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Valve originates from the French word, Soupape, meaning valve and
its role is to control the mixture of air and fuel entering the engine and
the exhaust fumes. In this research, dimensional defects and valve
cracks were diagnosed with the help of machine vision and acoustic
emission. After offline transfer of the images to MATLAB software, the
images were processed and the dimensional parameters of the valve
such as length, stem diameter, large diameter (seat) and valve stem
curvature were measured. These parameters were compared with
the actual sizes and the percentages of measurement error for these
parameters which were estimated as 0.45%, 1.8% and 1.18%,
respectively. Because there was no real way to measure the valve
stem, the error percentage was not calculated for this parameter. To
detect cracks from 60 similar new valves, an acoustic diagram
prepared by AE-MAP 1.0 device and the acoustic diagram of 30 new
and used valves were compared. The accuracy of the system in crack
detection was estimated to be approximately 96.7%.
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EXTENDED ABSTRACT

Introduction

In the valve production process, measuring the dimensional parameters of length, stem
diameter, large diameter (seat) and detection of skewness are important parameters, and if
these parameters do not conform to the predefined values, they should be removed from
the production line. Previously, these cases were done manually by visual inspection of the
user and with instruments such as callipers and micrometres. Considering that no research
has been done in the field of extracting valve parameters by automatic method and all the
measurements have been done manually, this research attempted to use the new methods
of image and acoustic processing to obtain acceptable results regarding the extraction of the
dimensional parameters of the valve as well as the detection of its defects. The system,
designed based on the appearance characteristics and in a self-contained manner; evaluated
the valve in the production process to check for defects and to derail the defective part.

Methodology

To measure the dimensional parameters of the valve, a preliminary and offline model of
the machine vision system was made. The main components of the system were
implemented. The image was transferred to the image processing software through the
NIKOND90 digital camera. and after applying different filters and removing the created
noises; The processing was carried out on the received image and the obtained values were
compared with the standard sizes. In this case, it is possible to judge the validity of the
dimensional specifications of the valve. MATLAB software was used for image processing.
The length of each pixel was 0.03614 mm. For the calibration of the software, several
prototypes were used whose length and width were accurately measured in millimetres
with a micrometre.

(b)

A

Fire 1. (a) Lighting chamber with a camera; (b) a sample of the valve under test.
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The acoustic method was used to detect valve defects. In this method, a device produces
a high-frequency signal, and this high-frequency signal hits the sensor of the acoustic
emission device, which is located on the surface of the valve. Since this sensor is a
piezoelectric crystal, it converts high-frequency mechanical waves into voltage. Finally, after
the analysis of the input and output data by the analyzer of the acoustic emission device, a
number in decibels per microvolt is shown to the user as output.

Figure 2. How to scan the stem and seat of the valve by the sensors of the device.

Results and discussion

The results of image processing to measure the length, stem diameter; large diameter
(valve head) and the amount of deviation (skewness) of the valve stem along with the error
percentage for ten valve images were analysed and the results are reported in Figure 3.
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Figure 3. Comparison chart of actual value and measured value (a) valve length; (b) Valve stem diameter;
(c) valve seat diameter:

First, an acoustic diagram was drawn for a new valve; the data recording distance was
equal to 0.35 mm. To find a suitable range for analysis, 60 acoustic tests on new and similar
valves were conducted to determine the range as shown in Figure 4. In this diagram,
different parts of the valve that cause sudden changes in the diagram are shown. In this case,
it will be easier to reject the parts that have a significant deviation from this range. Next, to
check the presence of cracks in new and old valves, 30 were randomly selected to repeat the
intended test. Out of these 30 cases, two cases exceeded the target range, which indicates
the presence of cracks in those valves.
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Figure 4. Acoustic diagram of 60 valves.

Conclusion

Valve originates from the French word Soupape and its role is to control the mixture of
air and fuel entering the engine as well as controlling the exhaust fumes. In this research,
dimensional parameters were measured and valve defects were detected with the help of
image processing and acoustic emission. First, an offline image processing system was
prepared for capturing and processing images. By extracting valve dimensional parameters
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such as length, stem diameter, large diameter (seat) and valve stem curvature, they were
compared with the actual sizes and the measurement error percentage, which were
estimated to be 0.45%, 1.8% and 1.18%, respectively. Since there is no real way to measure
the valve stem, the error percentage was not calculated for this parameter. To detect cracks
for finding a suitable range for analysis from 60 similar new valves, an acoustic diagram was
prepared by AE-MAP 1.0 device and the acoustic diagram of 30 new and used valves was
compared with it. Out of these 30 cases, two cases exceeded the target range, which
indicates the presence of cracks in those valves. One case was not detected despite having a
small crack on it, showing the high accuracy of the system (around 96.7%) in crack
detection. Finally, the obtained results showed the high speed, proper accuracy and
consequently the good efficiency of this method in valve quality control and the possibility
of automating its quality control.
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