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Tablel Main chemical components of DZ125 alloy (mass fraction, %)
C Cr Co W Mo Al
0.07-0.12 8.4-9.4 9.5-10.5 6.5-7.5 1.5-2.5 4.8-5.4
Ti Ta B Hf Ni
0.7-1.2 3.5-4.1 0.01-0.02 1.2-1.8 Bal.
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Fig. 1

specimen (Unit: mm)

Schematic diagram of partial size of notched flat
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Fig. 2 Schematic diagram of typical position

Table 2 Creep test matrix of flat specimen of DZ125 (850 “C, L-orientation)

Specimen type Specimen No. 0,,/MPa Notch sharpness ratio Stress rupture life’h  Fracture type
9 480 0 103.98 Rupture
Smooth 27 525 0 4451 Rupture
28 450 0 213.00 Rupture
1 560 3.14 0.75 Rupture
U, 2 520 3.14 1.52 Rupture
3 480 3.14 10.87 Rupture
4 560 4.78 0.15 Rupture
U, 8 450 4.78 5.90 Rupture
26 425 4.78 24.49 Rupture
7 450 3.01 85.15 Rupture
10 520 3.01 13.60 Rupture
Ys 12 480 3.01 29.03 Rupture
25 450 3.01 50.00 Interrupt
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Fig. 3

DZ125: (a) Transverse section structure; (b) Longitudinal

SEM images of microstructure morphology of

section structure
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Fig. 4 Comparison of notch endurance data(a) and relationship between notch endurance life and sharpness with net cross-

sectional stress of 450 MPa(b)
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Fig. 5 Simulation of tensile process(a) and simulation of creep process(b) of DZ125
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Fig. 6 Finite element model of notched specimen(a) and cross-sectional stress distributions of three types of notched

specimens after tensile loading(b)
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Fig. 7 Stress cloud diagram after tensile loading of 480 MPa(a), stress cloud diagram after 10 h creep loading of 480 MPa

(b), stress distribution rules after initial tensile loading(c), and stress distribution rules after 10 h creep loading(d)
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Fig. 8 SEM images of surface structure morphology of flat specimen after persistent fracture: (a) 28" specimen; (b) Area 4

of 7* specimen; (c) Area B of 7% specimen; (d) Area C of 7% specimen
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Fig. 9 SEM images of crack initiation and propagation initiation law of flat specimen: (a) 12 specimen, 480 MPa, 104 h;
(b) 28" specimen, 450 MPa, 213 h; (c) 7" specimen, 450 MPa, 85 h; (d) 12" specimen, 480 MPa, 29 h



2280 T A e E SR

2022 £ 8 H

T—ERBREME . HEwsn s, PRI
W FEHET =FALE: 1) B FE P42
fiRAL s 2) KK 3t G A R R JEAR A R A2 F ks 3)
USSR =B B, Ay fy A ST 2 T B AR R
Gl BRSO EE TR 7y R, R Rp
DZ125 £ 4 6 i WA 5 e AR 57 A B 2R 1 b 22
B

K] 10(a) FiT 7 A 25 5 372 16 22 50 h H I 1)
RIMAGURE, ] WA R R e 3 B4 AR ARk
e YA p e P S EA S ONEE S I A Lk
Jita), I BRI R ARG SO R
PIRKRLG, — RISy R, —%
DS Bl 11 22 T i 85 P00 28 30° 07 1), IX 4R 4L
I E SR SR R P R . B 10(b) B i 25 54k
PRER CRTH ISR, R LA 306 AR 1 2 Ak AR
R T BB, OB Bk P23 TR — 58 A RE AL
A— KGR E BN ERE. FR, s
T ST R (1 XA A 7 e T K I AR — kR
O ERGY ESE L, GO NEILY R,

E10 U, Rk IR A AU AL AN AL 1 SEM AR

©)

[ Bt B LB IF) R T, &
HIFEIEE R B

B 11 iz o =Rk E AR AR S5 6 A 32
REWERME, 7 WA E R RN E
Pl B R 123 TR — 38 M B2 . 2835 ) AU T Bt 7
T DZ125 £ < PR I AR I 2 o K - | A2
Wi A7), SIATT A6 IR 2 11 2 T X 43Py e K 3 B AR
T RS, {H Mises B 7 B KAE S Gk F1°F 43 10
—EMBE, A g A, BRI Mises B /)
KA A5, Bk N AR A B — € A
FEAL R BT T . [T, 146 Mises /) 4 1 &b
FEI AL T RE e K N AR R AE AR, T sk
AT RF AR 3 RS R A E .

B 12 BT A = 280k A RE ABEIR (Fh i)
JE R R TN, AT WA R R A o A
FE SR 3 J B X33, AT DA ik ARS8 7
G T EIRELR . 5 AL B PR Bk 1 S —
SE PR AL A B T ANFK RS, AT E = A
TAHARAE i (8] A BRI AL A 3L R 2l 24k, HX et

RRET I —

Fig. 10 SEM images of creep crack initiation and propagation law of U,-type notched specimen (25" specimen, o, =450

MPa, interrupted at 50 h): (a) Side view; (b) Top view
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Fig. 11 SEM images of initiation position of main crack for long-lasting failure of notched specimen: (a) U,; (b) U,; (c) U,
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Fig. 12 Top view of notched surface of notched specimen with permanent damage (SEM image): (a) U,, 3" specimen;

(b) U,, 7" specimen; (c) U, 12" specimen

Fiber zone

|
— 2,
1 N
1
i
¥

L
Crack spreading zone
hear lip zone :

B3 ey Atk C-P AR i DR S0 LK SEM &

(b)

Notch Crack spreading zone
4

Fiber zone
)

Fracture zone

Fig. 13 Comparison of SEM images of fracture morphologies of smooth and notched flat specimens: (a) Smooth specimen;

(b) Notched specimen
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Single-edge notched creep behavior of Ni-based superalloy DZ125

HUANG Jia', HE Zhen-zhuo', DAI Tingl, YANG Xiao-guangz, SHI Duo-qi2, SUN Yan-tao®

(1. School of Aeronautics and Astronautics, Central South University, Changsha 410083, China;
2. School of Energy and Power Engineering, Beihang University, Beijing 100191, China;
3. Beijing Aeronautical Engineering Technical Research Center, Beijing 100076, China)

Abstract: In order to study the problem of creep persistence under complex stress conditions caused by the
asymmetric structure characteristics, this paper performed creep tests on single-edge notched flat specimens of Ni-
based superalloy DZ125, and revealed the weakening effect of the endurance performance under the action of the
asymmetric structure characteristics. According to the analysis of the crack initiation mechanism of the notched
speciments, it is found that the creep crack initiation at the root of the notch is due to both the stress concentration
at the root of the notch and the structural defects between the dendrites. Based on the visco-plastic constitutive
theory coupled with K-R creep damage law, the completely different stress distribution characteristics of the notch
root section after loading and creep relaxation is revealed. Combined with the observed crack initiation and
fracture morphology of specimens, the additional bending moment caused by the single-edge notched specimen
aggravates the plastic deformation accumulation process area near the notch root. At the same time, the
compressive stress area on the bisector of the notch can be better related to the instantaneous fracture
characteristics of the fracture.

Key words: Ni-based superalloy; single-edge notched specimen; creep rature life; creep constitutive; failure

mechanism
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