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Abstract: Stainless steel (SS), specifically AISI 304 and 420, was classified as austenitic and martensitic stainless steels which 

garnered excellent corrosion resistance (up to 650°C) and easily to enhance mechanical properties by heat treatment. However, 

the machinability of these materials has not been widely studied. CNC milling process was defined as cutting process of 

workpiece utilizing a rotating cutting tool which considered to improve productivity in manufacture industries. Machining 

parameters during CNC milling process such as cutting speed, feed rate along with depth of cut play an crucial role to achieve 

desired product with high quality. In addition, surface roughness was evaluated as pivotal factor to analyze resulted machining 

products of workpiece which subsequently used for direct application in vary industries. In order to study machinability of AISI 

304 and 420 stainless steels, the optimization of machining parameters during CNC milling process was performed to determine 

their surface roughness values. The selection of machining parameters was determined in 3 different variations (cutting speed, 

feed rate, and depth of cut) which intended to investigate CNC milling results on both materials AISI 304 and 420 SS. The 

research data were analyzed by using Taguchi statistical method of S/N ratio and ANOVA. Furthermore, the results show that 

significant influence of machining parameters on AISI 304 austenitic stainless steel was feed rate of 82.29 %, then spindle speed 

of 3.75 % and depth of cut 0.63 %. Besides, for AISI 420 martensitic stainless steel, the feed rate remains important in machining 

parameters of 72.93 %, then depth of cut 14.98% and spindle speed of 8.09 %. Thus, the result of this research endows more 

insights to know the machineability characteristics of AISI 304 austenitic and AISI 420 martensitic stainless steel. 

Keywords: Machining Parameter, CNC Milling, Austenitic Stainless Steel, Martensitic Stainless Steel 

 

1. Introduction 

Due to several characteristics of typical corrosion 

resistance, low-heat conduction coefficient, and robust 

mechanical properties, stainless steel (SS) is one of various 

materials which widely used in various industrial functions 

such as the automotive, health, food, chemical, marine, 

defense, and power plant [1]. Stainless steels, specifically 

AISI 304 and 420 series, have categorized as austenitic and 

martensitic stainless steel, which maintain excellent 

corrosion resistance (up to temperatures above 650 °C), and 

its mechanical properties can be easily improved by heat 

treatment process [2, 3]. These stainless steels also have 

better resistance to pitting corrosion in a seawater 

environment around 20%. However, few studies to 

investigate the machinability of stainless steel, especially the 

SS 304 and SS 420 series are still very limited [4, 5]. 

One of the most industrial processes for stainless steels is 

the machining process. The machining process is a general 

term that to define series of processes on an object (raw 
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material) through cutting, removing, and modifying the 

surface of the materials using various machining methods 

until becomes good quality and high value products. The 

machining process generally involves machine tools such as 

lathe and milling which nowadays have more advanced using 

Computer Numerical Control (CNC) machine. CNC milling 

is the process of cutting a workpiece using a rotating cutting 

tool. Several parameters have influence on the machining 

process such as cutting speed which is related to motor 

rotation and cutting tool diameter, feed rate is related to feed 

speed and depth of cut [6]. These cutting parameters are the 

most important parameters in CNC milling process. CNC 

milling machine is the process of cutting workpiece using a 

rotating cutting tool. Several parameters have influence on 

the machining process such as cutting speed which is related 

to motor rotation and cutting tool diameter, feed rate is 

related to feed speed and depth of cut [7]. These cutting 

parameters are the most important parameters in CNC 

milling process. 

The selection of precise cutting parameters in the 

machining process plays an important role to achieve good 

quality product along with low-cost and high productivity 

process [8]. To study the appropriate cutting parameters 

optimization, in this research, cutting process was carried out 

with 3 different levels (cutting speed, dept of cut, feed rate) 

on CNC milling machining process of austenitic and 

martensitic stainless steels. From the cutting process results, 

the surface roughness value of the workpiece (AISI 304 and 

420 SS) will then be measured. Furthermore, this research 

will be able to exhibit precise cutting parameter optimization 

which effects on the surface roughness of SS 304 and SS 420. 

2. Methods  

2.1. Material Selection 

Commercial stainless steels of austenitic AISI 304 and 

martensitic 420 were used as samples in the research. The 

dimension of samples was 150x100x10 millimeters. 

2.2. Machining Parameters 

The observation of machining parameters was undergo by 

involving cutting speed, feed rate along with depth of cut. 

Each parameter utilizes three levels of variable value which 

are shown in Table 1. 

Table 1. Machining parameters and levels 

Parameter Level 1 Level 2 Level 3 

Spindle Speed (rpm) 1990 2389 2787 

Feed Rate (mm/minute) 79.6 159.2 318.4 

Depth of Cut (mm) 0.3 0.4 0.5 

 

The data were processed by utilizing MiniTab 19 software to 

achieve the design of orthogonal array of this research as 

depicted in Table 2. 

 

 Table 2. Orthogonal Array 

Trial 

Number 

Cutting Speed  

(rpm) 

Feed Rate 

(mm/min) 

Depth of Cut 

(mm) 

1 1990 79.6 0.3 

2 1990 159.2 0.4 

3 1990 318.4 0.5 

4 2389 79.6 0.4 

5 2389 159.2 0.5 

6 2389 318.4 0.3 

7 2787 79.6 0.5 

8 2787 159.2 0.3 

9 2787 318.4 0.4 

 

Afterwards, the trial simulation was carried out by using 

MasterCAM application to ensure appropriate cutting process 

same with the designation as portrayed in Figure 1.   

 

 Figure 1. Cutting Simulation 

 

2.3. CNC Milling Process 

CNC Milling Process was inducted by using the wet method 

in Mori Seiki NMV5000 DCG CNC machine (Figure 2) along 

with coolant type Ascella. The power capacity of CNC 

machine was 11 kW and the voltage of 15 kVa. 

Figure 2. CNC Milling Machine Mori Seiki NMV5000 DCG 

https://doi.org/10.53893/ijmeas.v2i2.244


44 Mulyana et al.: Optimization of Machining Parameters CNC Milling Process of Austenitic and Martensitic Stainless Steels  

on Surface Roughness 

 

The commercial cutter Tungsten Endmill Carbide 

Z1MPCR with 10 mm diameter was inserted into the machine 

during milling process.  

Figure 3. End Mill Carbide Cutter 

2.4. Surface Roughness Evaluation 

Surface roughness evaluation was tested to measure surface 

roughness level of AISI 304 and 420 stainless steels which 

resulted from CNC milling process. The test was conducted by 

using Mitutoyo Surface Roughness Tester SJ-31 as depicted in  

Figure 4. 

 Figure 4. Surface Roughness Tester 

2.5. Data Analysis 

Analysis of machining parameter effect was executed by 

using Taguchi method along with ANOVA based on 

mathematical process of MiniTab software to assess surface 

roughness. 

3. Result and Discussions 

3.1. Machining of AISI 304 and 420 SS 

The machining results of CNC milling process AISI 304 and 

420 stainless steels are shown in Figure 5. It could be seen that 

the AISI 304 and 420 stainless steels were conducted 9 times 

machining process during CNC milling. 

 Figure 5. Machining of SS 304 and 420 

3.2. Analysis of Surface Roughness 

Taguchi method has been utilized to determine the variation 

of each variable machining parameter which anticipated to 

suitable orthogonal array selection [9]. The orthogonal array 

selection must not be less from the total variability of 

machining parameter [10]. Table 3 and Table 4 shown surface 

roughness value of AISI 304 and 420 stainless steels.    

 Table 3. Surface roughness of AISI 304 SS 

Variable Surface Roughness (µm) Ra average 

(µm) Ra 1 Ra 2 Ra 3 

1 0.278 0.296 0.272 0.282 

2 0.519 0.479 0.479 0.492 

3 0.784 0.809 0.779 0.791 

4 0.329 0.334 0.328 0.330 

5 0.477 0.469 0.469 0.472 

6 0.563 0.566 0.583 0.571 

7 0.299 0.301 0.298 0.299 

8 0.586 0.613 0.736 0.645 

9 0.667 0.629 0.640 0.645 

Table 4. Surface roughness of AISI 420 SS 

Variable Surface Roughness (µm) Ra average 

(µm) Ra 1 Ra 2 Ra 3 

1 0.311 0.314 0.321 0.315 

2 0.516 0.525 0.525 0.522 

3 0.166 1.171 1.183 0.840 

4 0.392 0.388 0.394 0.391 

5 0.516 0.523 0.524 0.521 

6 0.702 0.705 0.709 0.705 

7 0.644 0.615 0.658 0.639 

8 0.540 0.508 0.499 0.516 

9 0.775 0.786 0.800 0.787 

 

3.3. Machining Parameter Optimum 

To figure out the optimum machining parameters, data 

envelopment was determined to select the biggest influence 

for better surface roughness by using (Signal to Noise) S/N 

ratio calculation [11]. S/N ratio has main term of smaller 

amount is the better one [12]. The results of data S/N ratio 

calculation are portrayed in Table 5. 

S/N ratio data were distributed to A1, A2, A3, B1, B2, B3, 

C1, C2, and C3 prior to average process from the value of 

every factor and level. The A1 data shown that Ra results 

involved spindle speed level 1 of 1990 rpm; B1 data shown Ra 

results involved feed rate level 1 of 79.6 mm/min; C1 shown 

Ra results involved depth of cut level 1 of 0.3 mm. The 

calculation of data and average value of the machining 

parameters were displayed below. 

Data analysis of AISI 304 austenitic stainless steel: 

   Average value of S/N for A1 (Spindle Speed level 1) on 

AISI 304 stainless steel 

 (10.9950 + 6.1607 + 2.0365) / 3 = 6.3974 

 Average value of S/N for A2 (Spindle Speed level 2) on 
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AISI 304 stainless steel 

 (9.6297 + 6.5212 + 4.8637) / 3 = 7.0060 

 Average value of S/N for A3 (Spindle Speed level 3) on 

AISI 304 stainless steel 

 (3.8900 + 5.7470 + 2.0805) / 3 = 6.0347 

 Average value S/N for B1 (Feed Rate level 1) on AISI 

304 stainless steel 

 (10.9950+ 9.6297+ 10.4866) / 3 = 10.3704 

 Average value S/N for B2 (Feed Rate level 2) on AISI 

304 stainless steel 

 (6.1607+ 6.5212+ 3.8088) / 3 = 5.4969 

 Average value S/N for B3 (Feed Rate level 3) on AISI 

304 stainless steel 

 (2.0365+ 4.8673+ 3.8088) / 3 = 3.5708 

 Average value S/N for C1 (Depth of Cut level 1) on AISI 

304 stainless steel 

 (10.9950+ 4.8673+ 3.8088) / 3 = 6.5570 

 Average value S/N for C2 (Depth of Cut level 2) on AISI 

304 stainless steel 

 (6.1607+ 9.6297+ 3.8088) / 3 = 6.5330 

 Average value S/N for C3 (Depth of Cut level 3) on AISI 

304 stainless steel 

 (2.0365+ 6.5212+ 10.4866) / 3 = 6.3481 

 Table 5. Signal to Noise Ratio Data 

No 

Spindle 

Speed 

(rpm) 

Feed rate 

(mm/min) 

Depth 

of Cut 

(mm) 

Ra S/N Ratio 

SS 

304 

SS  

420 

SS 

304 

SS  

420 

1 1990 79.6 0.3 0.282 10.9950 0.315 10.0338 

2 1990 159.2 0.4 0.492 6.1607 0.522 5.6466 

3 1990 318.4 0.5 0.791 2.0365 0.840 1.5144 

4 2389 79.6 0.4 0.330 9.6297 0.391 8.1565 

5 2389 159.2 0.5 0.472 6.5212 0.521 5.6632 

6 2389 318.4 0.3 0.571 4.8673 0.705 3.0362 

7 2787 79.6 0.5 0.299 10.4866 0.639 3.8900 

8 2787 159.2 0.3 0.645 3.8088 0.516 5.7470 

9 2787 318,4 0,4 0,645 3,8088 0,787 2,0805 

Average 0,503 0,582  

 

Data analysis of AISI 420 martensitic stainless steel: 

 Average value S/N for A1 (Spindle Speed level 1) on 

AISI 420 stainless steel  

(10.0338 + 5.6466 + 1.5144) / 3 = 5.7316 

 Average value S/N for A2 (Spindle Speed level 2) on 

AISI 420 stainless steel 

(8.1565 + 5.6632 + 3.0362) / 3 = 5.6186 

 Average value S/N for A3 (Spindle Speed level 3) on 

AISI 420 stainless steel 

(3.8900 + 5.7470 + 2.0805) / 3 = 3.9058 

 Average value S/N for B1 (Feed Rate level 1) on AISI 

420 stainless steel 

(10.0338 + 8.1565 + 3.8900) / 3 = 7.3601 

 Average value S/N for B2 (Feed Rate level 2) on AISI 

420 stainless steel 

(5.6466 + 5.6632 + 5.7470) / 3 = 5.6865 

 Average value S/N for B3 (Feed Rate level 3) on AISI 

420 stainless steel 

(1.5144 + 3.0362 + 2.0805) / 3 = 2.2104 

 Average value S/N for C1 (Depth of Cut level 1) on AISI 

420 stainless steel 

(10.0338 + 3.0362 + 5.7470) / 3 = 6.2723 

 Average value S/N for C2 (Depth of Cut level 2) on AISI 

420 stainless steel 

(5.6466 + 8.1565 + 2.0805) / 3 = 5.2945 

 Average value S/N for C3 (Depth of Cut level 3) on AISI 

420 stainless steel 

(1.5144 + 5.6632 + 3.8900) / 3 = 3.6892 

 

The calculation results of S/N ratio response of AISI 304 

and 420 stainless steels displayed in Table 6. 

 Table 6. S/N ratio response 

Parameter 
S/N Ratio 

SS 304 

S/N Ratio 

SS 420 

A1 6.3974 5.7316 

A2 7.0060 5.6186 

A3 6.0347 3.9058 

B1 10.3704 7.3601 

B2 5.4969 5.6856 

B3 3.5708 2.2104 

C1 6.5570 6.2723 

C2 6.5330 5.2945 

C3 6.3481 3.6892 

 

The combination of A2 involved spindle speed of 2389 

rpm, B1 involved feed rate of 79.6 mm/min and C1 involved 

depth of cut of 0.3 mm were the excellent machining 

parameters of AISI 304 austenitic stainless steel. Furthermore, 

the combination of A1 involved spindle speed of 1990 rpm, 

B1 involved feed rate of 79.6 mm/min and C1 involved depth 

of cut of 0.3 mm were the outstanding machining parameters 

of AISI 420 martensitic stainless steel. 

3.4. ANOVA and Contribution Percentage 

ANOVA is considered as one of statistical analysis methods 

which divides the full variability constructed within the data 

into dual parts[13]. ANOVA is a combination of statistical 

technique and its attributed estimation steps utilized to 

determine the disparity among groups in a specific sample[14]. 

Table 7 and table 8 display the ANOVA and contribution 

percentage of machining parameters during CNC milling 

process on AISI 304 austenitic stainless steel along with its 

S/N ratio analysis. 

Table 7. ANOVA and contribution percentage of AISI 304 SS 

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

Spindle 
Speed 

2 0.00934 3.75% 0.00934 0.00467 0.28 0.781 

Feed Rate 2 0.20520 82.29% 0.20520 0.10260 6.17 0.139 

Depth of Cut 2 0,00156 0,63% 0,00156 0,00078 0,05 0,955 

Error 2 0,03325 13,33% 0,03325 0,01662 
  

Total 8 0,24936 100,00% 
    

Table 8. ANOVA S/N ratio and contribution percentage of AISI 304 SS  

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

Spindle Speed 2 1.4455 1.74% 1.4455 0.7227 0.18 0.845 

Feed Rate 2 73.6955 88.71% 73.6955 36.8477 9.38 0.096 
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Depth of Cut 2 0.0785 0.09% 0.0785 0,0392 0.01 0.990 

Error 2 7.8594 9.46% 7.8594 3.9297 
  

Total 8 83.0788 100% 
    

 

In Table 7, it has been obtained that the most contributed 

machining parameter on surface roughness of AISI 304 

austenitic stainless-steel sample was feed rate by the 

percentage of 82.29 % and error of 13.33 %. Likewise, Table 

8 displays that the machining parameters which has significant 

contribution S/N ratio on AISI 304 austenitic stainless was 

feed rate of 82.29 % followed by slight error of 9.46 %. 

Meanwhile, Table 9 and Table 10 depict the ANOVA and 

contribution percentage of machining parameters amidst CNC 

milling process on AISI 420 martensitic stainless steel and its 

S/N ratio analysis [15]. 

Table 9. ANOVA and contribution percentage of AISI 420 SS 

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

Spindle Speed 2 0.01993
9 

8.09% 0.01993
9 

0.00996
9 

2.03 0.331 

Feed Rate 2 0.17972
2 

72.93% 0.17972
2 

0.08986
1 

18.26 0.052 

Depth of Cut 2 0.03691
0 

14.98% 0.03691
0 

0.01845
5 

3.75 0211 

Error 2 0.00984
3 

3.99% 0.00984
3 

0.00492
1   

Total 8 0.24641
4 

100.00% 
    

Table 10. ANOVA S/N ratio and contribution percentage of AISI 420 SS 

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

Spindle Speed 2 6.280 10.06% 6.280 3.140 1.39 0.419 

Feed Rate 2 41.400 66.33% 41.400 20.700 9.14 0.099 

Depth of Cut 2 10.206 16.35% 10.206 5.103 2.25 0.307 

Error 2 4.528 7.25% 4.528 2.264 
  

Total 8 62.414 100.00% 
    

 

Table 9 shows the pivotal contribution on machining 

parameters of CNC milling AISI 420 martensitic stainless 

steel was feed rate of 72.93 % accompanied by minor error of 

3.93 %. In addition, from Table 10, it can be inferred that 

significant S/N ratio contribution on machining parameters 

AISI 420 martensitic stainless steel was feed rate of 66.33 % 

and error of 7.25 %. 

3.5. Prediction of optimum surface roughness 

The calculation of optimum surface roughness value of 

AISI 304 and 420 stainless steels was performed by using 

numerical method aided MiniTab software. The prediction and 

interval of resulted analysis were mentioned below. 

AISI 304 austenitic stainless steel 

 Table 11. Optimum parameter setting of AISI 304 SS 

Variable Setting 

Spindle Speed 2389 

Feed Rate 79.6 

Depth of Cut 0.3 

 Table 12. Surface roughness prediction of AISI 304 SS 

Fit SE Fit 95% CI 95% PI 

0.254667 0.113717 (-0.234619; 

0.743952) 

(-0.485063; 

0.994397) 

 

In distinction to Table 11 and Table 12, it can be 

concluded that optimum surface roughness of AISI 304 

austenitic stainless steel was 0.25 µm within minimum interval 

-0.23 µm and maximum 0,74 µm along by machining 

parameter spindle speed of 2389 rpm, feed rate of 79.6 

mm/min and depth of cut of 0.3 mm. 

 

 AISI 420 martensitic stainless steel 

 Table 13. Optimum parameter setting of AISI 420 SS 

Variable Setting 

Spindle Speed 1990 

Feed Rate 79.6 

Depth of Cut 0.3 

 Table 14. Surface roughness prediction of AISI 420 SS 

Fit SE Fit 95% CI 95% PI 

0.355778 0.0618691 (0.0895764; 

0.621979) 

(-0.0466809; 

0.758236) 

 

Moreover, from Table 13 and Table 14 the optimum 

surface roughness of AISI 420 martensitic stainless steel was 

0.62 µm within minimum interval 0.09 µm and maximum 0.62 

µm along by machining parameter spindle speed of 1990 rpm, 

feed rate of 79.6 mm/min and depth of cut of 0.3 mm. 

 

 

4. Conclusion 
 

CNC milling process has been performed to optimize the 

machining parameters for austenitic and martensitic stainless 

steels (AISI 304 and 420). Taguchi method was devoted to 

estimate the optimum of machining parameters towards 

surface roughness. The surface roughness of AISI 304 and 420 

stainless steels has significantly influenced by machining 

criterion of feed rate compared to depth of cut and spindle 

speed during CNC milling process. Therefore, this research 

gives more knowledge of the machinability properties both 

stainless steels AISI 304 and 420 stainless steels.  
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