
www.ijcspub.org                                        © 2022 IJCSPUB | Volume 12, Issue 2 April 2022 | ISSN: 2250-1770 

IJCSP22B1049 International Journal of Current Science (IJCSPUB) www.ijcspub.org 558 
 

TOOL CONDITION ANALYSIS USING 

TEMPERATURE AND VIBRATIONAL 

ANALYSIS DURING DRILLING OF IS3048 

STEEL  
 

Venkata Sridhar Annavarapu*1, Srinivasa Prasad Balla1, VVNR Chandra Mouli Karaka2 

 
1Ph.D. Scholar, Department of Mechanical Engg, GIT, GITAM, Visakhapatnam, India-530045. 

2 Professor, Department of Mechanical Engg, GIT, GITAM, Visakhapatnam, India-530045. 
3Senior Research Associate, Department of Mechanical Engg, GIT, GITAM, Visakhapatnam, India-530045. 

ABSTRACT 

Most of the drills used today are manufactured from high-speed steels (HSS) primarily due to their high power, 

which is important for the intermittent drilling cutting action.  Drill geometry is an important aspect that defines 

the consistency of the hole being drilled. This paper focuses of characterising the drill tool performance-using real 

time TCM. Recommendations are given to assist in the selection of the appropriate drill for the desired criterion of 

hole quality by clearly focuses on the relationship between the vibration and the tool temperature in drilling of 

IS3048 Steel. The experiments were carried out using solid carbide tool with change in tool geometry under dry 

conditions, where vibration amplitude of both are evaluated. Results revealed that cutting tool vibrational 

amplitude and tool wear were relatively dependent showing the tool selection of suitable tool geometry with respect 

to temperature. 
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I. INTRODUCTION 
 

Low frequency vibration drilling can suppress the drilling temperature and extend tool life. In low-frequency 

vibration drilling, there are drilling times and non-drilling times in each vibration cycle. A past study clarified that 

the temperature increases during drilling, and the peak temperature in one vibration cycle is nearly equal to a 

conventional drilling temperature, but the temperature of the drill corner decreases during non-drilling periods. 

However, the relationship between the amount of temperature increase/decrease during intermittent drilling and the 

vibration and drilling conditions and temperature change near the cutting edge has not yet been clarified. In this 

study, to determine the drilling temperature during the drilling and non-drilling periods of low-frequency vibration 

drilling, the temperature near the cutting edge was measured experimentally by an embedded K-type thermocouple. 

To identify the optimum conditions for low-frequency vibration drilling without repeating the experiment, the 

temperature transition of the cutting edge was simulated based on the heat input caused by the cutting energy, 

calculated from the principal cutting force and speed. To simulate the temperature change of the drill edge, the 

principal force acting on the cutting edge was calculated from two-dimensional cutting data. A comparison of the 

experimental and simulated temperatures showed that the simulated temperature transition agreed well qualitatively 

with the results measured during low-frequency vibration drilling. 
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 II. MATERIALS AND METHOD 

As new and quicker sensors are made, in-situ condition checking keeps on acquiring ubiquity in the modern 

business. In any case, the plan of an instruments observing structure for decreased intricacy and expanded 

dependability has gotten little consideration. Subsequently, the flow research focuses on TCM while cutting IS3048 

steel with strong carbide drills, as shown in Table 1. Work materials are IS3048 steel examples with aspects of 

150x150x10mm; synthetic properties and mechanical characteristics are recorded in Table 1. 

Table 1: Chemical composition and mechanical properties of IS3048 workpiece 

Chemical Composition Mechanical Properties 

Ni 8.00⁓10.50 Elongation (%) 40 

Cr 18.0⁓20.0 

C 0.08 

Tensile strength (M/mm2) 520 

Yield strength (N/mm2) 205 

 

An FLIR E60 thermal infrared camera is used to capture cutting temperatures as cutting speed and feed rate vary at 

a range of 8 feet from the tool. The tests were carried out on a CNC vertical machining focus, as shown in Figure 

1, with spindle speeds ranging from 600 to 1200 rpm. 

 

Fig. 1. Experimental Setup in Drilling of IS3048 Steel 

As shown in Table 2, the machining is done under controlled circumstances with a variety of 7 mm & 3 mm cemented carbide 

drills. The FLIR E60 Imaging system is targeted during the milling process. Every pulse interval, high-resolution thermal 

pictures are recoded. On the basis of the orthogonal L9, the experiments were carried out. The data gained from the tests are 

displayed in Tables 3 and 4. 

Table 1. Tool Specifications.  
Parameters Tool A (mm) Tool B (mm) 

Tool Diameter Ø 7 mm Ø 3 mm 

Shank Diameter 8 mm 5 mm 

Cutting Edge length 38 mm 38 mm  

Overall Length 165 mm 100 mm 
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III. RESULTS AND DISCUSSION 

Based on the research in acquiring data during the testing, the findings for roughly Tool A with Tool B were 

evaluated and plotted. 

 

Table 2: Tool A Temperature and Vibrational  

  
  

Table 3: Tool B 

 
 

 

 

 

 

 

 

Results are plotted which are as shown in the Table 2 and Table 3 for Tool A and Tool B and the temperature plots 

are as shown in the figure 2. 

 

 

S.No 
Test 

condition 

Feed rate (f) 

mm/rev 

Rotational 

speed (N) 

Depth of cut, 

d 

Temperature

, Ta 

Horizontal 

acceleration 

m/s2 

1 TC1 0.5 600 8 172.05 0.81 

2 TC2 0.1 600 10 177 
0.85 

3 TC3 0.2 600 12 184 
2.1817 

4 TC4 0.5 900 10 191 
1.78 

5 TC5 0.1 900 12 194 
1.49 

6 TC6 0.2 900 8 179.5 
2.7 

7 TC7 0.5 1200 12 182.8 
2.8 

8 TC8 0.1 1200 8 179.75 
3.2 

9 TC9 0.2 1200 10 177.95 
2.98 

S.No 
Test 

conditions 
Feed rate (f) 

Rotational 

speed (N) 

Depth of 

cut, d 

Mean 

Temperatur

e, Tb 

Horizontal 

acceleration 

m/s2 

1 TC1 0.5 600 8 158 1.1 

2 TC2 0.1 600 10 158.55 1.5 

3 TC3 0.2 600 12 160 0.7 

4 TC4 0.5 900 10 161.8 1.4 

5 TC5 0.1 900 12 165.15 1.7 

6 TC6 0.2 900 8 160.8 1.76 

7 TC7 0.5 1200 12 158.4 1.9 

8 TC8 0.1 1200 8 159.5 1.3 

9 TC9 0.2 1200 10 159.15 1.9 
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Figure 2: Plots of Temperature at Tool A and Tool B 

IV. Temperature Analysis 

The recorded plots of spectrographs are shown in Fig. 2 in which the time-domain to frequency-displacement is 

observed. From the plots of tool A as shown in Fig. 2, the amplitude of vibrations is obtained by converting the 

time-domain to frequency-displacement with the help of FFT (fast Fourier transforms) where the vibrations induced 

are minimal at TC1 (test condition 1), which observed that the amplitudinal frequency of vibrations is 3.0156 Hz at 

TC8 which is the highest horizontal acceleration generated during drilling of the IS3048 steel. The minimal 

horizontal acceleration is observed to be 0.8228 Hz, which can be told as the initial cutting operations at TC1, 

performed which is presented in Fig. 3. Similarly, the vibrational amplitude is observed higher at TC9 in tool B, 

i.e., 1.8562 Hz that is shown in Fig. 8. The minimal vibrations are observed at TC1 as plotted in Fig. 2, and moderate 

vibrations induced at TC5 and TC6 are as shown in Fig. 2. The plots generated for tool B with test conditions of 

TC1, TC5, TC8, and TC9 are shown in Fig. 2 respectively. 

 

 
Figure 3: Comparative temperature analysis of Tool A and Tool B 

 

V. Vibrational Analysis 

 

Comparative vibrational analysis in tools Figure 4 shows the comparative vibrational analysis in tool A and tool B. 

During machining, enormous amounts of vibrations are generated, since so as to clearly analyze the vibrations, the 

varied tools are comparatively studied as shown in Fig. 4. Since the diameter of tool A is more when compared to 

that of tool B, higher amounts of vibrations are generated. From Fig. 9, it was clearly understood that the test 

condition of TC8 generated the highest vibrations, i.e., 3.0156 Hz for tool A and TC7, i.e., 1.8452 Hz for tool B.  

 
Figure 4: Comparative vibrations analysis of Tool A and Tool B 
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The finding of the change in parameters with respect to the change in tool dimensions affects the tool performance. 

The lowest vibrations are generated at TC1 having 0.8228 HZ for tool A and 0.6472 Hz for tool B at TC3. The 

cutting parameters of TC1 for tool A is observed with speed (N) having 600, feed (f) having 0.5 mm, and depth of 

cut (d) having 8 mm. In the same way, the lowest vibrations were generated at the initial state of machining where 

the cutting parameters of TC3 (test condition 3) for tool B having speed (N) having 600, feed (f) having 0.2 mm, 

and depth of cut (d) 12 mm. 

 

VI. CONCLUSION 

Because of its regulating influence on cutting tool life, as well as the nature of the machined component, ensuring 

the heat phase (into the cutting equipment and the chip while cutting) and temperature distribution all along rake 

surface of a cutting tool is of particular importance. Experiments revealed that a tool with a larger diameter generates 

more than a tool with a smaller diameter. Because of the larger abrasive contact zone in Tool A, the temperature is 

higher than in Tool B. In the design of trials, it was also discovered that at TC5, with a speed (N) of 900rpm, a feed 

rate (f) of 0.1mm, and a depth of cut (d) of 12mm in both cutting tools, the temperatures tends to rise. Temperature 

had a huge impact on tool condition when it was combined with regularized, optimum cutting conditions. The 

influence of cutting circumstances such as cutting speed, feed, and cutting depth on temperature distribution all 

along contact zone with varied tool diameters has been investigated. The temperature and vibrational analysis of 

the Tool a and Tool B when observed showed that the increase in vibrations increased temperature rapidly in the 

tools forming wear in the tool. 
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