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Characterization of Cutting Temperature and Ignition Phenomena of
Magnesium Chip using Infrared Imaging
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Abstract. In this paper, we report our experimentation about measurement temperature of ignition
cuts and chip phenomenon using infrared imaging methods, 1o model and simulate machine rotary
cutting tool system. Finally this rescarch was obtained of the optimum conditions expected of
cutting magnesium at high speed and withowt coolant.

Introduction

The tendency of increasing magnesium use as well mineral odl saving measures by reducing the
weight of autornotive pans. Thercfore, trestment and processing of magnesiom  into a
product/component has gained attention. However, increased productivity through increased cutting
speod and feed are constrained by the natwre itself machining magnesium ignition is on furious
{600°C). All this to conirol the cuiting temperature and improve the productivity of machining
magnesium researchers [1] using a liquid coolant-based mineral oil. However, the use of cooling
fluids will contaminate the environment through disposal of waste.

Thercfore, this research has the virwe o develop a new method which cheap and
environmentally friendly way to control the ignition 20 that productivity can be improved.

The Underlving Theory

High-speed machining with rotary cutting ool

One method o reduce cutting temperature and to increase the productivity of machining is to use a
rotating cutting tool in cutting lathe machining process [2]. Figure 1 illustrates the principle of this
machining process. As shown in the figure, in this cutting method, with a rotating cutting tool the
cutting blade (cutting edge) will be cooled during the peried without the deduction (non-cutting
period) in a round chisel cut. I is expected that the temperature of cutting ool will cut down
compared to a conventional lathe machining processes (cutting chisel silent). It is also hoped that
the machining process with a rotating cutting tool can be used for cutting high speed (high speed
cutting) for the material Magnesiom (Magnesium Alloy) and the material is difficolt to cut
(difficult, to-cut materials) such as nickel alloys (mickel alloy), and Titanium (Titanium Alloy).

Fig 1 Mustration of the process machining lathe with rotating cutting tools

Al rights resarved. Ko part of contents
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Crutting temperatures in machining processes with a rolating catting ool

The heat generated by deformation during the machining process furious chisel spinning Lathe
with potentially generated from four heat source. The heat source consists of three zones of
deformation close to the blade of a wol cutting edge as shown in Figure 2, which is usually referred
to each of the main deformation zone (primary), second (sccondary), and third (tertiary). In
addition, another source of heat is due to heat accurmulation in the cutting edge tool due to the rapid
cooling period.

In the machining lathe with rotating cutting tool, a period mon-cutting period becomes shorter
with increasing speed rotary cutting tool, this means that a short cooling peried chisel. Therefore at
a certain speed limit, the termperature at the end of the chisel blade cooling peried has not been cold
enowgh when it went back into the cutting area so that the chisel blade temperature continues to rise
due to heat accumulation.

Fig. 2 Heat flow along machining lathe process using rotary cutting tool [2]

Injfrared Imaging

Equipment used for the analysis of infrared imaging in general consists of two forms. Radiometry
equipment first form is wsed for temperaiure measurement precision, and that the two so-called
meonitoring equipment, which is not designed for quantitative measurements but only for gualitative
comparison. Monitoring only states that an object is warmer than the others, while radiometry states
that an object (for example) 25.4 ® C warmer than the other with an accuracy of 2%.

The response is a standard video camera for visible light radiation from the visible object, while
a special thermography unit response to infrared radiastion from the object being observed.
Thercfore, the object was captured through the viewfinder is displayed in false colors o bring the
temperature information.

Temperature is the measwre of every object’s thermal energy. The temperature measurement
methods for objects are based on some temperature scales. Any object heat measurement is based
on the thermal energy transferred from the object to the sensor, directly or indirectly via the infrared
emission which is capiured from a distance by special sensors. The data received from a non-
cOniact temperature measurement appear as an image which represents the temperature distribution
owver the monitored object [3, 4, 5].

Maturally, infrared emission is related to the radiated heat transfer, which as an electromagnetic
wave having wavelengths berween the visible light and the microwave. Therefore, if we replace the
thermal wave blocking hot mimmor with a visual blocking filter, we expect to see the differences in
the histogram patterns of the R, G, and B data which bear the information of the infrared image
captured [6]. We also foresee high random noises due to low sensitivity of the RGB sensors in the
IR range [7].
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The Result of The Research

Colormapping of cutting tool and chip temperature conducted from the image that captured using
infrared camera. For thermal image processing, the RGB image is converted into gray level image.
Conversion to gray level intended to be seen the intensity level of the object based on the
temperature. After a gray level image and look difference in the intensity, the next step is
pseudocoloring. Pseudocoloring process aims to provide a color temperature of the object.

Table 1 shows temperature image on the cutting tool and workpicce with an infrared camera. By
using a camera filter, it will be casier to distinguish objects that are rotating to dwelling. Color of
the object becomes is more vague. With a faint object color image of the map the temperature of the
object to look more spacious.

Then we could see from these images is the temperature in the cutting tool-workpiece color
becomes flushed as indicated by the dashed line circle in Table 1. Means the area is a concentration
increase in temperature.

Table | Image cutting temperature and chip captured by infrared camera with vary cutting condition
[Citing comdtion ol e, Vet Treal =

From Table 1 it appears even more increasing temperature of thermal image based on increasing
feed motion and depth of cut.

Conclusion
a. Infrared imaging can capture temperature image of machining magnesium, in spite of the
temperature of infrared image must be converted by calibrated thermocouple temperature.
b. The increasing of the machining temperature due to cutting speed, feed and depth of cut
motion can be scen from the image color change.

Suggestion

This rescarch could be continuing with further research to get the model and simulation results of
machining using rotary cutting tool system.
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