitro 
gen gas. 

[0039] According to the present invention, for dissolving 
the second problem (i.e., the problem related to the sampling 
bags), there is provided an exhaust gas sampling apparatus 
for diluting exhaust gas With fresh air, storing the exhaust 
gas diluted into (a) sampling bag(s) once, and analyZing the 
stored diluted exhaust gas With an analyZer, comprising: a 
main body of a sampling apparatus; and a storage box, in 
Which said sampling bags are positioned, being detachable 
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from said main body of said sampling apparatus, Wherein 
said storage box comprises: a connector unit for attaching 
and/or detaching the conduits on said main body of said 
sampling apparatus With the conduits Within said storage 
box. 

[0040] With such a construction, it is possible to move the 
large number of sampling bags at the same time, and also to 
connect the conduits With the analyZer With ease. 

[0041] Also, it is preferable to provide a heater Within said 
storage box. With provision of the heater, condensation of 
moisture Within the exhaust gas to be analyZed can be 
prevented during the times of movement or Waiting for 
analysis thereof. 

[0042] Further, With provision of not only the heater but 
also of a temperature controller, it is possible to keep the 
temperature Within the storage box constant, and further 
With installation of a battery Within the storage box, it is also 
possible to keep the temperature Within the storage box 
constant during the time of the moving. 

[0043] Further, the above-mentioned connector unit can 
be constructed so that it holds a ?exible conduit Within said 
box in such a manner that it can be draWn out therefrom. 
With such a construction, a handling property thereof is 
improved. 
[0044] Further, in the above-mentioned connector unit, it 
is also possible to form an opening(s) to bloW out Warm air 
held Within said storage box to an outside thereof. With such 
a construction, it is possible to conduct the connection of 
conduits of the analyZer With the conduits draWn out from 
the box in Warm atmosphere, so as to be free from conden 
sation Which Would occur otherWise When connecting the 
conduits. 

[0045] In particular, With provision of the connector unit 
being able to elevate up and doWn, it is possible to maintain 
the Warm atmosphere in Which the conduits are connected, 
so as to prevent occurrence of the condensation of moisture 
constituent in the exhaust gas. 

[0046] According to the present invention, for dissolving 
the third problem (i.e., the problem related to the variable 
venturi), there is provided an exhaust gas sampling appara 
tus, comprising: an exhaust gas supply conduit; an intake air 
supply conduit; a gas mixture circulation conduit being 
formed by joining said exhaust gas supply conduit and said 
intake air supply conduit; a sampling conduit, being divided 
from said gas mixture circulation conduit and connecting to 
a passage thereof; and a venturi mechanism for controlling 
the flow rate of a gas mixture ?oWing Within said gas 
mixture circulation conduit, Wherein said venturi mecha 
nism is constructed With a main venturi provided in line With 
said gas mixture circulation conduit, and a sub-venturi 
positioned in parallel With said main Venturi. 

[0047] And, for example, in a case Where said main 
venturi is a variable flow rate Venturi, and said sub-venturi 
a ?xed flow rate venturi, the valve on the bypass passage is 
turned CLOSED in the LA-4 mode, While it is turned OPEN 
in the US06 mode, so as to conduct the sampling. 

BRIEF DESCRIPTION OF DRAWINGS 

[0048] FIG. 1 is a vieW of shoWing the entire construction 
of an exhaust gas sampling apparatus according to the 
present invention; 
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[0049] FIG. 2 is a front vieW showing the interior struc 
ture of a storage box for sampling bags; 

[0050] FIG. 3 is a side vieW of the same storage box for 
the sampling bags; 

[0051] FIG. 4 is a plan vieW of the same storage box for 
the sampling bags; 

[0052] FIG. 5 is a perspective vieW of an elevating block; 

[0053] FIG. 6 is an enlarged vieW of a connector unit of 
the storage box for the sampling bags; 

[0054] FIG. 7 is an enlarged vieW of a venturi device; 

[0055] FIG. 8 is a vieW of shoWing the entire construction 
of the exhaust gas sampling apparatus according to the 
conventional art; and 

[0056] FIGS. 9(a) and (b) are, respectively: an enlarged 
cross sectional vieW of a variable ?oW rate type venturi 
taken along the direction of How therein; and an enlarged 
cross sectional vieW thereof taken in the direction being 
orthogonal to the direction of ?oW. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0057] Hereinafter, detailed explanation of the ernbodi 
rnents according to the present invention Will be given by 
referring to the attached draWings. As shoWn in FIG. 1, With 
an exhaust gas sampling apparatus, an intake air inlet 2 is 
formed by expansion of one end of an intake air supply 
conduit 1, and Within the intake air inlet 2 is provided a ?lter 
3. Also, in line With the intake air supply conduit 1 is 
connected an exhaust gas supply conduit 4, Wherein a gas 
mixture circulation conduit 5 is formed in the passage 
doWnstrearn starting from the connecting portion of the 
exhaust gas supply conduit 4, and through the gas mixture 
circulation conduit 5 is extracted the exhaust gas, being then 
diluted With fresh air While ?oWing to the downstream side 
by a bloWer 6 provided in the downstream thereof. 

[0058] In line With the gas mixture circulation conduit 5 at 
the downstream side of the portion connecting With the 
exhaust gas supply conduit 4 there is provided a mixing 
device 7, and is further provided a venturi device 8 in the 
downstream of the mixing device 7, for the purpose of 
maintaining the How of the exhaust gas at a constant rate as 
a means of adjusting for the different displacements and 
exhaust gas ?oW rates found in various kinds of engines. 

[0059] Further, from the gas mixture circulation conduit 5, 
being downstream from the above-mentioned rnixing device 
7 but upstream of the above-mentioned venturi device 8, are 
divided tWo pieces of sampling conduit 10 and 20 comprised 
of stainless steel, and further, from the upstream portion of 
the joint portion betWeen the above intake air supply conduit 
1 and the exhaust gas supply conduit 4 is divided an intake 
air supply conduit 30 comprised of stainless steel, for 
supplying the fresh air intake for the reference. 

[0060] BetWeen the tWo sarnpling conduits 10 and 20, the 
one sampling conduit 10 being used for the ordinary engine, 
and the other sarnpling conduit 20 being used for the engine 
of a car of a loW-pollution gasoline-burning type, or the 
engine of a car burning natural gas. 
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[0061] The sampling conduit 10, being provided With 
valves 11, 12, a ?lter 13, a supply pump 14, a How rate meter 
15, and a pressure sWitch 16, is divided into three (3) 
conduits 10a . . . downstream of the pressure sWitch 16. On 

each of the divided conduits 10a . . . are provided valves 

17 . . . and pressure sWitches 18 . . . , respectively. 

[0062] Also, the sampling conduit 20, in use for the loW 
pollution gasoline engine, being provided With valves 21 
and 22, a ?lter 23, a supply pump 24, a How rate meter 25 
and a pressure sWitch 26, is divided into three (3) conduits 
20a . . . downstream of the pressure sWitch 26. On each of 

the divided conduits 20a . . . are also provided valves 27 . . . 

and pressure sWitches 28 . . . , respectively. 

[0063] Further, the intake air supply conduit 30, to supply 
the reference fresh air, being provided With valves 31 and 32, 
a ?lter 33, a supply pump 34, a How rate meter 35 and a 
pressure sWitch 36, is also divided into three (3) conduits 
30a . . . downstream of the pressure sWitch 36. And, also on 

each of the divided conduits 30a . . . are provided valves 

37 . . . and pressure sWitches 28 . . . , respectively. 

[0064] Further, the passage betWeen an exhaust conduit 40 
and each of the divided conduits 10a . . . , 20a . . . , and 

30a . . . is connected or shut off by the corresponding valves 

40a, and the exhaust conduit 40 is provided With a pump 41 
at one end thereof. 

[0065] Further, an analysis conduit 50 from each of the 
divided conduits 10a . . . of the sampling conduit 10 is 

selectively connected With the above-mentioned exhaust 
conduit 40 or the analyZer through a valve 51, While the 
analysis conduit 50 from each of the divided conduits 
20a . . . of the sampling conduit 20 is selectively connected 

With the above-mentioned exhaust conduit 40 or the ana 
lyZer through the valves 52 and 53, and the analysis conduit 
50 from each of the divided conduits 30a . . . of the external 

air supply conduit 30 is selectively connected With the 
above-mentioned exhaust conduit 40 or the analyZer through 
the valves 54 and 55. 

[0066] Here, the analyZer connected With the analysis 
conduit 50 comprises an analyZer for an ordinary gasoline 
engine. 

[0067] A nitrogen gas purging conduit 60 is connected to 
the downstream side of the valves 11 and 21 of the above 
rnentioned sarnpling conduits 10 and 20. In line With this 
nitrogen gas purging conduit 60 are provided valves 61 and 
a nitrogen gas bottle 62. 

[0068] Further, downstream of the mixing device 7 of the 
above-mentioned gas mixture circulation conduit 5 is pro 
vided a heat exchanger 71 for maintaining at a constant the 
temperature of the gas mixture, and downstream of the 
venturi device 8 is provided another heat exchanger 72 for 
decreasing the temperature of the gas mixture ?oWing into 
the bloWer 6 so as to elongate the service life thereof. 

[0069] Further, to the gas mixture circulation conduit 5, 
betWeen the heat exchanger 72 and the bloWer 6, an air 
supply conduit 73 is connected, for obtaining a further 
decrease in the temperature of the gas mixture, and from this 
air supply conduit 73 is introduced the fresh air of a 
controlled arnount, increasing When the How rate increases, 
by means of the venturi 8, so as to be sucked in With constant 
force Without placing a load upon the bloWer 6. 
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[0070] Moreover, in the present embodiment, heaters are 
positioned at various places so as to prevent condensation of 
moisture that is constituent Within the exhaust gas. 

[0071] In more detail, Within the intake air supply conduit 
1 are positioned: a heater 80 in the side upstream from the 
joint portion With the exhaust gas supply conduit 4, a coil 
heater 81 around the joint portion betWeen the intake air 
supply conduit 1 and the exhaust gas supply conduit 4, a coil 
heater 82 around the gas mixture circulation conduit 5 in the 
upstream side of the mixing device 7, an oven heater 83 in 
the vicinity of the mixing device 7, a coil heater 84 around 
the middle portions of the divided sampling conduits 10 and 
20, and an oven heater 85 in the vicinity of the intake air 
supply conduit 30, respectively. 

[0072] Further, as Will be mentioned later, in the vicinity 
of the sampling bags 104 is also positioned an oven heater 
102. 

[0073] At the ends of the divided conduits 10a . . . , 

20a . . . , and 30a . . . , a sampling bag storage box 100 is 

provided. The details of this sampling bag storage box 100 
Will be explained by referring to FIGS. 2 through 6. Here, 
FIG. 2 is a front vieW shoWing the interior structure of the 
sampling bag storage box, FIG. 3 is a side vieW of the same 
sampling bag storage box, FIG. 4 is a plane vieW of the same 
sampling bag storage box, FIG. 5 is a perspective vieW of 
an elevating block, and FIG. 6 is an enlarged vieW of the 
principle portion of a connector unit of the sampling bag 
storage box. 

[0074] On the bottom surface of the storage box are 
attached casters 101 to provide for the storage box to be 
movable on a ?oor, and on the bottom portion Within the 
storage box 100 is positioned the oven heater 102. In the 
vicinity of this heater 102 is provided a fan 102a to circulate 
Warm air Within the storage box 100, thereby keeping the 
atmosphere in the box at an uniform temperature and 
preventing the moisture contained in the exhaust gas to be 
analyZed from condensing. 

[0075] Further, Within the storage box 100 is provided a 
temperature controller 120 to keep the temperature Within 
the storage box 100 at a temperature of about 40° C. For 
example, the heater 102 is turned ON or OFF When the 
temperature inside the storage box shifts beyond the pre-set 
upper and loWer values thereof. Under the condition Where 
the storage box 100 is attached With the main body of the 
sampling apparatus, an electric poWer source of, for 
instance, AC 100 V is accessed through a socket 121, While 
When the storage box 100 is separated or disconnected from 
the main body of the sampling apparatus to be moved, or 
during the time When the sample box is left Waiting in an 
analysis room, the electric poWer source from a battery 
provided in the storage box 100 is used to poWer the heater 
102. 

[0076] Also, the inside of the storage box 100 is divided 
into a right-hand-side space and a left-hand-side space by a 
partition plate 103, and Within the Wide space at the right 
hand side in FIG. 3 can be stored the sampling bags 104 . . . 

in the total number of nine Each of the sampling bags 
104 is formed from material of ?uorocarbon polymer having 
a loW level of hydrocarbon (HC) generation. 

[0077] Further, each sampling bag 104 is hung from one of 
bars 104a at the top end portion thereof, and the bars 104a 

Nov. 29, 2001 

are hooked on rails 105 provided on a ceiling of the storage 
box 100, so as to be able to be shifted in the horiZontal 
direction. 

[0078] At one side of the storage box 100 may be provided 
a connector unit 110. The connector unit 110 hooks an 
elevating block 112 on guide rails 111 elongated in the 
vertical direction. 

[0079] The elevating block 112 comprises a plate 112a 
Which is biased upWard by a gas spring 113, and a guide 
holder 112b Which is provided in the middle portion of the 
plate 112a in the direction of height thereof. 

[0080] The upper limit of the elevating block 112 is 
regulated by a stopper 114. Namely, the stopper 114 com 
prises arms 114a and 114a at both the left-hand side and the 
right-hand side, and those arms 114a and 114a are biased in 
an expanding and opening direction by a spring provided at 
the center thereof. 

[0081] In this manner, When the elevating block 112 is 
pushed, together With the stopper, upWard against the bias 
ing of the gas spring 113, the arms 114a and 114a are hooked 
on the concave portions formed in the rails 111 by means of 
the repelling force of the spring, thereby enabling ?xture of 
the elevating block 112 at that position. 

[0082] The above-mentioned plate 112a has such a siZe 
that it covers an opening 100a formed in the side surface of 
the storage box 100 even When it is shifted up and doWn, 
thereby preventing Warm air held Within the storage box 100 
from leaking outside through the opening 100a. 

[0083] Further, on a guide holder 112b projecting from the 
above-mentioned opening 100a are held guides 115 . . . in 

the same number as the number of the sampling bags 104. 
In each guide 115 is inserted a ?exible conduit 116 of 
stainless steel in such a manner that it can be draWn out 
therefrom. At the tip of this ?exible conduit 116 is attached 
a joint 117, and the base portion thereof is attached onto a 
joint provided on the above-mentioned partition plate 103. 
To this joint is connected one end of a ?xed conduit 118 of 
stainless steel, and the other end of the ?xed conduit 118 is 
connected With each of the sampling bags 104 through a 
Te?on pipe. 

[0084] Further, in the periphery portion of the above 
mentioned guide holder 112b are formed openings 122 . . . , 

and a hood 123 is provided projecting outWardly so as to 
surround the openings 122 . . . , thereby encircling the tips 

of the above-mentioned ?exible conduits 116 Within a space 
surrounded by the hood 123. 

[0085] In the above-mentioned venturi device 8, as is 
shoWn in FIG. 7, a variable ?oW rate venturi 301 is provided 
as a main venturi in a portion of the gas mixture circulation 
conduit 5, and Within the variable ?oW rate venturi 301 is 
provided a core 302 for adjusting the cross section area of 
the ?oW passage thereof. Further, in parallel to the variable 
?oW rate venturi 301 is provided a bypass conduit 303, and 
in a portion of this bypass conduit 303 is provided a ?xed 
?oW rate venturi 304 as a sub venturi, and further in the 
doWnstream side of the ?xed ?oW rate venturi 304 is 
provided a valve 305. 

[0086] HoWever, for the ?xed ?oW rate venturi 304, the 
variable ?oW rate venturi may be provided in place thereof. 
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[0087] In the above, for analyzing the exhaust gas from an 
ordinary engine, after ?rst con?rming that the valves 21, 22, 
27 . . . , 40a . . . , 50a . . . are turned CLOSED While the 

valves 11, 12, 17 . . . , 31, 32, 37 . . . are turned OPEN, the 

exhaust pipe of the car is connected to the exhaust gas 
supply conduit 4 and the bloWer 6 is driven. Further, the 
supply pump 13 is driven. After the exhaust gas and the 
intake fresh air are mixed by the mixing device 7, a portion 
of the gas mixture is stored in each of the sampling bags 
104 . . . through the sampling conduit 10 as Well as the 

divided conduits 10a . . . . 

[0088] In the above, depending upon the displacement of 
the engine, for example, the core 302 of the variable flow 
rate venturi 301 is shifted so as to change the flow rate Within 
the range from 3 to 15 m3/min, thereby adjusting the dilution 
ratio of the gas mixture ?oWing into the sampling conduit 
10. 

[0089] Further, in parallel With the above, the supply pump 
34 is driven, Which is provided on the intake air supply 
conduit 30 for taking in fresh air for the reference. Aportion 
of the introduced fresh intake air is also stored in each of the 
sampling bags 104 . . . through the divided conduits 10a . . . . 

[0090] Thereafter, by operating valve 51, valves 17 . . . and 
the valves 40a . . . are turned CLOSED While turning the 

valves 50a . . . OPEN under the condition that the analysis 

conduit 50 from the divided conduits 10a . . . is connected 

to the analyZer, so that the gas mixture to be analyZed, being 
stored Within the bags 104, ?oWs through the divided 
conduits 10a . . . in the reverse direction, thereby being sent 
into the analyZer to be analyZed thereWith. 

[0091] In the same manner, in parallel to the above, the 
valves 37 . . . and 40a . . . are turned CLOSED While the 

valves 50a . . . are turned OPEN, so that the intake fresh air 

for use as the reference, being stored Within the bags 104, 
also ?oWs through the divided conduits 30a . . . in the 

reverse direction, thereby being sent into the analyZer Which 
is attached to the main body of the sampling apparatus to be 
analyZed thereWith. 

[0092] It is possible to knoW the ratio of the contents (for 
example, nitrogen oxide) being inherently contained Within 
the intake fresh air by analyZing the intake air for use as the 
reference, therefore, the amount of nitrogen oxide, etc., 
Which are created by combustion, can be detected correctly, 
by subtracting the reference values, thus adjusting by cal 
culation the analyZing result for the gas mixture. 

[0093] Also, in a case of analyZing the contents Within the 
exhaust gas from an engine Which burns natural gas, for 
example, by turning the valve 11 of the sampling conduit 10 
CLOSED, While turning the valve 21 of the sampling 
conduit 20 OPEN, the collection of the exhaust gas is 
conducted in the same manner as mentioned in the above, 
and then, is analyZed by means of an analyZer provided for 
exclusive use in analyZing natural gas engine exhaust, Which 
is separately provided. 

[0094] After sampling, the joints 117 are disjoined from 
the respective divided conduits 10a . . . , 20a . . . and 30a . . . 

so as to alloW movement of the storage box 100 into the 
analysis room. Then, the joints 117 are connected to the 
respective conduits of the analyZer to conduct the analyZing 
thereWith. 
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[0095] On the other hand, When conducting the analysis of 
the US06 mode, the valve 305 of the bypass conduit 303 is 
turned OPEN so as to obtain the flow rate from 20 to 21 
m3/min of the mixture gas. Then, the collection of the 
exhaust gas is conducted in the same manner as mentioned 
in the above, by using only one of three (3) pieces of the 
divided conduits 10a, and the gas mixture to be analyZed, 
being stored Within the bags 104, ?oWs through the divided 
conduits 10a . . . in the reverse direction, thereby being sent 

into the analyZer to be analyZed thereWith. 

[0096] Also, in a case of analyZing the constituents of 
exhaust gas from an engine Which burns natural gas, for 
example, by turning the valve 21 of the sampling conduit 20 
CLOSED, While turning the valve 31 of the sampling 
conduit 30 OPEN, the collection of the exhaust gas is 
conducted in the same manner as mentioned in the above, 
and then is analyZed by means of an analyZer Which is in 
exclusive use for analyZing emissions of natural gas poW 
ered engines, Which is separately provided. 

[0097] HoWever, since the ?exible conduits 116 can be 
draWn out from the guide 115 When connecting the joints 
117 to the respective conduits of the analyZer, the operation 
of connection thereof can be performed easily. 

[0098] Further, condensation of moisture can be prevented 
by Warming the sampling bags 104 during any moving and 
Waiting prior to analysis, by means of the heater 102. 

[0099] In the operation of the connection, since the air 
inside the storage box 100 is kept at a relatively high 
temperature (approximately 40° C.) by means of the heater 
102, the connecting operation can be performed While 
keeping the contained air at the relatively high temperature, 
While bloWing Warm air held Within the storage box 100 
toWard each of the conduits of the analyZer. With this 
system, the condensation of moisture in the exhaust gas can 
be prevented. 

[0100] Even When the height of the conduits of the ana 
lyZer changes depending upon each of types thereof, it is 
possible to keep Warm the atmosphere surrounding the 
connecting operation, by adjusting the height of the opening 
122 to that of the conduits through the adjustment in the 
height of the elevating guide holders 112b. 

[0101] As is explained in the above, according to the 
present invention, since the heaters are provided on the 
periphery of the main conduits comprising the exhaust gas 
sampling apparatus, the exhaust gas can be released or 
protected from abrupt decrease in the temperature even if the 
mixture ratio With the intake air is set to be small, i.e., the 
dilution ratio is set to be small, thereby preventing conden 
sation of moisture therein. 

[0102] Accordingly, the constituents of the exhaust gas are 
inhibited from dissolving into the condensed moisture and 
an analysis result shoWing the value being less than the 
actual ratio is avoided, thereby increasing the reliability in 
the result of the measurement. 

[0103] Further, With provision of the heat exchangers at 
the predetermined positions, it is possible to keep the gas 
mixture Which is supplied to the sampling conduits at a 
constant temperature, or also to elongate the service life of 
the bloWer. 
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[0104] Further, the intake air supply conduit for use as a 
passage for the reference is divided from the intake air 
supply conduit at a point upstream of the portion joining 
With the supply conduit for the exhaust gas, therefore 
accurate analysis can be performed even if ?uctuation 
occurs in the contents of the fresh intake air, and further, by 
providing the sampling conduits in plural systems thereof, it 
is possible to cope With the plural types of engines being 
different in the burning modes therein. 

[0105] Further, the sampling conduit, being made from 
stainless steel, is hardly adhered With pollution or deposits 
thereon nor exudes hydrocarbon therefrom, therefore is also 
suitable for the measurement of the exhaust gas from a loW 
pollution car. 

[0106] Furthermore, after completing the sampling, by 
substituting nitrogen gas or the like for the gas Within at least 
the sampling conduit and the analysis conduit, it is possible 
to conduct the accurate measurement, thereby increasing the 
reliability in the measured value. 

[0107] Further, in the sampling apparatus according to the 
present invention, the sampling bags are stored inside the 
storage box, the box being detachable from the sampling 
apparatus, and thus the large number of bags can be moved 
easily to an analysis room located at a place being separated 
and/or far from the sampling apparatus, and also the storage 
box has a self-contained connector unit, therefore, the mea 
surement can be performed by connecting the conduits held 
Within the storage box directly to an analyZer, Without taking 
the bags out of the storage box. 

[0108] Further, With the provision of the heater inside the 
storage box, condensation of moisture in from the exhaust 
gas in the bags can be prevented, thereby enabling perfor 
mance of accurate analysis 

[0109] Also, the portions of the conduits provided Within 
the storage box are ?exible conduits, each of Which can be 
draWn from the connector unit, therefore, the piping opera 
tion at the main body side of the sampling apparatus, as Well 
as the connecting and disconnecting operations With the 
conduits at the analyZer side become easy. 

[0110] Furthermore, by letting Warm air bloW out from the 
connector, the occurrence of condensation can be prevented 
When connecting the conduits at the analyZer side, and 
further With provision of the elevating block in the connec 
tor, Whereby are provided the openings through Which to 
bloW the Warm air, it is possible to cope With a range of 
positions in terms of the height of the conduits at the 
analyZer side. 

[0111] Also, the exhaust gas sampling apparatus, accord 
ing to the present invention, comprises a venturi mechanism 
for controlling the ?oW rate of the gas mixture in the exhaust 
gas sampling apparatus, being constructed With a main 
venturi provided on the Way of the gas mixture circulation 
conduit and a sub venturi positioned in parallel to the main 
Venturi, Wherein at least one of those Venturis is the variable 
?oW rate Venturi, thereby achieving the control of the ?oW 
rate in the gas mixture Within a Wide range. 

[0112] Further, mechanically, since it is enough only to 
add the bypass conduit and the sub venturi Which is provided 
on the bypass conduit, the present invention can be applied 
to an existing equipment or facility. 
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What is claimed is: 
1. An exhaust gas sampling apparatus, comprising: 

an exhaust gas supply conduit; 

an intake air supply conduit; 

a gas mixture circulation conduit being formed by joining 
said exhaust gas supply conduit and said intake air 
supply conduit; and 

a sampling conduit, being divided from said gas mixture 
circulation conduit With respect to a ?oW passage 
thereof, Wherein a gas mixture to be analyZed is 
extracted through said sampling conduits, and a heater 
for preventing condensation of moisture in the exhaust 
gas is provided at said exhaust gas supply conduit, said 
intake air supply conduit, said gas mixture circulation 
conduit, said sampling conduit, or a portion Where the 
gas mixture is stored temporarily. 

2. An exhaust gas sampling apparatus as de?ned in claim 
1, Wherein a heat exchanger is provided on said sampling 
conduit, at a side doWnstream from the portion Where said 
sampling conduit is divided, for decreasing a temperature of 
the exhaust gas so as to protect a bloWer from damage 
thereby. 

3. An exhaust gas sampling apparatus as de?ned in claim 
1, Wherein a heater is provided in said intake air supply 
conduit, in the side upstream from the portion joined With 
said exhaust gas supply conduit. 

4. An exhaust gas sampling apparatus as de?ned in claim 
1, Wherein said sampling conduit is provided in plural 
systems thereof designed respectively for different kinds of 
engines. 

5. An exhaust gas sampling apparatus as de?ned in claim 
1, Wherein said sampling conduit is made from stainless 
steel. 

6. An exhaust gas sampling apparatus as de?ned in claim 
1, further comprising a lead back conduit being connected 
betWeen said sampling conduit and an analyZer, through 
Which the exhaust gas to be analyZed ?oWs, Wherein said 
lead back conduit is able to introduce purging gas therein. 

7. An exhaust gas sampling apparatus as de?ned in claim 
6, Wherein the purging gas is nitrogen gas. 

8. An exhaust gas sampling apparatus for analyZing 
exhaust gas, diluting the exhaust gas With intake fresh air, 
storing the exhaust gas diluted into a sampling bag once, and 
analyZing the diluted exhaust gas stored by means of an 
analyZer, comprising: 

a main body of a sampling apparatus; and 

a storage box, in Which said sampling bag is positioned, 
being detachable With said main body of said sampling 
apparatus, Wherein said box comprises: 

a connector unit for attaching and detaching the conduits 
on said main body of said sampling apparatus With the 
conduits Within said storage box. 

9. An exhaust gas sampling apparatus as de?ned in claim 
8, Wherein a heater is provided Within said storage box. 

10. An exhaust gas sampling apparatus as de?ned in claim 
8, Wherein Within said storage box and held in said connec 
tor unit is provided a ?exible conduit in such a manner that 
it can be draWn out therefrom. 
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11. An exhaust gas sampling apparatus as de?ned in claim 
8, Wherein in said connector unit is formed an opening 
through Which to blow out Warm air held Within said storage 
box to an outside therefrom. 

12. An exhaust gas sampling apparatus as de?ned in claim 
8, Wherein in said connector unit is provided an elevating 
block, on Which a ?exible conduit provided Within said 
storage box is held in such a manner that it can be draWn out 
therefrom, and Wherein is also formed an opening through 
Which to bloW out Warm air held Within said storage box to 
an outside therefrom. 

13. An exhaust gas sampling apparatus as de?ned in claim 
8, Wherein said storage box further comprises a temperature 
controller therein for maintaining a constant temperature of 
an inside of said storage box. 

14. An exhaust gas sampling apparatus as de?ned in claim 
8, Wherein said storage box further comprises a temperature 
controller therein for maintaining a constant temperature of 
an inside of said storage box, and a battery for driving said 
heater. 
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15. An exhaust gas sampling apparatus, comprising: 

an exhaust gas supply conduit; 

an intake air supply conduit; 

a gas mixture circulation conduit formed by joining said 
exhaust gas supply conduit and said intake air supply 
conduit; 

a sampling conduit, being divided from said gas mixture 
circulation conduit With respect to a How passage 
thereof; and 

a venturi mechanism for controlling a How rate of a gas 
mixture ?oWing Within said gas mixture circulation 
conduit, Wherein said venturi mechanism is constructed 
With a main venturi provided in line With said gas 
mixture circulation conduit, and a sub venturi posi 
tioned in parallel to said main venturi. 

16. An exhaust gas sampling apparatus as de?ned in claim 
15, Wherein said main venturi is a variable ?oW rate venturi, 
and said sub venturi a ?xed ?oW rate venturi. 

* * * * * 


