Transactions of KSAE, Vol. 24, No. 1, pp.67-73 (2016) Copyright © 2016 KSAE/ 140-10
pISSN 1225-6382 / eISSN 2234-0149
DOI http://dx.doi.org/10.7467/KSAE.2016.24.1.067

NS 7| A LA st Betei 7 - SR Bl s IFAHA HFESS|H B

A Study on Wear Characteristics of Cutting Tools
in a Titanium Roughing Cut Machining

Myung-whan Bac - Hwa Jung2) + Hyeong-yeol Park”

" Engineering Research Institute, Department of Mechanical Engineering for Production, Gyeongsang National University,
Gyeongnam 52828, Korea
Y Department of Computer Applied Mechanical, Jinju Campus of Korea Polytechnic, Gyeongnam 52828, Korea
(Received 24 August 2015 / Revised 20 November 2015 / Accepted 26 November 2015)

Abstract : The application of titanium has been gradually rising because the utilizing ranges for low weight and high
strength are rapidly increased by the need for improving the fuel economy in production industries such as the aviation
and automotive in recent. The purpose in this study is to investigate the appropriate cutting conditions on the life of flat
and round end mills by measuring the maximum cutting temperature relative to the machining time, and calculating the
wear rates of cutting tool with the spindle speed and feed rate of vertical machining center as a parameter in the titanium
roughing cut machining which is widely used in critical parts of aircraft, cars, etc. When the wetted roughing cut
machining of titanium with a soluble cutting oil is conducted by the flat and round end mills, the maximum cutting
temperatures for a variety of spindle speed and feed rate are measured at ten-minute intervals during 60 minutes by an
infrared thermometer, and the wear rates of cutting tool are calculated by the weight ratios based on tool wear before
and after the experiment. It is found that the maximum cutting temperature and the wear rates of cutting tool are raised
as the cutting amount per tool edge is increased with the rise of feed rate, in this experimental range, and as the
frictional area due to the rise of contacting friction numbers between tool and specimen is increased with the rises of
cutting time and spindle speed. In addition, the increasing rate of maximum cutting temperature in the flat and round
end mills are the highest for the cutting time from 50 to 60 minutes, and the wear rate of cutting tool in the flat end mill
is 1.14 to 1.55 times higher than that in the round end mill for all experimental conditions.

Key words : Titanium roughing cut machining(E]EFE 224171, Flat and round end mills(33 ¥ 2 &&= Q=
1), Vertical machining center(52] ™ A]d 4l E]), Maximum cutting temperature(F o] HA-2%), Wear rates of
cutting tool(2 2} W&, Spindle speed(5-5 3] A 4 I2), Feed rate( ] 55 2)
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Table 1 Specifications of vertical machining center

Items Specifications
Type VX-500
Maximum spindle speed (rpm) 8,000
X axis (mm/min) 500
Maximum feed rate | Y axis (mm/min) 500
Z axis (mm/min) 450
X axis (mm) 1,060
Maximum stroke Y axis (mm) 510
Z axis (mm) 635
Table size (mm) 1,200 x 500
Controller FANUC 0imc
Tool No. 40
> [( IO >
L L1 R

Fig. 1 Shape of endmill

Table 2 Dimensions of flat endmill

Di(mm) Dy(mm) Li(mm) L,(mm) R(mm)
18 18 40 88 0
Table 3 Dimensions of round endmill
Di(mm) Dy(mm) Li(mm) L,(mm) R(mm)
18 18 40 88 3
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Table 4 Chemical compositions of titanium (wt%)
Ti Al | V Fe | O2 C N, H Y
89.13 | 6.214.19] 0.2 [0.17| 0.027 | 0.023 | 0.016 | 0.001

Table 5 Mechanical properties of titanium

Tensile strength, Ultimate (MPa) 1,012.19
Tensile strength, Yield (MPa) 935.65
Elongation, Break (%) 20.8
Hardness (HRC) 36
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Table 6 Chemical compositions of soluble cutting oil
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Table 8 Cutting conditions
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Cutting tool type

Round end mill, flat end mill

Properties CAS No. Mixed rate (%) Spindle speed (rpm) 1000, 1200, 1400, 1600
Deionized water 7732-18-5 20 ~ 30 Feed rate (mm/min) 60, 80, 100, 120
Mineral oil 64742-65-0 5~20 Depth of cutting (mm) 5
Carboxylic acid 142-22-0 5~15 Tool path distance (mm) 12.6
Alkanolamine 693-23-2 20~ 30 Cutting time (min) 60
Fatty amide 102-71-6 5~15 Cooling method Water soluble cutting oil
PEG oleate 68155-20-4 4~10

Table 9 Specifications of infrared thermometer

Table 7 Physical properties of soluble cutting oil Items Specifications
Specific gravity @15/4°C 1.0002 (ASTM D 1298) Type FLUKE 568
Color Bluish green (ASTM D 1500) Temperature range (°C) -40 ~ 650
Surface tension (dyne/cm) 35.4 (KS M 2525) Accuracy (°C) +1.0
Non-volatile content (%) 53.6 (KS M 2525) Spectral response (1m) 8~ 14
Ph (3.3% solution) 9.19 (KSM 0011) Response time (s) below 0.5
Foaming 0.0 (KS M 2525) Minimum spot size (mm) 19
Corrosion Pass (KS M 2525) Communication USB 2.0
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Table 10 Specifications of precision electronic scale

Table 11 Specifications of optical microscope

Items Specifications Item Specifications
Type XT 1220M Model Mitutoyo TF-510F
Weighing range (g) 220 Travel of X and Y table (mm) 50, 50
Tanng::f:rist;b(t:;flve (g) jTOS Digital X, Y (c;:;l)ter resolution 0.001. 0.005
Calibration system (SCS) built-in Measuring accuracy 3+4+0.02L
Balance pan (mm) 135 (4m, @20°C) (L = measuring length: mm)
Focusing distance (mm) 150
5ai&3} ekl = ()& o] & sul &= SAgste] ¥ Surface illuminator lamp (No.) 2
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Eyepiece magnification

x 10, x 15, % 20

Objective lens magnification

x1,x3,x5,x10,
x 20, x 50, x 100

Resolution of magnification (xm)

9.2(x 1),3.9(x 3), 2.5(x 5),
1.5( x 10), 0.7( x 20),
0.5( x 50), 0.7( x 100)

—
o Feed rate
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Fig. 2 Effect of cutting time on the maximum cutting temperature of round and flat end mills for the respective spindle speed as a
parameter of feed rate in the cutting depth of 5 mm and tool path distance of 12.6 mm
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Fig. 3 Effect of spindle speed on the wear rate of cutting tool
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