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Abstract

In the automobile and shipbuilding industries, various materials and components require superior sur-

face strength, excellent wear resistance and good resistance to repeated loads. To improve the surface proper-
ties of the materials, various surface heat treatment methods are used, which include carburizing, nitriding, and
so on. Among them, carburizing treatment is widely used for structural steels containing carbon. The effective car-
burizing thickness required for materials depends on the service environment and the size of the components. In
general, however, there is a limit in evaluation of the surface properties with a standardized mechanical test
method because the thickness or cross-sectional area of the carburized layer is limited. In this regard, the nanoin-
dentation technique has lots of advantages, which can measure the mechanical properties of the material sur-
face at the nano and micro scale. It is possible to understand the relationship between the microstructural change
in the hardened layer by carburizing treatment and the mechanical properties. To be spread to practical applica-
tions at the industrial level, in this paper, the principle of the nanoindentation method is described with a repre-
sentative application for analyzing the mechanical properties of the carburized material.

(Received May 9, 2022; Revised May 18, 2022; Accepted May 25, 2022)

Key words : Carburizing, Surface analysis, Mechanical property, Hardness, Nanoindentation

.M E
Ut AAE A~A; WHEIR B oF 30-50°C =

d3le] e L H|UC]E (Austenite)
o)) AW (Quenching)sld PEZEIA}
o|E ZZAL FAAZ 4 AUt} o] W A= n)
—E—Eﬂ*}‘ﬂg—% LZHUO|ES] B4 FEE IE
A AR HJ’ A+ Z(Body-centered
tetragonal structure)?] T} Z28 FAsl= <MY
Fo = wig- Zskar FH/dol z‘:} webs, F¥S &
31X PAE vERRIO|E 2AS B BYeA &
HA AREAS] EZ o) BHA| §l 37 (Tempering) *12]
shA Ao =R et FAE rlERIRO|E 2AE

EF2EJO]|E(Troostite) B A2 80| E (Sorbite) =

Corresponding author. E-mail : ohmyung@kumoh.ac.kr
Copyright © The Korean Society for Heat Treatment

oz M 5 9ler, o5 24 A]2)(Quen-
ching-Tempering treatment)2}al Sho}, 22 *2|&
SalA A Wie] S8 AR ARl vl
sEm Bla 5 3 dASo] gdsH BE3HA
Ho M A Ao} oA EAl ) Al
T e AFo] ok SNt dutzoz 24 A7
AR AE 03 A8 ZA) Mste] vl
o] Wolx|u], ukE So] )% sz WPl I}
l?% M= H= wde] A 3 AN
7] Wil Ao EH Ao} D2 vy A
gA17)7) 918 T A5 FHo) S0
H—ﬂu}
AR Ao w4
o] 41 Eolell A

01_’, oBL i oox
04.4 O_u Flr
tlo jﬁ

d3ke ffeliM Tk sy
J85aL glom, uAxe] 52



731, £=3]4d(shot peening) 5] 71AI715H,
5 = HIESHEH, Wrlk/gdo] ¢

E

a\_— o= L—

S FEOR HUS RIS 4 2 BT 5o
y

W

4 P GALE Ad e
A @M e ol gHa ot 53], AFs3t
o] = Qlsf oo dE TRl T e
A B v T84 e ARESC dge
ol &5 3 st A8EI k. LuA o= gk
283 ¢ e TEE PAZE 02%CE T
oI, UA(Ni), 7HMn), ZE(Cr) 55 T
H7F AR 7S Aedelet FET). e
S 7hdslo] ol QP e el e
Holl g4 RS SAA A2l 9D A
lolct. ek £91710] ©a vjuld
S Al Blgsio] gt St
=, A Wi g4 Tt 2555
= Aoz}, o)} e FrhS Sf7 vt
< FHo| g4 AAE sk W
A e, 7R e, A e, 3
TEECE A e Beks 3Rk
Sk, ol X HEa Akl WS T
duksteart Aol HEsle] vkegke
uedith. 3] ek B 4l
15 Tl o] Aysithe Aol
AR, ] ga R Aot E7bssiar Hgt
ARre] Q2 Adths @o] ot 7k ek F
EHC,H,) T= ZI2IHCHy) 59 7k=9 3718
E3t3te AMele] 7kag vhee] e 13 &
o £91715 248l vESA7 = el 7k A
g Heks o] golslal Tdd TS A=
T o, g 5 2k Ay B HY 2roxe]
o] 7 Hut ozl A&ER]o] ZFseel w
2t g Atell A3eict. A ehe Na B2 Ni
S X33 ARBHCN-YEC ZAE A Azl o=
B 738ke fieshe WHoEA, AteHe-gHelA]
S darshetael o3k ko] iAlE Rt opy

o o
oY

sgrgete
e (==
mi‘w%&mh Oiﬁ“
o = . o

ol L

L

o

1">">,\I

-|~

o}:]r
i
Nk

3
H

O-

2
£
T

U o o ok g
o K

ojft

o
Ko} ok

o
oX
A
rr
o

X
o)
.
(o
o
filo

=

0
=
il
z
i

=<

>

2} o] W) ke Ao ola) Ash Azl Aol
A 5 k. S WHkES AT Bl A

(

]

ot

g .
WS ARgShE o) AN, Aol AlkehE
F54 U] BEEst o] ZolE Aefolct.

o
o,

Lo
oY
i
s
=
=

1
3
o r

Bl
e adiE fAjska 1S
Ao I 5 o

TF ol A Hd AelE H8she 75l
of& ARShs #8552 A7l met arEs
& Hg $7A7E v2n, ditdos A8 710
2 RFAAE F 15mm, ZHE 710] R FE
Ae F 3mme] Zo|7t 2] whd, 24
A1 el He Aeje 24 E9e) A
=4 Wk SEiM 239 A A, v A=
AR 5o mlEE 2ADeN] T Ao F=
o831 gitk. SpAIRE, e A2l ojef Fdw &
A 9] ZsTolxe] mlAERA ] wste} 1A
£ Alole] e aAls wEelA olsfeta g Al
£] o] vl=us UgshA FYalr] sire
#FshE vjaE AAde] e ARy B I
AEE A8l Avkeze AP} Ak Hole
olefdt FAIE St i ez hdsial +
AR AAEE af AR o9 21 249E
AL e BeddA e 8ol divEa
TH3] YRSk A e BEH) Wt ohEt B
AE) 59 =4 4 AT AHE ol =74
1 Gl Mg WE AT PPkl Ao
2 ke 83 Aldwel sfuE Zgiar gl
H, A 7le, 54 71N 5 AT Aol
8790] HTH] o] AhdA Apfloflxe] ARl g8
OJFOIAIAL A3, 4]. WP, V=i S A
sl shd Hek A2l ofsf st dAse
¥ 24 BAS AR 3 5 3low, v
A ZE7AE vle- =& ZlolR} Akt ofe, &
oA WSS o83t Al Ewie] &
A As B A= 7t 2ol disl] Avhskar ofs
ggato] e Agjd 2] 19 B4 B4 &8
Aol sl o] sfara} gt



2. Mo

o]
98t

710 AMRE HIFAL e 24
u]-g] L]_\_o]-?:]}\]-aq%lo E}OIO}ECQ]. ZELO 1:]—1;]-6].
A= oozl AIAE olg31] 3]

(a) Three-sided pyramidal
indenter

7|AH

Lh-gielAgie] 22|

)
A

A2l 2

)

= A4

24 M2 HP|

Berkovich
indenter

AT
AR

(b) Spherical indenter

F BAS S8 viesiiAlEe] S8 141

Sh= B9t &) E¥e tE= Ske(Load, Pyt
44k} W Sl(Displacement, 1S AAIeE =4
slo] tlojElstelaL, o5 At 24 o] 717
Al A4S HFgH oz Hrisle Wiolth 53,
LRSI Foll AR8She At 7IskstA &2
(Fig. 1 2} 315 7} W (Fig. 2 F=)el w2t

(c) Flat-punch indenter

/N
N/
.

Fig. 1. Representative indenters for nanoindentation test with SEM (Scanning Electron Microscope) image; (a) three-sided
pyramidal indenter, (b) spherical indenter, and (c) flat-punch indenter.
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Fig. 2. Representative load (P) — displacement (/) curves from nanoindentation tests with different loading schedule; (a)
constant load rate (or strain-rate) test without holding time at maximum load, (b) constant load rate (or strain-rate) test with
holding time at maximum load, (c) strain-rate jump test, and (d) stress relaxation test.
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Fig. 7. (a) Comparing the inverse analysis result the tensile test result on yield strength and strain hardening exponent (inset
image) of the carburized alloy steel. [31] Copyright 2021, Elsevier Ltd. And (b) Comparison of simulated load (P)—
displacement (%) curve with experimental result on carburized CrNi steel. [32] Copyright 2021, IIETA.
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