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Abstract The reliability of total pressure probe is directly related to the test aero engine safe, the probe fatigue life
calculation is necessary. According to the three-interval method based on Gaussian distribution the Miner rule and the actual
work environment of pressure probe, the fatigue life calculation model of the pressure probe has been obtained on the base
excitation. A large number of test data of test engine pressure probe workspace temperature has been analyzed, the time percent
and average frequency of each temperature range are obtained. The equivalent stress of the pressure probe has been obtained by
the Ansys finite element software. The time percent,average frequency and equivalent stress of each temperature range has been

substituted into the fatigue life calculation model, and acquired the pressure probe fatigue life. The fatigue life is to provide a
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reference for the safety and reliability of the engine fly test.

Key words Aero engine; Pressure probe; Fatigue life; Base excitation
Corresponding author, ZUO ZeMin , E-mail ; zuozemin@ qq. com, Tel. +86-29-86836496

Manuscript received 20140707, in revised form 20140901

515

fiiizs & Sh L R R & FHF AR BUbt s & shAlLAH G
G L TR I AL R A T R B R R
TS S SRR it 56 48 AT 4R T Ak F e iR L =
G W ERET | T 7K A2 10 3 tng 0 o0 B 2%, R P 1
— HUR A S5 R R0 & SHLAS Bz 45, E
WG| %R ad, gt e & shplak i
B 7 R BR B 60% —70% |, 9% 57 B3R S 7 & shbL4h
PR 80% —90% , PRI, X222 e & sh L i iR s
FE DX SR B R T VA 19 55 5 A U 78 o 22

H A, B2 s R 098 57 5 A T, 32 BRI 4 vk
P05 SR ( Miner 160U ) | JHCH o B 45000 455 245 4 1F
FERR AT T A R (W B AR ) FRFE R IE il sk A

# 20140707 WEIWIFR, 20140901 Y 25 MUk .

FREAE Y — B[] 8 3 R O 1T 0002 0 o 45 4 32 3
BB 1% HRIEAL LAY P-S-N il L E 451~ L A1 A 4t
PaoRIN Ao BN ZEAE 95 57 T0IN 734, (ELNS T BEAIL 8T
FRBN BT (AR ) FFANRE 78 2 MEHE B & A G O,
Andrew Halfpenny Dirlik J S %57 48t T —Fh 3 for
DI ARTEHBE (PSD) {5 5 SR HRES A% 55 77 i 1 J7 15
Crandall F1 Mark #2 i 7 3 TFEHLIR 3h 45 5 04 Miner J7
2 AHA ARG 2 B AL R e — > MR A 72 4 B
HLFE, Steinberg N W M T 16 & W44 A1 Miner
T2 D) Ay = DX T 3k SR 8 4 ) 9 57 F0000 73, HA A 7E
BERHHOUR A AL A 17 DL, S A R Y 2 800 ) ik
M Z T EBRGE T AE = IR SN I ) & AR Y
AR 2D, ELAATTAS 3 AT AT 25 A8 45840 , 1207 Al T
Shy T B HLAS B R 55 75 i UL AT A5 R RS B

w/EPR, B, 1985 4F 01 A4, ZREEZIRA, DUE, WhE TN TR, BF5007 s &2 sl AT s i8R o oE



356 FL M

i

53 2015 4%

ASCVIALAS S SHATL I R I e e St — B Y 5
FEBREF AR G, B e T 9% 57 A TN IS
Miner 32| F1 Steinberg (4 = X [A] 3% ; HU, AR 4 % 8 50
1) TAEPE 75 = X [A] 7 A ALl L TR AR 8 G
IZIRET 9% 57 B TR Y B 5 B B ] 36t
SRR GETT , 0 R ) AR TR IXCTA] TSR X [A]
BFE] 7 H PR A  JF AR & S pLIR S R R A
LR PSD 83 Ansys B2 BT A5 B 45 4 B K
SERON T K L B A S BRI 55 A5 A A 15 Hh 454
(9% 57 5t T 754

1 EEHFmBNGE

A AL M 28 50 45 A8 I 55 75 i 0000 T 53 14 L)
Miner 320U (952 55 B T3 05 ) ) V5 kit | BRAGEAE &
AR SAET , &4%Z T NIRTGH , HIE4
AN T B A — A R 3 S SN A, 8 T ek
I, B NI IE A 2 RIRBUL AW 2 B R
RHRRL

FEALZ M T, EEA 4] Steinberg £ H 09 5T = 7
S3 AT AT Miner 2600 = X a3, HH5 5 B0 & 5, HL
RETTHEE A AR R TR REIRIIE . 1 eI S M ERE B 2K
fir N AVEFH AR S5 800 0, il = X R 5 15 2 1o,
20 30 RN T, A S-N 2 = AN R J1E T i E
PE RS Miner 32500 #4795 57 75 i T0I0 3144,

D=y
N

ny,

NZ(r

n
3
+ =<1

N

30

(1)

lo

2 NERSFaoMitERE

HI TR 222 T I 25 e s R TP 8- 1)
1 TS = W L = B 7 S AW L SO ve 7S L FU M E
PN B R4 M 1 2% O R0 SE PR N T RS B RS
SEVERY BT, B AR B HOE 1 Miner ¥ 350885
% 5 U 754

A SCHY ERERET 2 B AR R B HLAR b B % 52 3
AR T 2R e B AL i R v 7 A IR S ot 22 2
VAL I RS , T AR IR 52 B 42 4 A 1) B Al B
Jilio PR AR BTG or i, A HAE A TR X T
S B )3T R BEHLAR AT | TR A Y 22 2B A3 B Ak i i 30
THE A S 153, F, % [E# i Steinberg A9 — X [7]
AR
2.1 EFHFWMITEER

BEA A SHLIARZS AR Ak, BRET P A 1 T AR PR 55 i
JEETERE 0 00 il 91 L A R 1T 8 A, LA 2% NIRRT 32
BN R S ELAIER , SB2sre A g o5 i . R s
AR T B AR A 55 401 00 ) 4t R AR AR 4f Miner
A

D=Dy, +Dy +--+D, =1
Hr, Dy, HIREE 6, T rE 78,
MRS = XL R (D ARAK(2) A

(2)

D = | Moa Mygh1 oo |
Nl ofl N2001 N3(r91
Mo | Mo | Maom |
ler92 NZU'HZ N3zr€2
R [ lo6i + 200i + 300 ]s 1 (3)
Nllrﬂi NZ(rﬂi N}o’@i

N, Ry~ Mgy« Mgy A OTREE T ERORAFRLN 1 T HY
TEERIEL, N,y Nog: Nag: H 00N I RSERUN )T
AOVE PR PR L
PRIER AT (1) AR S R A K, I e T IVl 2
TR SLEEA TR R, AT AR R A RL Y g A RE
FE PRI AR BE 19 JUAS DX ] B Il B DX ]
MY 12 E R — € , TR KRR A 15, BeiReT
KA T R X 8] i) TAEmS ] 7,77 FH=(4)
PR o JFARIEAS IR DX R ARSI 00, THA 2
TAERR £
T, = kT (4)
Ao kO ERETE B IR BE DR AR AR Y
.
HRAE Steinberg = DX [H]2:, AJ LA & WL EE X [A] 6,
(), TR e KEE RO 1N BB T IR EL 1y Mo s
N0 T RTR N
e = 0.6831 xf, xT,
Ny = 0.2710 x f, x T,
Ny = 0.0433 x f, x T,
el (4) ) MALEKRB)H
D [0. 683 Ifik T 0.271 Ofiky T 0.043 3f1le] .\
Nlo’ﬁl NZm‘)l N3o-61
[0. 683 1f,k, T 0.271 0k, T 0.043 3f2k2T] .
Nlo-02 ¥ N2092 ¥ N3u’92
-
[0. 68 31fk T 0.271 Ok T 0.043 3T
N lo6i N 200i N 3061

(5)

]sl

(6)

H = (6) AT 55 Bl A4 T,
2.2 FEIEREREXS R FEHHRER
2.2.1 IAREERE X 45

BELEI T % sl € ATk g i iy 15 ke 4
P, Horp e Tl 13 2Rk, Homanins 2 W, SR Sl T
YERFIRI 2 40 /N 20 4340, 38 i Ge T B s IS
FRA i AR g S i R AR =SS5 K
FEWRFE G0 T 7 WL, RPRR A 22 2 o Ak A IR
FEHATGE 50, i 1 R,



5537 B2 e AT . AN R S LR S R SR BRI 55 A7 A A 357
1000 UL, PR P2 R sh LR S BREL, V5 iz & shL e 2%
” AR OB, 73 B 1 S R LR L
2 700 R 3 1 J AR B 4R 30 07 5% R 32 W, 0 5 L
ER RRTFHARE,
e AR 1 IS 1 7 IR BEIK 1A, 50 055 4%
R AP ), P (L1 45 80 4 A8,
20 " 2 iR
ol . . i i *1 FBREXEITIERE
200 000 600 000 1000 000 1400 000 Tab.1 Pressure probe work time of each temperature range
K4 RH Numbers
B R T AR A e i Fib L
Fig. 1 Pressure probe woke temperature range Sequence Temperature Range Percent k,/%
Number 0,/C
1 B 1 A R A Rl il B A A% S R i o Y o 0 -400 6.66
(] MR, SR AT AR Bl LB AR A B J 1, woRE R o3 0, 400 - 500 18.54
7 ARHE I ZEEH S B 1 L B ’ 0000 o
I T4 R AN 1, 9: 700 :30() ]4: 14
2.2.2 ZABEREFH AR ETHE 05 800 - 900 7.60
[ o 224 b B 5 P R B R 2245 5 R B i 900 -940 0.17
2000010 C400C 200001 0 C-400 C
10 000 10 000
0] s

10 2030 40 50 6070 80 90 100

800001400 ‘c-500 ‘C

60 000
40 000
20 000

g B ]

60 000
40 000
20 000

0 10 2030 40 50 60 70 80 90 100
400 "C-500 C

80 000
60 000
40 000
20 000

=3

30 000
20 000
10 000

0

40 000
30 000
20 000
10 000

30 000
20 000
10 000

0

2000
1500
1 000
500
0

0
0 10 2030 40 50 6070 80 90 100

500 ‘C600 ‘C

|

200 000
150 000
100 000

50 000

4 4
00 10 2030 40 50 6070 80 90 100

500 C-600 C

0 10 2030 40 50 6070 80 90 100
600 ‘C~700 °C

0 10 2030 40 50 6070 80 90 100

700 ‘C-800 C
. m.u.mﬂm

0
0 10 2030 40 50 6070 80 90 100

800 'C-900 C

i
0 10 2030 40 50 6070 80 90 100

900 'C-940 'C

60 000
40 000
20 000

0

0 I
0 10 2030 40 50 6070 80 90 100

600 'C-700 'C

—DUER NN
OSOOOOO
OO
OO
OSOOOOOO

15 000
10 000
5000
0

i

I\J#ODOO 1554

10 2030 40 50 6070 80 90 100
700 C-800 C

0 10 2030 40 50 6070 80 90 100
800 C-900 C

i
0 10 2030 40 50 6070 80 90 100

900 ‘C-940 C
10*

10 2030 40 50 6070 80 90 100
L%

0 10 2030 40 50 6070 80 90 100
H/%

P2 2% RE DX I P RS 1 e St it

Fig.2 High and low rotor speed statistics of each temperature range
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Tab.2 Base excitation average frequency of each temperature
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Tab.3 The high equivalent stress of each temperature range

=2 TRLEE G e KA g
Sequence Temperature Range High Equivalent
Number 0,/C Stress o/MPa
0, 0 ~400 14.2
0, 400 ~ 500 25.7
0, 500 ~ 600 28.3
0, 600 ~ 700 35.7
05 700 ~ 800 38.9
O 800 ~900 47.4
0, 900 ~940 56. 4
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