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Abstract

This research aims to study and improve the forming process of ST37 steel using CNC turning
machinery to enhance the surface quality of workpieces, which is a significant factor affecting their
functionality and durability. The Taguchi method was employed for experimental design and result
analysis, considering three variables: spindle rotation speed, feed rate of the turning tool, and cutting
depth. In the experimental design, the L9 Taguchi array was utilized due to its effectiveness in analyzing
the relationships between various factors and levels. Experiments were conducted by measuring the
surface roughness of the workpieces post-turning. In result analysis, the S/N ratio was utilized to assess
variability and process stability, along with Analysis of Variance (ANOVA) to examine the significance of
each factor concerning the workpiece’s surface roughness. The research findings indicate the optimal
conditions for forming ST37 steel, achieving the smoothest surface quality, were a spindle rotation speed
of 2000 RPM, a feed rate of the turning tool at 0.06 mm per rotation, and a cutting depth of 0.5 mm.
These conditions yielded the best surface smoothness values 0.984 um. The outcomes of this research
can serve as guidelines for improving and developing the workpiece forming process in industries,
particularly where superior surface smoothness is required. Moreover, the research can help reduce
costs and enhance efficiency in the production process, enabling better market responsiveness and

competitive advantages in the industry.
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wulaglidnsndyarureldesgeanlusziuves
fjﬁ]é’amuamﬁgu JEAULALAT S/N ratios d1m15U
JadeiilirnuiSeuia (Ra) Adfigeldsuns
syydutiadeanusiseu fisedu 2 fe S/N
ratios = -3.604 tadudnsinislou fiszdu 1 3
A1 S/N ratios = -2.908 uay Uadusrezdaudn
fsedu 3 f61 S/N ratios = -3.458 Na12A DAY
AuLSUAY Ra) 71 inunzangaalaann
w15 diimes Aaaseu (Speeds) 7 2,000 50U

dunnwal meys uazanly, NISUSUUNAINIMSIURUNEN ST37 Aein3emnasdioudineldinainning



. @

d Joumnal of Engineering

and Industrial Technology

UNAMNAY (Research Article)

fau 19ns1n15UsU (Feed,) 0.06 Hadlunsme
50U kazszozUaudn (Depths) 0.5 Taaluns 69
JUN 8

3.2.2 Nan153LA1TIANNLUSUSIUuYesUade
(ANOVA)
Juignnsadanlalunismvuanansznuws
azﬁuﬁu%@ﬁﬁ’sLLUiﬂ?U@NﬁQMN@ﬂLUﬂ’IEQQﬂLL‘U‘U
n1snaaes lun1s3ded ANOVA gnldlunis
ARSRANSENUTRIAMEITEU Bnnstlau
i uarsvordoudnuesl usu HAN1SILATIZA
ANOVA @195 UAIANULS g URILENSIUA1519 4
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Response Table for Signal to Noise Ratios

Smaller is better

2 -3.604 -4.416 -4.351

3 -5.725 -6.814 -3.458
Delta 2121 3.906 2.871
Rank 3 1 2

Main Effects Plot for SN ratios

Data Means

Speed

Feed

Depth

Mean of SN ratios

Mlaszvdgnaniunsisyau

o a I3 o
M990 2 HANIFALATIEURNANTENUVBIAILUS

AILITNINT VBIANAIUSHURD (Ra)

7

1000 2000 3000 0.06 o1 0.16 0.1 03 05

AN S/N
10U | Speed | Feed | Depth | 38U | Ratios
W7 Ra | forRa
1 1000 0.06 0.1 1.690 -4.555
2 1000 0.11 0.3 1.699 -4.601
3 1000 0.16 0.5 1.835 -5.272
4 2000 0.06 0.3 1.129 -1.053
5 2000 0.11 0.5 1.257 -1.986
6 2000 0.16 0.1 2.447 -7.770
7 3000 0.06 0.5 1.432 -3.115
8 3000 0.11 0.1 2.153 -6.660
9 3000 0.16 0.3 2.344 -7.399
\dy 1776 | -4.712

A15199 3 ANS1HANBUAUDY S/N Ratios U9AN

AMUBSEURT (Ra)

Response Table for Signal to Noise Ratios

Smaller is better

Level

Speed

Feed

Depth

1

-4.81

-2.908

-6.329

Signal-to-noise: Smailer is better

5UN 8 nTmluanananauaues S/N Ratios U89
A1AATEURD (Ra)

Normal Probability Plot

(response is ra_med)

Percent
8

04 0.3 -0.2 -01 0.0 L2} 02 03 0.4
Residual

5UN 9 nlLanInIsUaINLIMUUUNG
(Normal Probability) U84A1A0I58URY (Ra)

U dl Qb o U U
FELAUAINNLT 93U 95% AITUEIAYVD A2
wusaruauly ANOVA g nnnualAenis
WSsuigua P vaakmazsanls A1 P-value &
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wehlunsusedfiupudfyuesen F-statistic
wioAn F ildannisvaaey ANOVA 3asudian
unweiiazaguindnansenuaie 9 vesdanus
muAusafwlInunIeld 6161 P-value Yoy
AT1sERUANEAA fvun (Faus 0.05 3o
Hoen11) wlalndaudrAgyneada 91na1s
4 Wu31A P-value ¥99671UT 89510150 0U
(Feed) wagszazUauan (Depth) dnasaninu
S8ufia Taudlen P-value Younin 0.05 Fadu
Y fiftoddynaada uazansnedl 5 wansen
mﬂmgﬁlaﬁumaa%’agamimam R-sq 111U
88.76% LAZAUNITYINIUIEAIUITOURY AIdUNIT
9

o ' '
LYY 0 LY )

AIUUAILUSN AP UN AN LHNAFDAINU LS U

o7
= =

{afAe 8n31n15UUlANAY (Feed) 5998911AD
szezUuan (Depth) IUHiWWEUﬁI 9 LAMINIS
waNkIILuUUUNA (Normal Probability) ¥84A1
ANULSYURT (Ra)

A15799 4 N13ATIZIAUUUSUTIU (ANOVA)
Y0IAIANLLSEURY (Ra)

Source DF AdjSS | AdjMS | F-Value | P-Value
Regression 3 1.54273 | 0.51424 13.16 0.008
Speed 1 | 0.08284 | 0.08284 2.12 0.205
Feed 1 | 0.94010 | 0.94010 24.06 0.004
Depth 1 | 051979 | 0.51979 13.30 0.015
Error 5 | 0.19537 | 0.03907
Total 8 | 1.73811

A519% 5 NS ILASIENAUNITOANDEVDIAIAINI
LSYURT (Ra)

S R-sq R-sq (adj) | R-sq (pred)

0.197672 | 88.76% 82.02% 57.73%
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aun1sduUszans n1sannesvuleAI
L58UR 2 (Ra) Ra = 1.112+0.000117*Speed
+7.92*Feed - 1.472*Depth 9)
3.2.3 nMsvhuneramiviangaudae3Tnng

Tumsvhuesasfmnzaudieisnndi
maideldaunsi 8 dmsumarivanzaves
ArPNEEURY (Ra) SiAn 0.984 lupsou (um) 3
mﬁﬁmazﬂé’mﬂwamimamqﬂﬂwmuamiu
A151HNANDUAUDY Means @115 UAIAINLTYU
A7 (Ra) m15197 6 wazilouluunuluaunisi 8
3R A99AUS BURIIINEN1I ST RN va
fianldun firnuisiseuvesindu 2,000 seusie
UM 8n51N15UUINNGY 0.06 Aadlunsnoseu
wazsyuzAudn 0.5 Jadunsae lagAfiniuia
Ieignuanslilu msned 7
M15799 6 ANTINARDUAUBY Means d11SuA
ANULSEURT (Ra)

A3 amsn1s | szezlau
Level ,3
sau Jau an
1 1.741 1.417 2.096
2 1.611 1.703 1.724
3 1.976 2.208 1.508
Delta 0.365 0.792 0.589
Rank 3 1 2

A151990 7 NNSNISITLRDSTLMULAUVDIAIAINY
ISEUH (Ra) Me3amng

WsdmasTivaneau Arfirnuaadld
S, 2000
Fi 0.06
Ds 0.5
Tra 1.776
So-Tra 1.611
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Wi fimesimunzau Afienuanlld
F1-Tra 1.417
D3-Tra 1.508
Raopt 0.984

* wanewme aun1sulslunisiuan (4)

4. a3Unan1Innay

i Ted W amuned agd nuiuaziau
nsrurUN1s uglndn ST37 lneldindosdns
Fidudnds (CNC Lathe) 1 oUSUUT IR AN
VIR IUAMUS BURIY99T B 1l 9991nAY
SevAnduiadeddyiinanenisidnunar
AUNUNIUYDIT u N5ITEE1E3Enn Tl
N199DALUUNITNARBILAYNITILASILYNG 1ag
fansandadoranun 3 Jasde Ao Anu§aseu
WasU7 1,000 2,000 wag 3,000 WATHOUIT
sns1tloudingl 0.06, 0.11 uaz 0.16 fadwnsae
59U WAYAMUAAINLENYDINITNEIT 0.1, 0.3
war0.5 dadiuns n1svnaaslanidunisinein
ANAUISIURITRIT UM IRInNSNae Tums
IAs1Eine uITElEN1TIAIIERAT S/N ratios
T 9 TAAMUR LR IULAZ A LA UATINV D
N5EUIUNS YBNaInd S9vin153tAsIEiAIY
wUsUU (ANOVA) il afinwainuddyuasus
ariadusoAIALIEEUANYeIT UL HANITITY
wansliudsrmsfiwesfivnzauvounas
PJade lowamui3r5au 2,000 50UABUNT S9151
n1sUau 0.06 Jadlunsseseu wayssuzlauan
0.5 JaaLuns ’Lumiﬁﬁugﬂmﬁﬂ ST37 gyl
mnuFsuiiifianeyi 0.984 luaseu Haves
uivedarusordluld i dusuanidlung
‘U%JU‘UEQLLﬁ%WG&Ju’Wﬂi%U’JUﬂﬂiﬁluzU%’UQﬂulu
PAAIMINTIY Tnoamzlunsuantunuidesnis
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AMUBEURITA wenant uiTesEansatae
ansuuLazLiinyseAvEamlunszuIunTnan
MAEIUITONDUAUBINDAIUADINITVDINANN
iuﬁ’fmﬂmmwLLazLﬁlwmmmmmﬁuamﬁ
wtedulugmanvingsaldiBeiy

5. 1NAN591999

[1] N. Rathod, M. Chopra, P. Chaurasiya, and
U. S. Vidhate, " Optimization of Tool Life,
Surface Roughness and Production Time
in CNC Turning Process Using Taguchi
Method and ANOVA," Annals of Data
Science, vol. 10, 2022, doi: 10.
10.1007/540745-022-00423-7.

[2] K. M and D. M., "Analysis of tool vibration
and surface roughness during turning
process of tempered steel samples using
Taguchi method," Proceedings of the
Institution of Mechanical Engineers, Part
E:  Journal of Process Mechanical
Engineering, vol. 235, no. 5, pp. 1429-
1438, 2021, doi: 10.1177/0954408921100
1976.

[3] F.Susac, F. Stan, C. Fetecau, and I. Besliu,
"Prediction and Optimization of Surface
Roughness and Cutting Force in Turning
of UHMWPE by Using Taguchi Method,
Response Surface Methodology and
Neural Networks," in Proceedings of the
ASME 2020 15th

Manufacturing Science and Engineering

International

Conference. Volume 2: Manufacturing

dunnwal meys uazanly, NISUSUUNAINIMSIURUNEN ST37 Aein3emnasdioudineldinainning



. . a = a 1Y) a ¢ aa o o 1Y)
d.Err NITIFnssukamAlulaganaInnssy aninetdenuwdug N 1 atdun 5 Aueieu - gaieu 2566
il

Journal of Engineering and Industrial Technology, Kalasin University, Vol. 1 No. 5 September — October 2023

Journal
and Industrial Technology

UNAMNAY (Research Article)

Processes; ~ Manufacturing — Systems;
Nano/Micro/Meso Manufacturing;
Quality and Reliability, Virtual, Online,
September 3, 2020: ASME, p.
V002T06A035, doi:
https://doi.org/10.1115/MSEC2020-8534.
[4] N. Mandal, B. Doloi, B. Mondal, and R.
Das, "Optimization of flank wear using
Zirconia Toughened Alumina (ZTA)

cutting tool: taguchi method and

regression analysis," Measurement, vol.
a4, pp. 2149- 2155, 2011.

- ________________________________________________________________________________________]
dunnwal meys uazanly, NISUSUUNAINIMSIURUNEN ST37 Aein3emnasdioudineldinainning

39


https://doi.org/10.1115/MSEC2020-8534

