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Optimal tempering process on mechanical properties of chopping knife
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Abstract

The objective this research was to study the optimization of the time factors that effected the mechanical properties of
the of hardened chopping knife in the tempering process. The mechanical properties were hardness and impact values.
The experiment was conducted by forging the chopping knife made from medium carbon steel with the same shape
as community chopping knife. 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, tempering temperature and tempering time.

The tempering temperature consists of three levels at 180, 200 and 220°C, and also, the tempering time consists of
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of chopping knife

three levels such as 60, 90 and 120 minutes. The number of trials was 9 times, and in order to ensure the accuracy

of the data for all factors, the experiment was repeated 5 times. The analyzed results showed that the tempering

temperature was 200 °C and the optimized tempering time was 83 minutes. These conditions resulted in an average

hardness of 579.9 HV and the minimum average impact value of 35.8 Joules. The optimum values of tempering

temperature and time were used for verification. The result of average hardness was 549.9 HV and the average impact

value was 38.8 Joules, which coincided with the cutting edge Thai community Product Standard

Keywords: chopping knife tempering, tempering temperature, tempering time

VN

i‘laﬁ;ﬁ'uﬁ@m\‘imimmmdml%ty’ﬁm:gnﬁ%ugﬂmn
wanuAnuLazmanludes asanwaniesassiail
fUSuauansu auﬁg@mmmﬁwmquﬁﬂﬁ NMIANEN
TUTHALALANIININBAT TATAUATIITRUY WU
ﬁ@‘ﬁ'mumi?\%ugﬂﬁdﬁadﬁﬂszﬂauﬁﬂ%mzmzhﬂums
ﬂ%’uﬂ;aQmauﬁ'ﬁmaaﬁ@Lﬁalﬁﬁmwmﬂuﬁqmauﬁama
éﬁummLL%@LLa:mmmﬁmﬁmmqmﬂfmmﬁumn%u
mnﬁuqmauﬁ’@maﬁmmwmﬁm Hudnwniteileds
ﬁmmmﬁ,’]m'ﬂ%f‘uﬂgaqzu,emﬁ'@ﬂé’dmﬂmﬂ%mzmumi
TUUD I@]sﬂ%m:mumimamm%faumﬂ%fuﬂj‘o WHE
NIIUAT (2540) ﬁdawa@iaﬂmauﬁamanamaamﬁnﬂﬁﬂ
anfuan Arnunszuaumsouanly msadana syawled
(2556) Gslunszuanunisiazdnadanininaudls
aaadlantasLazAnunisRndn eiitesannnis
wWagnudaslassasvasunsimulad Kumara (2003) %5
Iumimﬁ'ﬂu,u,ﬂaaqmawﬁ'amanamm:ﬁwmsauﬁﬂw
ﬁ]:ﬁmwﬁuﬁuf‘waaqm%gﬁLLa:Lamﬁdwa@iam
ANMNLTILAZANNRINITD MANNTTULTINTZUNA AT
ANBNUITLVIITION RONITUN URTATHE (2558) WU
ﬁﬂiﬁﬁmumiﬁ%ugﬂmnmﬁnnﬁmﬁuam’iﬁ [T
mMsauLRNANS R 8Nz UIBINs RN SluelsE s
Wasuifsuiuialdfingaanmanunnuluiesaaia
INNNANITNARBINLIN JaldfinGaanininuuuas
Usznavludrslassaiisanfludnszansdiuntiia
Auwlassaronnnulad laslassadsasludasiaua
LANad Lﬁaﬁszm:‘ﬁﬂLﬁ'u%w‘ﬁaLﬂuml,mq\ﬁ'ﬂ,ﬁﬁ@ﬁmm
e QM&Nﬁ@l%ﬂﬂi%ﬂLLix‘]ﬂiZLmﬂﬂﬂ‘IIBEJad G990
MsEnENNWITEeIMIRans 535w lTd uazame (2562)
wudwﬁmiﬁﬁNﬁmmﬂqﬁﬂmﬁgwadqmuﬁﬁﬂ 4 93n7q
ludszinalng dranuudsveslaldaianuuandrann
lavfialdvasdinianszuasaToysonfiannuuiigega
JodasunfalaldanIInTauaInaiun vn LLa:ﬁﬂqmﬁa
faldnndaniagszan '«J:Lﬁuvlﬁ'jwﬁ@mﬁﬁm'ﬁ*guLL%@

Lﬁ%ﬁ]LLﬁ’J&%ﬁ’lﬂ’nmL%da%'li:‘v\’i’]d 450-600 HV 211
i’]tyvnﬁLﬁ(ﬂ%umﬂLﬁ@mﬂ%u@aumi‘*gmﬁaﬁ@stwz
ﬂ’]i"ljllLL“‘ﬁ\‘JLL@iﬂtﬂ%ﬁ'ﬂZél%ﬂitauﬂ”lifﬂuﬂ”]i“quLL%GI@]EI
fnanuudefilaazliminmu Seenanuudsosmnaniildrin
flaldin a:%uagﬁuﬁﬂﬁm:mmﬂ%mmﬂﬁu auﬁagﬂmﬁa
Wan lasminaseudianuudsaslsUSunmanansuean
Wunanlunmsdwindranuuds laoiinuaSunmedn
AMSuaw 0.3-0.5 LasiGudamsuau a:‘[‘*ﬁ@hammuﬁaag}ﬁ
550 HV 3InMIAn#NwIdL (ANTnae gauyIunn
wazudin 1ioInes, 2557) wodduiulafiniswaw
nzuawmsatadmaluladadolng Ralidafinu
mﬁ%ugﬂﬁmmmﬁaﬁwLemammsnlﬁ@hqmauﬁ'ﬁ%aﬂa
pasfaasiaumnaspuinnuald lusmsdodfud
wn3duldhnanmisffandezyndlslunisguudedia
NHMINEAT MNMIANBNWTTEVRIENGANT GG
WRzAME (2560) WUINlAANMINITEEALLLAITNARDY
wo9il9duRTnadoauTaIEInar0s AR/ wITHA 8%
myguudsdionszuaumauanaisivalsds ildnmud
Tadpvesgmngiiuaziaiinadeaud@izing lagan
MIANHUITBTIAUWLIINNTOENLLLNTNARDILAZ
Mseszineadan Montgomery (2013) 818130
mmmﬁhﬂa%’sﬁmm:awlumiﬂ%’uﬂmmawﬁ’amaa
falddonsaudinl

[
av AR Ao

o & & A = @
AJIhLb \'ﬂu'J‘ﬂU%%GN?@]Qﬂ?ZﬁGﬂLWﬂﬂﬂ']:l"]ﬁﬁ]ﬁ]il

ﬁmm:ammqm%@LLammﬁﬁma@iaauﬁ'&%\maﬁmiﬁ

o B 4 e e X .
AUWMTaUARIN DINaN ldanNUITuRIINITOANMT
Lﬁﬂﬂl"ﬁﬂﬁwmqmﬂgﬁ wazhaRINzaN w1 TauAK

Infialdfiiunsguudalifidszaninmanndau

3

3 aa
ﬂ@‘! qﬂnsm u,az'aﬁmsﬁnm
LI

(SIS

- IARNLAKLY
a v a dg =~
- faldvasgurufidiunsdauzduszguuds
dauaadlu Figure 1



358  Sombut Noyming, Wanna Homjabok, Manote Rithniyo,
Narongsak Thammachot

B O Y
.

A LS C ek v U

Figure 1 Shape of community big knife
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Figure 2 The big knife made of low carbon

steel and positions for test pieces
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Table 1 Parameters and notations

Level
Factors Unit
Low Medium  High
(-1) (0) (+1)
1. Tempering Temp (A) 180 200 220 °C
2. Tempering Time (B) 60 90 120 min
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Table 2  Design table showing the randomized run order of the experiment

Run Order Std Order Temperature (°C) Time (Min)
1 10 180 60
2 14 200 90
3 18 220 120
4 17 220 90
5 15 200 120
6 11 180 90
7 13 200 60
8 12 180 120
9 16 220 60
10 42 200 120
11 44 220 90
12 37 180 60
13 41 200 90
14 38 180 90
15 40 200 60
16 45 220 120
17 39 180 120
18 43 220 60
19 25 220 60
20 20 180 90
21 19 180 60
22 22 200 60
23 21 180 120
24 23 200 90
25 24 200 120
25 26 220 90
27 27 220 120
28 3 180 120
29 7 220 60
30 4 200 60

45 28 180 60
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Figure 4 Chemical composition of specimens
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Table 3  Chemical composition of test piece
Steel Chemical Composition (% by weight)
No. c Si s P Mn cr Mo
4103371% AISI 5160 0.50-0.65 0.15-0.35 <0.04 <0.035 0.45 0.10-0.90
1 0.526 0.253 0.0012 0.007 0.780 0.145 0.010
2 0.615 0.328 0.0021 0.010 0.823 0.265 0.016
3 0.561 0.221 0.0100 0.008 0.788 0.184 0.014
Average 0.567 0.267 0.004 0.008 0.797 0.198 0.013
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Table 4  Hardness values of the big knife of community

Position Number Average sd LCL ucL
0.1 5 826.6 46.8 890 774
0.5 5 784.8 13.1 795 763
1.0 5 773.2 8.5 786 763
15 5 767.2 135 780 746
2.0 5 761.2 10.8 776 746
25 5 749.4 10.5 763 735
3.0 5 727.6 17.9 749 709
35 5 707.2 17.6 726 685
4.0 5 686.2 14.3 694 661
45 5 680.6 13.5 694 661
5.0 5 665.8 17.9 685 639
55 5 662.0 16.7 685 639
6.0 5 648.6 14.8 661 626
6.5 5 646.4 15.4 661 626
7.0 5 633.0 7.0 639 625
75 5 629.0 10.0 639 618
8.0 5 620.6 12.6 639 606
704.1 15.4 721 684
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Table 5 Hardness values of the test pieces
Hardness Values (HV)
Temperature (°C) Time (Min)
No. 1 2 3 4 5 Average sd
60 669.7 640.8 670.2 634.5 657.5 654.5 16.4
180 90 615.0 622.2 615.6 593.4 580.2 605.3 17.7
120 614.3 618.9 607.6 579.2 595.0 603.0 16.1
60 599.7 588.4 596.2 597.9 610.2 598.5 7.8
200 90 584.2 588.6 581.6 541.9 549.5 569.2 21.7
120 584.1 588.9 562.9 549.6 551.9 567.5 18.2
60 569.2 561.6 553.8 559.7 561.6 561.2 5.5
220 90 537.4 538.0 559.5 548.9 556.3 548.0 10.2
120 533.5 557.6 521.0 541.6 564.2 543.6 17.6
800 ﬂ')'l&l(;f'l%‘ﬂ']%uidﬂizuﬂﬂ
Nﬂﬂ']i‘ﬂ@1E"(EUﬂl']ﬂ'l’]llﬁ’]%'ﬂ']uLLidﬂiﬂL'ﬂﬂ"ﬂﬂd
=
=600 — — faldvasgurulanldunasznw (1SO 148-2:2008) 1w
T(g' g WINIIUNINATEUAMUFIUNBLIINIZUND AILFAS
[0} 400 ] 1 - SL 2 A v A A
5 -] W Table 6 mummmmummmmummaaﬂag"n 13.6
T 200 —| B Joules HAUTUNARDUIMANUABUNFUNTZUIRMIBUAR W
= HATBIAIANNAIUNIBUITINTIUND URAIGS Table 7
0 B I@]EJﬂ"]ﬂ')']3Jﬁ?uﬂ’]%LLiGﬂitLLﬂﬂﬁ%ﬁ]:ﬁLL@ﬂ@hd‘i?ﬂﬂl’]ﬂ’nSJ
60 minutes 90 minutes 120 minutes Wiy wuda egmnpiuaziamnsaufulwiindue 2z
] 180°C E§ 200°C ] 220°C - N Y2 x de X
Vl'ﬂ‘ﬁﬂ']ﬂ'l']m@n%ﬂ']%uidﬂi:LL‘Ylﬂ%‘H: VNN NLT LT
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Table 6 Impact values of the big knife of community
Impact values (Joules)
No. 1 2 3 4 5 Average sd
14.0 17.0 10.0 16.0 11.0 13.6 3.04
Table 7 Impact values of the test pieces
Impact values (Joules)
Temperature (°C) Time (Min)
No. 1 2 3 4 5 Average sd
60 30 27 25 24 27 26.6 23
180 90 31 30 35 30 31 31.4 21
120 38 33 37 32 30 34.0 3.4
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of chopping knife

Table 7  Impact values of the test pieces (cont.)
Impact values (Joules)
Temperature (°C) Time (Min)

No. 1 2 3 4 5 Average sd
60 32 33 35 37 36 34.6 21
90 36 39 32 36 35 35.6 25

200
120 42 44 40 42 38 41.2 23
60 35 38 40 38 40 38.2 2.0
90 38 40 42 44 45 41.8 29

220
120 49 50 48 48 45 48.0 1.9
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Figure 8 Impact resistance values
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Figure 9 Probability plot of hardness
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Figure 10 Probability plot of impact

FnTumInasauanuulslTiwyinnn (Test
for homogeneity of variance) Ua9A1ANNUTILRZAIAY
dumunssnszunnilglunimesss svauufginly fe

H,: mmuﬂiﬂimmmmwmﬂﬁwmnmjmmﬁu

H, : AN TUTIUYBILABANAISLANGIIN 1
t9van 2 nju

PNNRVBIAIANNLTINTUTIUALY WRAIAS
Figure 11 wuinldd1aas P-Value 0.096 fnANNG BN
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Test for Equal Variances: Hardness vs Temp, Time
Multiple comparison intervals for the standard deviation, a = 0.05
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Figure 11 Test for homogeneity of variance of
hardness values

Test for Equal Variances: Impact vs Temp, Time
Multiple comparison intervals for the standard deviation, a = 0.05
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Figure 12 Test for homogeneity of variance
of impact values

nsnagauaNLdudasziu (Test for
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Runs test for Hardness
Runs above and below E = 583.413

The observed number of runs = 17

The expected number of runs = 23.4889
22 observations above K, 23 below
P-value = 0.050

(a) Hardness values

Runs test for Impact
Runs above and below K = 36.8222

The observed number of runs = 27

The expected number of runs = 23.4885
23 cbservations above K, 22 below
P-value = 0.289

(b) Impact values

Figure 13 Test for independence

ANNNIATIIFOUTBRUNAFIUILRANNIRTG
719 3 7% fa Test for normality, Test for independence
1Lz Test for homogeneity of variance @1 P-Value ¥a4
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Figure 14 Contour plot of hardness
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Figure 15 Contour plot of impact

Table 8

Optimal tempering process on mechanical properties 365

of chopping knife

nswIananazasiledafiduadanianauiouas
AIAMNAIBNIBUTINTZUNN

myllenzinamnenas wuihidsvasgmnni
auanld naeuanld uasiafuuiudnadadiainy
wiuadprasdaldivianinimasasadefitudany
lu Table 8 uaads18aiduavaIadusiuiian P-value
wosniessdutuidai 0.05 nniladn Foviu sann
agﬂvlﬁdﬂﬂa%'yimﬁaﬂdnﬁvfuﬁwa@ia@hmmwﬁqLa,'éilﬂ
ad9lnedA L wazIINNANIINARaY laA1T18d R-sq
Wy 85.26 1efidud wnizfien R-sq (adj) HAnwinfu
81.99 wWafiiud Gelndidnsiudvas Rsq ugasd
ahmumaaﬁagaﬁﬁﬂmmﬁmwa*?'ilﬂumﬁmm:ﬁﬁa%’ﬂ
Amanzaw

Variance analysis results Hardness value of temperature and time

Factorial information

Factor Levels Values
Temp 3 180 200 220
Time 3 60 90 120
Analysis of variance
Source Df Adj. SS Adj. MS F-Value P-Value
Model 8 49693 6211.6 26.03 0.000
Linear 4 47622 11905.4 49.90 0.000
Temp 2 37336 18667.8 78.24 0.000
Time 2 10286 5143.0 21.56 0.000
2-Way interaction 4 2071 517.8 217 0.092
Temp*Time 4 2071 517.8 2.17 0.092
Error 36 8589 238.6
Total 44 58282
Model summary
S R-Sq R-Sq (adj) R-Sq (pred)
15.4465 85.26% 81.99% 76.97%
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ANTILATIER BN TNAVDITALNFINRGAFAIAINY
ATUNIWLIINTZNA ﬁﬂﬁmm’hﬁa%’waaqm%gﬁau
Al RO UARTNAAAIANNIUNIWLETINTZUNNVD
a oAg o > o v '
Jalanlinasovadlinod A douaasaaadnslu Table
9 laeidn P-Value 283iad8nanuaziladsiiy Hdnkasnin
JAURBEIATN 0.05 wunapaNNIndagaainaIlug

Table 9
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o

FaAIAMNEIUNULIINIZUNNaE I TTEEATY

lagnaraIMINaaedlan R-sq vasnmsaudnln
ALinfTD 88.31 o fifud vauedien R-sq (adj) fenvinfiu
85.71 Wasidud GedanlndiAsaiua1ves R-sq uaasis
ﬁ‘i’]mw’uaaﬁayaﬁmﬁmﬂwaﬁlﬂumﬁLm’]:ﬁﬁaga

Variance analysis results impact value of temperature and time

General factorial regression: Impact value versus temperature, time

Factorial information

Factor Levels Values
Temp 3 180 200 220
Time 3 60 90 120
Analysis of variance
Source Df Adj. SS Adj. MS F-Value P-Value
Model 8 1595.38 199.422 33.99 0.000
Linear 4 1561.16 390.289 66.53 0.000
Temp 2 1082.18 541.089 92.23 0.000
Time 2 478.98 239.489 40.82 0.000
2-Way interaction 4 34.22 8.556 1.46 0.235
Temp*Time 4 34.22 8.556 1.46 0.235
Error 36 211.20 5.867
Total 44 1806.58
Model summary
S R-Sq R-Sq (adj) R-Sq (pred)
2.42212 88.31% 85.71% 81.73%
% { 1 1 [ 1
ﬂﬁ]ﬁ] ﬂﬁmmmumammﬁu!,Lmuazmm'm(;f'mmu optimal Temp Time
o-os247 M 2200 1200
: ur [2002020) [83.6364]
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Figure 16 Optimization plot of the effect of each factor
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of chopping knife
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ﬁ%vl,w I@EINaﬂ’]i’ﬂ@]ﬁa‘uﬁ’]ﬂ’ﬂﬂLL“‘ﬁ\‘iLLﬁ@\‘i(;]’\‘] Table 10
Table 10 Hardness values of repeated experiment
No.
Average sd
1 2 3 5
565.5 574.2 554.6 522.8 532.6 549.9 21.7
Table 11 Impact values of repeated experiment
No.
Average sd
1 2 3 5
42.0 38.0 35.0 41.0 38.0 38.8 2.8
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