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Abstract

The objective of this study is to determine the optimal conditions of the flame
hardening process in AISI 1045 carbon steel using the Taguchi method consisted of
three factors: surface hardening temperature, distance from the nozzle, and speed.
The results showed that the temperature of 950 °C, the distance between the gas
nozzle and the workpiece of 30 mm, and the rotation speed of 2 rpm were found to
be the most optimal conditions, with the maximum surface hardness (HRC) of 54.12
and the lowest wear rate of 0.0582 g. According to the analysis of variance (ANOVA), it
was found that all of the factors significantly affected the flame hardening process at
a 95 percent confidence interval. The findings of this study can be utilized to improve
the surface characteristics of mechanical parts in order to improve their service life.

Keywords: Flame hardening process, Carbon steel, Taguchi method
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NINITaRAUAuANAT i zanlunszuIunsyuLl siadeatlil wWeliudnndn
13 5 = < o ' < 2 vy a 2 v
AISUBUAN 12Cr daundsadate agelsinuasiiulainnseuiunsyuiawdenagiuail
93609AIUANNITTWES I ANUWINZaNAeTUILNY 9 FeazdmalaensaonAuuds
LaEANERIINTTANYTBVRTUNY e laueIdeTvihnsAnymanneivanganluns
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A15197 1 @VUNENNLARLATELTRANINNAYDITUITUNAABD

Chemical composition Mechanical Properties
AlS| 1045 C Si Mn Cr Ni Hardness
(%owt.) 0.452 0.258 0.537 0.018 0.015 179 HB (8 HRC)
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Experimental Factors Level1l Level2 Level3
Temperature (°C) 750 850 950
Distance from the Nozzle (mm) 10 20 30
Speed (RPM) 2 4 6
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S y
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AMLLDY Lazuuudnvazaun g swleedeiduainevaussludiudnsinisdnnse veq

NATUIU

A19199 3 A1RUNITNAABY WUU Orthogonal Ly (3°) array

Experiments Temperature Distance from the nozzle Speed
1 750 30 6
2 750 20 4
3 750 10 2
a4 850 30 4
5 850 20 2
6 850 10 6
7 950 30 2
8 950 20 6
9 950 10 4
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Main effect plot for SN ratios Main effect plot for SN ratios
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A1519% 4 namsvaaesnladefdmanernunlaveatunulagisnigl

Experiments Hardness S/N Ratio Wear loss S/N Ratio
(HRC) (9

1 43.64 32.7977 0.0997 20.0261
2 9.48 19.5362 0.3993 7.9740
3 13.36 22.5161 0.3241 9.7864
4 50.24 34.0210 0.0684 23.2989
5 7.16 17.0983 0.4326 7.2783
6 52.51 34.4048 0.0615 24.2225
7 54.12 34.6672 0.0582 24.7015
8 45.97 33.2495 0.0826 21.6604
9 49.25 33.8481 0.0713 22.9382
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A151991 5 MTIATIzANLLUsUTIUEmSUT e NdanararauL

Source DF Adj SS Adj MS F-Value P-Value
Temperature 2 1145.19 572.59 26.34 0.04
Distance from the nozzle 2 1234.65 618.32 28.44 0.03
Speed 2 759.00 379.50 17.46 0.05

Error 2 43.48 21.74

Total 8 3184.32

Remark S = 4.66265 R-sq = 98.63% R-sq(pred) = 72.35%

A15199 6 NNTIATILITANURUSUTIUA NS UU e NFINAFBA1DRIINITANNTD

Source DF Adj SS Adj MS F-Value P-Value
Temperature 2 0.062668 0.031334 22.03 0.04
Distance from the nozzle 2 0.081799 0.040900 28.76 0.03
Speed 2 0.054380 0.027190 19.12 0.05

Error 2 0.002844 0.001422

Total 8 0.201691

Remark S = 0.0377099 R-sq = 98.59% R-sq(pred) = 71.45%
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