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Abstract
The objective this research is to study the optimization of the factors between carburizing temperature and time that
effect the mechanical properties of the hardened big knives in pack carburizing process. The mechanical properties

were hardness and impact values. These were used for comparison with the experimental values and delivered from
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the big knives forged and hardened by knives forging community. The average hardness value was 607.0 HV and
the average impact value was 14.0 Joules. The experiment was conducted by forging the big knives made from low
carbon steel with the same shape as community big knives. The pack carburizing compound used eucalyptus wood
charcoal powder as carburizer with the proportion of 80% and cow bone powder as energizer with the proportion of
20% by weight. The principle of Design of Experiment (DOE) was used to design the experimental and analyze the
optimization by statistics. There were two factors in this study such as carburizing temperature and carburizing time.
The carburizing temperature consists of three levels ; at 960, 980 and 1,000 °C, and also, the carburizing time consists
of three levels such as 60, 90 and 120 minutes. After carburizing, the knives were then austenitized at 780 °C for
15 minutes and quenched in water. After quenched, the knives were tempered 180 °C for 60 minutes. The analyzed
results showed that the optimization of the carburizing temperature was 1,000 °C and the optimization of the carburizing
time was 120 minutes. Those of them gave the average hardness of 604.0 HV and the minimum average impact
value of 9.13 Joules. The optimum values of carburizing temperature and time were used for verifies. The result of
average hardness was 605.2 HV and the average impact value was 17.6 Joules, which coincided with the hardness

of the community big knives.

Keywords: Pack carburizing process, Carburizing temperature, Carburizing time, Big knives, Cow bone
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Table 4  Hardness values of the big knife of community
Position Number Average sd LCL UCL
0.1 5 680.2 20.0 661.8 698.5
0.5 5 675.4 13.1 657.0 698.7
1.0 5 670.6 13.1 652.2 688.9
1.5 5 647.8 12.0 629.4 666.1
2.0 5 661.8 23.0 643.5 680.1
25 5 652.4 19.2 634.0 670.7
3.0 5 639.4 21.5 621.0 657.7
3.5 5 639.8 29.9 621.5 658.1
4.0 5 618.2 14.5 599.8 636.5
4.5 5 591.4 32.4 573.1 609.7
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Table 4  Hardness values of the big knife of community (continue)
Position Number Average sd LCL UCL
5.0 5 607.2 36.5 588.9 625.5
5.5 5 587.2 25.3 568.9 605.5
6.0 5 533.4 8.7 515.0 551.7
6.5 5 527.0 16.0 508.6 545.3
7.0 5 537.0 15.1 518.6 555.3
75 5 517.4 14.3 499.0 535.7
8.0 5 530.6 21.5 512.2 548.9
607.0 1.7 588.7 625.3
Table 5 Hardness values of the test pieces
Hardness Values (HV)
Temperature (°C) Time (Min)
No. 1 2 3 4 5 Average sd
60 362.8 351.4 387.9 401.8 366.1 374.0 20.5
960 90 4574 460.4 479.1 453.9 4569 4615 10.0
120 540.2 552.5 559.8 535.8 523.0 542.3 14.5
60 402.0 397.0 413.4 437.7 393.9 408.8 17.8
980 90 464.4 483.9 4542 466.3 4479 4633 13.7
120 573.9 534.4 505.8 534.1 552.8 540.2 25.2
60 427.0 453.6 433.4 458.8 473.0 449.2 18.9
1,000 90 529.2 547.7 569.8 562.1 5502  551.8 15.5
120 597.2 604.5 607.6 592.1 609.6 602.2 7.3

ﬂ’J’lNGT’]%VI’]%LLi\‘]ﬂi&LWIﬂ I@] HATAITNATBNIBULIINTZUNNBWIZUANEIIINNAN

HANNSNAROUAIANUFIUNIRLIINTZUNNDES  Auuds Tiude LfiaqnmgﬁLLazL'smmiamﬁ'ums‘uau
faldvasguzu uaailu Table 6 Gsflinanudunuuss  indn 2 lEeIAuE BN BLIINTILNNERAA S
m:mea?iuag'“?i 14.0 Joules Fuiunagaumannd  fdwawihwsstunageuidanuudaiuiu asvinlw
mi‘uam‘iwﬁmumiymtﬁaﬁ'sﬂns:mummﬁnmﬁua- wanedssuusenszunnlaesag

VL‘S"’?N NATBIAIAUETUNIWLIINTZUNN LFAIAY Table 7

Table 6 Impact values of the big knife of community
Impact values (Joules)
No. 1 2 3 4 5 Average sd
17.0 12.0 14.0 16.0 11.0 14.0 2.2
Table 7  Impact values of the test pieces
Impact values (Joules)
Temperature (°C) Time (Min)
No. 1 2 3 4 5 Average sd
60 44.0 51.0 68.0 48.0 64.0 55.0 10.4
960 90 50.0 60.0 52.0 43.0 62.0 53.0 7.7
120 31.0 24.0 34.0 30.0 28.0 29.0 3.7
60 46.0 64.0 56.0 67.0 54.0 57.0 8.3
980 90 40.0 48.0 40.0 37.0 32.0 39.0 5.8
120 21.0 12.0 16.0 23.0 25.0 19.0 5.3
60 38.0 29.0 40.0 30.0 35.0 34.0 4.8
1,000 90 18.0 21.0 16.0 24.0 12.0 18.0 46
120 10.0 14.0 20.0 16.0 12.0 14.0 3.8
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Table 8

General factorial regression: Hardness versus tempurature, time

Variance analysis results

Factorial information

Fac- Lev- Values

tor els

Temp 3 960 980 1,000

Time 3 60 90 120

Analysis of variance

Source Df Adj. SS  Adj. MS F- P-
Value Value
Model 8 224464 28058 99.31 0.000
Linear 4 220366  55091.6  194.99  0.000
Temp 2 49150 24574.9 86.98 0.000
Time 2 171217  85608.3 303 0.000
2-Way interaction 4 4098 1024.4 3.63 0.014
Temp*Time 4 4098 1024.4 3.63 0.014
Error 36 10171 282.5
Total 44 234635
Model summary
S R-Sq R-Sq (adj) R-Sq (pred)
16.8087 95.67% 94.70% 93.23%
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