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1. Introduction

In order to evaluate the structural integrity of nuclear
materials and to secure an irradiation embrittlement
characteristic DB, a machining technology is being
developed to evaluate the mechanical strength of nuclear
reactor components (nuclear power plants, nozzle units,
internal structures, etc.). For the machining of the
irradiated material, it is required to use a limited number
of processing equipment for the purpose of preventing
radiation of the test space and the researcher. Wire-EDM
equipment based on CNC (Computer Numerical Control)
processing was used to evaluate the mechanical
properties of the sample in order to secure the shape
precision and the repeatability of processing.
Additionally, CNC milling is used to perform hole and
surface processing.

However, it was confirmed that there was a difference
in the mechanical strength of the milled materials. As
shown in Fig. 1, it can be seen that the machining
temperature changes depending on the machining speed,
workpiece and tool material in high-speed machining [1-
4]. In addition, in order to perform a machining of
difficult-to-cut materials such as alloy 690 used in the
nuclear field, it is necessary to analyze material changes
and machinability according to material temperature
changes according to machining parameters [10-14].
Additionally, cutting oil is used for cooling and
lubrication purposes, but the use of cutting oil must be
controlled to minimize the generation of liquid waste in
a radiation environment. [4-16].

In this experiment, we tried to understand the heat
generation characteristics of the workpiece according to
the change of parameters of CNC milling, the cooling
effect and machinability according to dry cutting and
coolant consumption, and the temperature change
characteristics of the workpiece during machining [7-18].
In addition, changes in the material microstructure that
occur through such processing were confirmed.
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Fig. 1. Temperature as a function of cutting speed [19-20].

2. Experiment

In this experiment, SA508 was machined using the
high-speed machining center CM-1 (compact-mills,
Haas) equipment. Table I shows the specifications,
materials, and tools of the parameters used in the
experiments. Dry cutting and wet cutting experiments
were performed on SA508 material to understand the
effect of heat generation and coolant properties on
changes in parameters such as spindle speed, cutting
speed, and coolant usage and usage. In order to measure
the temperature change occurring during processing in
real time, thermocouples were manufactured by spot
welding at intervals of 1 cm. In addition, the temperature
distribution was confirmed using the temperature image
measured with an infrared thermal imaging camera
before and after processing.

Table 1. Specification of experimental equipment, tools and materials.

Max spindle
Machine speed . Diameter
type Max foed Material| Tool
tooth rate Type
®10
4,900 RPM
HSM 2000 SAS508 | TiAIN coated Solid End
’ Mill
(um/sec)
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3. Results

3.1. Spindle rotation speed control

In order to check the temperature characteristics
according to the change in the spindle rotation speed of
the workpiece, when the rotation speed was gradually
increased to 700, 1400, 2100, 3500, 4900 RPM, the
temperature of the processing tool was 35, 39, 41, 45,
53 C. It was confirmed that there was a gradual increase.
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Fig. 2. Spindle speed VS Temperature.

3.2. Feed rate control

In order to confirm the temperature characteristics
according to the change in the feed amount of the
workpiece, the amount of increase in the temperature of
the workpiece was checked while gradually increasing
the feed amount to 10, 100, and 500 mm/min based on
3000 RPM. Heat generation showed a tendency to
gradually increase as the cutting speed increased, and the
smaller the cutting speed, the larger the temperature
difference with respect to the feed rate.
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Fig. 3. Feed rate VS Temperature.

3.3. Processing depth control

By fixing the feed of the processing material and
gradually changing the processing depth to 10, 500,
1,000, and 2,000 /m, the temperature increase of the
processing material was confirmed.

3.4. Coolant control

The feed and processing depth of the workpiece were
fixed, and the amount of increase in the temperature of
the workpiece was checked while turning on/off the
cooling water. When the cooling water is turned on, the
temperature of the workpiece is about 32°C, and it is
confirmed that the temperature does not rise according to
the processing.

3.5. Micro-structure analysis

To analyze the effect of the CNC milling layer on the
specimen, hardness test was performed with a Vickers
hardness tester, and cross-section polishing was
performed to analyze the microstructure change of the
material. It was also compared to the as-received SA508.

Fig. 4. Thermal imaging of milling operation.
3. Conclusions

I. To measure the temperature change occurring in
CNC milling process, a method for analyzing the thermal
change of the workpiece using a thermocouple and a
thermal imaging camera was established.

2. In the case of SA508 sample, when the processing
speed was increased, the temperature of the workpiece
during processing showed a tendency to gradually
increase.

3. The effect of cutting oil showed excellent cooling
performance when cooling oil was used, and when
cooling oil was not used, temperature improvement
occurred according to the machining speed, axial depth
of cut and radial depth of cut.
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