HIGH TEMPERATURE CREEP CRACK GROWTH OF
AUSTENITE STAINLESS STEEL 1Cr18Ni9Ti

Jiang Weizhi (%ﬁZ)Wagcmmmm@\(fgi)
Beijing Institute of Aeronautics and Astronautics, China
ABSTRACT

The creep crack growth (CCG) tests of an austenite stainless steel

1Cr18Ni9Ti' were carried out over the temperature range 575°-650°C and the Sty

range 150.1-165.6 MPa. It was found that the crack growth is a thermal
activated process. Its activation energy (ch) éppoaches the grain boundary
sliding activation energy (Qg) of the alloy, and the stress singularity

of crack provides an average energy (Qav) for the crack growth. Since the
Qav falls into the range of Ll—14 9% ch, S0 it much decreases the apparent

activation energy (Q3) of CCG process.
INTRODUCTION

The CCG behaviour of high temperature material, as an important supplem-
ent of conventional creep rupture properties,has been investigated recent-
lyLl“G]. Close atttention was paid to the CCG for the brittle creep case.

Under the conventional creep condition,it is difficult to form the crack
nuclel, so the specimen life mainly depends on the crack nucleation, but the
real components always have notches and crack is easy to nucleate, so its
life mainly depends on the crack growth. Therefore the investigation of

high temperature materials CCG behaviour is very important.
MATERIAL AND METHOD
In this investigation 2mm thick annealed sheet was used, its composition
and room temperature conventional properties are listed in Table 1 and 2

Pespectively. The specimen configuration is shown in Fig.1. Two side notches

are made by Mo wire cutting, its root radius p=0.075mm with stress concentra-
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Table 1

Composition C Mn Si P S Ni Cr Ti Fe

% .09 1,53 .72 .031 .008 9.8 18.1 .053 Rem

Table 2

05 » Oy S E

295.0 MPa 671.3 'MPa 149.7% 19.8><10q MPa

‘ion factor Kt=9.M8. Taking into account of the effect of the initial

h, the K, can be expressed as

K, = <‘P(n)E’(>\)(an+at)0’50 (1)

wlhiere d(n) = 1 — 0.656exp(~ 49,17) (2)

n = at/(W - an)
F(XA) = 1.98+0.36) — 2.12X2243 4232 (3)

A

i

(at+an)/w

#{(n) given by FEM represents the initial notch effectE7] and F (A) is the

shape factor of the rectangular plate with symmetrical edge cracks.

The modified creep testing machine type ZST-3/3 was used, its furnace

nd measuring system are shown in Fig.2. The specimen surface was coated

with a protective layer for the benefit of crack measurement.

The tests were carried out over the ‘temperature range 575°-g50°¢C

and the stress range 150.1-165.6 MPa.
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Fig.1 Specimen configura-

tion (in mm)
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RESULTS

The CCG data (a VS. t) over the temperature and stress range mentioned

above are shown in Fig.3. At 0=165.6 MPa, the relationships between the
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Fig.3 The CCG data in

various conditions
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% @ constant which generally relates to the applied stress,

ting temperature,°K.

for different

o

©f rate da/dt and the stress intensity factor (SIF) K1

wperatures are shown in Fig. 4. The plot of da/dt of second stage CCG
1/T, the reciprocal of testing temperature is shown in Fig. 5, from

vich it can be seen that CCG is a thermal activated process, i.e.
da/dt = (da/dt)yexp( —Qg/RT)" (4)

energy, R is the gas constant, (da/dt)0
T is the tes-

‘ere Qp is the apparent activation

Fig.5 also shows that Q2 is a function of Ki. Q4 va-

tues for diffeprent K1 are listed in Table 3. When we take the material
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Fig 4 Relationship between Fig. 5 Relationship between

da/dt and Kl da/dt and 1/T

Table 3

Ky MPavm  16.7 17.u 18.7 19.8

Qa Kecal/col 43.9 43.2 w2,y 41.7
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For CCG of 1Cr18NioTi alloy the dominant intergranular damage can be

onstant Gvb i (81 i is th dulus of rigidity and b
constant GVb  as a unit SIF + AD WHICh B d Wl mo B 4 ‘een over the range of T=575° — 6500C and 0=150.1 — 165.6 MPa. The experi-

tog i i relation between Q_ and 1n(X_ /G/b ) ) ) ]
'3 Purgers vector, there is a linear coreiatio = 1 wmntal data show that CCG is a process which is controlled by thermal acti-

sation, its activation energy Q  approaches the Qg» and the stress field
c

fiavacterized by SIF provides an average ener, falls into the range
(5) g 13 Qav 34

+ a In(K1/Gvb)
of 44—#9%ch, so it much decreases the apparent energy Qy of CCG process.

Qs = Qeg

and the correlation coefficient r=0.996, so we get the process activation

energy ch:82.7 kcal/mol and the coefficient = — 13.8 kcal/mol. These ACKNOWLEDGMENT
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Fig. 6 Microphotograph of crack Fig. 7 Microphotograph of crack
growth at g=165.6MPa, growth at ¢=165.6MPa,

T=575°C T=600°C
The microphotographs of CCG are shown in Fig.6 and 7. The fracture pa-

ths in these figures are all along the grain boundaries, this fact agrees

with the above analyses.
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