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Thesis Title Comparative Study of Wear Resistance of Palm Fronds Milling Blade
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Thesis Advisor Assistant Professor Kittipong Kimapong, Ph.D.
Academic Year 2017
ABSTRACT

Short time use of a palm chopper machine decreased palm milling blade’s efficiency.
Therefore, increasing its efficiency and long life service was an urgent issue needed to be done
continuously. This research aimed to 1) investigate the influence of heat treatment processes for
milling blades metals and 2) compare mechanical properties and microstructure of 4 milling blades
metals.

Four types of steel comprising S45C, SCM440, SUS304, and SKDI11 steel were
employed as experimental materials. They were machined and heat treated before investigating for
wear resistance, hardness, and microstructure, and the relationship between mechanical property
and economics to find out proper materials for further use.

The results showed that the SKDI11 steel milling blade harden at the given condition
yielded higher wear resistance than that of SUS304, S45C and SCM440 steels milling blades for 34,
45 and 60%, respectively. It was also found that the S45C steel milling blade cost was lower than
that of SCM440, SKDI11 and SUS304 at 6 42 and 52%, respectively. When considering the
relationship between the wear resistance and the manufacturing cost, carbon S45C steel had lower

cost and was the most suitable in producing the milling blade.

Keywords: milling blade, hardening, tempering, wear
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A9 2.1 ’ﬂ"’)uNﬁiJ“l/lNLﬂﬁﬂl@\iMﬁﬂﬂé}WﬂiJ AIST 1o ASME [14]

AISI - SAE
%C %Mn %S1 %Ni %Cr Others
Number

1020 0.18-0.23  0.30-0.50

1040 0.37-0.44  0.60-0.90

1060 0.55-0.65  0.60-0.90

1080 0.75-0.88  0.60-0.90

1095 0.90-1.03  0.30-0.50

1140 0.37-0.44  0.70-1.00 0.08-0.13% S

4140 0.38-0.43  0.75-1.00  0.15-0.30 0.80-1.10  0.15-0.25% Mo
4340 0.38-0.43  0.60-0.80  0.15-0.30  1.65-2.00  0.70-0.90  0.20-0.30% Mo
4620 0.17-0.22  0.45-0.65  0.15-0.30  1.65-2.00 0.20-0.30% Mo
52100 0.98-1.10 0.25-0.45  0.15-0.30 1.30-1.60

8620 0.18-0.23  0.70-0.90  0.15-0.30  0.40-0.70  0.40-0.60 0.15-0.25% Y

9260 0.56-0.64 0.75-1.00  1.80-2.20

<
2.3.2 annawau (Alloy Steels)
< Y A < Y A o A ) 2 A s
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Wi@TﬂﬁllllelLWlllslﬂll'] LW@ﬂﬁUﬂ?QﬁNU@@]TMﬂ@QﬂTi mmzmmmmﬁmmg@mmﬂumuﬁm

4 < @ I 4
ﬂ%iﬂmﬂ’]ﬁﬂ@uiu!ﬁﬁﬂﬂéﬁWﬁﬂJﬂQLlﬁﬂfﬂulﬁaﬂﬂéj']ﬂwﬁ‘ll@u

- o o 7 7 a < )
MA319N 2.2 oy ﬂ‘]&lﬂlllﬁgﬂﬁﬂﬂigﬂ@ﬂﬂ'mLﬂ‘JJGU?JQH’Tﬁﬂﬂﬁ']ﬂﬂﬁﬁjj'lu JIS G4051 [15]

J ~
E]\iﬂﬂ‘i%ﬂf]ﬂ‘]m\nﬂll (Yowt)

Tyanuol
C Si Mn P S
S10C 0.08-0.13 0.15-0.35 0.30-0.60  0.030max.  0.035 max.
S12C 0.10-0.15 0.15-0.35 0.30-0.60  0.030max.  0.035 max.
S15C 0.13-0.18 0.15-0.35 0.30-0.60  0.030max.  0.035 max.
S17C 0.15-0.20 0.15-0.35 0.30-0.60  0.030max.  0.035 max.
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o ~
2915 NOUNIUAY (Yowt)

Tydnyol
C Si Mn P S
$20C 0.18-0.23 0.15-0.35 0.30-0.60  0.030max.  0.035 max.
$22C 0.20-0.25 0.15-0.35 0.30-0.60  0.030max.  0.035 max.
$25C 0.22-0.28 0.15-0.35 0.30-0.60  0.030max.  0.035 max.
S28C 0.25-0.31 0.15-0.35 0.60-0.90  0.030max.  0.035 max.
$30C 0.27-0.33 0.15-0.35 0.60-0.90  0.030max.  0.035 max.
$33C 0.30-0.36 0.15-0.35 0.60-0.90  0.030max.  0.035 max.
$35C 0.32-0.38 0.15-0.35 0.60-0.90  0.030max.  0.035 max.
S38C 0.35-0.41 0.15-0.35 0.60-0.90  0.030max.  0.035 max.
S40C 0.37-0.43 0.15-0.35 0.60-0.90  0.030max.  0.035 max.
S43C 0.40-0.46 0.15-0.35 0.60-0.90  0.030max.  0.035 max.
S45C 0.42-0.48 0.15-0.35 0.60-0.90  0.030max.  0.035 max.
S48C 0.45-0.51 0.15-0.35 0.60-0.90  0.030max.  0.035 max.
S50C 0.47-0.53 0.15-0.35 0.60-0.90  0.030max.  0.035 max.
S53C 0.50-0.56 0.15-0.35 0.60-0.90  0.030max.  0.035 max.
855C 0.52-0.53 0.15-0.35 0.60-0.90  0.030max.  0.035 max.
S58C 0.55-0.61 0.15-0.35 0.60-0.90  0.030max.  0.035 max.
S 09C K 0.07-0.12 0.15-0.35 0.60-0.90 0030 max.  0.035 max.
S 15CK 0.13-0.18 0.15-0.35 0.60-0.90 0030 max.  0.035 max.
$20C K 0.18-0.23 0.15-0.35 0.60-0.90  0.030max.  0.035 max.

< a
2.3.3 mannd 13 atiy (Stainless Steels) [14]
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3 a Aaa .. . a
233.1 tannd115atiue5an (Feritic Stainless Steel) 11/ 119
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2332 wmannd 15aiununuBan (Martensitic Stainless Steels) 91031
= ' o v v = Y Ao a s
12,9 (M) wun winshimsldanudeuunmanndniidrunduveslasidion 17% uazasuon
d‘ a < Y = Y & 4 o '
0.5% Ngangil 1200°C manndazildeulassafraduesmnului 100% winhnmsguynlu
3 o < a { = ¢ < a A <
iy mannd ¥ aiineznlasuTassadreduinimu lad'la mannd1 13 atiuiiiumsgunda
o o o ' < < = o 4
udr mnih llhmsevaulwezsh I Idmanuuiianazanudansangs aaaaaluzili 2.10
2 4 ) ' o v & A Jd 1 9 < 2
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Y & Yy a an A v N a N oA <
s 2.10 (n) mannd I3 ativuimuganinlszneudeas lualgugiivazms ludntivina@n
2 a A o w ' <3 9 Y A a o w
Funavnmsovan Il nmmidsueis 350 1 @) mannar IFativeeamuudn Mwiiaaves

500 1911 [14]

~ s ~ wa < YNy A
M3 19N 2.3 mmJiznaumqmmazaummmmaﬂﬂm"liﬁum [14]

Tensile Yield
Steel %C  %Cr %Ni  Others  Strangth Strangth %-FElongation Condition

(psi) (psi)

Austenitic:
201 0.15 17 5 6.5%Mn 95,000 45,000 40 Annealed
304 0.08 19 10 75,000 30,000 30 Annealed
185,000 140,000 9 C-worked
304L 0.03 19 10 75,000 30,000 30 Annealed
316 0.08 17 12 2.5%Mo 75,000 30,000 300 Annealed
321 0.08 18 10 0.4%Ti 85,000 35,000 55 Annealed
347 0.08 18 11 0.8%Nb 90,000 35,000 50 Annealed

Ferritic:

430 0.12 17 65,000 30,000 22 Annealed
442 0.12 20 75,000 40,000 20 Annealed
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Tensile Yield
Steel %C  %Cr %Ni  Others  Strangth Strangth %Elongation  Condition

(psi) (psi)

Martensitic:
Quenched
416 0.15 13 0.6%Mo 180,000 140,000 18
&Temperd
Quenched
431 020 16 2 200,000 150,000 16
&Temperd
Quenched
440C .10 17 0.7%Mo 285,000 275,000 2
&Temperd
Precipitation hardening:
17-4 0.07 17 4 0.4%Nb 190,000 170,000 10 A-hardened
17-7 0.09 17 7 1.0%Al1 240,000 230,000 6 A-hardened

< 9 Yy a Aaa .. .
2333 manna1 liatueedmuiian (Austenitic Stainless Steels) 519
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Abstract

Shorten tool life service problem of a palm chopper machine cutting blade affects to deteriorate a
palm chopper machine efficiency. Development for optimizing the cutting blade that shows high
efficiency and tool life service was an urgent issue that is continuously performed. This research aims
to 1) study mechanical properties and microstructure of 4 cutting blades metals and 2) compare the
manufacturing cost of palm chopper machine cutting blade. The summarized results are as follows.
The SKD11 steel cutting blade that was harden at the given condition showed the higher wear resistance
than that of SUS304, S45C and SCM440 steels cutting blades for 34, 45 and 60%, respectively. It was
also found that the S45C steel cutting blade showed the lowered manufacturing cost than that of

SCM440, SKD11 and SUS304 for 6 42 and 52%, respectively. When comparing the suitability between
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the wear resistance and the manufacturing cost for application in the agricultural machine, it was found

that medium carbon 545C steel that showed moderate wear resistance and lowest manufacturing cost

was the optimized material for producing the cutting blade in this experiment.

Keywords: cutting blade, hardening, tempering, wear
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