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Abstract

Delta.-Phase behaviour has important effect on mechanical properties in
Alloy718. Structure control on 6 — phase behaviour by forging and fol-
lowed heat treatment processing has been conducted in this research, simul-
taneously different quantity, morphology and distribution of 5—phase have
been achieved in turbine disk fabrication. Experimental results indicate
that 8 —phase behaviour has obvious influence on crack propagation. In
certain range 6—phase has retardation effect on crack propagation. Crack
propagation mechanism and failure anal yses under creep and fatigue condi-
tions have been discussed also.
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Introduction

Delta — Phase behaviour has important effect on microstructure and me-
chanical properties in Alloy718. Recently, grain size control in Delta Pro-
cessed Alloy 718"’ and the influence of 5—phase on stress —rupture notch
sensitivity’” and impact toughness have been studied- “” The effect of mi-
crostructure on crack propagation behaviour has been investigated also™ ®.
However , the effect of 6—phase on crack initiation and propagation under
creep and fatigue conditions in direct—aging processed Alloy718 (DA718)
has been published scarcely.

This investigation concentrates to study the effect of 6—phase on crack ini-
tiation and propagation under creep and creep/fatigue interaction conditions
in several experimental DA718 disks and crack propagation mechanism has
been discussed also.

Materials and experimental methods

Experimental material has been chosen from two VIM + VAR commercial
heats of Alloy 718. Ingots were homogenized by 2 step high temperature
treatment (first step for Laves —phase solution and second step for homoge-
nization of niobium). Forged round bars from two heats were deformed by
hydraulic press for pancake making and finally for die—forging disks with
different technology and followed same direct aging treatment. Two DA718
disks, designated as A and B shown in Table 1, have almost same chemical
compositions. The grain sizes of disks A and B are almost same in ASTM 10
(Fig. 1). However , the 5—phase behaviour is different,that disk A contains
more 5—phase than disk B (see Fig. 1)because of different forging technol-
ogy-
Table 1. Chemical Compositions (in wt%) of two DA718 Disks

Disk A |0. 037]52. 33j18. 50/ 3. 08 {56. 07| 1. 00 0. 58 |0. 005| 0.02 |<C0.01| base |0.0024

Disk B |0. 035(52. 08(18. 97| 3. 05 (5. 01} 1. 00| 0. 52]0. 003|<C0.10( 0. 006 | base |0. 0046

Crack propagation behaviour of disk A and B was studied under creep and-
creep/fatigue interaction conditions (the load wave diagrams are shown in
Figure 2) at 650°C by potencial drop method using compact tension speci-
men (25x25x10mm). In order to study the relationship among tensile
strengthes, stress rupture properties and crack growth rates, 650°C tensile
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and stress rupture tests at 686MPa were conducted also. The crack path
morphology and microstructure for compact tension specimens were anal-
ysed by SEM and TEM both.

Figure 1. Mierostructure of two DATIB diske (A-disk A B-disk B)
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Figure 9. Load wave diagrams for crack propagation tests at §50°C
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Results and Discussions

Tensile and stress rupture properties

The ultimate tensile strengthes (UTS) and yield strengthes (YS) of 2 experi-
mental DA718 disks are almost same at 650°C tensile tests as shown in Fig-
ure 3. The stress rupture life of disk A is shorter than that of disk B, but
the elongation of disk A is larger than that of disk B as shown in Figure 4.
However , mechanical properties of tensile and stress rupture tests at 650°C
for both disks can meet the demand of specification.
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Figure 3. Tensile properties tested at Figure 4. The stress ruptute properties
650C of two disks tested.at 650C of two disks
(A-disk A B-disk B) (A-disk A B-disk B)

Crack initiation and propagation

Figure 5 illustrate the relationship between crack length (a) and time of
crack propagation tests under creep and creep/fatigue interaction conditions
at 650°C. The abrupt growth of crack length represents the crack initiation
as shown in Figure 5. Disk A has longer time period for crack initiation
than disk B under creep/fatigue interaction condition and disk A has unusu-
al long time period almost 70 times longer for crack initiation than disk B
under creep test.

Figure 6 and 7 illustrate the crack propagation rate curves (da/dt—K and
da/dn—AKk) of 2 experimental DA718 disks under creep and creep/fatigue
interaction conditions at 650°C. It can be clearly seen that disk A has lower
crack propagation rate than disk B at both test conditions.
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Figure 5.The curves of crack length ve time of crack propagation test

under creep and creep/fatigue interaction conditions at §50°C

Fracture surface and crack path analyses

Fracture of compact tension specimens from two DA718 disks with different
contents of 5—phase characterizes with intergranular fracture mode under
creep condition (see Figure 8a and 8b). The fracture of compact tension
spcecimens of both disks still possesses with intergranular fracture mode
even at creep/fatigue interaction condition (see Fig. 8c and 8d), because
creep still keeps predominant damage at this cyclic creep test. However,
fracture surface of compact tension specimen from disk A with more con-
tent of 5—phase possesses more ductile behaviour than that of disk B with
less content of d—phase under creep /fatigue interaction condition (in com-
parison 8c with 8d).
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Figure 6. The erack propagation rate curves of two experimental

DA718 disks under creep condition at 650°C
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Figure 7.The crack propagation rate curves of two experimental
DA718 disks undet creep/fatigue interaction condition

at 650°C
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Figure 8 Microstructure of compact tension specimens fracture surfaces
tested under creep and creep/fatigue interaction conditions

at 660

SEM direct observation on the crack tip of compact tension specimen sur-
face can clearly show the crack path. Figure 9 shows intergranular crack
propagation behaviour under creep test condition at the surfaces of compact
tension specimens of both DA718 disks. The existance of globular §—phase
at grain boundaries plays a role as obstacles to block the grain boundary
crack propagation.

For further study on the influence of grain boundary & —phase on inter-
granular crack propagatioin behaviour, a DA718 disk (designated as disk
C) with fine grain size (ASTM 11 )and globular §—phase existence (as shown
in Figure 10) was chosen for crack propagation test under creep test. SEM
direct observation on crack tip as shown in Figure 11 clearly reveals the
blocking effect of grain boundary 8—phase on intergranular crack propa-
gation under creep condition. The grain boundary crack propagation as
show in Figure 11 characterizes with zig —zag path.

Delta phase behaviour is important in DA718 not only for grain size but al-
so for micro —structure control ,especially the grain boundary structure, as
shown in Fig. | and 10 , that disks A, B and C possess different volume
fraction and distribution of 6—phase. Delta phase formation is a diffusion
control process and needs concentration of Nb in it. Figure 12 shows the
v"and y'denuded zone surrounded 5—phase because of the niobium concen-

tration gradient.
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Figure 9 Micro-crack path on compact tension specimens surfaces

teat under creep condition at 650T of disk A and B

Figure 10.Mierostructure of disk C
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Figure 11.Miero-crack path on compact tension specimens surfaces

test under ereep condition at §50°C of disk C

Figure 12, Microstructure of the ¥ and v’
denuded zone nearb; & -phase
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It can be deduced ,that the area surrounded 6—phase possesses high plastici-
ty than the matrix with enough amount of v” and y’'strengthening phases in
DA718 material. The existance of certain amount of globular 8—phase at
grain boundaries is extremely important for improving the resistance to in-
tergranular crack propagation under creep and creep /fatigue conditions
for two reasons;

(1) Globular §—phase distribution at grain boundaries can block intergran-
ular crack propagation.

(2) The ductile region nearby grain boundaries because of the existance of
denuded zone of v” and vy’ can relax the stress concentration at grain
boundaries, then to retard grain boundary crack initiation and propaga-
tion.

v" and 8 phase are both rich in niobium. However , v” is main strengthening
phase in DA718 for keeping high strength, and 8 is not strengthening phase

but it is important for ductility improvement. In DA718, the co—existance
of v” and 8 in structure will both consume Nb from the certain content of
Nb in Alloy718. Therefore, it is a certain compensation between strength
and ductility as shown in Figure 4. Disk A with more content of 5—phase
possesses lower stress rupture life but higher elongation than disk B with
less content of & —phase. However, both disks can meet the demand of
specification because of the strong strengthening effect of v” phase. For a
good balance of strength and ductility, especially for improving the resis-
tance to grain boundary crack initiation and propagation, separately pre-
cipitated globular 6—phase at grain boundaries has beneficial effect on in-
tergranular crack initiation and propagation. Of cause , over volume frac-
tion of 8—phase in DA718, especially more 6—phase formation in grains ,
will degrade the strength even can not meet the specification.

Concl usions

1. Globular 8—phase distribution at grain boundaries in DA718 has retar-
dation effect on grain boundary crack initiation and propagation at creep
and creep/fatigue interaction condition with predominant creep damage at
elevated temperatures.

2. The existance of desirable and reasonable amount of 8—phase in DA718
can improve stress rupture ductility for keeping enough strength (stress rup-
ture life) to meet the strength requirement of specification.

3. From the point of view of DA718 Alloy disk production d—phase precipi-
tation control and the balance between strength and ductility are extremely
important practical factorsfor thermo—mechanical processing.
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