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The Effect of Aging Treatment on the High Temperature Fatigue
Strength and Fatigue Fracture Behavior of Friction Welded
Domestic Heat Resisting Steels (SUH3-SUS 303)

Kyu Yong LEE* . Sae Kyoo OH* - Hyung Ja Kim*~

It is well-known that nowadays heat resisting and anti-corrosive materials have bzen widely used as
the components materials of gas turbines, nuclear power plants and engines etc. in the fields of
machine production industry. And materials for engine components, like as the exhaust valve of
internal combustion engine, have been required to operate under the high temperature range of 705°C-
800°C and high pressured gas with repeated mechanical load for the high performance of engines.

For these components, friction welding for bonding of dissimilar steels can be applied for in order
to obtain process shortening, production cost reduction and excellent bonding quality. And age harde-
ning recently has been noticed to the heat resisting materials for further strengthening of high temp—
erature strength, especially high temperature fatigue strength.

However, it is difficult to find out any report concerning the effects of age hardening for strengthe—
ning high temperaturée fatigue strength to the Friction welded heat resisting and anti-corrosive mate~
rials. ’

In this study the experiment was carried out as the high tempsrature rotary bending fatigue tesring
under the condition of 700°C high temperature to the friction welded domestic heat resisting steels,
SUH3-SUS303, which were 10hr., 100hr. aging heat treated at 700°C after solution treatment lhr.
at 1,060°C for the purpose of cbserving the effects of the high temperature fatigue strength and fatigue
fracture behaviors as well as with various mechanical properties of welded joints.

The results obtained ars summarized as follows:

1) Through mechanical tests and micro-structural examinations, the determined optimum welding con-
ditions, rotating speed 2420 rpm, heating pressure kg/mm2, upsetting pressure 22kg/mmz?, the zm-
ount of tota!l upset 7mm (heating time 3 sec and upsetting time 2 sec) were satisfied.

2) The solution treated material SUH 3, SUS 303 and SUH3-SUS 303, have the highest inclinzation
gradient on S-N curve due to the high temperature fatigue testing fer long time at 700°C.

3) The optimum aging time cf friction welded SUH3-SUS 303, has been recognized near the 10hr. at
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700°C after the solution treatment of lhr. at 1,060°C.
4) The high temperature fatigue limits of aging treated materials were compared with those of raw

material according to the extender of aging time, on 10hr. aging, fatigue limits were increased by
SUH 3 75.4%, SUS 303 28.5%, friction welded joints SUH 3-SUS 303 44.2% and 100hr. aging the

rates wera 64.9%, 30.4% and 36.6% respectively.

5) The fatigue fractures occured at the side of the base matal SUS303 of the friction welded joints
SUH 3-SUS 303 and it is difficult to find out fractures at the friction welding interfaces.
6) The cracking mode of SUS 303, SUH 3-SUS 303 is intergranular in any case, but SUH 3 is fractu-

red by transgranular cracking.
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Table 1 Chemical compositions of the tested materials (%)

materials C Si Mn P S Cr Mo Ni
SUH3 0.43 2.20 0.33 0.027 0. 009 20. 26 0.87 —
SUS303 0.66 0.49 1.56 0.026 0. 296 17. 65 — 8.85
Table 2 Mechanical properties of base materials
: tensile strength yield strength elongation hardness
materials (kg /52 (ko/ma2-0.2% off set) (%) (mHY)
SUH3 102 70 15 254
SUS303 63.3 26.3 59.3 206
Table 3 Optimum friction welding conditions
materials rotating speed heating pressure gf::;&lr’ég total upset heating time tlir;xslitting
2
(rpm) (kg /ma?) (kg /mm?) Cam) (sec) (sec)
SUH3 to 2420 8 22 7 3 2
SUS303
Table 4 Mechanical properties according to heat treatments
: tensile strength yield strength elongation hardness
materials heat treatment (kg ma®) Cleg/ za?) % (mHv)
SUH3 Solution t. 124.7 80.0 13.8 300
10hr. aging 94.0 69.7 19.4 262
100hr. aging 86.8 34.3 12.6 252
SUS303 Solution t. 66.9 28.1 59.6 211
10hr. aging 71.1 25.6 53.6 206
100hr. aging 55.3 19.0 53.2 218

BdEre & mERmEdd o BESY IH4E
of Fig.1 (b)9] Bikez mIssdt.

SEle] #EEREE EENTE RS 1,060°CHA 1
B s $# KBA A BERLEES dz, oF
700°Cel A #4 1085MH o 100Rfiie e FHAT ¥
EHAA BRh B EES .

B ShEE M =E & BBt
o] #i{kE Table 49} Zri.

T #iEd HKBAY FfTH+w emery paper #4/0

72 polishingstx Ei{L=2E o & buffingstd, ¥igst
BEY EABES T KB HEAEYY BE
<+ &h2 ).
FEsEEgS B+ HNO; 10cc HCL,
20ce, glycerol 10cc RS WMK S FHNG =, B
Ao = HCIO, : CH;COOH=2 . 7¢) Alg EEH
Bol 93l 5 0.5%% BiEAZ HRe EFES &
gt ot

R HHE

~Ela

2. RBEE R F%
# Ehl AT ESRRic BDEERERESY

nzhigst 43" Ono’s high temperature rotary be-
nding fatigue testing machine(Shimadzu Model H5)
o024 2 EHLE BATY 293 0y, B7E
ey 3, 4000 o).

R e sEEEG = electric muffle furnace(Shi~
madzu Model SMF-14)& g e, HEREs
SERHO ERBEASS B2 Kogaku micro Vickers
hardness tester$} Nikon metallurgical microscoped]
Satgioh.

& F|3EREG = Instron type2] A& 25tond Ten-
silon(Toyo Baldwin Model UT-25,000)& {#fs9l
oo, FEK FEEEY = FACOM U-3009 com-
puter& FYAstol ok

BEEETY RESRARS =
700°Cz LR 3o BBk HEL fMsgdedd, 3]
REES 2/3 BES BY /R RBEMNECE #= =
A 2fEe) FBEF AT BREAMN=1~2.5x104, N,
=5x10¢~-5x 15 M@)ol 4] Pantereb'?’ 2] EA[EE
ERL R fRAZIE EHRES #HEDT & SN
IS et ol dhffel RIS T HESL J%

REH Y BREGH

. Q05 __



FA - BitE - @FR

el BKOZ HRMEA 9T SN fifRs FERA
=3 o] By WHME W 2KkHEAS RHAR
kol ©l gt programming€ s 2RERAY REE
computerz stz & S-N dhfpe] HBRE 0¥
o FHEES AESAH.
et B PR AHE BB
EBEmENe s HEstd .

BER Y ER

1. HSME sk
Sfcht R & B BUREH BRESEES AT

T" 9t ¢

£
g#i%g
as="z
238

¢

¥

L

.Rotary bending Stress Oa{kg/mm?)
¥ & B 8 8

1 T

. & . . ns. L n:’.

Number of cycles

Fig.2 S-N curves of SUH3. .

4-WOA - Weided Joint
0-WT -MoHY 70¢

I

60 1 o-WT0A - SolT. 700C
L .
o 1 @-WTI0A- 0t ag 200C
£ | - WIDOA 100 03 R0'C
y:
= ;
o |
&

X i
o !
£
=3 m |
] . 2
> — =
g 10 -
@

0¢ 0% ¢ 07

Number of cycles

Fig.4 S-N curves of friction Welded SUH3-
SUS303.

Bt HRE €7 flskd 700°Ce 4 Hill
ST AES AR S b Fig. 29 SUH3el o3 S-Nify
#3} Fig. 39] SUS303 9! Fig. 49 MEEIFEM o
g S-Ngi#2& A=

o] % S-Ngifgen el SUS303E M%) pimpsfilel
wanet 9l HEHEET b HTE vl ¢
o0k, SUHSA glol4) & 10085Me] Bt et 555%
Eob R TeE BHEel o, EEAEENE SUH3Y
PEs T RS e S 4 Al

2. B2 EHBREN R REE E

& K% A By fuRE s WE Y 88
PHRES Bk Fig. 58 e,

2 B Secons
60 RN
'E . -Dix g TC
. 200
& 50
el
8w
ﬁ 3
230 =] — 4
E 2 -
=
- IEEEN R
Lo 0 o* ©’
Number of cycles
Fig.3 S-N curves of SUS 303,
60
SOt
*-® SUH3
e-o SUS 303
o0 SUH-SUS303
Lor .
o}
20¢
0r
Raw Base Raw Solution 10hr. ag. 00 ag.

RY. f;g;ch 70°C 00C  70C 700C

Fig.5 Fatigu= limits vs. heat treatments.



gAY FANEZY AadHest zedede 9 AT 1A

Fig. 2, Fig. 3, Fig. 49 Fig. 5945 ¢4 g &
uls} zro] SUH39 739 B§%h ZApEFC] 2% 700°CY
EE OETY EHREY EnEL Fid vaid &
it JEIEHE 54.959%, 108 BS%hH= 75.39% 100
B Bt 64.94% 927, o & sH2u Kk
o ZEIE sHF TR A2 108507 B§Rhfte) o}

SUS 3039 73 ¢l YelA X Bz dliyme] pEe
SUH39] 798t vl fHAS Yehz gle} SUH3
ol gl A 10Ws] BeRbbrel BARES b4 = A
o ®]gle] SUS 303 Regh hpid Wslile 1 hnel =t
2} ESBET |nstd 700°Ce] FE#tel et &k
1t EEH, 10856 BpH 9 10086RE) B E B4
17.88%, 28.57% 9 30.47%<] i BHEe xolx
alrh. o] ¥k BARE SUS303 stainlessgiel 1o} Bsh
SR RS /il =lel BB =ele] MRE)L B
Uobe HEPY B —HEln U

sl SUH3-SUS3039] mesimitte & sl o
¢ EHWEY ke SUH3Y HAsh fasd
700°Ce] EHY HFEHBEA dlatd &% 9.73%,
44.27%, 36.64%¢) /s Jeh i k.

Tl & KR%MEBHARY FE ESEEA o9
700°Ce] % EESEES SUH3s 22.22%, SUH303¢|

Table 5 Comparison of various coefficients

L.

Ayl wi

T

790

Lo
a1 x

35.959%, SUH3-SUS303¢] 45.72%0]+} o} 52 EERp
spz @] o sl SUH3E 38.96%, SUS303& 46.63%
SUH3-SUS3039] it e 65.06% 7= #ingi,
E3] SUH32 1RxA#9 FEEHRE HEsA
FEAR 4 9o ol BMEEY L Bl HES o}
¥ HIFol gt A=l

=g EiBdl W ESRES stz SUS303
o Bk EEHY BE EHNEES FHY BEd
o) g EASIRES 42.4%7F sle] SUH3Y 34.4%v+
gl A FA vehbz: vk ol & HiEsh EEeiA
o e #ERE Fonele Eaate SUH3zd SUS
3030 EELE Sahd, 700°Ce HmBEHREEE SUH
30] SUS303xt} 53.9%4 &+i.

3. B¥M3RECcet HEHMES R

Fig. 2, Fig. 3 ¢ Fig. 48%¢ —E¢ EEEN
of ol BeRlERMEE BER) BUEEH lel4 = SUHS,
SUH3-SUS303, SUS303¢] 4= vehda glei4,
SUH3 ¥ SUH3-SUS303-2 108 Bs#hfst 714 &2
SUS303¢ Mz mugE mefife Binet
(1R 8 .

) S-Nehfgel glo] @EfHgel KFges S A

gn =eAm

Specimens S-N curves B 7 K Nr ar
SUH3 S30A — — 6.31 3.4x108 49,56
SUH3 with 1R notch S3noA 2.38 1.97 4.01 5.8x 105 20. 86

--~SUH3 (700°C specimen) S3T — — 7.12- 9.0x 108 11.01
_SUH3 Solution treated S3TOA —_ — 3.73 4.9%105 17.G6
(700°C specimen)
--SUH3 10hr agingtreated S3T18A — _ 8.14 1.0x 105 19,31
(700°C 'specimen)
SUH3 100hr aging treated S3T100A — — 11.43 1.3x 108 18.05
(700°C specimen)
SUS303 S3030A — — 4.17 9.4x108 27.83
SUS303 with 1R notch S303n0A 1.57 0.87 540 8.0x 105 17.71
SUS303 (700°C specimen) 8303T — — 14. 30 8.5x 108 10.01
SUS303 Solution treated S303T0A — — 7.12 5.0x 108 11. 80
(700°C specimen)
SUS303 10hr aging treated S303T10A — — 16.34 6.11x1Cs 1287
(700°C specimen)
SUS303 100hr aging treated S303T100A — — 14. 30 6.9x 105 13.06
(700°C specimen)
F.W.J. (SUH3-5U303) WOA — — 14.30 1.0%x 108 24. 06
F.W.J. (SUH3-SUS303) wWT — — 12.71 4,.2x105 11.00
(700°C specimen)
F.W.]J. Solution treated WTOA — — 11.43 1.1x 106 12.C7
(700°C specimen)
F.W.J. 10hr aging treated WTI10A — _— 19.08 7.0x 108 15. &7
(700°C specimen)
F.W.J. 100hr aging treated WTI100A — — 16.35 6.0x1(5 15.C3

(700°C specimen)

97—



ZER - RittE - &5 H

4 ) REERAL BR FREgY+ SUH3-SUS303
o] B&%h sERES] e simel =a} high cycleZo
= e Rl 9o, SUS303E 2Ev @l
St K BRE JeriL ges ¢ 4 k. 2
By SUS303, SUH3 9 SUH3-SUH3030 3tifgye s
dehve BB R BHLEEHY S-Niigel 74
S17b 7bg FakAl ekt

ol EHMLEEE H5td 1,060°Cz fughetel oot
SAAA QL ARLERGS BELEEZ L 7}
A e FIBEEES BES ddod I 5 FEES
HERAA T00°Ce] Bl ¥AAA Hel FREY H
BARE A FRgiEc] AT ST FEY A
3 RE ¥ PRS- el #THE H BRI
el EFe] Aelnz W]l REWS Rkl
HEEEE Y ESY O Y BEEY BAT REIIEE
BEDE DASY BMBES ETH $243 27
Sty A4, 2 BEHY leveldl A& B
BE&) W BT BEAAY REBUT 2o
Aot ' ' “

a7 3, Table 5404 €& 4 & uleh o] HEK
SEE Kt Bz Bl 3lol SUH33F SUS333
u] 3l SUH3-SUS303s] ZEi5 # 24 #£E *¥tod
SUS303¢ BRpsaiEie BEile] sgimel =teb BOFERE
i sk ok

Table 6 Empirical equations for S-N curves
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Eq.phase T & [

S-N curves op limit for phase J
S30A log N= 6.4297- /0. 713505~ 35. 1857 052 49.56
S3noA log N= 6.4445—,/0.35295— 7.4633 op= 20.86
S3T log N= 6.8421—,/0.877205~ 9.1593 gg= 11.01
S3TOA log N= 5.9639—./0. 25115~ 4.2837 o= 17.06
S3T10A log N=10. 8301~ 3.552205—46. 9105 os2 19.31
S3T100A log N= 7.7615~ ./ 1.932[05~33. 7735 op2 18.05
S30304 log N= 6.8211—./0. 528505~ 15. 0457 o2 28.47
$303n0A log N= 7.0694~ /0. 623205 —10. 4783 orz 17.71
$303T log N=20.0000~ ./ 100. 00000 s~ 789_0UGY gg= 10.01
S303T9A log N= 8.0540~ /1.856855—19. 1058 os2 11.80
S303T10A log N= 8.5510~ /5. 436205 66. 7375 652 12.87
S303T100A log N= 7.3500~ /2. 727505 —33. 9424 os2 13.06
WO0A log N= 6.9262— /1.805705~42. 5854 o8 24.06
wT log N= 6.5094~ /1. 886805 20. 6084 op= 11.00
WTO0A log N= 8. 2457~ /37047355 34. 2933 o= 12.07
WT10A log N= 9.5961~ /8. 756605-130. 4816 o= 15.87
WT100A log N= 8.0382~ /4. 29470, —61. 8575 gp2 15.03
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Table 7 Comngparison of fatigue strergth b2tween Fantereb’s ard the empirical values

. Number of cycles Rotary (l;;r/ujnirzl)g stress Faté%;jmltlzr)nlt
Specimens — -
N N, . 0 calculated empirical %difference of Ore
OFe OFe from op. mean(%)
S30A 1.51x 104 2.35 x1C5 56. 85 51. 49 51.17 49. 56 7.45
S3noA 5.99x 104 2.852x 108 28.98 23.30 22,27 20. 86
S3T 2.35x 104 6.02 x10° 17. 46 11.50 11.37 11.01
S3TOA 3.84x10¢ 3.158 x 108 26.25 18.19 17.56 17.06
S3T10A 1.61x 104 1.359x 1C8 26.55 23.19 22.83 19.31
S3T100A 1.02x 104 4,483 %105 25.12 20.07 19.99 18.05
S3030A 5.70% 104 4.651x 105 37.11 31.84 31.27 27.83
S303n0A 7.14x10¢ 4.128x 105 24.43 18.97 18.23 17.71
S$303T 1. 86 % 104 7.02 x10s 10.45 10.02 10.01 10.01
S303T0A 2.36x 104 1.272x 103 16. 84 14.73 14.05 11.80
S303T10A 1.21x10¢ 5.99 x10¢ 15.92 14. 48 14.17 12.87
S303T100A  2.58x 10 3.35 x10¢ 15,61 15.38 14.68 13.06
W0A 1. 41 x 10¢ 2.281x 105 27.89 25.12 24.97 24,06
WT 1.12x 104 2.25 x 105 14.05 11.40 11.40 11.00
WTO0A 1.91x 104 1. 665 x 105 17.06 14.78 14.55 12.07
WTI10A 2.41x10¢ 1,248 x 108 18. 19 17.01 16.76 15. 87
WT100A 1.99x 10¢ 6.01 x10¢ 18.10 17.79 16.00 15.03
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