
 
 

© STM Journals 2025. All Rights Reserved 14  
 

ISSN: 2321-2810 (Online) 

ISSN: 2321-8525 (Print) 

Volume 13, Issue 4, 2025 

DOI (Journal): 10.37591/JoPC 
STM JOURNALS

Journal of 

Polymer & Composites 
 

http://engineeringjournals.stmjournals.in/index.php/JoPC/index 

Research JoPC 
 

Analysing the Deep Hole Drilling Characteristics of AISI 
316 Alloy Using Peck Drilling Approach 
 

M Sujan Kumar 1, Deivanathan R 2,* 
 

Abstract 

This study aims at the deep hole drilling characteristics of AISI 316 alloy utilizing the Peck drilling 

procedure. It is well-established that hole is the most prevalent machining process, requiring precise 

techniques to achieve optimal cutting conditions. AISI 316 has high corrosion resistance and 

mechanical features. It is widely utilized in the aerospace, vehicle, aircraft, and other industries. Due 

to its high modulus of elasticity, reactivity at high cutting speeds, low heat conductivity, high ductility, 

high tensile strength, high toughness, high work-hardening rates, and the formation of built-up edge 

(BUE), machining stainless steel is recognized as extremely challenging. Scientific methods for 

selecting cutting environments for damage-free drilling operations need to be achieved in order to 

minimize machining challenges. The experiments are designed using a Taguchi L9 array, with three 

factors considered at three levels each. The present study is focused on the notion of intermittent drilling 

and retraction, which is applied using a CNC vertical milling machine, and the outcomes are analyzed. 

The collected statistics reveal that hole numbers 6 and 7 have reduced roundness. The M35 tool at 800 

rpm and a feed rate of 0.05mm/rev yielded the lowest roundness value, followed by the TiAlN tool at 

700 rpm and a feed rate of 0.15mm/rev. Cylindricity is within 0.02 for holes 6, 5, and 4 machined with 

an M35 drill bit, and within 0.04 for holes machined with HSS drill bits. The process parameters are 

tuned to get the best drill condition. 

 

Keywords: Deep hole drilling, circularity, cylindricity, AISI 316, Taguchi approach. 

 

 

INTRODUCTION 

Deep hole drilling is a specialized machining process used for creating holes with considerable depth-

to-diameter ratios. Drilling is a vital procedure in the manufacturing sectors which involves making 

holes. It is extensively used in the aerospace sector, automobile, airplane, and many more industries. 

D.Biermann et al. mentioned a deep hole is characterized by its depth-to-diameter ratio (D:d), and holes 

with larger than 10:1 ratio are usually called deep holes [1]. Ramachandran et al. reported that, ANOVA 

and linear regression analysis are used to determine the significant control factors affecting the surface 

roughness in drilling stainless steel [2]. To improve the machining processes in deep hole drilling it is 

found that the chip evacuation behaviour of the 

drilling tool plays a significant role. The work also 

discussed on various approaches will aid 

researchers and industry professionals in 

discovering innovative machining techniques. [3]. 

Circularity, cylindricity and perpendicularity are a 

few of most sought-after geometrical properties of 

machined components in the industry and quite a 

good extent of research is demonstrated towards 

obtaining the desired limits of such geometrical 

parameters through machining processes [4,5]. 

Arshad Noor Siddiquee et al. optimized deep 

drilling parameters using the Taguchi method to 

minimize surface roughness. The experiments were 
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carried out on a CNC lathe utilizing a solid carbide cutting tool and AISI 321 austenitic stainless steel 

[6]. Khushboo Sharma et al performed an experimental investigation to optimize the machining 

parameters of AA6082. Control elements such as feed rate, speed, presence or absence of cutting fluid 

and hole depth are consideration to maximize the MRR and surface roughness [7].  

 

Sundar Singh Sivam et al, aim to identify optimal drilling conditions for AM60 magnesium alloy. 
The results of drilling AM60 magnesium alloy are optimized using the ANOVA technique. The result 

of speed, feed, drilling time and drill bit treatment was investigated and various outcomes were 
discussed [8]. Tarakeswar Barik et al, from the experiment on drilling CFRPs found that machine 

parameter settings and angle of drill point have a significant influence on hole quality [9]. The work 
reported that, optimized set of input parameters were identified by Alagappan KM et al, for drilling 

hybrid FRP using WC coated HSS drills was studied [10]. C Sarala Rubi et al aims to investigate how 
process variables including reinforcement, drill type, speed, and feed rate affect the thrust force and 

burr height during AMCs drilling [11]. Esmaeil Damavandi et al, performed optimisation of the deep 
drilling process using the Taguchi method on three materials with three distinct cutting tools in order to 

investigate their effect on power tool wear and surface roughness [12]. The reported work deals the 

drilling parameters are optimized, the Taguchi method is employed to minimize thrust force and surface 
roughness (Ra). (Ff), and ANOVA was used to identify the significant parameter influencing surface 

roughness and thrust force [13].  
 

The influence of cutting parameters such as cutting speed, feed rate, and helix angle on tool life. The 
studies were conducted on AISI304 steel with carbide drill bits. Cutting parameters' effects were 

investigated by measuring the amplitude of drill bit vibration and surface roughness [14]. A 6° increase 
in drill tip angle resulted in a more than 150 N decrease in feed force. In addition, increasing the 

clearance angle by 1° resulted in a 70 N drop in feed force. The experiment's results revealed that with 
the proper tool geometry, successful machining without the use of internal cooling is possible [15]. 

Deep hole drilling typically serves the following domains in its respective applications: Aerospace and 
defence, automotive applications, oil and gas exploration. To improve product quality, cutting settings 

and factors should be carefully determined. 
 

The peck drilling method used for deep hole drills was not thoroughly explained in previous studies, 
and the current research is primarily concerned with studying the effects of process parametrs on deep 

hole drilling and determining the ideal drill parameters for deep hole drilling AISI 316. This study 

investigates the effects of cutting settings and tools (HSS, M35, TiAlN) on the surface quality, shape, 
and geometrical tolerances of deep hole drilled holes in AISI 316. Choosing the appropriate drill bits is 

critical to successful stainless-steel drilling. 
 

MATERIAL AND METHODS 

Workpiece 

Deep hole drilling experiments are conducted on SS 316 material of diameter 100 mm and thickness 
50mm. Stainless steel is harder to machine and requires special tools for cutting. Stainless steel 316 is 

generally composed of 16–18% chromium, 10–14% nickel, 2–3% molybdenum, and about 0.08% 
carbon.  

 

Cutting Tools 

The quality of work can be improved by altering machining conditions such as coolant type, cutting 

tool type, cutting tool radius, tool material type, and working material hardness. The coating helps 

reduce heat buildup, improves chip evacuation, and extends tool life. Drill bits with coatings have higher 

tool life than the drills uncoated [16]. Nevertheless, drill bit flute geometry is the most significant factor 

influencing hole quality and chip evacuation from drilling zone [17-18].  In the present work three 

different tools are considered for drilling namely, High-Speed Steel (HSS) Drills, M35 HSS Cobalt 

Drills and TiAlN-Coated Drills. The nominal diameter of each tool is 5 mm and the flute length is 52 

mm. The details of drill bits are shown in Table 1. 

https://www.inderscienceonline.com/doi/abs/10.1504/IJMMM.2021.121196
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Table 1. Specifications of drill bits. 

S no Drill 

material 

Tool nominal 

diameter 

(mm) 

Flute 

length 

(mm) 

Tool profiles 

1 HSS 5 52 

 

2 M35 5 52 

 

3 TiAlN 5 52 

 

 

CNC Milling Machine 

Deep hole drilling on stainless steel is done on a vertical CNC milling machine using the peck drilling 

method. Peck drilling is a technique for optimizing chip removal and coolant delivery during deep hole 

drilling operations.  Retracting the drill bit on a regular basis breaks up and evacuates chips from the 

hole, lowering the risk of chip blockage and heat accumulation.  

 

The machining time in CNC milling is the cycle time required by the CNC machine to execute the 

program for each hole, and it is much longer than the theoretical time when computed due to tool 

retraction each time it reaches the through hole for the specified depth of cut. The real machining time 

will be more than the theoretical time.   The variation between real and theoretical machining time is 

attributable to the tool and work material, as well as the time necessary for retraction for each depth of 

cut when drilling a 50mm through hole. For each depth of cut, the tool retracts to its original position, 

allowing for simple chip evacuation with coolant. Thus, nine through holes with a diameter of 5mm are 

created. Figure 1 illustrates the operating concept of the drilling operation. The procedure parameters 

employed in these trials are listed in Table 2. 

 

 
Figure 1. CNC milling machine and workpiece. 
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Table 2. Factors and Levels  

Factors Level 

1 2 3 

Drill Material HSS M35 TiAlN 

Spindle Speed (rev/min) 700 750 800 

Feed Rate (mm/rev) 0.05 0.1 0.15 

 

 
Figure 2. Coordinate measuring machine. 

 

Coordinate Measuring Machine (CMM) 

The measuring of hole dimensions is critical in guaranteeing that the manufactured part's tolerance 

values are within the limit and lowering mistake rates. It is manufactured by ZEISS PRISMO and 

operated using CALYPSO software. Cylindricity tolerance refers to a 3D tolerance on hole size along 

its length that is regulated by two concentric cylinders [19-20]. Cylindricity is a type of composite form 

tolerance that governs circularity, surface straightness, and cylindrical feature taper all at once [21]. To 

calculate cylindricity, three measurements are required: radial form (roundness), axial form (vertical 

straightness), and dimensional homogeneity, different methods are used [22].  

 

Perpendicularity can refer to two distinct phenomena: surface perpendicularity and axis 

perpendicularity. To guarantee that the probe head is normal to the workpiece, several spots on the top 

surface were mapped. The hole axis shifts away from the reference plane (top plane), indicating a hole 

perpendicularity issue [23].  Figure 2 illustrates the CMM machine configuration. 

 

RESULTS AND DISCUSSIONS 

Measurement of Hole Surface Roughness 

Surface roughness is an important property in metal cutting; it is controlled by drilling operations and 

impacts mechanical qualities such as creep life, corrosion resistance, and fatigue behaviour. Drilled 

surface roughness is measured using the IS 3073:1967 surface testing procedure. The average surface 

roughness (Ra) is determined by measuring a minimum of five locations along the direction of hole 

depth, and the average is used to get the final result. Surface roughness is commonly measured with a 

stylus movement device, which measures the depth-wise variations of the surface profile, with larger 

variations indicating rough surfaces. Surface polish is critical for drilled hole quality, and even little 

roughness can impair operations and product reliability. 

 

Table 3 shows the machining time achieved from a CNC machine for drilling each hole for the stated 

parameters. According to the CNC code, drilling a 50mm through hole requires 250 pecks with a depth 

of 0.2mm. Given an average retraction length of 25 mm during the process. The feed rate at 700 rpm 
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and 0.1mm/rev is 70mm/min, or 1.1mm/s. The peck time for 250 pecks at a depth of 0.2mm is 50 

seconds. For 250 pecks with a 25 mm retraction length, the total forward and retraction time is 

(2x25/8.3) x 250 seconds, assuming a feed speed of 500mm/min = 8.3mm/s. That is, machining time 

equals peck time plus retraction time for 250 pecks. = 50 + 1506 = 1556 seconds = 25.9 minutes. The 

tool retracts at 850rpm for each peck depth, which is quicker than the actual drilling speed, saving 

machining time. Drilling hole No.3 takes less time to machine, at 8 minutes and 39 seconds with an 

HSS tool. The values for roundness, cylindricity, dimension, and perpendicularity are provided in Table 

3.  

 
The data collected demonstrate that hole numbers 6 and 7 have reduced roundness. The lowest 

roundness value was achieved with the M35 tool at 800 rpm and a feed rate of 0.05mm/rev, followed 
by the TiAlN tool at 700 rpm and a feed rate of 0.15mm/rev. 
 

Cylindricity is at its lowest for holes 6, 5, and 4, which were machined using an M35 drill bit. 
Specifically, hole 4, drilled with the M35 bit at a speed of 700 rpm and a feed rate of 0.1 mm/rev, 
achieved a minimum diameter of 5.5593 mm. During these trials, both M35 and HSS tools exhibited 
considerable wear when compared to TiAlN drills, which yielded hole diameters ranging from 5.76 mm 
to 5.87 mm. The variations in hole diameters cannot be solely ascribed to roundness or cylindricity 
inaccuracies, suggesting that elastic recovery of the workpiece may also play a role, in addition to 
potential tool wear. Among the holes, hole 2 displayed the smallest perpendicularity angle. The 
differences in perpendicularity were not significant across various drill materials, speeds, and feed rates. 
The machining times recorded are detailed in Table 3. 
 

The collected data indicate that the roundness is notably lower for hole numbers 6 and 7. The 
minimum roundness value was recorded when utilizing the M35 tool at 800 rpm with a feed rate of 0.05 
mm/rev, as well as with the TiAlN tool at 700 rpm and a feed rate of 0.15 mm/rev. For holes 6, 5, and 
4, machined with the M35 drill bit, the cylindricity remains at a minimum of 0.02, while it is measured 
at 0.04 for those drilled with HSS tools. The performance of TiAlN drills in terms of cylindricity has 
been subpar, exhibiting values ranging from 0.066 to 0.131. The smallest hole diameter of 5.56 mm 
was achieved for hole 4, drilled with the M35 tool at 700 rpm and a feed rate of 0.1 mm/rev, which may 
be attributed to potential drill wear. 
 

In the conducted experiments, M35 and HSS tools exhibited significantly greater wear when 
compared to TiAlN drills, which achieved hole diameters ranging from 5.76 to 5.87 mm. As illustrated 
in Figure 10 (a-c), the variations in hole diameter cannot be solely ascribed to errors in roundness or 
cylindricity, suggesting the potential influence of elastic recovery in the workpiece in addition to tool 
wear. Notably, Hole 2 displayed the smallest perpendicularity angle. The differences in perpendicularity 
are not substantial across various drill tool materials at differing speeds and feeds. The recorded surface 
roughness values are presented in Table 4. 
 
Table 3. Machining Time for drilling holes. 

Hole no. Tool Speed 

(rpm) 

Feed 

(mm/rev) 

Depth 

of cut 

(mm) 

Machining 

time 

(minutes) 

Roundness Cylindricity Diameter Perpen-

dicularity 

1 HSS 700 0.05 0.2 17.4 0.0142 0.0362 5.5931 0.3628 

2 HSS 750 0.1 0.2 9. 41 0.0058 0.0226 5.6040 0.3341 

3 HSS 800 0.15 0.2 8. 39 0.0138 0.0239 5.6018 0.4164 

4 M35 700 0.1 0.2 10. 29 0.0146 0.0194 5.5593 0.3865 

5 M35 750 0.15 0.2 8. 45 0.0122 0.0193 5.5605 0.3874 

6 M35 800 0.05 0.2 13. 46 0.0099 0.0192 5.5649 0.3822 

7 TiAlN 700 0.15 0.2 9. 18 0.0029 0.0956 5.8735 0.3769 

8 TiAlN 750 0.05 0.2 25. 45 0.0149 0.0664 5.8340 0.4217 

9 TiAlN 800 0.1 0.2 9. 36 0.0261 0.1310 5.7580 0.3947 

Avg 0.0127 0.0481 5.6610 03847 
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Table 4. Surface Roughness values for drilled holes. 

Hole no. Test parameter Test method Result 

Ra (µm) Rq (µm) Rz (µm) 

1 Surface Roughness IS 3073:1967 1.004 1.239 4.977 

2 1.366 1.663 7.290 

3 1.029 1.241 4.768 

4 1.721 2.155 8.813 

5 1.164 1.534 7.096 

6 1.528 1.929 7.802 

7 1.461 1.815 7.324 

8 1.095 1.317 5.341 

9 1.984 2.548 10.880 

Avg 1.372 1.715 7.143 

 

Table 5 illustrates the effects of spindle speed and feed rate on hole surface roughness Ra. It is noted 

that the roughness values Ra vary between 1.004 µm and 1.984 µm. The feed rate appears to have a 
minimal impact on roughness, whereas a decrease in spindle speed is recommended for achieving 

smoother surfaces.  
 

These results indicate that selecting low to medium spindle speeds and feed rates can effectively yield 
a refined hole finish. Tool speed plays a crucial role in influencing hole surface roughness. The 

measurements of Surface Roughness Ra and Rq are lower for hole number 1, while Rz is reduced for 
hole number 3. 

 
TAGUCHI ANALYSIS 

Optimization techniques are used to reduce manufacturing cost, improve surface quality, reduce 
circularity, cylindricity and diameter error in machining [24,25]. S Sheth et al. concentrated on 

cylindricity and perpendicularity as output parameters in the drilling process since cylindricity and 

perpendicularity control are critical in the assembly of two matting components with holes [26]. 
 

The smaller-the-better type of drilling performance criteria may be applied for response parameters 
including surface roughness, hole diameter deviation and geometrical tolerance parameters [27]. The 

Taguchi method is a sophisticated experimental design method that uses orthogonal arrays to study total 
parameters and responses with limited experiments. A special design of "orthogonal arrays" is utilized 

to explore the whole parameter range with a limited number of trials. Table 1 shows the factors 
controlling the drilling process and their levels in this experiment while Taguchi L9 Orthogonal Array 

of experimental design is shown in Table 4. It shows the combination of control factors and their levels 
for conducting the nine experimental runs.  Surface roughness, hole diameter, cylindricity, roundness, 

and perpendicularity are the responses that make up the experimental outcomes. This allows for the best 
possible parameter assessment. According to Taguchi's procedures, the mean of the S/N ratios is 

determined by adding them together for each level and parameter. To obtain the response table for every 
response element under various control factors and their levels, Minitab software is utilized.  S/N ratios 

in optimization problems come in three different varieties. These are: Nominal is the best, larger is the 
best, and smaller is better. In order to minimize the response variables—roundness, roughness, 

cylindricity, perpendicularity, and diameter variation—the quality characteristic "Smaller the better" 

was selected in this instance [28–29]. 
 

Analysis of Variance (ANOVA) 

The mathematical formula to forecast the experiment's results was established by R.A. Fisher [33] 

using the analysis of variance (ANOVA). The ANOVA test was used to evaluate each parameter's 
contribution at a confidence level of 95%, and the P value is used to identify the significant parameter 

if its value is less than 5% (0.05). 
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Regression Equation 

A regression equation is a mathematical formula that is used to represent the relationship between 

one or more independent variables (predictors or inputs) and one or more dependent variables (output). 

Regression analysis uses the values of the independent variables to predict the value of the dependent 

variable. 

 

Roundness 

The degree to which the shape of a drilled hole resembles a perfect circle is known as roundness. In 

precision machining, where the roundness of the hole affects component fit and performance, it is a 

crucial geometric feature. A coordinate measurement machine (CMM) or a roundness tester are 

examples of specialist equipment that is commonly used to measure roundness [30]. By measuring 

multiple radial locations around the hole's perimeter, these devices determine how much the drilled hole 

deviates from a perfect circle. Process variables that primarily affect the drilled hole's roundness include 

tool material, speed and feed rates, machine rigidity, material qualities, and chip removal [31]. The 

roundness in drill holes is crucial for the functionality of parts, and maintaining precision requires 

careful attention to tool condition, machine setup, and operational parameters. 

 

Roundness is the primary response aspect for defining the quality of drilled holes. To evaluate the 

effect of process parameters on roundness, computed means and S/N ratios for each factor are generated. 

To maximize roundness, the S/N ratio was set using the criterion "smaller is better." The Taguchi 

technique calculates the deviation of quality attributes from the desired value using the S/N ratio. The 

means of the response values for the parameter levels shown in Figure 3 are determined using the S/N 

ratio. 

 

The ANOVA test results showed that no parameter has a significant value, and all values are greater 

than 5%. The roundness value ranges between 0.0058 and 0.0261.  The smallest roundness value is 

0.0058, while the maximum roundness value is 0.0261. The estimated F and P values for the drill 

parameters are shown in Table 5.  

 

 
Figure 3. S/N ratio of roundness  
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Table 5. ANOVA results of Roundness 

Source DF Adj SS Adj MS F-Value P-Value  

Drill Material 2  . 1  3  0.005367 10.92 0.084 Significant 

Spindle Speed 2  .   52  0.000262 0.53 0.652  

Feed Rate 2  .   665 0.000333 0.68 0.596  

Error 2 0.000983 0.000492    

Total 8 0.012907     

 

Regression Equation 

The regression equation consists the arrangement of all the process parameter according to their level 

and corresponding coefficient term expressed in equation 1. 

Roundness=  . 13  -  .  222 (T1)-  .  126 (T2) +  .  3  (T3) -  .   5  (S1) -  .  252 (S2) + 

 .  311 (S3) -  .      ( 1) +  .  2 1 ( 2)-  .  152 ( 3)  (1) 

 

Cylindricity 

The geometric correctness of the hole's shape as a perfect cylinder is referred to as cylindricity. It 

gauges how closely the hole resembles the ideal cylindrical shape, which calls for a circular hole with 

a straight, aligned axis and a constant diameter throughout. Parts that must match or mate with other 

components must have a cylinder to ensure proper fit and operation [32]. Cylindricity can be assessed 

using specialist instruments as a dial gauge, coordinate measuring machine (CMM), or cylinder tester. 

Cylindricity is primarily determined by the diameter's consistency, the hole axis's straightness, and its 

circularity. 

 

Cylindricity is the primary response aspect that defines the quality of drilled holes. To analyze the 

effect of process parameters on cylindricity, computed means and S/N ratios for each factor are 

generated. To maximize cylindricity, the S/N ratio was set using the criterion "smaller is better." To 

assess the deviation of quality attributes from their ideal levels, the Taguchi technique employs the S/N 

ratio. The average response values at the parameter, as illustrated in Figure 4, are using the S/N ratio. 

 

 
Figure 4. Main effects plot for S/N ratio of cylindricity. 
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The ANOVA test findings showed that the parameter drill material had a significant value, with a P-

Value of  .   , which is less than 5%. The cylindricity values range from  . 1 2 to  .  56.  The 

minimum roundness value is  . 1 2; the maximum roundness value is  .  56. The estimated   and P 

values for the drill parameters are shown in Table 6. 

 

Table 6. ANOVA Results of Cylindricity. 

Source DF Adj SS Adj MS 
F-

Value 

P-

Value 

 

Drill 

Material 
2  . 1  3  0.005367 

10.92 0.084 Significant 

Spindle 

Speed 
2  .   52  0.000262 

0.53 0.652  

Feed Rate 2  .   665 0.000333 0.68 0.596  

Error 2 0.000983 0.000492    

Total 8 0.012907     

 

Regression Equation 

The regression equation consists the arrangement of all the process parameter according to their level 

and corresponding coefficient term expressed in equation 2. 

Cylindricity =  .   2 -  . 1  (T1)-  . 3  (T2) +  .    (T3) +  .  11 (S1)-  .     (S2) +  .     

(S3)-  .     ( 1) +  . 11  ( 2) -  .  3  ( 3)  (2) 

 

Hole Diameter 

The internal diameter of the hole made by a drilling operation is referred to as the "hole diameter" in 

drilling. Because it affects the fit and functionality of later-assembled or machined parts, the hole's size 

is crucial in many manufacturing processes. Ensuring that the hole performs as intended in its 

application, enabling bolts, pins, and shafts to fit correctly, and facilitating proper assembly all depend 

on achieving the proper hole diameter [33–36]. The hole diameter in the drilling process is mostly 

influenced by the following factors: drill bit size and type; drilling conditions; material properties; tool 

wear; machine rigidity and alignment; heat generation; and drilling technique. 

 

Hole diameter is the primary response element in determining the quality of drilled holes. To evaluate 

the effect of process parameters on hole diameter, computed means and S/N ratios for each factor are 

generated. In this study, the S/N ratio was determined using the "smaller is better" criterion to optimize 

hole diameter. In the Taguchi technique, the S/N ratio is used to determine the divergence of quality 

characteristics from the target value.  The S/N ratio is utilized to determine the means of the response 

values at the parameter level depicted in Figure 5. 

 

 
Figure 5. Main effects plot for S/N ratio of diameter. 
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Table 7. ANOVA Results of Hole diameter. 

Source DF Adj SS Adj MS F-Value P-Value  

Drill Material 2 0.118561 0.059280 40.54 0.024 Significant 

Spindle Speed 2 0.001827 0.000913 0.62 0.616  

Feed Rate 2 0.002225 0.001113 0.76 0.568  

Error 2 0.002924 0.001462    

Total 8 0.125537     

 

The ANOVA test findings revealed that the parameter drill material has a significant value, with a P-

value of  . 2 , which is less than 5%. The hole diameter varies from 5.56 5 to 5.  35.  The minimum 

hole diameter is 5.56 5, while the maximum roundness value is 5.  35. Table   shows the estimated   

and P values for the drill parameters. The measured data clearly demonstrated that all of the hole 

diameters have extremely similar values. 

 

Regression Equation 

The regression equation consists the arrangement of all the process parameter according to their level 

and corresponding coefficient term expressed in equation 3. 

 iameter=5.661  -  . 61  (T1)-  .     (T2) +  .16   (T3) + . 1 3 (S1) +  .  52 (S2)-  . 1   (S3) + 

 .  3  ( 1) -  . 2 6 ( 2) +  . 1 6 ( 3)  (3) 

 

Perpendicularity 

Perpendicularity in drilled holes is defined as the axis of the hole being exactly 90 degrees (normal) 

to the workpiece's reference surface or plane. This means that the hole should be drilled so that its axis 

is perfectly perpendicular to the material's surface or base. Perpendicularity is an important geometric 

characteristic, especially for holes that must fit or align with other components, such as pins, shafts, or 

bearings, which require precise orientation [37]. The key elements include drill bit misalignment, 

machine deflection, tool wear, improper fixturing, vibration, and uneven material properties. 

Perpendicularity is commonly measured using high-precision instruments.  

 

 
Figure 6. Main effects plot for S/N ratio of perpendicularity 
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Perpendicularity is the primary response factor in determining the quality of drilled holes. To evaluate 

the effect of process parameters on perpendicularity, computed means and S/N ratios for each factor are 

computed. To maximize perpendicularity, the S/N ratio was determined based on the criterion "smaller 

is better." The S/N ratio is used in the Taguchi technique to calculate the quality characteristics' 

departure from the desired value.  The S/N ratio is used to calculate the means of the response values 

at each parameter level, as shown in  igure 6. 

 

The ANOVA test results proved that, no parameter got significant value, all its P-Values are more 

than 5% and the feed rate is measured as  .   , is somewhat close to 5%, but it is not got significant. 

The perpendicularity value is varying between  .33 1 to  . 21 .  The minimum value is  .33 1 and 

maximum value is  . 21 . The estimated   and P values of the drill parameters are tabulated in Table 

 . The measured values clearly showed that, all the perpendicularity values are having very close values. 

 

Regression Equation 

The regression equation consists the arrangement of all the process parameter according to their level 

and corresponding coefficient term expressed in equation  . 

Perpendicularity =  .3   -  . 136(T1) +  .   6 (T2) +  . 13 (T3)-  .   3 (S1) -  .  3  (S2) +  . 13  

(S3) +  .   2 ( 1) -  . 13  ( 2) +  .     ( 3)  ( ) 

 

Surface Roughness 

Surface roughness in drilled holes refers to the microscopic irregularities and texture created by the 

drilling process. It is an important quality feature in manufacturing, particularly for parts that require 

precise fits, smooth operation, or optimal performance in terms of wear resistance, sealing, or friction 

[38]. Surface roughness in drilled holes is determined by a number of factors, including the cutting tool 

used, drilling parameters, material properties, and the overall machining process. The roughness of a 

hole's surface can have an impact on how well mating parts fit, how durable the hole is, and its ability 

to retain lubricants or resist corrosion. Surface roughness is mainly determined by drill bit type, cutting 

speed (RPM), feed rate, drilling depth, tool wear, material type, coolant or lubrication, chip removal, 

tool geometry, and peck drilling. Surface roughness is measured as Ra (Arithmetic Average 

Roughness): Rz (Average Maximum Height of the Profile): Rq (Root Mean Square Roughness) using 

Surface Profiling Instruments.  

 

Surface roughness can be improved by reaming or boring, optimizing cutting conditions, selecting 

the right tool, cooling and lubricating, controlling tool wear, employing precision drilling machines, 

and peck drilling for deep holes. Surface roughness is the primary response element in determining the 

quality of drilled holes. To assess the influence of process parameters on surface roughness, computed 

means and S/N ratios for each factor are created. To optimize surface roughness, the S/N ratio was 

calculated using the "smaller is better" criterion. In the Taguchi technique, the difference between the 

desired value and quality characteristics is calculated using the signal-to-noise (S/N) ratio. The means 

of the response values are determined at the parameter level shown in Figure 7 using the S/N ratio. 

 

Table 8. ANOVA results of perpendicularity. 

Source DF Adj SS Adj MS F-Value P-Value 

Drill Material 2 0.26069 0.13034 5.93 0.144 

Spindle Speed 2 0.14220 0.07110 3.24 0.236 

Feed Rate 2 0.45486 0.22743 10.35 0.088 

Error 2 0.04395 0.02198   

Total 8 0.90170    
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Figure 7. Main effects plot for S/N ratio of surface roughness (Ra) 

 

Table 9. ANOVA Results of Surface Roughness 

Source DF Adj SS Adj MS F-Value P-Value 

Drill Material 2 0.001068 0.000534 0.37 0.732 

Spindle Speed 2 0.000811 0.000406 0.28 0.783 

Feed Rate 2 0.000791 0.000395 0.27 0.787 

Error 2 0.002921 0.001461   

Total 8 0.005591    

 

Table 10. Predicted Values for Roundness, Cylindricity, Diameter, Perpendicularity From Regression 

Equations. 

Hole no. Roundness Cylindricity Hole 

diameter 

Perpendicularity Surface Roughness 

Ra Rq Rz 

1 0.0184 0.04205 5.6685 0.37115 1.004 1.239 4.977 

2 0.0197 0.0487 5.659 0.3847 1.366 1.663 7.290 

3 0.0211 0.05535 5.6495 0.39825 1.029 1.241 4.768 

4 0.0179 0.0449 5.676 0.3735 1.721 2.155 8.813 

5 0.0192 0.05155 5.6665 0.38705 1.164 1.534 7.096 

6 0.0221 0.04965 5.6345 0.39355 1.528 1.929 7.802 

7 0.0174 0.04775 5.6835 0.37585 1.461 1.815 7.324 

8 0.0202 0.04585 5.6515 0.38235 1.095 1.317 5.341 

9 0.0216 0.0525 5.642 0.3959 1.984 2.548 10.880 

Avg 0.0197 0.04869 5.659 0.3847 1.372 1.715 7.143 

 0.0127 0.0481 5.6610 03847    

 

The ANOVA test results revealed that no parameter had a significant value, and all of their P-values 

were greater than 5%. The surface roughness value (Ra) ranges from 1.    to 1.   .  The minimum 

value is 1.   , and the maximum is 1.   . Table   presents the estimated   and P values for the drill 

parameters. The measured values clearly demonstrated that all surface roughness values were quite 

near. 

Main effects plot for SN ratios
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Regression Equation 
The regression equation consists the arrangement of all the process parameter according to their level 

and corresponding coefficient term expressed in equation 5. 

Ra (µm)= 1.3 2  -  .23   (T1) +  .   6 (T2) +  .1    (T3) +  . 22  (S1) -  .16 1 (S2) +  .1 12 (S3) 
 .163  ( 1) +  .31   ( 2) -  .15   ( 3)  (5) 

 
In general, the findings indicate that speed is the most influential factor in achieving optimal 

roundness, cylindricity, diameter, and perpendicularity. According to the regression equations, speed 
and feed impact roundness and diameter in the opposite direction, while cylindricity and 
perpendicularity are affected in the same way. 
 
CONCLUSION 

The peck drilling approach was used to analyze the deep hole drilling properties of AISI 316 alloy, 
and it revealed substantial benefits such as enhanced material removal rates, reduced tool wear, 
improved surface polish, and improved dimensional accuracy.  Following the examination of the 
measured results, the following conclusions were made. 

 
The peck drilling method is successfully used to making deep hole drills.  

i. The outcomes like, Roundness, surface roughness, cylindricity, hole diameter and 
perpendicularity of the holes are studied and analysed.  

ii. The hole diameter and cylindricity outcomes are got significant, proved with ANOVA analysis.  
iii.  The lowest roundness value was found using M35 tool at 800 rpm and a feed rate of 0.05mm/rev 

and using TiAlN tool at 700rpm and a feed rate of 0.15mm/rev. Cylindricity is within a minimum 
of 0.02 for holes 4,5, and 6 machined by M35 drill bit and it is within 0.04 for holes machined 
with HSS drills. 

iv. The surface roughness according to the Ra, is measured as 1.004, Rq value is measured as 1.239 
and Rz value is measured as 4.977, all these conditions are concerned with sample 1.  

v. The predicted values show the close agreement among the values and the error is less than 10% 
observed from all the outcomes.  
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