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Study on high-low cycle fretting fatigue life of Inconel718

tenon structure
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Abstract: The turbine blades of aero—engines are subjected to cyclic high-low cycle loads in actual service environ-
ments, which is a typical high-low cycle micro motion fatigue condition. The frequent occurrence of fatigue fracture
in turbine blades due to fretting fatigue seriously affects the safe operation of aero—engines. In order to study the
high-low cycle fretting fatigue problems of hot end component materials, this paper designs an Inconel718 tenon
connection simulation component and conducts high-low cycle composite fretting fatigue tests on it. Three different
load/ frequency experiment conditions were designed to compare the life distribution of the simulated parts under dif-
ferent conditions. The results show that high/low cycle load has significant influence on fretting fatigue life. With
the increase of high/low cycle load or frequency, the fretting fatigue life of joints decreases. The test results have
proven that the high-low cycle fretting fatigue test of the tenon joint structure effectively reproduces the actual ser-
vice condition of turbine blades. By displaying the explicit finite element analysis, the predicted crack initiation loca-
tion shows less dispersion compared to the experimental results.

Key words: Inconel718; high—-low cycle load; high—-low cycle frequency; fretting fatigue; fatigue life

Wi B 2024-01-18; {EEIEHHI: 2024-08-29

E£WH: HEAHERLHI2019-1V-0010-0078) ; fii 2 & s bl X SK S HLERAL2: o 55 H (P2022-B-11-006-001)

BEMEE: BREAQ997—), 5, Bid, TR, E-mail: yx1210017@163. com

IR BWesk, FEF, WRAOH, 55 . Inconel7 18 MESESS 1 iy IR R 39 57 1 W 5 (1), fizs TARBERE , 2024, 15(5): 120-126.
YANG Xiaolin, MU Qingin, CHEN Yonghui, et al. Study on high-low cycle fretting fatigue life of Inconel718 tenon structure[J].

Advances in Aeronautical Science and Engineering, 2024, 15(5): 120-126. (in Chinese)



% 5

W ARG < Inconel 718 M 132 45 14 e A Jo] Bl sl 9 5 1 9 F 50 121

0 35l

MBI o5, Rt W ETEARAEH T BT
T 1] = — 0 A7 1L At 42 fioh % 187 7 2B /N B A XS T
S 10 B 1 57 8 R AR i R S S B
TEM A KPR i SR WSS,
R 7R B2 T B A o ) SR B M 0 T RO TR )
S A8 AR B Ay, A% 1 3 22 ik X U N 58 AR 9 1 ) 2K
fof AU 1) Bz fal A ey, R UG I S MR B A M IR T
— AR BN 57 T 00 .

WM A KA FEE B TAERSE T, &M
BRIV EZ B2 — 0T & S LI i
HRAF T AR A58 B9 R R 1, H B3 9 57 51 A A Iy 2
[ REAS 2] T )z e R s 55 i R BN
BH BN R O R4
Huang C W 2"V 4CrMo @ #1717 il sl 3% 55 3K
B, A A ok R 0 9 Bl 1) o A T AN Y A0 T i A
R B B G , BB 9% 55 A7 i B T 34 B ik
JE 7388 i R ; Li K SZE 2 2 1 Inconel718 #4
BHE F T 0 — R0 & K 9% 55 08, M7 3]
TIOWE RUEE |, 2+ 5 o 1 ) 98¢ 57 5 i 190 D0 9 U] 5 Mall
SFUURIF T TR B RS 4 IN100 7E 600 “CY i 3
W55 AT N, R IR 7 SE B0 A F R8T R Bt ) B
i L RS A /N T 3 K

A1 48 FH S ek B 5 A A 8l 9% 57 B 5 B
BRI 57 R 35 EL A TR e I ) S R R
A5 R AS 2 PR i i IR R 9 55, A 2 ik Bl 5]
B R % 57, BN b e R PR T 0 AR X i e v R
I8 55 R T S ), R e P A O 42 U B 9% 97 1k g
KA AR T S A o B AT E N AR BT T i A R
T e IG5 0 57 B 10 B 9 A X A D i
AL FLSE R B T A AR R B A kT ol 2 — 1 A
ey e O B S N TR = I 1R 0 SO S
AL Ry e = A R A R A X A
S5 K6 1k B S ) %) B ST e AR IR S T e 4 T
{0 X G 98¢ 55 75 i 14 5% e T AN 1] B

AR S FE B X i S & S AL I s R A Sl i A R
(Inconel718) , i i i K A 1k 3l 9% 55 X 36 O v, 1
T2 R T 00, 40 B e 0 8] 28 A B0t 5 % 14 Rk
T BN 9% 55 75 4 (A 5 0

1 R FH=*E
1.1 #HRIBEH
IR SCHE FH AR R B BB AL T 2 A2 PR Y Incon

il

nel718 B, J& —Fh 2 & 45 [l Rl PR 4B . b BEY
BE AR Ry BTG AR |, 5 £k AH Sk A0 3777 19 N AH R T
LI B NICAL Ti, ND) BT B iR A 4o %M BHE
TR T SR 2 1 TR, Horb oo TR
E Jy st p RIARA o 0 N IR JEE 0, b
JEE R B

%1 Inconel718#4 K} )72 gl
Table 1 Mechanical properties of Inconel718 material "’

1/°C 25 0,../MPa 1330
E/GPa 211.5 0,/ MPa 1480
ya 0.301

I Oy A e AR FE B AL, B eh A Sk R ME R
PEB A 4B o Ry TR AT RE L SE M A A B HL i
Mt MR Ml 1 IS T O, M B UL A R SR
ARrfESRG et ZNE8Z ——
Inconel7 18 5 A5 $0L A2 22 fisk DX 35 JLAnT T 50 174 15 31 B AR
PUT TSR, % 08 T 80 520 50 14 T 55 R
LTS, AT T — o 1Y T AR DL T LA I T .
LBy 40 1 2 — o 422 fi T [R) k0SB AR X2 i Bl
A 1 5 47, 22 flle T PR A % sk Bh Mk e AT B R R e, [
I 0 T 5 o0 42 i B 5 i R B ADL 0 1Y) 4 sk % T
PEATRE AT o AR 42 40U 22 fioh DX I fm T a0 291 5%
N8 22 T A S A7 0 T, 8 Uk $2 fiok X 38§ (%) KL it )32
AINTF 0.4 pmo KB PFILATBERL AN 1B R iR
FHGE— 1Y A8 B5 2« AL Tt s 7 T AR 268 — > iR e
LAt < il REAT T 15 B

A

oo =

BT R A b 5

Fig.1 Coordinate system of specimen

o

1.2 RI§E

AR SCB T — A AR A B s B 07 I &, AT
(7 SF o 28 ARG J] o T 28 A A g5 JA KBl B, O
B ey 1R 28 Ao e A IR o 2 A I A 4 . A
e AR A 3 9 57 1K 56 F 3 AT LA R R sl BIL AR 4 7
A T S B AR BR B 5 T A 36 UE R 55



122 W23 T A 3k

%15 %

PEOFSE o i AR 65 28 R 48 2 oh v R R K
T e A ] A A R e L L R g AR 4 A (] AP
P ) = O 2H Mo e AR A Bk Bl 9 07 K R o 2
7 BB EL 2 7, SR AR 3l BT/ A 2l B ¥ e A8t
UL A a0 it 6K Sl 0 B o AT AR T
B T AV = A T (AR o 2 N VA e

Ktk =

B85 7]

[ -

EIESVE'SS

I e e a8 {

o R

‘ 3’%?(%1‘)5’(

i

i Ik Bl 5 78 HE B Y Bl i e B Bl 8%
A6, 52 BRUAE DR 5 R A 7 16 [R) B ] LA DA 2% 3 432
AR B PR . ARSI B T AR w2 45 MR A
U A R A7 B A 4R 2l 2 8%, O R AR A A1
fih DX I 0 7 R SRR R A A Y

A

A5 2l e 42 i %

figh
bs

NNANNNNNN
JnmiF

IRB) A

VRS ON

P2 e AU sl 9 0 1 0 F 15 D B A
Fig.2 Schematic diagram of high—-low cycle fretting fatigue test platform
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Table 2 High and low cycle fretting fatigue test conditions
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=3 0.033 25 000 100 0.5
=4 0.033 25 500 100 0.5
TH2 =5 0.033 25 500 100 0.4
#6 0.033 25 500 100 0.5
#7 0.033 25 500 100 0.8
T3 #8 0.033 25 500 150 0.5
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Fig.3 Crack morphology in the micro motion

contact area of the test piece
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Table 3 Results of high and low cycle fretting fatigue test
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Fig. 7 Equivalent stress distribution at disk grooves position
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Table 4 Comparison of crack initiation location
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