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� 	 � W 

� á� � �Î � 
 � Î � × 
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. t u ¥ P £ � p� � ]k ¢ ¦ t u �k1990h å � ¯ - { 0 ��i2.1 v ¬ �

4 
 § E � � ö ÷ kÑ Ò \æ t u [7]Wi2.1& � ]kÑ Ò \æ t u ��å

acceleration/lug/peak modes² k� ]� d ¨ ë © É��^_4m ?' M� Ú � 40 

CFR Part 86 Subpart Iåö ÷ �� à � � 3 ^_W 

å@A &��' � �a b ' Mª Z � ª r « l(Roadside Inspection)�e µl

¬(Periodic Inspection)�� � k Q ¢ ¦ (Self-Certification)��i2.2� 4 
 × ­ 7

_@A &��a b k' ([8]WR : ð ® ­ �	�k2000h å � R ª r « lk'

( ¯ 3 § E � � �k� ]\æ l^�@A k^_' M�SAE J1667ù÷��Ó^

^_�� ]a b t u �±i2.3 v ¬ Wi2.3&<a b t u Ö 6Environmental 

Protection Agency (EPA)�California Air Resources Board (CARB)�Society of 

Automotive Engineers (SAE)R�Maryland Motor Truck Association (MMTA) v Ø

� b e � 4 
 $ � ­ > � A ñ a b �W
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i 2.1´ 4 
 § E � � ö ÷ Ñ Ò \æ t u [2] 

 

 

i 2.2´ 4 
 × ­ @A & � � ��<a b ' ([3] 

State Roadside Inspection Periodic Inspection Self-Certification 
Arizona (select areas)  ×  
California ×  × 
Colorado  × × 
Connecticut ×   
Idaho  ×  
Illinois  × × 
Maine ×   
Maryland ×   
Massachusetts  ×  
Nevada ×   
New Hampshire ×   
New Jersey × × × 
New York × × × 
Rhode Island ×   
Utah (select areas)  ×  
Vermont ×   
Washington  ×  
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i 2.3´ 4 
 × ­ @A & � � ��<� ]a b t u [3] 

�Eh � ]a b �(� d ¨ ë%) 

1973 hR á  70 

1974-1990 h 55 

1991 hRõ 40 

 

� \ ã Z �� � j �k� ]a b ° ��� � \�q Ã (Nominal flowpÈ # �

litres/second) ` Z �Y� � a b ��fk 1972 h 8 · 20 �� % EURO I t u

(72/306/EEC ± ¢ )Rõ¯� { Ó £ $ . c pX [ � 
 [ � ² �   
 y . c <\]

_�M(WHDC)º�> � F Ï Ñ Ò \æ <ö ÷ Ö � � � 3 � ]^_� 3 �
 W 

�� ã Z �8 ³ <l^' (?Q 
 ´ µ R � �åj �E ¢ ¦ º ¶ ¯ 3 � ÷�

e � ^?ù÷��Ó^^_��k 2009 h 10 å � 7 _kõ j � µ. c &�Õ 	

ï � ÷� e � ^k_��ù
 Ö j �E�@A &�� · ö ¯ 3 ù÷��Ó^^

_Wi 2.4 v ¬ ��� � ]\æ ka b t u ?7 _µ4[9]�i& � � j �E?@

A &��k� ]a b �R��l3]Éà< � u µ4W6i 2.4&ª¸��� j

� µ. c k 2005 h 10 · 1 � å � 7 _�� § E�(GVW3.5 ¹ R � º » �) j �

?� § �k 2007 h 9 ·Rõå � R� d ¨ ë� �� ]kl^' (�� ]� d ¨

ëa b t u � 0.8 m-1�2009 h 10 · 1 � å � 7 _kõ j � µ. c �{ Ó £ � 0.5 

m-1W 

F [@A &��� ]ka b �� Ú ¼ � <j �a b . c µ Ï ª Z �S
 ³ 

(1) ¼ � j j � µ. c mf�� d ¨ ë� ] ¢ ¦ <@A &�� 

¼ � j � µÑ Ò . c k���� ] ¢ ¦ k' (Y � 
 �2007 h 8 · 31 �(�)

R á k��`� e � (� ] © É� 3 ¢ ¦ �a b ��� ] © É 25%p2007 h 9

· 1 �Rõk��� Ö R � ]� d ¨ ë� 3 � ]l^�a b �� 0.8 m-1W$ &�

� A � d ¨ ë ¢ ¦ kj � µ. c ���å 2010 h 9 · 30 �R á �[� � � ]l

^º�ª¯ e � (� ] © É� Ö � d ¨ ë � B ½ H� 3 ^_�@A &��ka b

t u ?j � ¢ ¦ t u R � W¾k 2010 h 10 · 1 �Rõ�� A � d ¨ ë ¢ ¦ kj

� µ. c ���ö Î R� d ¨ ë� 3 l^�±i 2.4 v ¬ W 

(2) ¼ � jõ j � µ. c m<@A &�� 

k 2009 h 10 · 1 � å � �¼ � õ j � µÑ Ò . c k�� ¶ R� d ¨ ë� 3
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� ] ¢ ¦ �a b R�� 0.5 m-1�f���@A 8 4&k� ]l^Ö R� d ¨ ë�

3 ^_�v R@A &��ka b t u ?j � ¢ ¦ t u R � W 

(3)R ¨ e � (� ] © É ¢ ¦ <@A &�� 

8 ³ � A ¨ e � (Þa 
 � v � < � � e � (ß� ] © É� 3 � ] ¢ ¦ k�

��å��@A k8 4 F &�� ]kl^9 f ªR@A Á � k ¨ e � (� ]l^

' (� 3 ^_<= �> ª� A � d ¨ ë� �� ]l^k' (�a b �� Ú j � ¢

¦ ºk� ]a b t u . P ¿ e W � 	���1990 h x 3< À �( � ] ¢ ¦ a b t

u � 50%) � 3 @A &��� ]l^º�øR̈ e � (� 3 � ]l^��R � ]

© É 50% � �� � ? � k ¿ e pø � H��Ö R� d ¨ ë� 3 � ]l^��R

2.76 m-1 � � ¿ e t u W 

 
i 2.4&� º < ¬ �l3k� d ¨ ë]Éà! i? O Á ¨ e � (]Éàkµ

4�R ¨ e � (]Éà����l : S ª O Á ¨ e � (]Éà�R F � ¨ e � (

� ] © É ¢ ¦ ��kl^�� W�å� d ¨ ë]Éàk! i' � �) 2010 h 9

· 30 � � ��l3 S ªR ¨ e � (]Éàl^v Y� : ^_k���� � ¨ e

� (� ] © É ¢ ¦ ��R�� d ¨ ë� 3 � ] ¢ ¦ k��p¾k 2010 h 10 · 1

� å � �R� d ¨ ë� 3 � ] ¢ ¦ k���ö Î R� d ¨ ë]Éà� 3 � ]l

^W 
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i 2.4  �� � � �� ]a b t u ?7 _µ4 
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�� ��� � � � � 	 
 � � 
 �

�? ; < M. { q �   �®Ó Â @A & � � � PM ? NOx kl^Î � ��

� Õ k 2007 h! i� d ¨ ël^' Mk@A [10]W�� 8 ³ å@A &��k�

]l^Ö � A ¨ e � (]Éà� 3 ù÷��Ó^^_�̈ e � (l^' Mö Î Ã

^� ] © É��ùMl^ x Ã �\æ &k PM ? NOx \æ Ã �ùMYõ w a �

� �× Î Ñ Ò � �� ñ 
 Ä �   h å 2003 h å � ¯l^' M� 3 l��®k 2007

h å � ! i� d ¨ ël^' Mk@A �ê ' MÕ ªî PM w il��� � F NOx

<l^ã Z �� Å � { ¾ � Æ y � Ô ú � k l �� á � å # í &W 

�� @A & � � ��ka b t u ±i 2.5 v ¬ � & � § * 3.5 ¹ R � § E �

� �ka b ��6i&ª¸��� k 2007 hkj � µ. c å � ! i� ]� d ¨

ëkl^' M�å Ç µz & [8 È ºµ�F [� ]kl^' (� A � � e � (?

� d ¨ ë � B ®3 W�k 2009 h 10 · å � kõ j � µ. c &�j �E Õ 	 ï �

� e � (� ]l^W@A &��YHh É Ê µ�) 2010 h 10 ·á � � � w A �

d ¨ ë]Éà� 3 � ]l^W 

 

i 2.5  �� @A & � � ��� ]a b t u  

 

� Ë ³7 Ì � � � 7 _ . c � Í Ì � � C 7 _ B W 

 

ñ = �YZ [Á Yk� ]l^' M� � 3 3 0^_�l�8 4& � � k 8 9

k l ö ! � 1 S p p� º�op ) � q 4�' 
 \�l^<õ ë�j kl^' M

� Ï Î ^_ 1 0aª � , W�� ! i� d ¨ ël^' M< Ï ; Ñ Ò Ð ± Ñ 5 1W 
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i 2.6 ��� � d ¨ ël^' Mk% �� 4�å 2003 h Ò \ N � ��   �

T uÈ # ? � � � Í Ø � Ó å <j j \�l^' Ml� ¡ ñ m&�F @A & � �

� NOx ? PM kl^' M ' x Ô ~ �$ & NOx © Ékl^' (Ö . / åö ÷ �

÷��60% � 	 : � � ^ ² � 3 ^_�� � ]\æ l^� Ö åù÷��Ó^ ² �

3 ^_W 

i 2.6  �� � d ¨ ël^' M% �� 4 

Õ ú h �� hÖ ¡ ñ : 0 � ¶ × �  

2001 H13 Ý H0 • � ]^_' M(� d ¨ ë]Éà) 

Ý H0 
• � ]^_' M(l^' M�) 
• o Ø è Ù �� à\�l^ ¬ _ � ¬ 

Ý ^0 
• l^' M ¬ _ � ¬ 
• o Ø è Ù �� à! i ¬ _ � ¬ 2002 H14 

Ý S0 
• l^' M��l3¬ _ � ¬ 
• Ú � ^_' Mk ¬ _ � ¬ 
• o Ø è Ù �� à÷�^_! i' M 

Ý H0 
•  H14 hÉ � ¬ À a× � Ï ;  
• ÷�l^' Mk � ¬ ' ( 

2003 H15 

Ý ^0 
• Y÷�º � ]�NOx k^_M × �  
• x e Û � 3k\�l¬ ' M � ¬ 

( § ¨ Ü �l3  H15.10.20~H16 hÉ) 

2005 H17 Ý H0 
• Ý PM R S kj l^' M Þ ß  

(� d ¨ ë]Éà! i Ô ~ ) 
• S [ NOx l¬k � � �  

2006 H18 Ý H0 
• Ý PM R S kj l^' M Þ ß  

(� d ¨ ë]Éà! i Ô ~ ) 

2007 H19  

• ~2 ·   ä à ��l^' M� ¦ �w �  
( Ï ç N � _��) 

• ~3 ·   � d ¨ ël^' M� ¦ ~  
• 3 ·    � ¦ ~ � K ¬ _ � ¬ 
• 5~7 ·  t u l^r s k á ¦ ^_ 
• 7/31    M. � ¦ � %  
• 10/1~   M. 7 _ 
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�� � �� � � � � � � � 	 � � � � � �

� � �v \æ k� ] © ÉªR� d ¨ ë(opacity) . i ¬ �� A kÖ ¨ d 8

MW B � Á � Ö 6Ë � s â� x H ã ¨ Ì �@$ ä 8 \�a ]åõ*� | � s

â�®à æ $ ê	�� <�jd ¨ ëm(transmittance)��� d ¨ ë? d ¨ ëkÜ

  �1.0Wo�<�� d ¨ ëç± Ë � s � x ¨ Ì ä 8 ö ÷ ]åõ�ùM�* |

� s kê	Ẅ d 8 M � � Rª _ ¨ c è k � ¨ É . Ã ^�F ö ÷ v � � k\]

� 3 Ã ^�Y e �] �Î � 3 � F é N ê î ^_� x © W³2.1 v ¬ �� d ¨ ë

]ÉàkÃ ^Á � �6i � ¨ Â É? ä 8 \]õk d � ¨ Â É¯ªA . à æ d ¨

ëW 

 

 

³ 2.1  � d ¨ ë]ÉàkÃ ^Á �  

� d ¨ ë?\�& v �ë ì í �k � � �e � � î � � ¨ K x � YS �W ?

¨ Ì ä 8 \]k ª ï � ÉYS �$ S `ªA Beer-Lambert Law. i ¬ W 

Beer-Lambert Law    0
kLI I e−= ⋅ ................................................................... (1) 

$ &�I � d � ¨ Â ÉpI0 �i � ¨ Â Épk � ¨ � � `¼�È # � m-1pL � ¨

K ª ï � É� ¬ a ¨ Ì ä 8 \]k ª ï � É� È # �� ð (m)W 

� u æ ª 
 à æ (±² ³ 

d ¨ ë(%)          
0

100 100
I

T N
I

= ⋅ = − .................................................... (2) 

� d ¨ ë(%)       
0

(1 ) 100
I

N
I

= − ⋅ .............................................................. (3) 
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¨ � � `¼(m-1)         
1

ln(1 )
100
N

k
L

= − ⋅ − ............................................. (4) 

 

å� d ¨ ëÃ ^ J ½ ' � �³2.2 v ¬ �HORIBA� � v � � k� d ¨ ë]É

à[11]�$ J ½ ! , � � H � ñ ^s �H � 	 ò a ��H � ó b s �®A . < ¬

^_ À aWi2.7�� d ¨ ë]Éàk. � � ¼ � ISO 11614 t u k. c � Ð � Ñ

Ò ª1 V Ñ 5 2W 

 

 

³ 2.2  � d ¨ ë]Éà(HORIBA MEXA-130S) 
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i 2.7  � d ¨ ë]Éà. � i(HORIBA MEXA-130S)[6] 

Model MEXA-130S 

Approved standards ISO-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 to 10.00 m-1 

Sampling method Partial flow 

Connection of sample 
gas Dedicated probe (included), 2.5m, I.D. 10mm 

Display and resolution 
Liquid crystal display 
Opacity: 0.1 % 
Light absorption coefficient: 0.001 m-1 

Input/output Digital input/output: RS-232C 
Analog output: optional 

Dimensions 
Control unit: 240(W)×357(D)×156(H) mm 
Detector unit: 380(W)×90(D)×235(H) mm (excluding 
legs) 

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

6SAEk^_. c ª¸�å W F ² (steady state) v Ã ^�< e � (]Éà?

� d ¨ ë]Éà ô � z kS `�±³2.3 v ¬ [12]Wñ �BoschE]Éà( ¨ e �

()�CelescoE]Éà(� d ¨ ë)�HartridgeE]Éà(� d ¨ ë)S B Ã ^� z k

S `�$ &CelescoE]Éà õ Z , ö 
 � � ka ï W³2.3&� º ÷ x S
 ]É

àÃ ^�kF ø i�]Éà ô � c 	� ÷ ±i2.8 v ¬ W 

 

   

³ 2.3  e � (]Éà?� d ¨ ë]ÉàkS ` 

i 2.8  S
 ]ÉàÃ ^� ô �(	) 

Celesco E 
(� d ¨ ë) [%]  

Bosch E 
( ¨ e � () 
[0~10 È # ] 

Hartridge E 
(� d ¨ ë) 

[0~100 È # ] 3 in 4 in 5 in 6 in 

Ð �© É 
@18ù, 101 kPa 

[mg/ft3] 

c 	 1 4.0 50 11.5 14.5 19 21 6.3 

c 	 2 3.0 35.5 7.5 9.5 12 14 4.2 
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O A ³2.3&e � (]Éà?� d ¨ ë]Éà ô ��®R 1 � (� 3 ú v

õ�ª 
 HS `(±³2.4 v ¬ W6³ªL x � 8 û 0 1 � (� 3 ú v õ�R S

`¼(R2�)*0.9999�ñ ' 4(ªA . � ie � (� ] © É?� d ¨ ë� ] © É

z kS `WR j � µ. c (2007h9·1�7 _)k ¨ e � (� ] © Ét u �25%�

��u æ ª 
 � d ¨ ë� ] © É�29%�{ 5 6 Ý (4)(�ªà æ x ¨ � � `¼(k

�)�0.8 m-1�±³2.5�$ & ¨ K ª ï � É(L�)�0.43 m (Hartridge � d ¨ ]É

àk ¨ K ª ï � É)W³2.5&� º t ¬ x j � µ. c ?õ j � µ. c ka b ��

Z Ï �0.8 m-1?0.5 m-1�ñ a b �`1 V � ü kM. t u de kW 

 

³ 2.4  e � (� ] © É?� d ¨ ë� ] © Éz kS ` 

 

³ 2.5  � d ¨ ë� ] © É? ¨ � � `¼ z kS ` 
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ñ = �̈ e � (� ]l^?� d ¨ ë� ]l^ � � ¨ A [l�� � �\]�

��¾� B l^k' ( S Y ý 1 R > < 2 W³2.6�AVL � � v � � k]Éàå

� ]^_8 4&k]Éx p � 6 �� � AVL Smoke Meter 439( 7 �è A ]É

à)�R�AVL DiSmoke 4000(o Ø E]Éà)�· �� d ¨ ë]ÉàẄ e � ((a


 � ¾ 3 < � � e � (M) � ]l^Ö R e Ã k\��«   8 � � �5 6 � � þ

\ ¤ ¥ \�& Ð í ��R F [³2.6&� Ë � ¥ k ` �p� d ¨ ë]Éà( ¨ d 8

M)� Ö Ã ^\]k d ¨ ë� � 	 \�]Ék � �Wñ = �³& � 
 � d ¨ ë]

Éàåö ÷ � ^*� � ì � ^º�v � 	 �k� d ¨ ë]É � � R F | ° �< ¬

� 
 r s z k^� = > �	W 

 

 

³ 2.6  � d ¨ ë� ] © É? ¨ � � `¼ z kS ` 

 

� d ¨ ë]ÉàÖ Rª _ ¨ c è k � ¨ É . Ã ^�åö ÷ v \æ k Ã �&�

9 f � ]R = �� d ¨ ë]Éàk^� > ¡ Q � �?NO2� £ ¤ �³2.7� ¨ � �

`¼?\�&NO2 © ÉkS `� Ç Ö RAVL Smoke Meter 439E]Éàv ^ 
 k

À aW 

 



 

17 

 

³ 2.7  NO2 © ÉF [� d ¨ ë^�k£ ¤  

 

6[M ¢ . e � � �
 � 8 ³ F � d ¨ ë� ]l^' Mk � � û � �� � �

� ` 	 � 3 8 ù÷��Ó^ � ] © ÉkÃ ^? Z 
 [13]�@A KOMYO ST-100E

e � (]Éà?Celesco 300E� d ¨ ë]Éà� �Ã ^� ] © Ékr s �^_'

M�CNS11644j � � �ù÷��Ó^\�]É_�Mm?CNS11645j � � ��

÷� e � ^\�]Él�MmW� � � � À a�åù÷��Ó^ 8 4&�\��

d ¨ ëkx p Ö = YH � ù 0.3 seck � 
 µ�� õå � � 
 ��* � ì© õ õ å

� ² � �J � x p Ø ù 1.0 sec�±³2.8 v ¬ �� � ö ÷ åù÷��Ó^ 8 4& ö

÷ � F kx p �³& v ¬ kx p Ö L � Ö � � s E � ² á 0.1 secå � � � ! W6

³ªL x å � ² � ä ù 0.09 secõ � ä a Õ � �è �� { Yx p �� ö ÷ � ^�

å2 secõ P [ W e � ù �4800 rpmW 

 



 

18 

- 1 0 1 2 3 4 5
0

1 0 0 0

2 0 0 0

3 0 0 0

4 0 0 0

5 0 0 0

B
: e

ng
in

e 
sp

ee
d 

(r
pm

)

- 1 0 1 2 3 4 5
- 2 0 0

0

2 0 0

4 0 0

6 0 0

C

D

B

A

D
: e

xh
au

st
 p

re
ss

ur
e 

(k
pa

)

T i m e  ( s e c )
- 1 0 1 2 3 4 5

0

2

4

6

8

1 0

1 2

1 4

1 6

1 8

2 0

C
: o

pa
ci

ty
 (%

)

- 1 0 1 2 3 4 5
0 . 0

0 . 2

0 . 4

0 . 6

0 . 8

1 . 0

1 . 2

1 . 4

1 . 6

A:
 p

ed
al

 d
is

pl
ac

em
en

t (
cm

)

 

³ 2.8  � � ö ÷ åù÷��Ó^��² k x � [8] 

(A: � ä # ¡  B: ö ÷ � ^ C: � d ¨ ë D: \�a ò � ) 
 

6[ù÷��Ó^`�ö ÷ � F kl^' (�8 ³ k � � < ¬ �åR � k^

_4m ² �̈ e � (?� d ¨ ëk]É^_ À a� B z � Y ; < kR S � W³2.9

��� � � �k� ]7 �^_ À a� Ç Ö O A ¼ � � µ. c (1999h�E)k�

��Z Ï Re � (]Éà?� d ¨ ë]Éà� 3 � ]\æ kl^�^_4m � A

ù÷��Ó^W6³ª¸�e � (]Éàk^_ À a· ª ¼ � F µk� ]a b �

( � ]Ñ Ò É25%)�fÏ [a b �H � R � p¾øR� d ¨ ë]Éà� 3 ^_�

�¡ Yã Z ^�é x a b R�(� d ¨ ë]É29%)Wñ = �� ]Ñ Ò ÉÏ k���

$ � d ¨ ë]É��He û Ï �³2.9&YS � © $ � ]Ñ Ò É�0%�ñ � � H

¹��k^��¾ $ � d ¨ ë]É�å^_S0õ�· ; < ì[a b ��� ñ R

� d ¨ ëv ^ 
 <ìÑ Ò ��ªÎ ¡ Y � ¿ k� 6 W� F [¸ � � � í � 8 � s

Þo � � ]s � DPFßkÏ Ñ Ò ���ù
 DPF�� ? � · û Ø ¿ Ï �aDPF�

� º�^�û	��DPF¦ � º�ù
 ¨ e � (� � d ¨ ë^� · ì We � (]

Éà?� d ¨ ë]Éàkl^ x © ±i2.9 v ¬ WåD � ' � �RAVL � � v �

� k]Éà���� � e � (]Éà?� d ¨ � ]Éàk � = = > ù 5 + ú R � W 
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³ 2.9  � � �� ]R S � 7 �^_ À a 

 

i 2.9  e � (]Éà?� d ¨ ë]Éàkl^ x © êû 

¨ e � ( ¨ d 8 ( 
� �  

Bosch E]Éà � d ¨ ë]Éà 
� Ë  

Ã ^Á �  

R � � þ \\]&< í

�� { R ¨ e � . Ã ^

� � i� � v Á ² kÐ

í �W 

^Ã \]k d ¨ ë�`

± Ë � s � x ¨ Ì õ�
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