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Abstract 
 

Machine tools are widely used in mechanical manufacturing corporations, as well as in engineering courses at 

universities in Vietnam. The PINACHO S-90/200 lathe is particularly popular. This paper aims to research and 

select an optimal cutting depth to minimize power costs and ensure surface roughness quality when machining 

upper plain cylindrical turning products with the PINACHO S-90/200 lathe on C45 steel material. 
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1. Introduction        

The equipment, object and scope of the research is PINACHO S - 90/200 lathe, the turning tool used for 

machining is the external turning tool, the processing material is C45 steel, the turning technology is the outer 

cylinder turning, the parameters The effect selected for study is the depth of cut (t) on the surface roughness 

quality and power consumption. Using the method of studying the theory of machining and cutting on lathes. 

Determine experimental research in machine building to produce the objective function, thereby establishing 

the correlation between the influence parameter and the objective function. Performing optimization problems 

to find the reasonable cutting mode of PINACHO S - 90/200 lathe.[1],[2],[3] 

The Pinacho S-90/200 lathe is a high performance precision machine tool designed and manufactured by 

Pinacho, a Spanish company based in Burgos, Spain. The lathe is suitable for a wide range of applications 

including turning, facing, grooving, threading, and drilling. It is designed with a sturdy construction and 

equipped with a powerful motor, a precision spindle, and a variety of accessories [4], [5]. 

The cut depth affects the rough quality and energy consumption when turning cylindrical with the Pinacho 

S-90/200 lathe in a variety of ways. The deeper the cut depth, the more material that needs to be removed, 

resulting in more energy being consumed. Additionally, the deeper the cut depth, the more difficult it is to 

achieve a smooth finish. As a result, the deeper the cut depth, the higher the risk of producing a rough surface 

finish. Furthermore, the deeper the cut depth, the longer the cutting process will take, resulting in higher energy 
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consumption [6], [7],[8]. 

 

Figure 1. Pinacho S-90/200 lathe 

Parameters: Motor: 3.7 kW motor; Spindle: 30-2500 RPM; Bed: cast iron; Controls: digital display and control 

panel; Accessories: a variety of accessories including a 3-jaw chuck, 5-jaw chuck, collet chuck, and a variety of tool 

holders; Weight: 1,300 kg 

  

Figure 2. Utilized blades and workpieces 

The objectives of the research are to analyze the effects of the depth of cut (t) on the surface roughness 

quality and power consumption of C45 steel machined with external turning tool on the PINACHO S - 90/200 

lathe. The research method includes studying the theory of machining and cutting on lathes and determining 

the experimental research in machine building. The research will also cover optimization problems to find the 

optimal cutting mode of the lathe. The results of the research will provide insights into the optimal cutting 

modes and parameters for machining C45 steel with external turning tools on the PINACHO S - 90/200 lathe 

[9], [10], [11]. 

2. Research parameters      

2.1. Factors affecting the objective function 

- Group of elements belonging to ingot: The billet used for testing is C45 steel. 

- Group of elements belonging to the processing mode:. Is the depth of cut (t)  

- Group of elements belonging to the cutting parameters: The cutting speed (Vc)  

2.2. Constraints 

- The maximum cutting speed (Vc) must not exceed a certain value. 

- The depth of cut (t) must not exceed a certain value. 
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- The feed rate (f) must not exceed a certain value. 

- The cutting forces must not exceed a certain value. 

- The temperature of the cutting tool must not exceed a certain value 

2.3. Calculate and determine the cost of electricity 

The process of testing and conducting to determine the specific power consumption level through the 

power change of the cutting process. That is measuring the amperage. To perform the above measurement is 

as a result of the change of power before and during the cutting process of the blade, from which the power 

difference is known to convert into non-electrical quantities. [12], [13]. 

• Before cutting we use capacity 

      N0= .I0.U0.Cos                                                         (1)                                                                                                                                                          

       N0: No-load capacity (W). 

       I0:  No-load current (A). 

       U0:  Low voltage network voltage (V). 

       Cos : No-load power factor. 

• Power used for cutting process. 

       N1 = .I1.U1. Cos                                                       (2)                                                                                                                                                                        

       N1:  Power Consumption 

       I1:   The current has the maximum value when cutting. 

      U1:  Low voltage signal (V). 

      Cos : Power factor under load. 

During the experiment, I only conduct the experiment when the voltage is stable. From (1), (2) see. 

During the cutting process, the power consumption: 

        N = N1 - N0 = U. .(I1 - I0).Cos
                                           

(3)                           
                                                                                        

 

The cutting area F is determined with a caliper and micrometer. 

Measuring the surface roughness of the product after turning with a MARSURF PS10 roughness meter 

with computer connection, after machining I use a MARSURF PS10 meter to measure the product surface 

roughness directly, the roughness value is read on but the LCD screen of the Fluke measuring device, from 

which we determine the roughness of the product after machining. [14], [15].  

3. Experiments and results 

The MARSURF PS10 is a user-friendly, portable, computer-connected roughness measuring device that 

is suitable for measuring the surface roughness of products after machining. It is capable of measuring Ra, Rz, 

Rq and Rsk values, which are all essential in determining the quality of the finished product. The device 

features a USB connection for easy data transfer and a large LCD display for easy readings. It also comes with 

a range of accessories, including a stand and probes 
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Figure 3. Fluke meter with PC connection Figure 4. Roughness meter MARSURF PS 

3.2. Measurement results 

Table 1. Effect of parameters on cutting depth on power cost and roughness; Spindle speed n = 1050 

Rounds/min,   = 750, S = 0.3mm/ Rounds 

Ordinal 

number 

Depth 

of cut 

(t) 

Number 

of times 

performd 

Ut I0 I1 cosφt Nt T (s) 
F 

(m2) 

Nr 

(Wh/m2) 
Ra 

 

 

1 

0,1 

1 227.04 5.71 7.52 0.44 313.18 15 0.002301 567.11 2.96 

2 225.27 5.71 7.53 0.41 291.15 15 0.002301 527.22 2.97 

3 227.29 5.71 7.57 0.41 300.22 15 0.002301 543.64 2.98 

2 0,2 

1 226.44 5.71 7.47 0.42 289.92 15 0.00234 516.24 1.91 

2 224.49 5.71 7.42 0.43 285.91 15 0.00234 509.09 1.92 

3 226.60 5.71 7.41 0.46 306.92 15 0.00234 542.57 1.88 

3 0.3 

1 227.71 5.71 7.35 0.44 284.28 15 0.002357 502.54 1.99 

2 226.26 5.71 7.31 0.42 262.66 15 0.002357 464.33 1.98 

3 227.66 5.71 7.32 0.44 277.59 15 0.002357 490.72 2.01 

4 0.4 

1 224.74 5.71 7.56 0.44 316.86 15 0.002192 602.30 2.15 

2 224.15 5.71 7.62 0.42 311.45 15 0.002192 592.01 2.15 

3 226.02 5.71 7.67 0.46 352.96 15 0.002192 670.92 2.18 

5 0.5 

1 225.50 5.71 7.74 0.45 356.79 15 0.002192 678.21 2.27 

2 228.92 5.71 7.79 0.44 362.88 15 0.002192 689.78 2.28 

3 227.83 5.71 7.75 0.46 370.30 15 0.002192 703.89 2.29 
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3.4. Experiment results 

After the preparation was completed, we carried out exploratory experiments and replaced the number in 

formula determined that the Person criterion 2
tt  = 5,34 was smaller than criterion (2

b = 9,49), the data of the 

experiment obey the normal distribution, replace the number in formula and determine the repeat times for 

each experiment m = 2.54 taking m = 3. 

3.4.1. Evaluation of the power charge due to the influence of the depth of cut parameter (t) 

The experiment was carried out as follows: Change the t values: t1= 0.5mm; t2=1mm; t3= 1.5mm; t4= 2mm; 

t5= 2.5mm, cutting speed corresponding to the value n = 1050 Rounds/min, cutting angle fixed    = 750, 

feed rate fixed S = 0.3 mm/round. Experimental results and data processing are recorded in Table 1, using 

software and data processing program for experimental planning, the following results are obtained: 

- Regressive mathematical model of electricity: 

Nr = 548 - 123,12t + 72,951t2  (4) 

The Kokhren standard calculated value is Gtt = 0.283 

The calculated value of Fisher's criterion is Ftt = 3.17 

We check the uniformity of the variance Gtt = 0.283 < Gb = 0.615. with the experimental variance is 

considered to be the same. Check the compatibility of the model Ftt < Fb, the model (4) is considered compatible. 

[4]. According to the results, we draw the correlation graph of the specific power cost and the cutting depth of 

the figure 5. 

 

Figure 5. Correlation graph of cutting depth and power cost 

3.4.2. Effect on surface roughness due to depth of cut (t) 

The experiment was conducted as described above, and the experimental results and data processing using 

software, data processing program yielded the following results: 

- Regression mathematical model of roughness: 

Ra = 2,933 - 1,328t + 0,439t2  (5) 

The Kokhren standard calculated value is Gtt = 0,523 

The calculated value of Fisher's criterion is Ftt = 4,69 

We check the uniformity of the variance Gtt = 0.523 < Gb = 0.615. with the experimental variance is 
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considered to be the same. Check the compatibility of the model Ftt < Fb, the model (4) is considered compatible. 

[4]. According to the results, we plot the correlation graph of cutting depth and surface roughness as shown in 

Figure 6. For cutting depth (t): from regression equations (4), (5) and graphs of Figures 5 and 6, it is found that 

cutting depth t = 1.3 mm, the specific power costs and roughness are the smallest. 

 

Figure 6. Correlation graph of roughness quality with depth of cut 

3.4.3. Experimental convenience according to the optimal mode 

After determining the optimal usage mode of the lathe, I re-tested the optimal lathe mode calculated in 

the previous section. The post-processing test results are recorded in the table below. Comparing the error 

between the experimental value of the power cost of the lathe in the optimal mode with the theoretically 

calculated value of 4.832%, it can be concluded that the optimal value found is reliable. Comparing the error 

of experimental value with theoretical calculation of machined surface roughness is 6 

Table 2 Test results of shaft turning according to the optimal mode of cutting depth 

4. Conclusion     

Through the analysis and findings of the article, I have drawn some conclusions. Firstly, the focus of this 

research is on the power cost and surface roughness of the workpiece, and the selection of the cutting depth 

parameter that affects these objectives. A method has been developed to determine the target functions. 

Secondly, by utilizing a multi-objective approach to solve the optimization problem, this study has determined 

the optimal parameters for the Pinacho S-90/200 lathe when turning a smooth shaft with a C45 billet, with a 

cutting depth of t = 1.3 mm. With the specified turning modes, the processing power cost is as low as Nrmin= 

172,094 Wh/m2. Finally, by utilizing a multi-objective approach to solve the optimization problem, this study 

has determined the optimal parameters for the Pinacho S-90/200 lathe when turning a smooth shaft with a C45 

billet, with a cutting depth of t = 1.3 mm. With the specified turning modes, it is possible to confirm that the 

Numerical 

order 
The goal function 

The optimal value is 

calculated according to the 

theory 

Experimental value 

according to the optimal 

mode 

Error 

1  Nrmin (Wh/m2) 172,094 180,41 4,832% 

2  Ramin (m) 0,816 0,871 6,74% 
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machined surface roughness is at least Ramin = 0,816 m. 

References       

 

[1] Boley, Bruno A. "The determination of temperature, stresses, and deflections in two-dimensional thermoelastic 

problems." Journal of the Aeronautical Sciences 23, no. 1 (1956): 67-75. https://doi.org/10.2514/8.3503  

[2] Boley, Bruno A., and Jerome H. Weiner. Theory of thermal stresses. Courier Corporation, 2012.  

[3] 0Jahanshahi, A. "Quasi-static stresses due to moving temperature discontinuity on a plane boundary." (1966): 814-

816. https://doi.org/10.1115/1.3625187  

[4] Landau, H. G., J. H. Weiner, and E. E. Zwicky Jr. "Thermal stress in a viscoelastic-plastic plate with temperature-

dependent yield stress." (1960): 297-302. https://doi.org/10.1115/1.3643955  

[5] McKee, R. E., R. S. Moore, and O. W. Boston. "A study of heat developed in cylindrical grinding." Transactions of 

the American Society of Mechanical Engineers 73, no. 1 (1951): 21-33. https://doi.org/10.1115/1.4016127 

[6] Kumar, Raman, Paramjit Singh Bilga, and Sehijpal Singh. "Multi objective optimization using different methods of 

assigning weights to energy consumption responses, surface roughness and material removal rate during rough turning 

operation." Journal of cleaner production 164 (2017): 45-57. https://doi.org/10.1016/j.jclepro.2017.06.077  

[7] Şahinoğlu, Abidin, Mohammad Rafighi, and Ramanuj Kumar. "An investigation on cutting sound effect on power 

consumption and surface roughness in CBN tool-assisted hard turning." Proceedings of the Institution of Mechanical 

Engineers, Part E: Journal of Process Mechanical Engineering 236, no. 3 (2022): 1096-1108. 

https://doi.org/10.1177/09544089211058021  

[8] Karaaslan, Faruk, and Abidin Şahinoğlu. "Determination of ideal cutting conditions for maximum surface quality and 

minimum power consumption during hard turning of AISI 4140 steel using TOPSIS method based on fuzzy distance." 

Arabian Journal for Science and Engineering 45 (2020): 9145-9157. https://doi.org/10.1007/s13369-020-04635-y  

[9] Şahinoğlu, Abidin, and Mohammad Rafighi. "Optimization of cutting parameters with respect to roughness for 

machining of hardened AISI 1040 steel." Materials Testing 62, no. 1 (2020): 85-95. https://doi.org/10.3139/120.111458  

[10] Bilga, Paramjit Singh, Sehijpal Singh, and Raman Kumar. "Optimization of energy consumption response parameters 

for turning operation using Taguchi method." Journal of cleaner production 137 (2016): 1406-1417. 

https://doi.org/10.1016/j.jclepro.2016.07.220  

[11] Wang, Qiulian, Fei Liu, and Xianglian Wang. "Multi-objective optimization of machining parameters considering 

energy consumption." The International Journal of Advanced Manufacturing Technology 71 (2014): 1133-1142. 

https://doi.org/10.1007/s00170-013-5547-z  

[12] Olatunde, Gbenga A., Griffiths G. Atungulu, and Deandrae L. Smith. "One-pass drying of rough rice with an 

industrial 915 MHz microwave dryer: Quality and energy use consideration." Biosystems engineering 155 (2017): 33-43. 

https://doi.org/10.1016/j.biosystemseng.2016.12.001  

[13] Vu, Ngoc-Chien, Xuan-Phuong Dang, and Shyh-Chour Huang. "Multi-objective optimization of hard milling process 

of AISI H13 in terms of productivity, quality, and cutting energy under nanofluid minimum quantity lubrication 

condition." Measurement and Control 54, no. 5-6 (2021): 820-834. https://doi.org/10.1177/0020294020919  

[14] Şahinoğlu, Abidin, and Efehan Ulas. "An investigation of cutting parameters effect on sound level, surface roughness, 

and power consumption during machining of hardened AISI 4140." Mechanics & Industry 21, no. 5 (2020): 523. 

https://doi.org/10.1051/meca/2020068  

[15] Li, Rongrong, Chujun He, Wei Xu, and Xiaodong Wang. "Modeling and optimizing the specific cutting energy of 

medium density fiberboard during the helical up-milling process." Wood Material Science & Engineering (2022): 1-8. 

https://doi.org/10.1080/17480272.2022.2049867  

https://doi.org/10.2514/8.3503
https://doi.org/10.1115/1.3625187
https://doi.org/10.1115/1.3643955
https://doi.org/10.1115/1.4016127
https://doi.org/10.1016/j.jclepro.2017.06.077
https://doi.org/10.1177/09544089211058021
https://doi.org/10.1007/s13369-020-04635-y
https://doi.org/10.3139/120.111458
https://doi.org/10.1016/j.jclepro.2016.07.220
https://doi.org/10.1007/s00170-013-5547-z
https://doi.org/10.1016/j.biosystemseng.2016.12.001
https://doi.org/10.1177/0020294020919
https://doi.org/10.1051/meca/2020068
https://doi.org/10.1080/17480272.2022.2049867

