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Abstract
The purpose of this research is to evaluate the surface roughness (SR) 

received under dry, flood, and the novel cryogenic methods in machining of the 
magnesium (Mg) alloy. Two groups, the experimental group (cryogenic) and the 
control group (dry) were picked for the study. The quantity of samples is calculated 
using the sample calculator. There were 9 samples taken for each group. The Mg 
alloy is cut in the control group without any lubricant. In the experimental group, 
the cryogenic technique is applied to the machining which is contrasted against 
the dry and flood method. Each group’s SR is measured using a SR tester. We 
examine the impact of the distinctive dry, flood, and cryogenic methods on SR. In 
comparison to samples acquired from machining, T-independent tests were done 
using the SPSS statistical tool. According to the experimental data, cryogenic 
technique has lower SR, with an average of (p < 0.05). Surface finish significantly 
increases whenever the cryogenic method is used as compared to dry and flood 
methods, which paves the way for sustainable manufacturing.
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Introduction
The industry’s lightest structural metal is Mg alloy. It has several interesting 

features [1]. It’s as hard as metal while being as lightweight as plastic [2]. Its 
alloy is generally recyclable and has a low density, a high specific strength, and 
a high specific elasticity. Alloys of Mg in the automobile sector were extensively 
used. The automotive and aerospace sectors have recently tended to favor vehicle 
weight reduction to increase fuel economy [3]. The potential to make a vehicle 
lighter by using lightweight materials for its structural components has prompted 
researchers to investigate elements that are lighter than aluminum (Al). In this 
regard, because of its excellent characteristics, for example, strong toughness, high 
stiffness and low density, researchers have been investigating the potential of Mg 
alloys [4].

Mg is regarded as the metal that requires the least amount of power for the 
machine [5]. Despite possessing good qualities, there are a few problems that 
must be resolved before Mg and its alloys may be used to their full potential 
[6]. In recent decades, their use in the aviation sector has drastically diminished. 
Although they meet the aviation industry’s standards, there is still concern 
regarding their flammability [7].The use of water-based coolants might be harmful 
for the same reasons. Moreover, utilizing lubricants and coolants during the 
cutting process can have a negative impact on the economy and the environment 
[8]. As a result, dry conditions are preferred for the economic, environmental, and 
security advantages of milling Mg [9]. Turning typically produces a rough surface 
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The chemical makeup (in weight percent) was as follows: 
4.5 - 5.3 Al, 0.0000 - 0.20 zinc, 0.2 - 0.5 manganese, 0.005 - 
0.05 silicon, 0.008 - 0.01 copper, 0.001 - 0.01 Ni, and 0.001 
- 0.01 iron, with the remaining Mg. This optical microscope is 
also used to describe the AZ91D Mg alloy’s surface structure. 

Cutting speed, feed rate, flank wear, temperature, and 
depth of cut, are independent variables, but SR is a dependent 
variable. The SPSS software is used to calculate the significance 
of each of the 27 samples from the experimental group and 
control group. SR versus trial number graphs and overall SR 
were used in the analysis for two groups of work items.

Statistical analysis

The SPSS software V.26 is used to determine the significant 
value for both the experimental group and the control group. 
For each of the 27 Mg alloy SR samples that were created 
using the method and the 27 samples of a cryogenic, flood, 
and dry SR. Using SPSS software the significant value, mean, 
and standard deviation for dry machining and cryogenic 
machining processes were examined with a 95% standard 
error. Simple dry machining versus cryogenic machining on 
the X-axis roughness of a surface is shown on the Y-axis. The 
independent variables are depth of cut, temperature, flood, 
cutting speed, feed rate, nanoparticles, and castor oil. The 
investigation was carried out using graphs comparing SR vs 
trail number for two groups of workpieces. The dependent 
variable is SR [21].

Results and Discussion
The SR of samples from the control group and 

experimental group was measured using a SR measurement 
device. Compared to the two groups in table 1, SR has an N 
value of 9, based on feed rate and SR. SR is 1.57333 um on 
average, and the feed rate is 1.0000 um. The results show that 
cryogenic machining produces surfaces with a better finish 
than dry machining. Cryogenic machining has a significantly 
improved SR, as shown by figure 2. A review table 2 showing 
both mean and standard deviation of SR for dry machining, 
flood, and cryogenic machining. They calculated the SR 
shown in table 2. Figure 3 presented the cryogenic, flood, 

and removes stock from the material. As a result, SR is another 
important metric for assessing cutting performance. This study 
took into account the average SR, which is commonly used 
in industries [10]. When materials are machined, what kinds 
of cutting tools are used both have an impact on the surface 
characteristics produced [11]. During milling operations, 
surface finish is affected by cutting speed, feed rate, depth of 
cut, and tool nose radius, cutting tool lubrication, machine 
vibrations, tool wear and the mechanical and other properties 
of the material being machined [12].

The roughness of the Mg alloy’s surface is machined 
using dry, flood, and cryogenic milling stages [13]. The list 
uses flood cooling applications as a solution for lightweight 
metals. As a result, this cutting area could become heated, 
and the geometry and shape of the machined parts could 
lack quality [14]. Cutting the Mg metal proved risky due to 
the collected tiny particles, powder-like pieces could catch 
fire [15]. Therefore, it is crucial to research how machining 
Mg is affected by speed. Read about finish face milling to 
comprehend how tool temperature and ignition conditions 
vary [16]. Cryogenic machining’s effect on surface quality 
features is discussed and compared with dry, cryogenic, and 
flood-cooled manufacturing techniques. In addition to being 
an environmentally friendly method, our study reveals that 
cryogenic machining significantly improves the functional 
performance of machined components through its better and 
more desirable surface quality features [17]. Most of these four 
papers are related to this work.

According to the findings of the research, only a few 
studies have been conducted on the effects of novel cryogenic 
on SR of the AZ91D alloy [18]. The experimental and depth 
theoretical knowledge about various machining operations, 
Novelty of cryogenic technique motivated to carry out this 
research work [19]. This study is related to the machining of 
Z91D alloy under dry, flood and cryogenic techniques [20]. 

Materials and Methods
Saveetha Engineering Industries and the Saveetha 

Institute of Medical and Technical Sciences in Chennai 
performed the SR tests and machining operations required for 
this study. Since the focus of this research is on SR testing 
and CNC vertical milling machine YCM EV1020A (Figure 
1) milling operations, human samples are not included in 
it. The two main groups in this study are the experimental 
group and the control group. A machining technique called 
a “control group” makes absolutely no use of lubricant. The 
machining process that uses AZ91D’s cryogenic milling, 
in which pressurized lubricant is applied to a cutting zone, 
is considered experimental. A sample calculator is used to 
determine the sample count. The total number of samples 
taken was 27 (N = 3), with 27 samples being taken for each 
of the groups (N = 9). The industry’s productivity of Mg alloy 
products high cutting speeds, however, would result in chip 
ignition or greater cutting temperatures. Investigating the 
effect of cutting temperature on the machining of Mg alloy is 
crucial as a result. In our experiments, the standard Mg alloy 
AZ91D was employed. 

Figure 1: Vertical CNC milling machine YCM XV1020A.
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and dry machining of a rectangle Mg alloy. Table 3 displays 
the SR independent group test, 95% confidence interval of a 
difference.

The response variable was SR, whereas the control variables 
include cutting speed, feed rate, temperature, depth of cut, 
nanoparticles, and castor oil [22]. To use the SPSS program, 
the value for each of the 27 values from the experimental group 
and control group is calculated. This analysis also included SR 
is 2.2933 um on average. The cryogenic graphs compare SR 
versus trial numbers for two groups of workpieces. Cutting 
speed, environment, and feed were the input variables used 
in this research. These responses include chip morphology, 
tool wear, and SR. Dry, cryogenic, and flood conditions each 
resulted in a 95% decrease in SR (Ra). Cryogenic machining 
presents improvements over dry and conventional machining, 
which are outweighed by the availability of cryogenic fluid.

The variables that affect the research study are the 
percentage weight ratio of nanoparticles, the viscosity of castor 
oil, compressor pressure, and nozzle diameter. The research 
has its limits due to the random nature of the workpieces 
manufactured by the hand lay-up process and the difficulty 
of achieving uniform distribution in manual manufacture. 
Research into the effects of different nanoparticles, castor oils, 
and mineral oils was conceivable. Nanoparticles with different 
sizes and volume fractions can be used for the same research.

Conclusion
The outcomes of an investigation’s restrictions and the 

importance of an actual dry, flood and cryogenic. While 
machining Mg alloy, its effect on lubrication strategy for SR 
has been studied. The initial cryogenic SR of a machining 
process is compared with that of the dry machining technique. 
Cryogenic condition outperforms the other 2 conditions. 
Significant differences were observed between the material 
groups according to the T-test statistical analysis of the mean/
average Ra (t = 5.468, p = 0.001). 
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Table 1. Comparing SR with distinct coolants.

Group statistics

Group N Mean SD SE mean

SR

1.00 9 2.293333 0.095 0.05621

2.00 9 2.003333 0.108628 0.03621

3.00 9 1.573333 0.108628 0.0214

Figure 2: Machined surface of Mg alloy.

Table 2: The experimental values of SR for dry machining, flood, and  
cryogenic machining. 

S. No. Coolant condition speed Feed rate SR
1 Dry 45 0.8 2.3
2 Dry 45 1 2.35
3 Dry 45 1.2 2.47
4 Dry 60 0.8 2.21
5 Dry 60 1 2.26
6 Dry 60 1.2 2.38
7 Dry 75 0.8 2.21
8 Dry 75 1 2.17
9 Dry 75 1.2 2.29

10 Flood 45 0.8 2.02
11 Flood 45 1 2.07
12 Flood 45 1.2 2.19
13 Flood 60 0.8 1.93
14 Flood 60 1 1.98
15 Flood 60 1.2 2.1
16 Flood 75 0.8 1.84
17 Flood 75 1 1.89
18 Flood 75 1.2 2.01
19 Cryogenic 45 0.8 1.59
20 Cryogenic 45 1 1.64
21 Cryogenic 45 1.2 1.76
22 Cryogenic 60 0.8 1.5
23 Cryogenic 60 1 1.55
24 Cryogenic 60 1.2 1.67
25 Cryogenic 75 0.8 1.41
26 Cryogenic 75 1 1.46
27 Cryogenic 75 1.2 1.58

Figure 3: Mean of dry, flood and cryogenic environments - 95% CI, ± 1 SD. 



S947NanoWorld Journal | Volume 9 Supplement 3, 2023

Experimental Study of Cryogenic Milling of AZ91D Mg Alloy-eco Friendly Machining Krishna and Ross.

References
1.	 Gupta M, Ling SNM. 2011. Magnesium, Magnesium Alloys, and 

Magnesium Composites. In John Wiley & Sons, Inc.

2.	 Cole GS. 2003. Issues that influence magnesium’s use in the automo-
tive industry. Mater Sci Forum 419-422: 43-50. https://doi.org/10.4028/
www.scientific.net/MSF.419-422.43

3.	 Cheah LW. 2010. Cars on a Diet: The Material and Energy Impacts 
of Passenger Vehicle Weight Reduction in the U.S. Massachusetts In-
stitute of Technology. [https://dspace.mit.edu/handle/1721.1/62760?-
show=full] [Accessed November 01, 2023].

4.	 Zhi P, Liu L, Chang J, Liu C, Zhang Q, et al. 2022. Advances in the 
study of magnesium alloys and their use in bone implant material. Met-
als 12(9): 1500. https://doi.org/10.3390/met12091500

5.	 Karim MR, Tariq JBT, Morshed SM, Shawon SH, Hasan A, et al. 2021. 
Environmental, economic and technological analysis of MQL-assisted 
machining of Al-Mg-Zr alloy using PCD tool. Sustain Sci Pract Policy 
13(13): 7321. https://doi.org/10.3390/su13137321

6.	 Kulekci MK. 2008. Magnesium and its alloys applications in auto-
motive industry. Int J Adv Manuf Technol 39(9): 851-865. https://doi.
org/10.1007/S00170-007-1279-2

7.	 Ustolin F, Campari A, Taccani R. 2022. An extensive review of liquid 
hydrogen in transportation with focus on the maritime sector. J Marine 
Sci Eng 10(9): 1222. https://doi.org/10.3390/jmse10091222

8.	 Sarikaya M, Gupta MK, Tomaz I, Danish M, Mia M, et al. 2021. 
Cooling techniques to improve the machinability and sustainability of 
light-weight alloys: a state-of-the-art review. J Manuf Proc 62: 179-201. 
https://doi.org/10.1016/j.jmapro.2020.12.013

9.	 Fernández J, Rubio EM, Carou D, Lorente-Pedreille RM. 2021. Ef-
ficiency and sustainability analysis of the repair and maintenance op-
erations of UNS M11917 magnesium alloy parts of the aeronautical 
industry made by intermittent facing. Metals 11(7): 1035. https://doi.
org/10.3390/met11071035

10.	 Kui GWA, Islam S, Reddy MM, Khandoker N, Chen VLC. 2022. Re-
cent progress and evolution of coolant usages in conventional machin-
ing methods: a comprehensive review. Int J Adv Manuf Technol 119(1-
2): 3-40. https://doi.org/10.1007/s00170-021-08182-0

11.	 Yücel A, Yıldırım CV, Sarıkaya M, Şirin Ş, Kıvak T, et al. 2021. Influ-
ence of MoS2 based nanofluid-MQL on tribological and machining 
characteristics in turning of AA 2024 T3 aluminum alloy. J Mater Res 
Technol 15: 1688-1704. https://doi.org/10.1016/j.jmrt.2021.09.007

12.	 Makadia AJ, Nanavati JI. 2013. Optimisation of machining parameters 
for turning operations based on response surface methodology. Mea-
surement 46(4): 1521-1529. https://doi.org/10.1016/J.MEASURE-
MENT.2012.11.026

13.	 Davis R, Singh A. 2020. Tailoring surface integrity of biomedical Mg 
alloy AZ31B using distinct end mill treatment conditions and machin-
ing environments. J Mater Eng Perform 29(11): 7617-7635. https://doi.
org/10.1007/s11665-020-05203-z

14.	 M’Saoubi R, Axinte D, Soo SL, Nobel C, Attia H, et al. 2015. High 
performance cutting of advanced aerospace alloys and composite 
materials. CIRP Annals 64(2): 557-580. https://doi.org/10.1016/J.
CIRP.2015.05.002

15.	 Friemuth T, Winkler J. 1999. Machining of magnesium workpieces. 
Adv Eng Mater 1(3-4): 183-186. https://doi.org/10.1002/(SICI)1527-
2648(199912)1:3/4<183::AID-ADEM183>3.0.CO;2-V

16.	 Darvish K. 2018. Effects of increasing laser power on microstructure 
formed during selective laser melting of Co-29Cr-6Mo alloy. Auckland 
University of Technology (Doctoral Dissertation).

17.	 Kaynak Y, Lu T, Jawahir IS. 2014. Cryogenic machining-induced sur-
face integrity: a review and comparison with dry, MQL, and flood-
cooled machining. Mach Sci Technol 18(2): 149-198. https://doi.org/10.
1080/10910344.2014.897836

18.	 Sunagar P. 2023. Characteristics estimation of natural fibre reinforced 
plastic composites using deep multi-layer perceptron (MLP) tech-
nique. Chemosphere 337: 139346. https://doi.org/10.1016/j.chemo-
sphere.2023.139346

19.	 Maheswari SU. 2023. Coastal pollution analysis for environmental 
health and ecological safety using deep learning technique. Adv Eng Soft-
ware 179: 103441. https://doi.org/10.1016/j.advengsoft.2023.103441

20.	 Britto ASF, Dattu VSNC, Al Obaid S, Alfarraj S, Kalam MA. 2023. 
Machining and mechanical characterization of friction stir processed 
(FSP) surface hybrid composites (AA8014 + TiB2 + ZrO2). Int J Adv 
Manufact Technol 2023: 1-8. https://doi.org/10.1007/s00170-023-
12198-z

21.	 Kamaraj L, Jazaa Y, Qahtani F, Althahban S. 2023. A novel technique 
implementation to fabricate and analysis of AZ91D with TiN through 
FSP. Int J Adv Manufact Technol 2023: 1-6. https://doi.org/10.1007/
s00170-023-12024-6

22.	 Thanikodi S, Saragada DV, Kumar ME, Akram PS, Rathinasamy S, et 
al. 2023. Optimizing reinforcement quantity and synthesizing parame-
ters of iron/fly ash/CNT nanocomposite. Int J Adv Manuf Technol 2023: 
1-9. https://doi.org/10.1007/s00170-023-11842-y

Table 3: T-test for equality of means of the SR and feed rate.

Independent samples test

SR
Levene's test T-test

F Sig. t df
Significance Mean 

difference SE difference
95% CI of the difference

One-sided p Two-sided p Lower Higher

Equal variances 0.000 0.001 5.468 16 < 0.001 < 0.001 0.28000 0.05121 0.1714 0.3885

Non equal variances - - 5.468 16.000 < 0.001 < 0.001 0.28000 0.05121 0.1714 0.3885

https://onlinelibrary.wiley.com/doi/book/10.1002/9780470905098
https://onlinelibrary.wiley.com/doi/book/10.1002/9780470905098
https://www.scientific.net/MSF.419-422.43
https://www.scientific.net/MSF.419-422.43
https://doi.org/10.4028/www.scientific.net/MSF.419-422.43
https://doi.org/10.4028/www.scientific.net/MSF.419-422.43
https://dspace.mit.edu/handle/1721.1/62760?show=full
https://dspace.mit.edu/handle/1721.1/62760?show=full
https://www.mdpi.com/2075-4701/12/9/1500
https://www.mdpi.com/2075-4701/12/9/1500
https://www.mdpi.com/2075-4701/12/9/1500
https://doi.org/10.3390/met12091500
https://www.mdpi.com/2071-1050/13/13/7321
https://www.mdpi.com/2071-1050/13/13/7321
https://www.mdpi.com/2071-1050/13/13/7321
https://www.mdpi.com/2071-1050/13/13/7321
https://doi.org/10.3390/su13137321
https://link.springer.com/article/10.1007/s00170-007-1279-2
https://link.springer.com/article/10.1007/s00170-007-1279-2
https://doi.org/10.1007/S00170-007-1279-2
https://doi.org/10.1007/S00170-007-1279-2
https://www.mdpi.com/2077-1312/10/9/1222
https://www.mdpi.com/2077-1312/10/9/1222
https://www.mdpi.com/2077-1312/10/9/1222
https://doi.org/10.3390/jmse10091222
https://www.sciencedirect.com/science/article/abs/pii/S1526612520308495?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1526612520308495?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1526612520308495?via%3Dihub
https://doi.org/10.1016/j.jmapro.2020.12.013
https://www.mdpi.com/2075-4701/11/7/1035
https://www.mdpi.com/2075-4701/11/7/1035
https://www.mdpi.com/2075-4701/11/7/1035
https://www.mdpi.com/2075-4701/11/7/1035
https://doi.org/10.3390/met11071035
https://doi.org/10.3390/met11071035
https://pubmed.ncbi.nlm.nih.gov/34720326/
https://pubmed.ncbi.nlm.nih.gov/34720326/
https://pubmed.ncbi.nlm.nih.gov/34720326/
https://pubmed.ncbi.nlm.nih.gov/34720326/
https://doi.org/10.1007/s00170-021-08182-0
https://www.sciencedirect.com/science/article/pii/S2238785421009881?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2238785421009881?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2238785421009881?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2238785421009881?via%3Dihub
https://doi.org/10.1016/j.jmrt.2021.09.007
https://www.sciencedirect.com/science/article/abs/pii/S0263224112004472?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0263224112004472?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0263224112004472?via%3Dihub
https://doi.org/10.1016/J.MEASUREMENT.2012.11.026
https://doi.org/10.1016/J.MEASUREMENT.2012.11.026
https://link.springer.com/article/10.1007/s11665-020-05203-z
https://link.springer.com/article/10.1007/s11665-020-05203-z
https://link.springer.com/article/10.1007/s11665-020-05203-z
https://doi.org/10.1007/s11665-020-05203-z
https://doi.org/10.1007/s11665-020-05203-z
https://www.sciencedirect.com/science/article/abs/pii/S0007850615001419?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0007850615001419?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0007850615001419?via%3Dihub
https://doi.org/10.1016/J.CIRP.2015.05.002
https://doi.org/10.1016/J.CIRP.2015.05.002
https://onlinelibrary.wiley.com/doi/10.1002/(SICI)1527-2648(199912)1:3/4%3C183::AID-ADEM183%3E3.0.CO;2-V
https://onlinelibrary.wiley.com/doi/10.1002/(SICI)1527-2648(199912)1:3/4%3C183::AID-ADEM183%3E3.0.CO;2-V
https://doi.org/10.1002/(SICI)1527-2648(199912)1:3/4%3C183::AID-ADEM183%3E3.0.CO;2-V
https://doi.org/10.1002/(SICI)1527-2648(199912)1:3/4%3C183::AID-ADEM183%3E3.0.CO;2-V
https://openrepository.aut.ac.nz/server/api/core/bitstreams/df881203-a2ee-425a-bdfa-bfc29e7acf4f/content
https://openrepository.aut.ac.nz/server/api/core/bitstreams/df881203-a2ee-425a-bdfa-bfc29e7acf4f/content
https://openrepository.aut.ac.nz/server/api/core/bitstreams/df881203-a2ee-425a-bdfa-bfc29e7acf4f/content
https://www.tandfonline.com/doi/abs/10.1080/10910344.2014.897836
https://www.tandfonline.com/doi/abs/10.1080/10910344.2014.897836
https://www.tandfonline.com/doi/abs/10.1080/10910344.2014.897836
https://doi.org/10.1080/10910344.2014.897836
https://doi.org/10.1080/10910344.2014.897836
https://pubmed.ncbi.nlm.nih.gov/37379988/
https://pubmed.ncbi.nlm.nih.gov/37379988/
https://pubmed.ncbi.nlm.nih.gov/37379988/
https://doi.org/10.1016/j.chemosphere.2023.139346
https://doi.org/10.1016/j.chemosphere.2023.139346
https://www.sciencedirect.com/science/article/abs/pii/S0965997823000339?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0965997823000339?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0965997823000339?via%3Dihub
https://doi.org/10.1016/j.advengsoft.2023.103441
https://link.springer.com/article/10.1007/s00170-023-12198-z
https://link.springer.com/article/10.1007/s00170-023-12198-z
https://link.springer.com/article/10.1007/s00170-023-12198-z
https://link.springer.com/article/10.1007/s00170-023-12198-z
https://doi.org/10.1007/s00170-023-12198-z
https://doi.org/10.1007/s00170-023-12198-z
https://link.springer.com/article/10.1007/s00170-023-12024-6
https://link.springer.com/article/10.1007/s00170-023-12024-6
https://link.springer.com/article/10.1007/s00170-023-12024-6
https://doi.org/10.1007/s00170-023-12024-6
https://doi.org/10.1007/s00170-023-12024-6
https://link.springer.com/article/10.1007/s00170-023-11842-y
https://link.springer.com/article/10.1007/s00170-023-11842-y
https://link.springer.com/article/10.1007/s00170-023-11842-y
https://link.springer.com/article/10.1007/s00170-023-11842-y
https://doi.org/10.1007/s00170-023-11842-y

	Abstract
	Keywords
	Introduction
	Materials and Methods
	Statistical analysis

	Results and Discussion
	Conclusion
	Acknowledgements
	Conflict of Interest
	References
	Figure 1
	Table 1
	Figure 2
	Table 2
	Figure 3
	Table 3

