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Effects of Postweld Aging Treatment on Rotary Bending
Fatigue Strength of Friction Welded Joints at
Elevated Temperature
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1. Introduction loded gas ot the elevated temperature of
about 700 through 800°C. Thus the comp-
Nowadays, in friction welding applicati- osite special properties such as high temp-
on for both economical and technical adv- erature fatigue strength and creep strength
antages, heat-resisting and anticorrosive as well as anti-corrosiveness, anti-abrasion
materials are widely used in the industrial and weldability are particularly and simul-
production fields of the mechanical compo- taneously required for in utilizing those
nents such as those of gas turbines, engines, friction-welded components of heat-resisting
nuclear power plants, etc. It is because, dissimilar alloys.
for example, the friction-welded exhaust Recently, there have been many reports®2
valve of internal combustion engine should on the high temperature fatigue strength®4
be operated under mechanical-repeating load on those of friction welded joints especially
in the environment of high-pressured-exp- as aging treated®, in the case of which
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the nickel base alloys (Udimet 700) were
friction-welded and age-treated for creep
tests.

In this study, the
Si-Cr base heat resisting steels SUH3 and
Ni-Cr base stainless SUS303

friction-welded under the proper welding

dissimilar alleys of

steels were

conditions, and then the effects of postweld
aging treatment on the high temperature
(700°C) rotary bending fatigue strength of
those welded joints were investigated for
the purpose of improving the weld strength
by postweld aging treatment after postweld

solution treatment®).

Table 1. Chemical compositions of materials (wt ¢

! \ !
Materials ;. C St Mn P S Cr ’ Mo j Ni
| , - s i
SUHS3 0.43 & 2.20 0.33 0. 027 0. 009 ir 12.26 0. 87 —
SUS303 0. 06 I 0.49 | 1. 56 0. 026 0. 296 17. 65 — 8.55
Table 2. Mechanical properties of materials.

Tensile strength ’ Yield strength l Elongation Hardness
Materials o ! oy € Hv
(kgf/mm®) | Ckgf/mm®) | % v
SUH3 102.0 70.0 } 15.0 254
SUS303 63.3 26.3 ‘ 59.3 208
2. Specimens and Experimental ‘ suHy  SUS303
o o ) el e
Procedures § S, %}_ s
N |
The materials of specimens used are the 100 P 100 .
heat-resisting and corrosion-resisting steels (;'0)
such as the wrought stainless martensitic 50 ﬁ‘

sil-chromium steels SUH3 and the austeni-

tic nickel-chromium stainless steels SUS303,

both of which are domestic-made. Their
chemical compositions snd mechanical pro-
perties are listed in Table 1 and Table 2,
respectively.

Figure 1 shows the dimensions and con-
figuraticns of welding workpieces for fric-
tion welding, tension test specimen and
specimens for
Each

the mating

rotary bending fatigue test
both bese metal and welded joint.
pair of workpieces faced on
ends was welded on the continuous drive
friction welding machine (Toshiba FW—30)
under the pre-determined proper welding

conditicns as listed in Table 3.
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Dimensions and configurations of speci-
mens. (a) Welding workpiece, (b) Te-
nsion test specimen, (c) (d) Rotary be-
nding fatigue test specimen with notch.

Fig. 1.
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After welding, all the flashes were elim-
and the

specimens for tension and rotary bending

inated by turning or grinding,

fatigue tests were machined and ground as
shown in Figure 1.

And then a part of those specimens were
heat-treated at the conditions such as the
1060°C

soon the

solution treatment of one hour at
and water cooling (14°C) and

aging treatment of 10 and 100 hours at

Table 3. Welding conditions.

700°C and air cooling at room temperature
to investigate the agihg effects on fatigue
and welded

joints at the elevated temperature of 700°C,

properties of both base metals

The heating furnace was an electric muffle
furnace (Shimadzu Model SMF—14). The
mechanical properties of base metals SUH3
and SUS303 heat-treated as above menti-

oned are shown in Table 4.

Materials Rotating Heating Upsetting Total Heating Upsetting
to be speed pressure pressure upset time time
n P1 P2 u t Tz
welded (rpm) (kgfomm=2) | (kgf-mm™2) | (mm) (s) (s)
SUH3
to 2420 8 22 7 3 2
SUS303
Table 4. Mechanical properties according to heat treatment.
Heat Tensile Yield Elongation Hardness
Materials strength strength
treatment or (kgf-mm~2) loy (kgf-mm~2) { (%) Hyvy
Solution treat. * i
(0 h aging) i 124.7 £0. 0 1 13.8 300
SUH3 10 h aging** ‘\ 94,0 69.7 ‘ 19. 4 262
100 h aging** ‘ 86.8 34.3 1 12.6 252
i
Solution treat. E
(10 h aging) 66.9 28.1 ‘ 59.6 21
SUS303 10 h aging 71.1 25.6 ‘ 53.6 206
100 h aging | 55.3 19.0 | 53.2 218

* 1060°C X1 h, 14°Cwater cooling

** 700°CX10 h (or 100 h), air cooling, just after solution treatment.

After heat treatment, the parallel parts
of the specimens were polished with emery
papers of #01 through #04 and buffed with
chromium oxide to avoid the surface roug-
hness effect during test.

For the fatigue tests at the elevated tem-
perature of 700°C, the Ono’s high temper-
ature rotary bending fatigue testing machine
(Shimadzu Model H5, capacity 10 kgfm,
3400 cpm) was used. When the fatigue test
specimen reached the temperature of 700°C

in the furnace, the load was made to be

acted at the constant temperature of 700°C
until the fracture occurred. For obtaining
the fatigue limits and the S—N equations
and curves, the method using the Pantereb’s
equation™® was taken.

For microscopical examination, the com-
position of HNO; 10cc, HCI 20cc and gly-
cerol 10cc was used as an etching reagent,
while the composition rate 2:7 of HCIO,
and CH;COOH including Al of about 0.5
% was used as an electrolytic polishing

reagent.



Effects of Postweld Aging Treatment on Rotary Bending Fatigue Strength of Friction Welded 39

Joints at Elevated Temperature

Juswieal) uonmjos I9je Isnf ‘Juijood 11z ‘(Y 00T 10) Y 01X D00/ fIuswmieoll WY 44
Jurjeod 1918M O FT ‘Y TXDL.0001 {juswivon UOIINJOS 4

c0°ST 00°91 |6L°LT |01°8I y01X010 "9 vOTX66 1
86T 94°9T  JIO'AT  |61°8L sOTX 8PS 1 W0IX1¥ "2
L0°¢l  SS°FL BLPL 190741 s01X599 °T 0IXT16°'T
0011 OV °IT  [0S°IT |90°¥T s01X05¢ 2 0T XZT'T
90°¥C L6°F¢  [31°6%  |68°L% s01X 182 2 y0IXT7 T
00°¢l  89¥I  [8€°ST  |19°SI y01X08¢ "¢ y01X85 "2
L8°CL  ATFT B FT (66 °GT 101X066 G +0TX12 1
§°.— 108°11 |SO°FT 82771 (#8791 s0IX2Lg "1 $01X9¢ "2
J6)uedw 10°0T  [10°0T (20°01  [g¥ 01 s01X080 *L #01X98 1
14741 €281 |L6°81 (€% F¢ 01X 83l ¥ yOIXFI L
€8°L2  TTIE ¥8UIE T CLE SOTX 1S9 7 s01X20°G
G081 166°6T L0°0C [21°Gg sOTXESY ¥ v01X20 "1
1€°61 1€8°2c 61°€C (66792 s0TX6SE T POTXT9 L
90°LT  96°AT 61°81 (82°9C sOTX8ST g W01X58 ¢
0T [LE°1T  (0S°IT  9F "LT s01050 "9 W01X88 g
98°0c |Lgce  0€°Ce 86 °8¢ s01Xe88 g WG LXEG6 S
wom. 6y |L171¢ 6V 1§ 68798 s0IX 1928 °g W0TXET T
o Q4o
L R B
: (/333 )ssa13s - -

(zuw/38%) Jnwiy endueg

Buipuaq L1ejoy v

sa0hd Jo requInN

<oo:.\§
VOLL Ap
VYOI
1M

M
VoolLeneq
volleoes

volgocs

5
<oo§mm
A‘EHMW
4.0&%@
.Hmw
ucg

&S

|

i(uawreads 3,00/ )4xPa3r213 Sutfe yoor se [ M g
i (uawoads
D:002)x4P33e311 Juide y of se [ *m "

(wowoads ),00L)4pore213 VOUIN(OS SB[ *M "
(uawoads 9,002) (£06SAS—EHAS) T M A
(coesNS—¢eHNS) [°Md

(uauroads
D.00L)4:Po18201 Swide Yy 001 s £0ESNS
(uowroads ,002)+4Peiva13 Sutde Yoi se £0sSNS
(uowideds 1,004)4Pa1891} TONIN{OS SB £OES(1S
(uowroads 0,004) 50£S1S

("L ¥ yolou Jyww yim goesNSs

|

("L €0esNSs
(uewpads Jo00L) 4+ Po12a1y Buide Y 001 St ¢HNS
(ustuoads 0,000 )44 po18011 BUiBe 1 01 st §HNS
(uewryzeds ),66.), 01811 uoIMes se gHNS
(mewtoeds 0.00L)EHNS

("L D yolou Jwwy yum ¢HNS

'L W ¢HNS

$3AIND N—G

1893 ondijey Juipueq Alejol 10} susmioadg

‘soneA [edtaidwo oY) pue paje[naled s.qaidjued oY) Uaamlaq Y)Fuarjs ondnuy yo ucsiedwio) ‘g o[qel,



40

3. Results and Discussions

3-1. S—N Diagrams and Empiric-

al Equations

The rotary bending fatigue tests were

carried out =t the rocom temperature and
the elevated temperature of 700°C in crder
to investigate the fatigue strength properties
of the dissimilar heat resisting steels frict-
ion-welded joints (SUH3—SUS303) welded

under the proper welding conditions es in

Table 3 a2nd heat treated as in Table 4 and
Table 5. Every calculated fatigue limit

(arc) cbtained from esch two experimental

points by Pantereb’s equation?®

N,—Npo/%os’
ore=4/ S22 Voo

& NzG"lz—Nlo‘zz

was compared with every empirical fatigue

limit (osr) as shown in Table 5. The values

Journal of the Korean Society of Marine Engineers Vol.7, No.2, 1982,

orc is only chout 1.42 kg/mm? higher than
opg iN mean.

Every calculated fst'gue limit including
S—N curves end every empirical S—N curve

by the

least squsres method cre shewn in Figure

computed frem all the data peints

2}

2, Figure 3 and Figure 4. These cemputed

empirical equsticns sre as fellows:

S3 3 log N=6.4297—(0.713505—
35.1897)%5, (opz=49.56) - &)
S3n 3 leg N=6. 4445 —(0. 362905—
7.4633)%5, (05z=20.86) «-oee 3
S3r 3 leg N=6.8421—(0.877205—
9.1593)%5, (op=11.01) ---veen (4
S37pa 3 leg N=5.9639—(0.2511gp—
4.2837)%5, (opz17.06) - oeee (5)
S3r104 3 log N=10.8901—(3. 552205 —
46.91053%5, (opz19.31) - wueens 6>
S3r100a; log N=7.7615—(1.932105—
33.7735)%5, (ap=18.05)- - e-- )
S203 5 log N=06.8211—(0. 528505~
15.0457)%5, (op=28.47)---- - )]

cf orc and opr are also almoest seme and
the mean difference is —7.5%, namely,
e e —
i ——— Empirical
T RS Caiculated
60;»—

_ G

5

(N SR S _J_J_L_l_l_‘i

G ! T O I 1

p . A5 PN

0 s 10 5, 10° 16’
sumber of ovcle, N

Fig. 2. SN curves of hase metal SUHS3,
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-

Number of cycle, N
Fig.4. S--N curves of friction welded joint SUH3—SUS303.
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S303n ; log N=7.0694— (0. 623255 —
10.4763)%5, (o= 17.71)-+ e 9
S303r; log N=20.0000— (100. 000005 —
789.0000)°%, (o5=10.01)-----(10)
$30319a;log N=8.0540—(1. 856855 —
19.1058)%% (op=11.80) -----. (1D
5303r10a; log N=8.5510—(5. 436205 —
66.7375)%5, (op=12.87) «---- a2
S$3037100a; log N=7.3500— (2. 725005 —
33.9424)%5, (0p=13.06) - - a3
W ;3 log N=6.9262—(1.8057c5—
42.5854)%-5, (0p=24.06) «+---- (10
Wr ;3 log N=6.5094—(1. 886805—
20.6084)%5, (op=11.00) ------ (15)
Wroa 3 log N=8.2457—(3.047305—
34.2933)%5, (0z212.07) -+ 16

Wrioa ; log N=9.5961—(8. 756605 —
130.4816)%5%, (op=15.87)--«--- an

Wrioa; log N=8.0382—(4.22470p—
61.8575)%%, (opz15.03) ----- (18)

The adequacy test result by error anal-
ysis for the above S—N empirical equations
reveals that the mean of the total % errors
is only 1.30% while 1.80% by Weibull’s
method!® D and 2.96% by Stiissi’s!®. This
result suggests that the above empirical S—
N equations have also a high confidence
as shown in the preceding report®® and

also can be modeled as the following;
log N=—(aocp+b)%5+4c

where a, b, ¢ are constants concerning ma-

terials, welding conditicns or both.™

3-2. Fatigue Strength and Fatigue
Limit

Comparing with both fatigue strength and
fatigue limit of S—N curves S3, S3n and
S3r for the base metal SUH3 in the prec-
eding report? those of S—N curves S3 and
S3n in Figure 2 (or Equations (2) and (3),
13.9%

respectively) are about lower in

and 8.0%

lower for the fatigue limit at the room te-

mean for the fatigue strength

mperature fatigue test, but almost the same
(700°C); This

seems due to the very sma!l amount of the

at the elevated temperature

chemical compositions difference such as
the increase of C 0.01%, Cr 0.96% and
Mo 0.14% while the decrease of Si 0.02%
in the latter case, in which the fatigue

notch factor (8) and notch sensitivity
factor () are increased 7.7% and 13.9%

more, respectively, resulting in a sudden
decrease of the fatigue strength and limit
from S3 to S3n as

Figure 7, Figure 8 or Table 6.

shown in Figure 2,
In Figure 2, Figure 3 and Figure 4, or
by Equations (2) through (18), the magn-
itude of all the fatigue
N=10* and N=10% cycles
limits (oF or opr) is;
opat N=10%; S3>8303>S3n>S31,1>5303n
>W>S831104>> 8311004 > 831>
SSOST0A>WT10A$“TT100A>
Wrea>>S3031100a>S303 1104 >
Wr>S3037,
opat N=10%; S3>S5303>83n>W>S8303n>
SST]0A>SBT100A>SBT0A>
Wi1a>> Wriga > S303 104>
Wroa>>S5303110a>> 830311904 >
S3r>Wr>8303y,
org (or og) 3 S3>8303>W>S3n>S831104>
S311004>5303,> 83102 >
Wr1ga™> Wr1g0a>S30311002>
53031108 >Wrga>>S5303 10>
S3r>Wr>S53037.

strengths (o3) at
and the fatigue

From the above magnitude and the figu-
res, especially it is that both
high temerature (700°C) fatigue strengths
op at N=10* and N=10° and fatigue limit
ors (or o) of the welded joint SUH3—
SUS303 (Wriea) as 10 hour aging treated
42.7% and

confirmed

were increased about 29.6%,
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44.3% more, than those of
the non-heat-treated (or as welded joint
(W1). And, in view of the postweld heat

treatment effect on the high temperature

respectively

fatigue limit, by solution treatment (0 hour
eging), 10 hour aging or 100 hour aging-
of the welded joint was
increased 9.73%, 44.27% or 36.34% more,
respectively, than that of

treatment, that

such non-heat-
treated joint, tco, while 17.88%, 28.57%
or 30.47% mcre in the case of base metal
SUH3 and 17.88%, 28.57% or 30.47%
more, respectively, in the case of base
metal SUS303. And the high temperature
fatigue strengths and fatigue limit of base
metal SUS303 (S3031r) was
resulting in the high temperature fatigue

the lowest,

fracture cccurring at the base metal SUS303
side,

Table 6. Fatigue life factor K and fatigue

the room-temperature
fatigue fracture took place at the SUS303
side (S303 or S303n) HAZ of the welded
joint (W) due to such decrease of its room

In the meantime,

temperature fatigue strengths (o5 at N=104
end N=10%) and fatigue limit (oF) as ab-
cut 34.9%, 26.2% and 13.5%, respectively,
from those of base metal SUS303.
clarified that the
high temperature fatigue strength of the

Ceonsequently, it was
friction welded joint can be increased by
postweld aging treatment and have seemi-

ngly a dependence upon aging time.

3-3. Fatigue Life Factor

As shown in Table 6, the fatigue life
factors (K) of both the base metals (S31qa,
S3031ea) and the welded joint (Wrga) at

the high temperature rotary bending fatigue
life Nr.

Specimens B 7 l K i Nr, cycles or, kgf/mm?
] ‘
S3 — - 6. 31 3.4X10° 49. 56
S3n 2.38 1.97 4.01 5.8X10° 20. 86
S3r - - 7.12 9.0X10° 11.01
S310a - —~ 3.73 4.9X10° 17. 06
S3t104 — -— 8.14 1. 0108 19. 31
S3t1004 - - 11. 43 1.3X108 18.05
S303 - — 4.17 9. 4X10°% 27.83
S303n 1.57 0. 87 5. 40 8.0%10°% 17.71
S303t - —_ 14. 30 8.5X10° 10. 01
S303104 — - 7.12 5.0X10° 11.80
5303T108 - — 16. 34 6.1X10°% 12.87
530311004 - - 14. 30 6. 9X10° 13.06
w — — 14. 30 1. 0108 24.06
W - — 12.71 4.2X10° 11. 00
Wroa - — 11.43 1. 1x108 12.07
Wrioa - - 19. 08 7.0X 108 15. 87
Wricoa — —_ 16. 35 6. 0X10° 15.03
B: fatigue notch factor, 7: notch senéitivity tactor, Np: fatigue life, oF: fatigue limit,
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test are decreased as much as 47.6%, 50.2
9% and 10.0%, respectively, from those of
the non-heat treated ones as solution
treated (by repid cooling after maintaining
1060°C for 1 hour), resulting in the steeper
slope of the S—N curves, decreasing nor-
by 10
hour aging treatment, they were increased
14.32%, 14.3% and 50.1% more,
vely, resulting in the possibility of the
by 100
hour eging treatment, they were also inc-
reased 60.5%, 0% and 28.2%more,
significant in the

SUS303 and the

mally the fatigue life. However,

respecti-
{atigue life increase. Meanwhile,

respe-
ctively, but not much
case of the base metal
welded joint.

It seems that the cause of such steeper
slope tendency'® of S—N curves by the
decrease of fatigue life factor through such
soluticn treatment could be explained as
the following; though the tensile strength
and hardness could be improved higher by
the sclution treatment of repid cooling
after maintaining 1060°C fer 1 hour (Table
solution in
high
temperzature of 700°C during rotary bending
then

4), such super-saturated solid
the material would be put into the
fatigue test, and the precipitation
nuclei formation and growth and the mid-
equilibrium

phase'¥  precipitation for an

phase under the unstable condition would
be progressed at the early stage but, at the
same time, affected by the high speed rep-
stress during

eating tension-compression

the rotary bending test, resulting in the
time difference of such aging phenomena
levels (e.g. over-

then

according to the stress

aging &t the low stress level) and

resuiting in the decresse of the fatigue st-

rength and life fsctor.
Consequently, it seems that the fatigue
life fector could be increased by proper

aging treatment, resulting in increasing the

fatigue life for the friction welded joint as
well as the base metals.

3-4. Microscopical Examination for
Tatigue Crack Behavior at We-
lded Zone

Figure 5 shows the typical microstructu-

res cof the rotary bending fatigue fractured
surfaces for the friction welded joints SUH
3-SUS303 st the room temperzture (Speci-
men W) and the elevated temperature of
700°C (Specimens Wr, Wroay Wrioa, Wrigea
as non-heat treated or postwe’d-heat treated
All the
shapes were almost similer snd the fract-
SUS303
side, but, in the case of the non-hest tr-
eated joint (W) at the rocm

as shown in Table 5). fractured

ures occurred at the base metal
temperature
test, the fracture tock place at the heat
affected zone of SUS303 side.

As SUS303 was added with much amcunt
of sulphur (S 0.296) for

machinability, so some elcngsted

impreving  the
sulphide
inclusions (MnS) re-coriented transgranula-
riy along the interfsce could be microscop-
ically observed at the interfzce vicinity area
(between about 100 200pm  far
from the interface) of the base metal SUS
303 side of the welded jcint &s

through

shcwn in
Figure 5 (a). And so, it seems that crzcks
might be initiated cr propageted frcm or
along such sulphide inclusions but particu-
larly more preferably frem the chromium-
carbide of (Cr, Fe)y3Cq precipitated finely
at the austenite boundary sznd the inside-
grain cleavage by the high temperzture of
about 500 through 800°C at the heat affe-
cted zone (but maximum over 1300°C516)
at the interface) during f{friction welding
and of 700°C on the whole surface during
the elevated bending

temperature retary

fatigue test.
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S3 Wil S303 Frl 5303

Fr" 100 um

(a) (b) (c)

Fig.5. Microstructures of the rotary bending fatigue fractured surfaces for friction welded
joints SUH3—SUS303 (700°C):
(2) weld interface area,
(b) Fractured surfaces,
(¢) Surface cracks at vicinity to the fractured position.
W—Wrioa, Wricoa, : Welded joints as in Table 5.

100um
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Fig.6. Crack propagations on the rotary bending fatigue fractured surface of welded joint SUHS3
—SUS303:
(a) Base metal S303; ¢=30.19, o/or=1.08, N=1.06X10,
(b) Welded joint W; ¢=25.74, o/op=1.07. N=7.12X10%,
(¢) Welded joint W; o=25.05, o/cp=1.04, N=6.67X10%
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And such cracks could be caused the
most preferably from both combined so-
urces (as shown in Figure 5 (b) and
()—Wr, Wros and Wria) or the incl-
usion pits (resuiting in transgranular
crack as shown in Figure 6 (a) and (c))
taken plsce mainly at the HAZ boundary
of base metal SUS303 side. These kind cf
cracks could be interpreted as an intergra-
nular corrosion!” of weld decay!® of aust-
enitic stainless steel by corrosion fatiguel?
under above-mentioned conditions and
environment.

This is the reason why the fracture oc-
curred at the base metal SUS303 side or its
HAZ of the welded joint SUH3—-SUS303
in the high temperature rotary bending
fatigue test at 700°C as shown in Figure 5
(b) even though both hardness and strength
of SUH3 at the elevated temperature of
700°C are lower than those of SUS303.
expecting possibly that the fracture might
the SUH3
side fracture in the case cf the same high
temperature (700°C) rotary bending fatigue
SUH3—
SUH31 in the preceding report®®: Both
SUH3 and SUH31 have no such weld decay
but SUS303 does as shown in Figure 5 (a)

—W and (c).

occur at the SUHS3 side just as

test for the friction welded joint

Sincz such weld decay (intergranular
corrosion) of SUS303 can be readily avoided
by postweld annealing!™, the postweld
aging hest treatment (precipitation harde-
ning or age hardening)'® of 0, 10 and 100
h aging time at 700°C send air cooling,
after the solution treatment (0 h aging) of
1060°Cx1 h and water quenching, was ta-
for precipitation
hardening (PH) of the non-PH austenitic
stainless steel SUS303 (Cr—Ni alloy) beca~

use the Cr—Ni austenitic heat resisting steel

ken ss a feasibility test

SUH31 is known to be readily ege-hard-
ened!®, The
results were as remarkable as described in
through 3-3.
As shown in Wy of Figure 5 (a)—(c),

experimental and analytic

the preceding Sections 3-1

almost no significant weld decay is obser-
ved in case of 10 h aging comparing with
the other cases, resulting from the precip-
itation hardening effect. In the meantime,
by the postweld-heat treatment such as
solution treatment (0 hour aging in case of
Wroa) and aging treatment (100 hour aging
in case of Wriga), some amount of such
shown in
Wroa and Wriga of Figure 5 (b) and (c).

Avoiding such cracks by intergranular co-

cracks could be eliminated, as

rrosion results in improving the high tem-

perature fatigue strength as shown in

Figure 2, Figure 3 and Figure 4.

Figure 6 (a) shows the typical intergra-
nular crack propagation and the transgran-
ular one of base metal SUS303 in room
temperature rotary bending fatigue test,
initiated at some inclusion pits of sulphid-
e or non-metallic compound, and Figure 6
(b) and (c) show that the base meta! SUS
303 side of friction welded SUH3—

SUS303 as non-postweld-heat trested has

joint

also very similarly such both types cf cracks.

Consequently, it was microscopically co-
nfirmed that such characteristics of the high
temperature fatigue strength improvement
of welded joints is the most significant in
the case of the 10 hour aging treatment
by using the precipitation hardenability
of the base metal austenitic stainless

of the welded joint.

steel

3-5. Experimental Consideration on
Improvement of High Temper-
ature Fatigue Strength of Fri-
ction Welded Joints by Aging
Treatment



48 Journal of the Korean Society of Marine Engineers Vol.7, No.2, 1983.

A consideration was taken on improvi-
high temperature (700°C)
bending fatigue strength of the friction
welded joints (SUH3—SUS203) by pos-

tweld aging treatment after solution trea-

ng the rotary

tment through experiments and quantitative

analysis.
60
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Fig.7. Effects of aging treatment on fatigue
limit. Welding and heat treatment con-
ditions; as in Table 3 and 4.
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Fig.8. Effects of aging treatment on fatigue
strength (N=1X104).
Welding and heat treatment conditions;
as in Table 3 and 4.

Figure 7 and Figure 8 show the effects of

aging treatment on the rotary bending
fatigue limits end fatigue strengths, respe-
ctively, by the empirical FEquatichs (2)
through (18): One of the remarkable res-
the high temperature
(700°C) fatigue limit and fatigue strength
(N=10%) of fricticn welded joint SUH2—
SUS303 as 10 h aging treated at 700°C after
postweld soluticn treatment of 1060°Cx1 h

& water cooling was improved to 44.3%

ults represents that

and 29.6% increase more than those cf the
welded joint as welded (non-hest treated)
than
those of the joint as solution treated while
58.5% and 76.2% increase,
more than those of the base metal SUS303
as non-heat treated, at which the {fatigue

and 31.4% and 7.6% increase more

respectively,

fracture occurred.

4. Conclusions

The obtained results from the experime-
ntal and analytical study on improvement
of high temperature fatigue strength of the
SUH3—SUS303 by

solution

friction welded joints
postweld aging treatment after
treatment are as follows:

(1) By eging treatment (700°Cx10 h,
A. C. after solution treatment of 1060°CX
1 h, W. C.), the high temperature (700°C)
rotary bending fatigue limit of the friction
welded joints (SUH3—SUS303) were incr-
eased to about 44.3% more (about 58.5%

more than that of base metal SUS303)
than those of as-welded and non-heat

treated joints, and the high temperature
fatigue strength (N=10%) at 700°C to about
29.6% more (about 76.2% more than that
of base metal SUS303).

(2) It seems that the fatigue life factor
could be increased by such aging treatment,
resulting in lengthening the fatigue life for

the friction welded joint as well as the base
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metals.

(3) It was found that the empirical fati-
gue limits were very (about
7.5% lower) to the calculated ones by
Pantereb’s formula. The obtained empirical

equivalent

equation model is very reliably expressed as
log N=—(a op+b)%5+c.

(4) It was microscopically confirmed that

the characteristics of the high tempezrature

of welded

joints is the most significant in the case of

fatigue strength improvement

the 10 hour aging treatment.

() It was also found by micro-examin-
ation that the 10 h aging after solution
treatment producad more significant and
than
any others, avoiding the weld decay prob-
stee]l SUS303

and resulting in improving the high temp-

propar precipitation hardening effect
lems of austenitic stainless
erature fatigue strength of the welded joint.
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