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The Effect of Sub-critical Quenching Temperature on Fatigue

Properties of Press-fitted Axles

Rysji TARAHASHI, Hatsukichi SATO, Teruo YOSHIMURA, and Kazuaki IijiMa

Synopsis:

In order to apply a sub-critical quenching method for the improvement of fatigue strength of press—
fitted parts of car axles, the effect of sub—critical quenching temperature (500~700°C) on the microstruc—
ture, hardness, residual stress distribution and fatigue strength was investigated using 12 mm¢ notched
specimens (0.35%,C steel) and press—fitted specimens (0.49%C steel) of 50 mmg.

(1) The maximum surface hardness, about 1.2 times higher than the normalized state, was obtained
by 650°C sub-critical quenched specimens. The cause is attributable to the solution hardening effect
of carbon into ferrite. And it can be considered that the hardness increase in the surface would have a
beneficial effect to improve the fatigue limit for the crack initiation, ¢,,, of notched or press—fitted parts.

(2) The maximum value of the compressive residual stresses in the surface was generated by 650°C
sub—critical quenching, but depths of the compressive residual stress zone were almost independent on

the sub—critical quenching temperatures.

(3) The maximum value of the fatigue limit for failure, ¢,,, was obtained by 650°C sub-critical quench—
ing. Moreover, a linear relationship between ¢,, and the values of the compressive residual stress in the
surface was clarified by the sub-critical quenched specimens and the normalized ones.

(4) It is concluded from the above results that the optimum sub-critical quenching temperature is

about 650°C.
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Fig. 1. Specimens for residual stress measurement.

Table 1. Chemical composition of specimens. (wt%)

Diameter C Si

No. Steel (as rolled) Mn P S Cu N
1 S35C ¢ 25 mm 0.37 0.29 0.75 0.015 0.018 0.09 0.0047
2 S40C ¢ 55mm 0.40 0.21 0.90 0.014 0.027 0.013 0.0029
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Notched specimen for Ono type rotary bending fatigue testing
’ 457 o
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Specimen for $50mm press-fitted bending-fatigue testing
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Fig. 2. Dimension of fatigue testing specimens.
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Fig. 3. Relation between sub-critical quenching
temperature and surface hardness.
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(a)

Normalized

(b) 600°C Ss.C.q.

(d) 700°Cc s.c.q.

Photo. 1. Electron microscopic structure of surface of specimens, normalized or sub-critical
quenched from various temperatures.
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Fig. 4. Relation between residual stress distribu-
tion and sub-critical quenching temper-

ature in ¢12mm specimens.
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failure, oy, of 12mme¢ specimens.
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Fig. 14. Relation between fatigue limit for failure,

0w, and surface hardness.
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BERE2ET230:ELZ LR TW3Y. ChizEH
FEMEERRRIG I — B OFIE & UCIEA L, Bl
BhABE OB ORI RAME I 2BR L, %3
DEREGTF B L b EBbhb.

Fig. 13 13 12mm¢ ZRERF- D 500~700°C {EIEHE A
M ORERBIGIE & FHERE 0w, OBGEERT
D% T b, REEMREIGT S ENBIERE ow, O
B, BIEERNBERODS = Lhibns.

DEWR, REM X EFERBERE 0w, & OBHRZK
ALTHRS &, — B BhBERSRRS AT 5 &
TRTWBOVDTHIBECH LTS EELZBRS. £

ZC, 15mm¢ /NEFRYIR M HE IR O/ R I
BRE ow, LBEIEORFRERD S L Fig. 14 0ERH
DX ST VIFEX L ORIGITe ) BALTRIND.
RS LR 2 b3 Hbhic 12mmé NERGIRAF
AR DENRERE 0w, Off L5 SE & OBFREZK
FICEERRCHR Lcdd, ThiIC XL X & oxtios
BAKRES B VERBAMOLREE, WHUBLL
RigDOIHMZ R LT3,

L7 o T, EEBEARC X D ERKRERE 64, O
WRTHREAZ, RKEOAEIOPE L L, KABEK
ShBERBEEIGNOBEDHNKEVEDEELZ DR

Normalizing(N)

0=13kg/mm?, N=9.80X10

5

500°C S.C.Q.

0=24kg/mm>, N=12.9X10

550°C s.cC.qQ.
0 =26kg/mm>, N=10.6X10

5

600°C s.c.q.

8=24kg/mm?, N=22.1%X10°

650°C S.C.Q.
6 =29kg/mm>, N=61.0X10

5

700°C s.c.q.

6=31kg/mm>, N=8.00X10

Photo. 2. General view of fracture surface of ¢12mm Ono type notched rotary-bending
fatigue specimens.
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5.
7£%, 50mm¢ FEABIREBICE T 650°C £
BEAM 1L 700°C (KIEFEAM B U CREERYIETIE
R EL, FhEERE 20T SR ZR L
12mm ¢ #f & AEOHERIB LR T 5.

54 FHEREBEBHCREFITEREABREORE

EEBEANRLYH L7z 50mm¢ FEAERBRE KT S
—EIET) (6w, D 98%) OFEVRLARC X SEH &
DHERZEE (Fig. 9 # R5 L&, KEFEARE 700°C,
650°C % v;ja“é DR UEK) 5x 108 [miffir & C X Z4hE
BL, ThEL Ry LED B 2x107 [\ F ToRER
TIREYETH L 5. c0LEORFEREXUREX
R NE AR 700°C T34 4mm, 650°C Tizky 4.5
mm & 75 ) BHEFRECHE L 0.5mm kF\., D
B& o XWEMC BT 5 AWG T BICERED S5
PEHRA Ute & UCEHET % LERBEARE 700°C T
13 o=41kg/mm?, 650°C |} ¢=45kg/mm? Ltz 0,
ABAFIGIICKT LEiE T 170%, % T4 180%
DG Z TWBZ L b, LichioT, EEEA
{EEE 700°C W fhiEig L 650°C o fnsfEh 22 (Fh
BWEL) B TF<hTwa B bLhS.

DX SWEBBEAM T, BhEURFEE L i
DEVCLWAMBIEELIRB R h0b bY, AN
BT LB D DD, ZOBRKIEERCHRE
o HBE - EREEISIB W Idbns EX bh
4. Z®X 5 EENT Photo. 2 (12mmé )R AFRER
)b d 3 nvbhs. Tiths, [KEEANM DN
W, HEEEES D 1~2mm FX ¥ TOORE
BREEBL, 7V T Vv Sar—v s V(UMD
I H—FEOMLES) DE U EERLTWA. Th
ik, FARHDHEIE THIR Y P B Ln T LI
T OBUNLERE TR BEEAE L EERLTW 5.
hex L, Bis b LMol B, ok sk
BREBIIRD bR, —BERXAUNAT S L AascE
TTHRAEE LB, 7ok, & 0L 50mmg JE
AEEBRA R THBERED BT\ 5.

6. &

KREAREOHELY LT 57, 12mmg 4]
RAAEEBRTERRBRA B X0 12mmeé HERH IO
CENBEEIRE, BEHEHE Bk b0 REIGII5
i LASRPEARE & B3R Y, *7%, 50mmé FEAHR
BRACOWCENREERE, RELIHMN L IEBEAR
B LOBRY FRFhRE Lic. BohiERizKko L
BOTH5B.

5

(1) 12mm¢ FHABRAIC X 0 &3 X OBEMEE AL
BETERBAREOHELBRF LR, 7271 ¢
HL O JIMGRBABECHA Lk T50, -3
4 MHLEA 650°C B 2B ke a va A P ORI
L DRI 5 =D EEBEARE 650°C R\ CEE
SHRL, BERD LMK L2651 b%ET5 2 ot
7.

(2) 12mm¢ FEBRR W X 0 EREARE & BEIET
DA & DEIFRERG LR, RHEMERYIGEEX
KR BEARE OFE S 50, 1JIF—E LI 5 0%, FHE
FEfEREICIEMEREARE O L L L bt LSV
AR LK 650°C CRAELZRTZ EAnbrodk. ks,
BEAJRED 700°C ish Ewr viA b ORI X
Bk, Acy BRENE LML Clz—# <15 v g + &
a4 U, KMEMRRZICTEN RS TS &S 5
3.

(3) 12mmg¢ GIRMAREEF 1TV CREEHEREI
TIE & FENBHIERE & OBREBRF LR, vl
BRI DH D = Edvbhhot. Zhut, EEEAR
C X DENHHERE 0w, DR LT EXEC RIS E
EREBIGNCIDEZARIEIREI VLD EEL DR
%. B, 6w, ORKEOELID EEREARE 138
650°C ThHHC LLBHbrIREhi.

(4) 50mm¢ REERIWC X D BELHIDHEE L 0w,
CRIFTERBEARE OBE O CHRE LIcER, €
REEARE 700°C i [#E LT 650°C A3 fE Jsu >
TR T ST D o Ehibhof.

(5) 50mm¢ [EAFREA DO v, B FETDHO—
EIRTTARCRT A0 LB L ER XHEX L oBR
i, IERBEAIREE 650°C, 700°C L HicfEh X218
DB UEK) 4x 104 [EAFE HA D IEDHKT 5x 108 [@ff
HFETERTEY, ThUEoEVELKTCIZEZL,
Beie b UMl U O h W o Rk 5 BH0E
LAKREWEWOIFHEE T &l bnicdhi.
i, TO&IOEGEIHEIX 700°C Cr2L 4 mm,
650°C CTixfy 4.5mm Ligbh, ABEARIGIICK LET
FHTH 170%, %% TR 1809 DWEs s AT JICH 2
B85 = Lotk

(6) D EoEBRERLEL, ERANCKT S INEEEH
% Acy BRESADFCHECRETHLNEM L) BE
(T, S35C, F7zin S40C # oIEBEBEARE 1L 650°C
PREThHD EHWIh5.

Rb D CARELED D HID, TigHE L B
T b ol Y& B RERSREHE, MERN
FEEHER, RAERETE—K, KOO IHIE VR
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WICHTNBIR AL, T, EREYFEO T ITD
WBRSFERA R, REFROWMECIELR 5 HE
BRI D, Ik, RNBF OBF O ES B TS
DT IR ATt nie s E xR L, BIRAMLCREOE
HERTHS.

. x Rk

1) O.J. HorGger: Proc. Int. Conf. Fatigue of
Metals (1956), p. 352

2) WAL, N E, db FEH: AR SR
w4, 93 (1 32. 7), 131, p. 489

3) mRFER, F)IEH, MMATERE: BARERYAR
w4E, 38 (W 47. 5), 309, p. 933

4) MR, GRS, SNEE, S gk

5)
6)
7)
8)
9)
10)

11)

M, 63 (1977), 8, p. 84
HiE R, EHENE, SNEE, R -8
W, 64 (1978), 9, p. 94

MM O & B, SRR 3 %, B
WatE, (| 42. 10. 30), p. 34 [ AHHE]
SHBEZHE, RERK: BXREBYES®, 7
(1968), p. 137

BRIMBLE R 4 o, o, BE, BARSEHEA
i, (M 47. 6), p. 64 [HL¥E]

WEFHE, HE R AREREamE (81
), 35 (WG 44. 5), 273, p. 942
EBMRHEN R SBEER (1), BABRYS
W, (| 49. 7. 15), p. 2
EEMEELBRSRIER (1), BAERYR
@, (% 49. 7. 15), p. 128

— 96 —



