1312 &% & 9 63 4 (1977) w8 =

UDC 621.785.616: 625.2.012.1 : 628.178.3 : 669.14.018.29 : 539.4.014.11 : 539.43]

HIEEAROEN S TAYEE S L OFENEERE
BLITTIREREA N OZE

WIS R E
HN MBS —E

The Effect of Sub-critical Quenching on Fatigue Limits for Crack
Initiation and for Failure of Press-fitted Part in Axle

Ryoji TAKAHASHI, Hatsukichi SATO,

Teruo YOSHIMURA, and Kazuaki IijimMa

Synopsis :

To improve the fatigue limits of press-fitted parts of axles by sub-critical quenching, that is, water
quenching from the temperature just below A, point, the effects of the heat treatment conditions on
microstructure, hardness, residual stress distribution, rotating bending fatigue limits for crack initiation,
gwy, and that for failure, ¢,, were examined. Steels used for the experiment were normalized 0.35-0.45
%G steels for machine structual uses. For fatigue testing, press-fitted specimens of 50mm in diameter
were mainly used.

(1) The microstructure of specimen was hardly changed by sub-critical quenching, but the surface
hardness was slightly increased.

(2) High residual compressive stress, distributed from the surface to considerable depth of the
core, was detected in sub-critical quenching specimens.

(3) owi and oy, of press-fitted specimens were both improved considerably by sub-critical quench-
ing. Moreover, the limit depth of non-propagating crack, measured after the fatigue test in which
applied stress was just below ¢,,, was also remarkably increased.

(4) It was supposed that ¢, of the press-fitted specimen could be improved by the increase of
surface hardness, and o, by the increase of residual compressive stress in surface zone, respectively.
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Table 1. Chemical composition of spe¢imens (wt. %) .

Steel G Si Mn P S Cu N- Type of specimen
$35¢ | 0.36 | 0.24 | 0.74 | 0.017| 0.024| 0.11 |0.0032 | For Ono-type fatigue testing machine
) ’ ’ : ) ; . (plain specimen)
Same as above
S§45C 0.45 0.28 0.53 0.015| 0.024 | 0.13 | 0.0047 (notched specimen)
$50mm press
S40C 0.40 0.28 0.79 0.023 | 0.012 | 0.02 | 0.0036 fitted specimen

SFA60 (KFEELEHE0.35~0.45%C) L TERIEDH
WA R 2 S35C (FEHER 25 mm), S40C (EHf
EE 55mm) FX® S45C (EMESR 20mm) T, X
DIbESs i Table 117y R0 ThHD. Zhbodt
Sitklica L, £hEnft by EE-TRCHI~2mmo
T UL A% 23 THEEIMT 235\, TORITELRL L
IEBABE LAz, BEe S LALERE LT, BEESY (W
<J#E 9300600 mm) iz gEEAAELE B D T, 850°C
T 1h {}#%F (¢50mm iz 2h {]Ef) 1%, ZEHETLD
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Y, ThIERBRARHERER L OF 2~ (WTFhdbif
BERH) 2 L CERERCRRE L. AN, HBOICE
ST —ERECINBMRRE Lok, —ERETTHI
BELABRLEHABREHT LI LRI VTebhd. kk
ARG HIKIE, KELHOCFEET —EXRKBITRBI SN
LT U7z, Photo. LT KBBEARE DN EIZ =T .
3.2 EBRBEASH

HERH OINENERE % A SETO 700°C, {RIFRH
Z lh kU7, mgHREANRRO®RHKE S X UREBA &
TEEE, ¢limm Tk LT 55 1/ min I X OFBERE,
$50 mmiz st UTi380 1/ mink X 33 mm/secd L7.
BHEEOHEFR 2 Fig. 2R $, B oEER
EAROLERORAIRE £, 615 mm TIXAHBRAEL |
sec THJ450°, ¢30 mm T3 §y 7sec T 300°CThH o7z
F i, FIRECET SEIEE R, Table 2iZRT X5
17, 500°C 1L T ¢ 15 mmTIIFAERA RE THY 1000°C/
sec, HLLTH200°C/ sec, ¢50 mmTLIFEE TFy 200°C/
sec, HLLTHE 20°C/sec THDo7.

Specimen holding bar

Vertical type
electric furnace

Adjusting apparatus
for cooling water

.~

Specimen (#52 x600mm)

Cover against
flying out of water

Specimen holding chain

Fig. 1. Sub-critical quenching apparatus
(For ¢50 mm specimen) .

I;Used for 8 50mm specimenj

Vertical type A%
electric furace |

% 50 specimen

i, |_Used for #16 specimen |

Jet nozzle of N
cooling water i sg

Cover against % |
frying out of

water

Photo. 1. Sub-critical quenching apparatus.
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Table 2. Cooling rate of specimens, quenched from 700°C,

Diameter of specimen : 16mm

Diameter of specimen : 52mm

Temp. Cooling rate at Cooling rate in

Temp. Cooling rate at l Cooling rate in
(°C) surface (°C/s) center (°C/s) °Q) surface (°C/s) center (°C/s)
600 | 510 | 159 600 140 : 24
500 i 1007 i 223 500 ‘ 212 ; 19
400 | 1078 : 212 400 109 ! 14
300 V 839 f' 170 300 (\ 40 ‘L 12
700 # 1emm # 52 mm Fixing position of strain gage
7 R
£ 500 Q . YIRS
e 400 ¢ % ) ‘! L WA ¢
£ 300 %, 4L )\LJ .
g 4 120 ~
g 200 i
= 100 ST m—
Strain goge : Type KP-3~B82-11, goge length 3mm

O A N 2
0 2 4 6 8 0 51015202530354045505560
Tima (s)

Fig. 2. Cooling curves for -specimens, quenched
from 700°C.
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DI NIPNER O RS A % BRI L, Sachsik (K
HlER) X WGBS NS Mz ElE L. BB ICx T 5
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B P REOME Lo 3 S5 E L, MY~
WhmEs L CHAS @O TR RBRCEETE S 2 0
A+ 45— (kp-3-B2-11, ¥~ E X3 mm) 2Hv, F
ENE I IEFER LS, S0°CCH o7 Y o L

WHIINZ X, >FoBHETHE 2R Tiabb, HB
H&RFERFC & 23T ¢5 10, 15, 20, 30mm X[EK
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ABEERD 7 ) — T ILD 1o HOMBL R

Fig. 3. Specimen for residual stress measurement.
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Fig. 4. Dimensions of plain and notched test
specimens for Ono-type rotary bend-
ing fatigue testing.
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Ratio of press fitting between specimen and holder : 1.4/ 1000

Fig. 5. Dimentions of ¢50 mm press fitted specimen.

Phom 2, General view of fzmgue test machine
(for press fitted ¢50 mm specimen).
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BIMBEHORECOWTRSL &, Bl b Ll L
TIIRBEAR, {EKiEBEATL 100°C & X0 200°C M%)
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#50 mm # TiE, T, SHE) 10mm REOFEX LT
b LTwd. BLERGEH DWW TS &, BEi 5 LE
I LR BE AR, TR A% 100°C 35 ok 200
°C mprhiEdf s © 1. I~1.2 5 &7 b, IUREE
N %400°C 35 X 08 600°C REZhALEUA, TREBER b LM &
FER— DTV 5.
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) Aged at 600°C
Photo. 3. Microstructure of ¢50 mm S40C specimens (x400).
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Fig. 6. Hardness distribution in the cross section 2
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Fig. 9. Fatigue limits for failure of Ono type
(plain and notched) and ¢50 mm press
-fitted specimens.
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Fig. 10. Relation between stress and depth of non-

propagating crack (N=2.06~2.09x 107).
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BEAM D EY & HORR S oW TiRE L7z
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Fig. 12. Relation between residual stress at
surface and fatigue limit for failure
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