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The Effect of Sub-critical Quenching on Crack Propagation in
Fatigue Occurring at Press-fitted End in Axels

Rydji TARAHASHI, Hatsukichi SATO, Teruo YOSHIMURA, and Kazuaki lijiMa

Synopsis:

This study has been made to improve fatigue strength of press-fitted parts of car axles by sub—critical quen-
ching; water quenching from the temperature just below Ac;.

The effect of sub—critical quenching on behaviours of fatigue crack propagation, the relation between ow,
(fatigue limit for failure) and sub-—critical quenching temperature as well as the relation between hardness of
ferrite structure and residual compressive stress at surface were investigated using notched specimens of 15mm
in diameter (0.35%,C steel) and are press—fitted specimens of 50 mm in diameter (0.4%C steel). -

Results obtained are as follows.

(1) In sub-critical quenched specimens, both notched and press—fitted, fatigue cracks initiated and pro-
pagated to some extent and stopped, when the stress was applied above ¢4, (fatigue limit for crack initiation)

and below ¢ y;.

The crack length depended probably on the applied stress.

(2) Maximum value of 6,, was obtained in the specimens, both notched and press—fitted, sub—critical

quenched from about 650~-750 °C.

(3) In the surface of sub—critical quenched specimens, hardness of ferrite structure was considerably in-
creased. It was presumed that about 609, of total hardness increase was provided by age hardening after
quenching, and about 40% of it by residual compressive stress generated on the surface by the quenching.
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Table 1. Chemical composition of specimens (wt %).
No. Steel \ (lzsia;gff:;) c \ Si Mn P S Cu
1 $35C j ¢ 25 mm 0.37 ‘ 0.29 0.75 0.015 0.018 0.09
2 S 40C ' ¢ 55 mm 0.40 ' 0.21 0.90 0.014 | 0.027 0.013
S40C (ZHMERE 55mm) RV TSRS
Table 1jcRd L&D T, §IEIE 0.37%C #, #HHI 2
0.409%CHTH 5. Zh LOWHAME 2B FIER S . R0O25:003
(S35C : $25%210mm, S40C : ¢55X620 mm)iz] —
Wids, Hers D LAERHE L. e s LA e LT, T3 g T Bl 8 )
MAVBLYE (FF~Tik ¢ 300X 850 mm) iz it bt & 105 105
DV, 850°C iz, ¢25mm #4i3 Lh {##, ¢55mm 210 ()
M3 2h iR, Thaninskiiorn. Fig. 1. Dimension of notched specimen for Ono-
. type rotary bending fatigue testing.
3. 2 B A &
110 500
31 WhERHMORN R &
3-1-1 FIEE A ROH KSR ol g
(1) IREEAT  BERABAT I T 5 (SN -8 S ——1— I}
VI, RTHR AR, 550~700°C iz 1h {R¥F%, ¢15mm | N\ Specimen
BEO ¢50mm HERF O LN LIICEHH OWEEEE T ﬂﬁ// 53 70 ]
WU BAhER AR E S D AT & Rz 100~600
ki Lic. DRI B b A & IR Ratio of press fitting ¢ 1.4 /1000 (mm)}

°C iz4 Lh {fiFgEsiiTolk.

(2) JENHERR AT & kR, Fig. 1 Jo° Fig. 2
waRT XS5 #15mm PR (YIKA)) [ElERdh G E
e H (LUT, B o 1I5mmy)REAHBA LT 5) &
WOt ¢ 50 mm £ A fhElEE S E RS (BUF, B ¢50
mm JEASREERE S 95) © 2 @EEV. Eh
SHER T IT AP HINREE AN OBERER D UL, BiE T
A3 1mm, YVKERC 4mm, #%ETIE 2mm & L
72. 7k, ¢ 15mm YRR OYIKER O,
YR AEE 45°, UIRIEEEE 12mm, YIKEOMIBAEE
Rz 0.25mm » L7z,

¢50mm JEAHEER Fic k> D BB & AvE -2
DHSLTIE, D LAKE 1.4/1000 & LT, EAL,
B RA v PEREEFE LCHY, 2o efio
Joo TOLEDFEANI 9.64£1.0t T, IDAEEHE
E GHEE) 3§y 11 kg/mm? TH 5.

(3) whatbhig JEREBRIEIXETSR S [ DR
EHEHE AR (1800 rpm) RO HRHE 0 AElEzh
FEALERERIE (800 rpm) ZFEA L7c.

3-1-2 JFh &2 REE O

0wy VIERER B D3RR LT WA DIGTIT, THELTF O

* HEORZIE—BHOEEBBOLNIEHLDOIZOT, TEx3IZ7CE

OEVIORFA L. COREOIFRIOERIHBRMAL, 3
CACHBREZ SV LEDNS.

Fig. 2. Dimension of ¢ 50 mm press-fitted
specimen.
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Fig. 3. Dimension of specimens for measuring
hardness of ferrite at surface after stepp-
ed stress relief.
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Photo. 1. General view of specimens for measuring
hardness of ferrite after stress relief.
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«—Marking Line

_ «Fretting Corrosion layer including
fine fatigue cracks

v Photo. 2. General view of fretting corrosion occured at surface, which was located at the
E end part of fitting, of ¢50mm press-fitted specimen (as sub-critical quenched,
: 6=24.5 kg/ mm?, N=5.0x104). Marking line shows the press-fitted end, which
was marked by scriber after testing.
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Fig. 4. Propagation of fatigue cracks in sub-
critical quenched ¢ 50mm press-fitted
specimens [¢=22.8 kg/ mm? (0.934,),
0=24.0 kg/ mm2(0.98¢ 4,) -
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Fig. 5. Propagation of fatigue cracks in normalized
¢ 50 mm  press-fitted specimens [o=11.2
kg/ mm? (0.9804,)].
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> Fine Fatigue Cracks

t— Fretting Corrosion layer

Photo. 3. Microphotograph of fretting corrosion occured at surface, which was located
at the end of fitted part. (same specimen shown in photo. 2).
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Fig. 6. Relation between applied stress and depth
of non-propagating cracks in notched Ono-
type fatigue specimens (number of cycles=

1.0x107).
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Fig. 7. Relation between applied stress and depth
of non-propagating cracks in ¢ 50 mm
press-fitted fatigue specimens (number of
cycles=2x107),
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mm press-fitted fafigue specimens (num-
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fitted part, Left : free part).
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Fig. 9. Relation between applied stresses and
depth of non-propagating cracks and
depths of fretting corrosions layer occured
at fractured surfaces.
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Photo. 4. Propagating behaviour of fatigue crack
[same as (b) in Fig. 8].

As norma”iizcd, 0=16.9kg/mm?, N=99.0x104 As S.C.Q.*%, ¢=27.9kg/mm2, N=25.0x10*

As normalized, ¢=18.1kg/mm2, N=11.1x10¢ Aged at 100°C after S.C.Q,, o¢=26kg/mm2, N=5.60x10*

Photo. 5. General view of fatigue fractured surface of ¢ 50mm press-fitted specimens.
(*S. C. Q. : Sud-critical quenched from 700°C)

— 99 —




1410

HEEASICEET DENEROHEBBEICRETREREA O S

wy
N

w
(@)

[

>
oxppoe
NP O

SOQQ0
ﬁn‘n‘n%)' °
*

R

A

Stress  ( kg/mm?)
N
3

—_
»

S
¢

- e
N
12 -
[IEEEEE [ R N L1 lllll L1 1i1)11 1
10° 108 107 108
Number of cycles
Fig. 10. S-N curves for notched ¢ 15mm Ono-
type fatigue specimens (*Sub-critical
quenched, *¥*Normalized).
‘E C
2 o o——0
S 25 5 ?
= “F
- =
<20 /
s r /
- |/
Z O Eg
S5/
Y [
2 4
£ 10 b—

N 500 550 600 650 700
Sub-critical quenching temperature (°c)

Relation between sub-critical quenching
temperature and ¢, of notched ¢15mm
Ono-type fatigue specimens.

Fig. 11.
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Fig. 12. Relation between sub-critical quenching
temperature and hardness distribution in
the cross section of ¢15mm specimens.
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T5L 0=40.5kg/ mm?* L 7 b, AHAFISHIZLS
FENIEIRE 64,=24.5 kg/ mm? @ 170% 3 DS
WMETWBH &S ZDkS5SIEREEANTIWT
15, FERESEBREELTHRIEVCLVWERIGH &S
b TENERIIERETEZTS L 5 R
BHDH. ZOBRIIBLL S RIMITKE BIEMRERIGN
BB EEIND L CREATEZIDOEEZLNS.
52 FEBIMURSLCRIETEREANDEE

ow, HTOAMESHTO RFEFEHESE, 615
mm YPRAF R G R W0, (RIBBEAM X
Bere o LAHT B LTE LA LTW5 (Fig. 6). &

*OEN SEESBT AEBISIE, UREREEZERICANS E, 35
KRS Z1B3TTH 3B,
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S. C. Q. from 650°C S. C. Q. from 500°C

Photo. 6. Microstructures of surface of specimens, sub-critical quenched from various
temperatures or normalized.
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Number of cycles Residual compressive stress at surface (kg/mn?)
Fig. 13. S‘N‘ curves for ¢50mm press-fitted Fig. 14. Relation between residual compressive
specimens. stress and hardness of ferrite structure at

surface of ¢ 50 mm press—fitted specimens.
vz, ¢ 50 mm JEAShIEHE PR h AR O R (Fig. 7)
LEA—OBERTH Y, MRBEANLSNORIETIRLN BAT B, ChidEs UTIENT X2 MR O
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— 101 —




1412 HiEATICRET 2FEN EROMBHICAETRBEAOEE

ARG N ZEM TORFENGEER Eo X 04 E  (Photo.
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B EIE L7 = 51 Mo bRk, Bk, e &
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RGN IE I CREL 525D LuvbhTn
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BRI E ST, WD gw, DI RIZEE LTCHEST S
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(1) REBEANZE L. ¢50mm JEAShREIERHS
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EIRT 505 #uREKY 2~5X 108 [HFhHE 2 HEFEN & 240
ERETIEETLC L, A LHick LT &2
ERIT T OEMAPFE L RE VAR E TS5 & E
B3> D7C.

(2) ow, LTOMKELARFIIG) & EFESHUES LD
Bk, ¢l5mm GIRAS R R L 5 i ¢50
mm JEABREREEEER & D, IR AT B
5 UM HEE UCTARE D 2~3 (S8 B 4thic
Do O TIRUSE S HES Y 10 5L ke bk
T5ZENPB T IN. Eie, RIREE AR O
BUREEDS AR5 LIRS SRPESTREBICRLT S
T LD olcht, TORBRIERIREANIC X VA
NEKERZEICHBOFESPREVWEEL S 2 TWb T
EERTLEDEEZOLNS.

(3) {EBEAIRE & JENEERE 04, & OBIRT
V¥, EEATRIERY 650~700°C iz N RHEIREE 04, DEK
BEPELNS 2 MBS PT IR,

(4) WEEANZIELZ ¢50mm 3E K oRE 7
= 74 MEIZRETHEHEEREIC T O O>»WTi
RIRBEANIC X 5 S ERSOK 40% 1T IEMERE G
TB, DY 60% WEEARE LS, ThahEFE L
TWhH EEZLND T EEELT L

MO CKRAREED LI HID, TiREE CEPY 2
Fh O YMEB R R ZRAT PR, HE S
REEAPE— K5 S N TN 2 W22 TN %
B, Fi, EREAFLZEOT WKW TEIHT A
A - BB, AMROMBICHERELLHHELZRTS. ki,
B OB OV CRERLIFTIHO W 2 el
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