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Abstract

The objective of this research was to determine the optimum factor of the hardening process of carbon steel. The study
factors were quenching temperatures at 750, 800 and 830 °C, with 2 and 5 min of holding times, and the quenching
media were oil and water. The hardness of the specimens was measured. It was found that the optimal conditions
for hardening were at a hardening temperature of 764 °C, hardening for 5 minutes holding using oil quenching. It
was found that the average hardness of workpieces was 48 HRC. It was also found that the quenching temperature
affected the hardness of the work-piece but the holding times and the quenching medium did not affect the workpiece

hardness at 0.05 significance level.
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Table 1 Degree of factor in the experiment
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Optimization factors in hardening of AISI 5106 carbon steel

by factorial experimental design

2W39 0-1 61 D HANVIIAU 1 AUNDDINAA UL AU
anuiawalaadrsauysal

2. MaaSentunagey

AANARANTL W AN TR NLABL TR UG
‘?'iﬁavl,ajmum:muﬂﬁ%ugﬂmﬁ’m'ﬁmqiﬂaaumuwaw
maaiidrsiesassinlnsfines (Spectrometer) §I%NE
MILATuaaIss Table 2 MW TABUABIUTID
fUNFUNISLATVINENANNNIAIZIN AISI lasyinnis
fuwrmmUSunmanTuanfisuiyin (Carbon equivalent)
Fougasluaumsn (1) fdasuewfisurinyinnu 0.85
W‘udwﬁﬂ"nﬁﬂuwhﬁ'umﬁﬂvlmﬂa%gmﬂ@aﬂ ansiwler
;&”ﬂi:ﬂaumsﬁﬁugﬂﬁﬂuﬁ@w%’] dauaadls (Figure 1)
LLﬁaﬁwmﬁwmiﬂguLLﬁammﬂa%‘ﬂﬁvlﬁaaﬂquvlﬂu Table
4 ﬁ’]ﬁ@‘v\l’ﬁg’]ﬁBi’mﬂ’]’i‘]qj'i_m’]ﬁ’m’]’iﬁ@@’mLLu’J“IJ’J’N@T’JLI
Ln3a9daTsULinnaeLn (Micro Cutter) LaHINIARND
ﬁuﬁaw’%mmmaauﬁazJLié’ﬁuﬁm%‘umwaaummu‘ﬁa
lumsnesauanuudsltminanaseuwuylulasinmnes
Feininne 9.81 kgf. 32u=lunsna 0.5 aduas ¥inns
NATHINNA 4 30 dunluniInaseuuaaIng (Figure 1)

CE:C+%+CV+A;[0+SI+NI+1§+S

(1)

Table 2  Chemical composition of specimen

Cc Mn Cr P Si S Fe

0.53 0.84 0.64 0.026 0.224 0.038 Bal.

Holding time 2 5 min

100

Temperature 750 850 830 °C
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Figure 1 Preparation of test specimen and position
of hardness measurement (mm).
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Table 4  Experimental design table and hardness test experiment results

Hardness (HRC)

No. Run Temperature Quenching Holding Time
Order (c) medium (Min) P P.2 P.3 P.4 Average sb
21 1 750 Oil 2 50.50 43.00 40.00 41.00 43.62 4.75
3 2 750 Oil 2 43.00 42.00 40.50 41.00 41.62 1.1
1" 3 750 Oil 5 48.00 43.00 45.00 40.00 44.00 3.37
22 4 750 Oil 5 47.00 45.00 43.00 46.00 45.25 1.71
16 5 800 Oil 2 54.00 45.00 60.00 55.00 53.50 6.24
5 6 800 Oil 2 67.00 59.50 48.00 61.00 58.87 7.94
10 7 800 Oil 5 58.00 57.00 55.00 52.00 55.50 2.65
1 8 800 Oil 5 53.00 58.50 54.00 60.00 56.37 3.40
15 9 830 Oil 2 55.50 56.00 47.00 65.50 56.00 7.56
20 10 830 Oil 2 52.00 57.00 50.50 50.00 52.37 3.20
14 1" 830 Oil 5 64.00 55.00 50.00 40.00 52.25 10.01
18 12 830 Oil 5 46.00 50.00 56.00 57.50 52.37 5.34
9 13 750 water 2 45.50 48.00 45.00 35.00 43.37 5.74
12 14 750 water 2 43.00 44.00 48.00 41.00 44.00 2.94
4 15 750 water 5 48.00 43.00 45.00 40.00 44.00 3.37
13 16 750 water 5 45.00 42.00 48.50 47.00 45.62 2.81
23 17 800 water 2 53.00 48.00 59.00 51.50 52.87 4.59
17 18 800 water 2 55.00 71.00 63.50 78.00 66.87 9.89
8 19 800 water 5 62.00 65.00 55.00 49.00 57.75 7.18

6 20 800 water 5 50.00 62.00 58.00 57.00 56.75 4.99
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Table 4  Experimental design table and hardness test experiment results (cont.)
No. Run Temperature Quenching Holding Time Hardness (HRC)
Order (c) medium (Min) P.1 P.2 P.3 P.4 Average sD
24 21 830 water 2 5150 5150 5300  58.00 53.50 3.08
7 22 830 water 2 4800  60.00 4850  51.00 52.21 5.57
19 23 830 water 5 63.00 4550 5300  55.00 54.12 7.19
2 24 830 water 5 76.00 5300 5200  60.00 60.25 11.09
NANISNAaDY 0.00 #28n71 0.05 %‘Lﬁl,ﬁui'lqmﬁgmummudwa@iam
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a9 Table 4 MAaNzRaNusdYUeslaTauuuiass
mMInAnasissFUTuEINY o = 0.05 uaaIds Table 5 Wu
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guudaliani1 udlumiassiudinannsiienzitads
MNINARBITINRYA qmmﬂﬁlumiauquﬁm P-Value LNy

anuudsatnafiisidfisauanudeiuvammanes
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Table 5  Analysis of Variance for hardness, using adjusted SS for tests
Source DF Seq SS Adj SS Adj MS F P
Temperature 2 802.751 802.751 401.376 40.79 0.000
Holding Time 1 0.548 0.548 0.548 0.06 0.818
Quenching medium 1 19.037 19.037 19.037 1.93 0.190
Temperature*Holding Time 2 15.162 15.162 7.563 0.77 0.485
Temperature*Quenching medium 2 5.652 5.652 2.826 0.29 0.755
Holding Time*Quenching medium 1 0.709 0.709 0.709 0.07 0.793
Temperature*Holding Time*Quenching medium 2 25.293 25.293 12.646 1.29 0.312
Error 12 118.086 118.086 9.840
Total 23 987.202

S = 3.13696 R-Sq = 88.04% R-Sq(adj) = 77.07%

Main Effects Plot for Hardness HRC
Fitted Means
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Figure 3 The main effect plot of factor.
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Figure 4 The interaction plot of factor.
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Figure 5 The optimum point of the factor in the hardening
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Table 6 Confirmation Analysis for the hardness at the
optimal condition
Hardness (HRC) Hardness
Test

No.1 No.2 No.3 (HRC)
1 50.4 49.3 49.8 49.83
2 49.7 50.6 49.4 49.90
3 50.6 49.7 51.2 50.50
Total 50.07
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