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1. Introduction
The effect of cyclic load with relatively low fre-
gquency upon the time to rupture and apparent creep rate

was investigated for austenitic stainless steel (AISI 216).

2. Lkxperimental Procedure

Cylindrical creep specimens, %Omm in gauge length by
omm in diameter, were machined from the solution treated
material. The ftest apparatus was a lever type constant
load tensile machine. Loading-unloading cycles were per-

formed using periodic motion of a Jjack. The majority of

Table 1 compositions of the steel used, wtw
C 55 Mn P S Ni T Mo
0.06 0.56 1.36 U, 030 0.012 10.99 17.37 2.36

tests were conducted at 700°C, with cycle ratioti/ta= 1,
where 't‘. and 'tz are the time of loading and unloading
periods respectively. Creep deformation were measured
by a differential transformer, having a sensitivity of

0.001lmm. ‘the changes of dislocation density due to creep

deformation and also due to recovery were examined.
3. Results

The effect of cyclic loading on the time to rupture

is illustrated in Fig. 1, which shows the ratio of the
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time to rupture under constant load creep ‘h,-to that ob-
served under cyclic loading "fyras a function of cyclic
reriod Af=“l]+r2_ The effect of cycle ratio upon the time
to rupture is shown in Fig. 2. Frop these results, the
time %o rupture increases with increasing frequency or
with j_ncreasing unloading rericd,

the time to Tupture vs the minimum Creep rate ig
shown in Fig, 3, A1l the data points fall on g single
line irrespective of the cyclic f:c-equency or cycle ratio,
therefore, following relationship can be drawn,

tr ému = fw— Evltn = const. ws 4 (1)

where émis the minimung Creep rate obtaineq under constant
load Creep, éym the apparent minimum treep rate under cy—
clic loading, ang Wis a constantu.)

The changes of dislocation densit,y during the first
oneland a half cycles of creep loading Were examined and
the result ig shown in Fig, 4, Examples of transmission

electron micrograph gre shown in Photo. 1.

4. Lliscussion
As the density of dislocation decreages during un-
loading'period, the internsl stress Tt must be decrease(dz.)e)
The rate of decrease can be represented asdTUdt =—AT?,
thus the integration gives us,
Ti =Teo [ 1+ (a-nATS

where A ang X are constant, ang Tiois the internal stress

-1
-1 Aa-1) -
t v su (2)
at just after unloading. Concerning the major origin of
the internal stress is the elastic interaction of multi-
plyed dislocations, Tiis €xXpressed as a function of dig~-

location density P by,

Ti = o Gb§* £ (3)

where Gr is modulus of rigidity, bthe Burger's displacement

and Ogis a constant. From Eg(2) and (2), we have
S W

P =R[1+(&-NATH t]
where ?ois the density of dislocation at just after the
unloading. The density of mobile dislocation Pm(;l;acreases
by piar-wise interaction during recovery process. Si:lce
the annihilation rated%"dt is to be proportional to P s
the following expression can be obtained:

P =G 8/ (148% L) E
where @ is stalemating coefficient and 9§ is the density
of mobile dislocation at Just after unloading. ‘The rate
of strain recovery érdepends on the product ome, band
the mean velocity of dislocation ¥, that disig

& =bug, =ba(Ti/t“)5§,’n, and 8=V RT ... (6)
where &, T* andn* are material constantsrf) and ‘ﬁ and T
have usual meanings. After substituting Eq(2) and (5)
into bkg(€), irtegration was made over a full unloading
period 't'z » whiich provides the expression

=@/ TV (17 B30t)  ...(p)
The above theory is consistent well with the observation
as whown in Fig. 4(i) and ().

Let's assume that the transient creep strain ap;‘ea‘red
~ust after reloading in each cycle is negligible snall
compared to the amount of recovery strain on the material
used. Then apparent creep rate, évm at any given cycle
in the minimum creep rate renge is determined by,

éVm= (ém¢T|“Er)/T| (5)

oy i £ ate in the loading period con-
where &g, is average creep rate in the loa & D
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cerned. From the record of strsin messurement, it is
probable tc assume thatéwis approximstely equsl toé,which
is the minimum creep rate obtsined under constent losd
test at the ssme pesk stress values. Then the following
expression results from Eq(7) snd (8) ss well as Eq(l),
(Tr )'/(*

tr __jm:}_a_b___(@
tyr

'l

= 540 ) h(183%t) ...
Since the right hend side of Eq(9) can be determined
without using cyclic losd creep data, the time to rupture
under cyclic loed creep can be predicted from the data of
constant load creep. Fig. 1 gnd ? show thst the calculst-

ed curves of %Y/tvrare in ressonsble sgreement with the

experimental data.

ia}

5. Conclusion

The results of this investigstion illustrate thst the
strain recovery tesken place during unloading period is an
importent factor in cyclic creep behavior of susteritic
stasinless steel. The creep rupture life is longer snd the
minimum creep rate is lower in cyclic losd creep compared
to those obtzined under constant load creep at the same

pesk stress values.
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Photo. 1 (3) Solution treated specimen heated 2t 7C0°C for
10hr.

-]
Photo. 1 (b) Unloaded after crept 8t 700°C for 3hr.
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