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1. Introduction

The vehicle inspection system plays the role of 

improving the safety and quality of life of people 

by regularly checking the safety and emissions of 

vehicles by the government to reduce particulate 

matter and greenhouse gases, which are the main 

culprits of vehicle defects and air pollution[1-7]. The 

vehicle inspections are divided into general and 

regular inspections, which also include emission and 

safety inspections[8-11].

Currently, the soot measurement of vehicles using 

diesel or a mixture of diesel and gas is performed 

by applying the KD 147 mode, lug-down 3-modes, 

and no-load rapid acceleration inspection 

technology[12-13]. In particular, lug-down 3-mode 

inspection technology is applied to the large diesel 

vehicle load test[14-16].
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ABSTRACT

Car inspection systems are regularly carried out by the state to ensure the safety and emission status of cars, 

thereby improving the safety and quality of life by reducing fine dust and greenhouse gases that are the main 

culprits of vehicle defects and air pollution. These automobile inspections are largely divided into either regular 

or comprehensive inspections. This study analyzed the smoke measuring probes used in the lug - down 3 mode. 

In the previously issued paper "Improvement of Soot Probe Efficiency for Automotive Emission Measurement," 

an improved smoke measurement probe(B) improved on the problems that arise from the current smoke 

measurement probe (A). In this study, a technique that can improve the probe's inhalation efficiency over the 

improved (B) probes was applied to probes (C). Probe (C) involves a structure designed close to the center of 

the circumference of the exhaust pipe, and the suction efficiency was improved by adding a variable center unit.
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This study investigates the soot-measuring probe 

used for these inspections as well as the lug-down 

3-mode inspection. In the previously published 

“Improvement of Soot Probe Efficiency for 

Automotive Emission Measurement,” we improved 

the soot-measuring probe (B) to solve the problem 

of the low soot-measuring efficiency of the existing 

soot-measuring probe (A) at the angles of the 

exhaust pipe shape of 75° and 90° and in irregular 

conditions. The present study additionally improved 

the suction efficiency of the probe (B) that had 

been improved in the previous study to probe (C). 

The soot suction efficiency was improved further 

when the exhaust pipe was positioned closer to the 

center of the exhaust gas pipe’s cylindrical surface. 

The probe (C) designed to be positioned close to 

the cylindrical surface of the exhaust pipe and the 

excellence of its performance were verified. The 

three different types of soot probe are indicated as 

(A), (B), and (C).

2. Soot-Measuring Probe Theory

Probe (A) used in vehicle inspection has several 

ribs beside the inlet, which have the problems of 

becoming bent or damaged as the ribs contact the 

wall of the exhaust pipe and an inability to 

withstand shock or high exhaust heat. As a result, 

the inlet cannot maintain an appropriate distance 

from the wall of the exhaust pipe. Furthermore, 

probe (B) has the same tendency of the probe inlet 

becoming inclined to the wall of the exhaust pipe 

as that of probe (A), and when the exhaust pipe is 

bent severely, the suction temperature drops, 

although the soot-measuring amount is not different. 

To solve this problem, probe (C) was designed in 

this study. It has omitted the ribs of the probe, and 

the center hole of the probe is a variable type and 

can be positioned at the center of the circumference 

of the exhaust pipe. Since the probe has a center 

position unit that supports the center hole of the

Fig. 1 Development probe drawings  

soot probe, the soot-measuring probe can always be 

maintained close to the center despite the various 

curvatures and diameters of the exhaust pipe. This 

probe can improve the soot suction efficiency and 

solve the problem of the existing product because 

there are no ribs.

Fig. 1 shows drawings of the improved probe 

(C). Fig. 1 (a) and (b) show the working schematic 

of probe (C), and Fig. 1 (c) illustrates the probe 

inserted in the exhaust pipe.

3. Vehicle Soot Measurement Technology

3.1 Engine RPM control load inspection 

technology

For the engine RPM control mode (lug-down 

3-mode), the measurement of the engine-rated 

maximum PS must be within ±5% of the 

engine-rated RPM in load inspection mode 1, and 

the engine-rated maximum PS measurement must be 

at least 50% of the engine-rated PS. The mode 

configuration is as follows. First, when the measured 

vehicle condition is confirmed to be normal, the 

vehicle is preheated while driving for 40 sec at the 

vehicle speed of 50±6.2km/h under the 40% load of 

the engine-rated PS in the chassis dynamometer. 

Second, immediately after the preheating is finished, 

the gear shift that makes the vehicle speed close to 

70 km/s but does not exceed 100 km/h is selected 

while the accelerator pedal is pressed the maximum 

amount in the chassis dynamometer (overdrive must 
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not be used for automatic transmission). Then, the 

inspection mode is started according to the load 

inspection method. However, for trucks with a 

maximum speed-limiting device, the inspection mode 

is started by selecting a gear shift that does not 

make the vehicle speed exceed 85 km/h at the 

engine-rated RPM. Third, for the inspection mode, 

mode 1 is the engine-rated RPM of the maximum 

PS with the accelerator pedal pressed the maximum 

amount, mode 2 is 90% of the engine-rated RPM, 

and mode 3 is 80% of the engine-rated RPM. In 

each inspection mode, once the mode is stabilized 

after 5 sec, the measurement of engine RPM, 

maximum PS, and soot is started, and the final 

measurement value is the arithmetic mean of the 

measurements for 10 sec. For the soot concentration, 

if the soot concentration measured in each mode is 

within the acceptance criterion for the driving 

vehicle, it is judged as passing; if the acceptance 

criterion is exceeded in any one mode, it is judged 

as failing. The maximum PS and engine RPM are 

rounded to one decimal place and written in 10-rpm 

and 1-ps units, respectively. The final soot 

concentration measurement is written in 1% units 

and the decimals are discarded. For the engine-rated 

RPM, if the engine RPM measured in mode 1 is 

within ±5% of the engine-rated RPM, it is judged 

to have passed; otherwise, it is judged to have 

failed[17].

4. Configuration of Experimental 

Apparatus

Fig. 2 shows the configuration of the vehicle 

inspection system, and Fig. 3 shows the components 

of the diesel vehicle load test equipment in the 

general vehicle inspection center. The photographs 

on the left show the chassis dynamometer; light 

transmission soot-measuring system; soot-measuring 

probes (A), (B), and (C); and hose. The operating 

Fig. 2 Car Inspection System Configuration Diagram 

Fig. 3 Configuration of equipment

program is shown in the top right, and below it 

is an installation example of the curved exhaust 

pipe of a real medium diesel car in the 

experimental vehicle[17].

5. Experimental Method and Discussion

5.1 Experimental method

For this study, at the exhaust pipe angles of 70° 

and 90°, probes (A), (B), and (C) were inserted into 

the exhaust pipe. With the lug-down 3-mode 

inspection technology, the suction efficiency was 
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determined with graphs of the soot suction rate and 

temperature. The same experimental vehicle and 

conditions as those in the previous study were used. 

The residual soot and actual experiments were also 

carried out by performing the lug-down 3-mode five 

times, which was the same method as that in the 

previous study, and a constant setting time was 

maintained for each mode. Fig. 4 shows photographs 

of probes (A), (B), and (C). Fig. 4 (c) and (d) are 

photographs showing the operation of probe (C). 

The left side shows the operation in the case of 

inserting an exhaust pipe with a large circumference, 

and the right side shows the operation in the case 

of an exhaust pipe with a small circumference. Fig. 

5 shows the shape of an actual curved exhaust pipe 

of a large vehicle[17].

Fig. 4 (A), (B), (C), (D) Existing soot measurement 

probe 

Fig. 5 Heavy car exhaust 

5.2 Results

Figs. 6 to 9 show the soot and temperature 

measurement results of probes (A), (B), and (C) 

measured using the lug-down 3-mode inspection 

technology after being inserted into the exhaust 

pipes at 75° and 90°. Fig. 10 shows a photograph 

of the position of the probe hole with probe (C) 

inserted in the exhaust pipe and rotated 360°. It can 

be seen that the probe hole was positioned close to 

the center in all conditions. At the 70° condition in 

Fig. 6, the differences in the concentrations of all 

probes were insignificant. At the 90° condition in 

Fig. 7, probe (C) showed improvements in the soot 

concentration of approximately 89% and 25% 

relative to the mean soot concentration for the three 

modes of probe (A) and probe (B), respectively. 

Fig. 6 Soot change due to 70 angle change

Fig. 7 Soot change due to 90 angle change 
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Fig. 8 Temperature change due to 70 angle change

Fig. 9 Temperature change due to 90 angle change 

Fig. 10 (C) Example of probe exhaust pipe insertion 

Figs. 8 and 9 show the temperature changes. The 

temperature of probe (C) showed improvements of 

approximately 193% and 56% relative to the mean 

temperature of the three modes of probe (A) and 

(B), respectively, in the 70° condition and 

improvements of approximately 140% and 18%, 

respectively, in the 90° condition. As shown in the 

graph data, probe (C) showed better performances 

than probes (A) and (B) in all conditions. 

Particularly in the condition of a large angle 

change, the suction efficiency of probe (C) 

improved compared with the other probes because 

the inlet was sufficiently secured.

6. Conclusions

The performance improvement of the 

soot-measuring probe for diesel vehicles was 

investigated according to the hole location, and the 

following conclusions were reached.

1. The soot measurements changed depending on the 

insertion position and shape of the vehicle 

soot-measuring probe. 

2. The larger the exhaust pipe shape and angle, the 

more inclined to the wall the center hole of the 

soot-measuring probe became, which decreased 

the suction efficiency.

3. When the soot-measuring probe hole was closer 

to the center of the exhaust pipe, the soot 

measurements showed fewer variations and higher 

accuracy even if the exhaust pipe angle was 

changed.

4. Even when the inlet was not secured, the probe 

hole of the improved probe (C) was located near 

the center of the exhaust pipe. Consequently, 

probe (C) showed improvements in the soot 

concentration of approximately 89% and 25% 

relative to the mean soot concentration for the 

three modes of probe (A) and probe (B), 

respectively. The temperature of probe (C) 

showed improvements of approximately 193% and 

56% relative to the mean temperature of the 

three modes of probe (A) and (B), respectively, 
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in the 70° condition and improvements of 

approximately 140% and 18%, respectively, in the 

90° condition.

5. The results of this study verified the possibility 

of improving the inspection efficiency and 

lowering CO2 emissions in the transportation area 

when the improved probe (C) is applied to 

regular and general inspections.
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