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The Effect of Carburization on the Fatigue of Low Carbon Steel

C.S. Kang, C.M. Suh

Abstract

The effects of carburization on the fatigue strength and cracks were studied. The fatigue ph-

enomena of the carburized specimens were compared with noncarburized specimens those were

either heat-treated or un-treated.

The fatigue strength of these specimens were measured by rotating bending fatigue machine.

The obtained results indicated that the fatigue strength of carburized specimens were increas-

ed ranging from 24—59% than those of un-treated,

The Vickers hardness of carburized were also increased as much as 138—1959%;

and 22—38% than those of heat-treatad.

than those of

un-treated, and 42—125% than those of heat-treated. The microscopic observation of the carbu-

rized specimens mostly composed of minute pearlitic structure at hard case exhibited to have

more localized slip than those of the non-carburized specimens.
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a) fatigue test specimen
b) tensile test specimen
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Table 2. Carburzing Conditions of Test
Specimens

marks carburizing condition

C—WQ Carburizing 3hr. at 930°C and water
quenched which was pre-furnace cooled.

c—0Q I Carburizing 3 hr. at 930 °C and motor-oil
quenched which was pre-furnace cooled.

;

C—Ac | Carburzing 3hr. at 930 °C and air cooled
‘ } which was pre-furnace cooled.
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Fig. 3. S-N diagrams for carburized specimens.

Table 4. Comparison of Fatigue Endurance Limit

specimens kg/mm? ‘ % %
C—WQ 36.8 126.9 | 159.3
wQ 29,0 100 125.6
Cc—00Q 33.9 138.3 146.7
00 24,5 100 106.1
C—AC 29.0 121.8 126.0
TA 23.8 100 100. 3
AM 23.1 — 100
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Table 5. Comparison of Vickers Hardness (Hv)

|

specimens Hv \ % i %
C—WQ 384, 3 142.1 295, 2
wQ | 270.5 100 207.8
C—00 |  338.4 207.1 259.9
oTo 163. 4 100 125.4
C—AC E 309, 8 224.5 237.9
TA 144, 4 100 110, 8
AM ; 130.2 — 100
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(@) 0~0.5 (b) 0.5~1

{e) 2~2.5 (f) 2.5~4

unit : mm
Photo. 1 Micro-structures of C-AC specimen along radial direction.

(1002, 5% Picral, Nitral)
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(b) 0,5~1

() 1~1.5 (d) 1.5~2

(e)2~2 5

(f) 2.5~4
unit : mm

Photo. 2. Mico-structures of C-WQ specimen along radial direction.

(100x2, 5% Picral, Nitral)
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(a) 0~0.5 ) 0.5~1
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unit : mm
Photo. 3. Micro-structures of C-OQ specimen along radial direction,

(100¢2, 59%Picral, Nitral)
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(c)

(d)
Photo. 4 Micro photo. of formed fatigue cracks on the carburized specimens. (100:<2)
(a) Crack on C-AC specimen ¢=35kg/mm? N=53:10°

(b) Crack on C-WQ specimen s=50kg/mm? N=4x10"

(c) Crack on C-0Q specimen g=41kg/mm? N:==2,3%10*

(d) After 5% nitral etching of (¢) Crack
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c-1 c-2

C-AC specimen C- WQ specimen ‘ C-0Q specimen

Photo. 5-a Photo. of cross sections of carburized specimens. (52 picral, 5% Nitral)
Photo. 5-b Photo. of tensile fractures of carburized speeimens.

Photo. 5-¢ Photo. of fatigue fractures of carburized specimens.



H10% B2 9k 19754 128

3-3 Vickers B
Table 5% JhiEdish Table 28 22 fgpho o @
e C—#E8 ERPFEME Yl k. B

C—WQ#, C—0Q#, C— AC?H FrEheEl WOH,
OQ#, TAHM R 4% 42%, 107%, 125% &) Wi
fitgmE et AM A R 4 195%, 160 % |
138 % ©] #ing vhebsl ok

3-4 FxEHMel 8%

Photo. 1,2,3 -2 C—-ﬁ‘%g; Mk E2 5% picral 3

rivral ) JBEA T & SEENRES HHSY &
bR A A Ldime 2 0.5mm R Fel
002 52 W MRS kel ol

3-4-1 C-AC ¥fo| 8%

Photo. 1.& C—AC #¢ Hlife. = 0~i.4mm 73] &=
ks el BMLEE Tkt 1,4~1,6 mm = B
P BT o B RS BN Wik Wbeh

| S RN SRR 152
A A B S A BUhE I A Ly
?rﬂ %3 B =3 4 ol R gloh

WA EFEFEANA < Ldmm 7R & E%% e hr
Whe) pearlite & & & 0 ferrite &
1,4 mm 72 = ferrite 8 Frol ‘3?&/]\3]04;] ul kb
Ldmm Ll v RES kR W

W A pearhte

b E AL ferrite o] Fo) #nE el EH¥ energy B
- wmikE = 9, EEE Z ity 2 Photo.l—c,
decld BT = gk

3-4-2 C-WQ o) 8

Photo. 2 = C—WQ #2] #Hifke.
{rx2 Vickers WEEA: Jiiks) =3, pearlitic matrix
o T HHEL pearlite 7} quenching &] o 7 glifkel
kel martensite (L3 (L450] o '1”15] 0.5~1mm At
o) = ffifk® martensite 8] Zpfihke = FHeof gl
1.4~1,6 mm Afo} = WL WK LW% Wi e 2
RS WA FESE R Wik B ] fervite ) 300
S04 Bk pearlite /b WASHE 9 2L WA
= sivhe fgFEdiel A 1A mm LUl = i
R Aol Az PR WEA SHS ifrel A
- ferrite &F martensite & ErEe 2 et o)

3-4-3 C—03#o] fpsk

Photo. 32~ C—0Q #49] #isho & O~1.4dmm 2}e]

- C—0Q #7F ik B2 wifk=]
0‘;7, quenching &l 2 & g4ikel  martensite 2 Bk (kg
pearlite 7V @47 fiko s BEsF AMgs) 2. 2
Z 0.5~1mm Aol £zt martensite &} f/ha B
3 pearlite 7} {vE el 9 AL A 13(hal ferrite 7}
igte) Ao, 1,4~1,6mm Aol = B

2 0~1,4mm 7} B

quenching

8l

ﬂ«

"

43¢} 31 motor-oil

17

et il BEEEE= ke mipa
HEAE Whds BEg £ .

3-5 BEHBY

Photo. 4 = @3 C—#Eo E&ETI LB
YL o A7 EHEEUES 100X2{52 B Aol oL,
Photo. 4-a 1= C—AC 43 5% picral ¥5ie) et =
WEET) o=3.5kg/mm* & 749 ¢ = o2z
=510 A A7l AN FET LY $ES JEl g

=2

ol ©lE C—

Z

Photo. 4 b C—WQME 5% picral ¥ifel fo
A7l 7 o=50kg/mm® Fo| N=4x103 <2 A1 417 3y
b8 @S IR s

223 Photo. 4-c & C-OQ ¥/ Z 5% picral o] [sfik
F o=dlkg/mm® Fe] N=2,3x10* e} 4 471 3K £
b A EEE e o] @A oh4] 5% nitral
Rl A1 78 = Photo, 4-d &} 2o #44iek mar-
tensite 2} ZRARS]L pearlite & BAHEEL Lol A7 g3
& e ge

] oF 7ol ®iks

Bl ARl mEL i

Hal 287 g2t whe] slip 80 F3) A7 A7x,
Bkl {Rebed flio] Wifdol s 2 ko] ui/ =
E2 fRZle] Zojel vl ste] @S o] =A gw
A = o, slip S0 XJOM fEdhko] HA = 0Q

HA® e [Ehe) 4

SYEREEN)

i o] fBRle] kdistyd

18 37kA @RE AAEY BBk B ¥
E3 vlul C—WQ M #tilke]l = #84kel martensite b,
= EWES A BRI g, C-ACHYE= =Fe iy

#Rkel pearlite &} f/hvelA] TERE B ferrite 8]
Ak Lol B3] HkF A =it EEE = &
FKHETIe) (EMshe EAT A el 4 BiE
E ety shgch zElxm @kd WRAEY EEmIE
7b FEEMERS & FEE REfme R s s
BEE %ol IRikel pearhte oF ghikol L ik
0Q #rel 13!

martensite ffEol IR

#al 4
A M B R, HE] SBERY fute
2 {Efshe] FEAFIRIE 2 Fiel AR = A Frh.
3-6 REEEY glgﬁﬁﬁﬁq R
AAEY BE FiEsd
5% picral 3} 5% nitral %o BEaiAdz 59 kel

Photo. 5-a &= £ pifisl

th EM EEY A& “lj}o} EksEl el Hirsl i
iTole ferrite 7} 58] A, el KL i) Wik

xﬁ/ﬂﬂ iR NE o] pearhte B} oenergy 7 v wre W
kel Pdbigel = ol Mefeile B e We W
F;*Z‘ﬂ— Hol A A uk Lol 2

2 mlicare

e R fEiencrgy I-



18

Photo. 5-b 3= Fig. 1-b s} Zro] Tt Table
g | @Zﬁéﬂ RKNE SERBECl TR FY
IS e St
xR E&H‘«] SlEm Mm-S sl SIRBEE
{6 z+2)3t &a) #Hle) Witkol M= m Afzie] Wb
gl 7] =) B4 iEZo] & AM $19} o] “cup 3} cone”H
Wi WS WA g7 #uRE F %] quenching
shog niAe] WhE I OQ R el frfbx WO et
7ro] “cup I} cone™® JKE ZA = ib”u‘ftE— “Squa
TS 7R et =R RS b Ridlie] ¥
Eis :lé&ﬁwﬁmg:ﬁ_ C— =% v %% Ho ]914. ol 7]
<) FifM=E SkiEe Larson zk Carr[7,819 [fizcel 4 ol
59 oh
Photo. 5 ¢ &= ®HE C—¥E BE5MEsl Toikel
r-. Photo. 5-¢-13 C—ACH2A ¢=33 kg/mm? N
=2,7x10° ] A f")fﬁ)iyfl Fikel i, Phoro.
L C—WQ M =2A =425 kg/mm? N=5, 7:<10% o]] 4]
o Jgikol® Photo. 5-c-3 2 C—OQ k24 o0=39,3
kg/mm? N=1,6x10% ¢} el &5t} pifisl Fzfikel

5-c-2

49 374 C—EA 489 @SN 1 BRE
WA AL R AV S e
T Yok 5 C—p&e EiRE i %
iegse) 96% vk T AMpfsh wre] lalkol
el 4712 MMe) e 7Hald. ol Bl
quenching = o] FRithe] Em=l WQHrel TWiksl Ll
AL C—HES FRZRM AL T Wikl Bhar
A ] AT EHEHA R FIT1 i
Fpe.z HEfFH o @(TL T wakel @EHNeR TA

HAR FEEEE, whA kel 2 HHT 31D o
W Euﬁfr@ﬂ g :htWﬂ Q7 e AR

4 & W

Wl —Gl el ENEEM C—0,2%) & [k HgRiE

il w8 g abA GG 2 RN T S MuETE ¢
R 2 3 RS R 374 ‘.";’Mr &
Eif - SR RGN e R wl Bl e g g
BoobEA 28 ke 94

1. @k PsmEE A.\I Myl 25~59% vl I
sk BGEIIEL JERRM (WO M, OQ M, TAH) 2
o} 22~38%kE i nEket.

2. VS Vickers BiE = AMH 3.2} 138~105%, =)

F Ehakan frach 42~125% B U2

S

-

=4

&k
3. peuikle] B bEl pearlite #line- slip ,@f?;’;\:]
SR ROl T e gFe] ol lpile] =on
& i
A WS sifiEel ) 9 kA
FA I B S eI AL Bid kR A
iz'd}f uje] vk

2 £ X B

1) ToH Alden; “Jowrnal of Metals” Vol. 11, p.s23
(1962)

23 D.V. Wilson, J.K. Tromans;
18, p.107 (1970)

03) Kammdy, NI — B8, KEPET 5 Drans.
Vol. 38, p.3029 (1972)

%, N 2, ARWTLE 3 Trans.

38, p.1932 (1972)

SACTA Met.”, Vol,

TSAME”

(4] B0, Jidi—
JSME,” Vol.

COSHEBMMELE LY BT, 2
RIZRG “FR MR R

&7 Ei1288, p.d7 (1973)
(73 F.R. Larson, F.L., Carr; “Mectal Progress,” Vol
85 p.74 (1964)
783 F.R Larson, F.L., Carr; “Trans.
55, p.599 (1962)

ASME” Vol



