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Method for Load Spectrum Compiling Spectra under High
Temperature Conditions Based on Generalized Equivalent
Transformation Theory of Fatigue-Creep Load
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Abstract: Aiming at the problem of ignoring or insufficiently considering the holding time at elevated tem-
perature through the existing methods, a common method to establish the fatigue—creep equivalent transformation
model is offered based on the generalized transformation theory. Accordingly, the damage contributed by the hold-
ing time and massive small-amplitude cycles in load history are measured quantitatively with optimizing the relat-
ed steps concluding equivalent compression and invalid amplitude elimination in the rainflow counting. The appli-
cation on high—pressure turbine disc of an aero—engine shows that the method takes into account the fatigue—
creep coupling damage in full work conditions, which is equivalent to 298.25% of the pure fatigue cycles (by tra-
ditional rainflow method) and 236.91% more than conventional transformation method. The life prediction error is
8.35%, which is 95% lower than the conventional method and is only 2.5% of the traditional method. The applica-
bility for high temperature load spectrum compilation is confirmed.
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Fig. 5 Samples of tensile, fatigue or fatigue-creep tests (mm)

Table 5 Individual loading fatigue-creep test results (cycle)

Holding Equivalent stress
time/s 1287MPa 1244MPa 1144MPa 1066MPa
1 1932 2472 3994 5984
5 1098 1758 2263 4801
10 963 1546 1944 2960
15 916 1022 1560 1953
20 462 567 895 1216
25 271 364 448 552

Table 6 Joint loading fatigue-creep test results (cycle, load

in the order from left to right)

(a) Tension (b) Low cycle fatigue
Fig. 6 Diagram of sample installation Holding Equivalent stress
time/s 1287MPa 1244MPa 1144MPa 1066MPa

Table 2 Tensile test results at different temperatures 500 300 400 3783
| 550 400 500 3310
Temperature 7/°C 25 450 550 650 750 850 600 500 600 2820
Tensile strength o /MPa 1546 1519 1474 1408 1224 790 650 600 700 2309
200 300 300 2939
e g — — 5 N . 250 400 400 2300
B % 3 DL S B T 136 FE 945 44 41 WRE 43 7 5 e aewe
g MR ARG RS B RE T, N 350 600 600 901
550°C.. 50 200 200 2323
N N N 100 300 300 1900

(2) 7 PR B T A IR & 98 57 156 10
150 400 400 1451
YA R J1 43 5 Sk 1066, 1144, 1244, 1287MPa. 50 200 100 1455
y N ) ) N 100 250 200 1167

A K R T 43 A AR S 9 55 18 5 — s A 1 0 45 R 15
. 150 300 300 865
K3~ 6. 200 350 400 545
50 50 30 982
Table 3 Individual loading fatigue test results 20 90 90 50 785
Equivalent stress  1287MPa  1244MPa  1144MPa  1066MPa 130 130 70 380
170 170 90 367

Cycle 4916 13549 41587 88430

30 30 30 429
. . . . 40 40 40 386

Table 4 Joint loading fatigue test results (cycle, load in the 25
. 50 50 50 342
order from left to right) 60 60 60 297

Equivalent stress

Test
1287MPa 1244MPa 1144MPa 1066MPa
E 25 _ hE A R Ve
1 900 3000 4000 51842 4.3 Ej’ Eﬁﬁzﬁﬁ%)&%ﬁ
2 800 4000 5000 45525 ) 38 56 B s SR A4S 14 F8 B (LR 7) IR AR
3 00 500 6000 38966 (4),(5) , BT 1 B0 95 — 25 40 15 0 95 48 7 0 5
4 600 6000 7000 32154 SO R AP 7 K (1) R (R? = 0.9463) .
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Table 7 Low-cycle fatigue damage index (b/a)

Holding Equivalent stress
time/s 1287MPa 1244MPa 1144MPa 1066MPa
0 1.053 1.057 1.076 1.123
1 1.087 1.095 1.124 1.131
5 1.063 1.074 1.088 1.125
10 1.052 1.072 1.089 1.107
15 1.048 1.059 1.082 1.098
20 1.042 1.051 1.058 1.07
25 1.025 1.035 1.061 1.076
250 mmm Fit curve
200 o Test data
=150
w100
£ 50
0
=50
1250 25

1150
Me, 1100 5 1/

Fig.7 Equivalent transformation model for fatigue-creep

load based on flight parameters
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Table 8 Load cycle matrix of turbine disc (cycle)

Peak value/MPa

Trough value/MPa Method
1244~1287  1207~1244  1144~1207 1066~1144 963~1066 848~963 <848
T-RC 44 0 0 0 0 0 0
1207~1244 XY-RC 44 0 0 0 0 0 0
I-RC 44 0 0 0 0 0 0
T-RC 1040 5881 12008 0 0 0 0
1144~1207 XY-RC 1036 5853 11929 0 0 0 0
I-RC 1036 5853 11929 0 0 0 0
T-RC 2515 1574 8467 362 0 0 0
1066~1144 XY-RC 2504 1574 8448 361 0 0 0
I-RC 2504 1574 8448 361 0 0 0
T-RC 268 113 1262 1174 0 0 0
963~1066 XY-RC 268 113 1260 1172 0 0 0
I-RC 268 113 1260 1172 0 0 0
T-RC 0 0 0 0 0 0 0
848~963 XY-RC 0 0 0 0 0 0 0
I-RC 0 0 0 0 0 0 0
T-RC 1 0 0 0 0 0 0
715~848 XY-RC 1 0 0 0 0 0 0
I-RC 1 0 0 0 0 0 0
T-RC 0 0 0 0 0 0 0
564~715 XY-RC 0 0 0 0 0 0 0
I-RC 0 0 0 0 0 0 0
T-RC 550 13 7 3 6 0 220
<564 XY-RC 550 639 953 680 2370 0 2174
I-RC 550 2316 5233 6724 16107 81 2174

210399-6



a3k ol

BT T 5 - 7 A5 R H PR A e TR AR R e 0 A O T

2022 4F

o, BTk T R A B RER 4 (AR SR A
74.89%) .

5 & it

STHIRUN NS & T S G K 1D R o

() BF X5 B AT 55 i 2% 4 3 A A 3 7 0k £ 3 mif
] D3 458 473 1) 22 6% 525 SRS A Tl R, AR SO AHE T Y
P 57 — BT A% A8 Ay A5 U e RS 1R N 25 4 5 6 RE R
BECHIL ) R 28K Ay Ak B 22 8] A R AL 5 PR Ak 1 v T AR 1R 3R
1o T i 1) 5 1% B8 0% S ik b oK R 7 — B[R] R 8 rh s
Wi L A9 B 45 458005 11 A A 48 B B A b - Al T
Hofar 46 5 08 5 AR — 28 Ny, 3 — P ) R X
T 22 S AL A 247 T RE RE A 1 3 I M R K

(2) LAKE AL % sl AL 58 48 75 i 95000 A A 50 0F , i
2 U0 A5 B /)N e 28 e Ak B2 ) 4 45 A Y T 4l
% S5 IR IR (15 G2 /) 1Y 298.25% , L T T £
236.91% ; XL 25 & sh B e i it 6 48 1) 7 i 8000 15 2%
9 8.35% , FbH LT B 95% , A Ry 5 G W i B
1 2.5% , Wk W] T % 07 2 VAL il R B A 52 B0
A RE M X 45 Bl T AR IR EE AR D R Y 4 R A
i FH 4877 1% 1) G ) T A 38 HL Al TN .
BB E R ARRE RS R

S22 3Lk

(1] Faddb, Nk . X E AR GIB241-87(Mi 48 i 58 Wt <
Fvivs %6 KU & AL AT ) Y — el i i L OF G 45
F s T ) (1], Aias B hdl, 1995(4): 42-51.
UG, Rk . s R L g gR iR (0], BARAHL
B, 2011(5): 15-17.

KA, BB R ADAL ) AT LR G BTG A 5T
[J]. Wiz 8 Jr24t, 2002, 17(2): 212-216.

. BLIR & S HL N AT 55 0 2 5 g ) & E
[D]. FgaT: M AN L KK, 2016.

[ RE S TV (/- O o o= i s A (O B3
55 75 iy WO B AR B 5T K (D], 5 05 0 R 2 4
A, 2016(4): 78-81.

[2]

[3]

Capponi L, Esnik M, Slavi J, et al. Non—Stationarity In-
dex in Vibration Fatigue: Theoretical and Experimental
Research [ J]. International Journal of Fatigue, 2017,
104: 221-230.

Cui C, Zhang Q, Luo Y, et al. Fatigue Reliability Evalu-
ation of Deck—to—Rib Welded Joints in OSD Considering
Stochastic Traffic Load and Welding Residual Stress [Jl.
International Journal of Fatigue, 2018, 111: 151-160.
Gopireddy L R, Tolbert L M, Ozpineci B, et al. Rain-

[7]

[12]

[15]

[18]

210399-7

flow Algorithm-Based Life=Time Estimation of Power
Semiconductors in Utility Applications on Industry Appli-
cations[J]. IEEE Transactions on Industry Applications,
2015, 51(4): 3368-3375.

Mainka K, Thoben M, Schilling O. Lifetime Calculation
for Power Modules, Application and Theory of Models
and Counting Method [C]. UK: Proceeding of the 14th
European Conference on Power Electronics and Applica-
tions in Birmingham , 2011.

Musallam M, Johnson C M, Yin C, et al. Real-Time
Life Expectancy Estimation in Power Modules[C]. UK:
IEEE Electronics System Integration Technology Confer-
ence in Greenwich, 2008.

TRATHE, MR . A R ENPLLE G AT A R A A e
[J]. et 4 R, 2006, 27(1) : 24-29. (XU Ke—-jun,
YE Xin-nong. Study on Assessment Method of Compre-
hensive Flight Conversion Ratio for Aero—Engine (1.
Journal of Propulsion Technology, 2006, 27(1): 24-29.)
AR, SRORB, mRARR . T A S HLOG B
fir WAL FR g v it (0], db B0 28 i K R 2% 24 4z, 2000
(1): 45-48.

DRI AL ALAS IR IBE i B R S L R TR E AR T
(M. dbmt: fiiss Toll b i, 2004.

Vandijk G M, Dejonge J B. Introduction to a Fighter Air-
craft Loading Standard for Fatigue Evaluation| R]. Laus-
anne: National Aerospace Laboratory, 1975.

Conover J C, Jaeckel H R, Kippola W J, et al. Simula-
tion of Field Loading in Fatique Testing [J]. Journal of
Terramechanics, 1966, 3(3): 101-102.

Heuler P, Seeger T. A Criterion for Omission of Variable
Amplitude Loading Histories[ J]. Elsevier, 1986, 8(4).
WIBED, SR, m ME, A GH720Li B 564 4
- )] MASEMES TR,
2018, 47(7).

WwArE, EOKHE, BRM, % BT ESH/NRER
157 0 B % 95 55 75 i T 0 2 00 40 (0] LA B
2016, 38(3).

MR, IRTR, R, 5. B TR 7 -0 A8 2 A 4
BT A 1 8 A AT I o o) D A TR L) e
A, 2020, 41(10) : 2316-2324. (XIAO Yang, XU Ke-
jun, QIN Hai—qin, et al. Load Spectrum Compiling and
Life Prediction for Turbine Disc Based on Equivalent
Transformation of Fatigue—Creep Load [J]. Journal of
Propulsion Technology, 2020, 41(10): 2316-2324.)
EGD-3, #7 0l MK202 % Sh#LA J1bRifiE[S].

FRR L. A K E AL i e A 0 A7 A T K T R 5
[D]. K. REMT R, 2017.

(%% R Z%)



