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KEYWORDS ABSTRACT

Spark test; Accurate identification of steel grades is critical in industries such as oil, gas, and automotive, yet
Steel identifying; many workshops lack advanced analytical equipment. The spark test is a simple, low-cost, on-site
Spark pattern analysis; method that offers a practical alternative. This study aims to distinguish three steel types—carbon
Carbon steel; steel A105, alloy steel 420, and stainless steel 316—based on an analysis of their spark patterns.
Alloy steel. A custom fixture with a spring mechanism was designed to apply a uniform grinding force,

eliminating pressure-induced variations. The spark patterns generated by a high-speed grinding
wheel were recorded by a fixed camera for further analysis. Three parameters—spark length,
spread angle, and spark deviation angle—were measured after scaling in software. The results
show that carbon content increases the spark spread angle and branching explosions, whereas
chromium and nickel reduce the spark length and create a whitish color. Manganese intensifies
yellow coloration. The measured spark lengths (after scaling) were 441 mm (316), 474 mm
(A105), and 469 mm (420). The spread angles were 10.72° (316), 14.27° (A105), and 18.78°
(420). These distinct patterns allow for the reliable discrimination of the three steels. The proposed
fixture and quantitative parameters provide a reproducible, operator-independent spark test
suitable for industrial environments.

Extended Abstract

1. Introduction

application of an incorrect grade can cause irreparable damage [1]. While methods like X-ray fluorescence offer
accuracy, they often incur high costs and require significant time. Conversely, spark testing is a non-destructive,
economical, rapid, and in-situ alternative [2]. This method relies on observing the shape, color, and behavior of sparks
generated when metal interacts with a grinding wheel [3-5]. The underlying mechanism of spark formation involves the

ﬁ ccurate steel grade identification is crucial across various industries, including oil, gas, and automotive, because the
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oxidation of detached steel particles and the exothermic reaction of carbon with oxygen, resulting in sparks whose
characteristics are directly affected by the material's chemical composition [6].

Conventionally, spark testing has been highly dependent on operator experience. However, recent advancements have
focused on quantifying this method through image processing and machine learning. For instance, Nakata [8] quantified carbon
content by analyzing the rate of explosion sparks. Nikiforov et al. [9] developed a visual identification system for eight steel
grades based on branch ratios. Deng et al. [5] established a correlation between fractal dimension and carbon content. Besides,
Kersher et al. [6] and Daban et al. [11] have utilized machine learning and neural network approaches. Despite achieving
acceptable accuracy, these methods often necessitate extensive datasets, lengthy processing times, or a continued reliance on
operator expertise. Moreover, there is a notable lack of research concerning fixture design for uniform force application and
the incorporation of recycled materials.

In this study, a simple and quantitative method based on measuring three geometric parameters of the spark (length,
propagation angle, deflection angle) along with the design of a spring fixture to apply a uniform force and eliminate errors
caused by non-uniform pressure, is proposed. The goal is to distinguish three widely used steels—A105 (carbon), 420 (alloy),
and 316 (stainless)—without the need for advanced equipment.

2. Method and materials

2-1- Equipment and experimental conditions

The experimental setup consisted of a Puka grinding wheel (model AG1803) operating at 8500 rpm and a Sony camera
equipped with a 25-200 mm lens and {/3.3-6.3 aperture. The camera was fixed at a height of 0.6 m from the floor, with a
horizontal distance of 1.17 m from its base to the fixture table. A schematic of the setup is presented in Figure 1.

Grinding wheel
The location of the spring

Camera shooting range
sample

camera Fixture table

/A
+/#

spark B

Y

Figure 1 Schematic of how to conduct the experimental experiment and record data.
2-2-Fixture design

A spring-loaded fixture was installed to apply a uniform force. This fixture held the device's handle upward and pressed
the grinding wheel against the sample with a controlled force, eliminating oscillations caused by variations in operator pressure.
The experimental setup is shown in Figure 2.

Figure 2 Experimental setup
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2-3- Samples and preparation

Three types of steel containing A105 (carbon steel, 0.3—0.35% carbon, manganese), 420 (alloy steel, ~0.15-0.4% carbon,
chromium), and 316 (stainless steel, <0.08% carbon, chromium, nickel) were studied. The chemical compositions of them are

listed in Table 1 (derived from references [16—18]). Samples were prepared from scrap parts and welded to a 10-15 cm high
rebar for mounting on the fixture.

Table 1 Constituent elements of the tested steels

Steel type Carbon content main alloying elements
316 [16] <0.08% chromium, nickel, molybdenum
A105 [17] ~0.3-0.35% Carbon, manganese

420 18] ~0.15-0.4% Carbon, chromium

2-4-Imaging and measurement

A dark background was chosen to enhance image contrast. Each sample was subjected to three imaging cycles to ensure
repeatability. The resulting images were then imported into CATIA V5-6R2020, where spark propagation paths were
meticulously traced using the integrated drawing tools. For precise dimensional calibration, a precise reference component
(gutter) was used, and its actual dimension was correlated with its corresponding measurement in the image. Subsequently,
three critical parameters were calculated (Figure 3): spark length, defined as the total distance traversed by the spark;

propagation angle, representing the overall dispersion of the spark; and deflection or spark angle, indicating the spark's
deviation from a straight axis.
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Figure 2 Measurement of spark length, spark angle, and spark propagation angle
3. Result and discussion

The average measured values after applying the scale are presented in Table 2.

Table 2 The results of spark tests

Spark Spark propagation Spark angle
Steel type length(mm) dangle ) (degree)
(degree
316 441 10.72 12.44
A105 474 14.27 13.04
420 469 18.78 11.38

A10S5 steel, characterized by the highest carbon content, exhibits a longer spark length (474 mm) and a larger propagation
angle (14.27°). This elevated carbon content promotes increased production of CO/CO- gas and star-shaped explosions (Figure
4-a) [8,10]. In contrast, 420 steels, with a medium carbon content, demonstrate the highest propagation angle among the three
samples (18.78°).

The presence of chromium and nickel significantly influences spark characteristics. Despite its low carbon content, 316
steel exhibits the shortest spark length (441 mm) and smallest propagation angle (10.72°). This phenomenon is attributed to the
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high thermal conductivity imparted by chromium (16-18%) and nickel (10-14%), which facilitates rapid dissipation of spark
energy, leading to a more focused and shorter spark [9]. Furthermore, the distinctive, white-colored spectrum observed in the
sparks of both 316 and 420 steels (Figures 4-b and 4-c) is indicative of the presence of chromium.

Effect of manganese: Manganese intensifies the yellow color of sparks in A105 steel [10]. Overall spark patterns: A105
produces long sparks with numerous forked branches, 420 generates scattered sparks with a white-yellow glow, and 316
produces short, uniform, and non-explosive sparks (Figure 4). These distinct patterns enable reliable differentiation of the three
steels.

Figure 4 Sparks produced from grinding samples: (a) A105, (b) 316, (c) 420

4. Conclusion

This study presents a quantitative and practical spark testing method for identifying carbon steel (A105), alloy steel (420),
and stainless steel (316). Key innovations include the extraction of three geometric spark parameters (length, propagation angle,
and deflection angle) as quantitative indicators. The results demonstrated the following:

e Both the propagation angle and spark length increase with increasing carbon content. A105, possessing the
highest carbon content, exhibited the longest spark (474 mm).

e  Chromium and nickel reduce spark length and produce a more focused spark. Consequently, 316 steels, which
contain both elements, displayed the shortest spark (441 mm).

e The spark pattern, including the presence of star-shaped explosions and white or yellow coloration, clearly
distinguishes the three steel types.

e This simple, rapid, and low-cost method offers an effective tool for quality control and steel grade
identification in workshops without access to advanced analytical equipment.
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