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Design Method for Reliability Test Profile of Equipment in the
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ABSTRACT: In order to accurately formulate the reliability test profile of equipment in the affected area of aircraft engine, a
design method for reliability test profile is proposed. According to the vibration characteristics of the equipment in the affected
area of aircraft engine, which is consisting of broadband random signals and narrowband spike signals, the engineering intercep-
tion equivalent method is used to analyze and summarize the measured vibration data to obtain the vibration test spectrum.
Then, according to the duration of the typical mission state of the aircraft and the time proportion of the entire mission profile,
the vibration stress conditions are obtained according to the simplification principle proposed in the article and the reliability test
profileis synthesized. By using this method to process the vibration data of equipment near an aircraft engine, the reliability test
profile of the equipment in the affected area of aircraft engine is obtained. The engineering interception equivalent method pro-
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posed in this paper is very suitable for the separation and induction of vibration signals of equipment near the engine. The re-

liability test profile design method proposed in this paper provides a new idea for the reliability profile design of equipment

in the aircraft engine affected area, and is of great significance for the reliability design of equipment in the aircraft engine

affected area.
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Fig.1 Design Flow Chart of Reliability Test Profile of Equipment Near Aircraft Engine
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Fig.2 Schematic diagram of engineering interception equivalent method
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Tab.2 Data characteristics of mission profile A

1E55 mik WATE R g RSl AT
KA min JE/m o (km-h™h) kPa % T SARAS
#WX 15 0~1000 0~500 59 100 ...... QF
Jer 10 2000 800 295 95 ... DX-01
K 30 120000 900 272 85 ... ...
TR 5 2000 800 295 95 DX-01

# 3 E£EIE B HIBIHA
Tab.3 Data characteristics of mission profile B

1255wk TR e iR RSl JAE:

KA min E/m (kmh?) kPa Huyw T IR
#& 15 0~1000 0~500 0~11.8 100 ...... QF
J&7 10 2000 800 295 95 ... DX-01

K 20 11000 850 260 8 ... ...
TR 15 2000 800 295 95
1000~0 500~0 11.8~0 50 ...... ......
B 300

T4 HMEESRERG
Tab.4 Examples of typical task states
WAME B HE ITE Bl s Kl
SR MWITE A% Em (kmbh ) kPa %

QF 2 0~1000 0~500 0~11.8 100 ......
DX-01 1 2000 800 295 95 ...
DX-04 3 1000~0 500~0 11.8~0 50 ......

i F PR s R 4% 1 T 2 5 25 R B N 45 B B
FIRFEEIT ], PR AE R T IR sh N 1 et 2 i, S s
B BE R S B X T RALE shpLR e X e, ASn]
G237 B R ShHL TARIRAS T R FRGE M, i AR 1
FIAANEE 2 B S A PRI T B B 5 T, 3 N 7% S % shll
PG, P, FEUEATIREE R BT, MR & B
HURZ A X B £ A PR BE IR MR AT S0, 465 4 S im) #hc s ok
AR BE I 38T o B B 22 il 4 (R 5L 7 g A HE 510 it
FuR: -55°C (ARTAE). 55T (TAE). tint (¥
K tuax (BKR), tuin (BKR), 70°C ( ATAE).
70 OC (I’ﬂf )\ tINT (ﬁ@a& )\ tMAX (;{%‘:3& )\ tMlN (ﬁl\‘
K)o

&% GJIB 899A—2009 HHHILAE MR KL &
(4R sl B AT Ak R0, i L & shBILEZ i X & 1Y)
Ir 50 13 77 fai Ak JE ] .

1) Pk vt 25 H A AE 55 R A bk e RE S T

0.1 (M/s’)/Hz (R SB35 , K I B0 (B 42 e A
i, H2ERKMEST 0.1 (m/s)/Hz,

2) B E A& A AT 55 RS B IR 3 15 7 ARAE R 5
SLIT ], FF2E A 1) S a0 I 3fe DL A~ B AT 55 IR 2
i AR I E A L

3) KB RS LASP ) AT 55 IR 544 B R 2
B 77 HRAE R BN INHEFR , A BB 55 RS A0 3R 22 ) 1]
AR,

4) %&%E@ﬁ ':I:‘ tMAX ( 7/‘?\36 )\ tINT ( 7/‘?\36 )\ tMIN
(Y2 IK ) BFFZEmta], K405 iAE R B /INES T Y
F ML SRS 3 4, Vuax (BK ). Vinr (¥
K Vuin (K ),

5) FZWE N T tmax (R DL tiny (FAR)L tuin
(AR ) B RRSE I ] 4 34 75 AR A K B/ INHES 1 45
BT 55 R 25504 34, Vax (FAK )L Vinr (BAK ),
VMIN ( ﬁl\‘% )o

2 BRIV T3 I, 2% B 2l (B A st [ 1 5 R
JEN Y —20, HEAT BT

1) Vmax @ H 25 HEART SRS 0 5 B
tmax [Fl—F 216

2) Vwin I TE Vax HEEHR TR

3) Vint B TE Vmax ALHTHEIN , T 45 s 1] i9 &2 HE

4) M B T b A N-55 °C A 3 v ] i
BE tint FIAN 70 CHE B[R BE tinr B, I I etk
SR EE-

2 N RE N ) L R ST, ] 2% GIB 899A—
2009 H1 B.3.5 1y WA 2 RALIAL £ 130 B2 17 ) R E I
27

3 IiEsxf

h e B 2 R R A S HILRE e X B A Y T A
PRI F T, TF R T K sl HILR Wi X5 o A 4IR 3 #1458 5
W e AT R, ek S PR X B R S A
“ e LS 5 BN E A ARG 5 AR o BRRLRE
RSB 9], BERRBIL A LR DX B3 A 19 T 5E
PRI F T e o i TR AL B UA 9 1 A 2D R A
Z, SO il BERLAE 5 AR QA5 B AT R]
FEVEE A A BRI

3.1 EFHIESHNEFREEFSHETH

HRAE UL & B ZE 25 5, LA Fe e 001 L ),
RFERE 7 12 555 0.5xL )L K i % T 205 1xH ),
AT U2 545 (0.5xH ), R 2 580 (2xH)
FIYRSHRE I K o YR shIR B U an 18] 3 FIf/i .

TR — B iR 20 S B4 1 R 5 ok B 5 4y
B, B, AR SERE AT O iR R BNE S e R
WARLAY, 430 1. 2 Hz 7 S 65 5 045 D R i 2% 1



<34 - k& W B TR

2021 4F 7 H

SR, WE 4 Frs . kK d4a, b ik sl g
A AL, AT R (R R ) 3 AR R, 4y
Wk 232, 402, 576 Hz,

IxH 2xH
0.5xH
0.5xL

TR

LIES
K3 PR IREEIEGR I

Fig.3 Schematic diagram of harmonic components in fre-
quency domain of vibration environment

1072 '
X: 402 i :
: X: 576
_ Y: 3.98¢—03 Y: 2.73e—04
¥ Pl
% 10 X232
@ Y: 1.25¢-04
bl
HO
# 10}
=
10_8101 1‘02 1b3
i /Hz
a B=1Hz
102 '
X: 402 i
: g X: 576
~ Y:3.84e03)| |95 55004
? .
B 10} X: 232 i
5 Y: 1.23¢-04
g
Hu
10
]
—8 ; I
10 101 102 103
Ai/Hz
b B=2Hz

Bl 4 S[R3 B A0 50 1) D R B
Fig.4 Power spectral density at different frequency resolution
bandwidths

HWR, 1 JE TR (1) RO AR AN shal 9 . It
BHE S MRS aE 5 B, IWE 5 halLIE 1,
TP R VT R N ) 3 ANTRIX (0], 9 2 48 003
2, R TR NP I S 1 B o AR PEE 5 E
R G A A O, B SR AT R Y 3 A iRy
231, 397, 572 Hz, XA shHr 96k 219~243,
380~414, 552~592 Hz, #% 2.1 i Tk TR AE4%
o, XTILBHE S T A R S SR S B b P

LERNIE 6 s .

0.025

0.02

0.015

R e

0.01

0.005

0 100 200 300 400 500 600
HiZR/Hz
K5 fdHE

Fig.5 Fourier spectrum

1072

10—4 L

i
10 | i
1

ThAEHBE/(gHe™)

10? 10°
PR /Hz
K6 7l oy F e o B 4 R
Fig.1 Separation of narrowband and broadband components

3.2 WEMERXEAESE NI

3 2 o BT B RALAY A S5 S, A T
5AMANTS5RES . QF AR . DX-01—DX-04 iR 7% .
AT XS & B AL M X5 A% S I 4 20 B8 1 40 B A e
94, 15 A AT 55 RS PR shik 56 1, 153 40
BT 7R o G54 B 7 v 48 A8 451 30 L o A 1 0 A &
SIHLI L AT, AR IEAR AR EAUR L 12
AR SRR U2 500 KRR 300 . R T
ST TR 1 2 5 RBREIT o XA & & s LR a3
RN RIER IR ShRe A, HRMEW RIEER K
BB 1 FE AT AR A5 RS 1Y

FRYE CALBF R ZE R BLRE | 1% & SHLR MR X 15 4 o
AHIREE R K 540 min, £54 2.2 R AT A
PR A B %, TR A AT 55 RS I R R it
B AR Bhis X5 AR, 25 R L3E 5. KR TR
NS EAE L IRBII FT A R g A R LN, g 4%
fF, SRR E , Rl 8 i



H18% 7 HOINTESE . — B RBLA SHIL S M X 35 14 7T 5 P30 o) T 5 U

& &
5 i
- H
B =
107 102 10° 10 102 10°
SR Mz $iZR/Hz
a BERE b HAEESRE DX-01
& &
3 s
- M
B &
100 102 10° 10° 102 10°
Ji#R/Hz JFi%/Hz
¢ MAMTSIRA DX-02 d AT 55R7 DX-03

il

&

sz

M

R

10° 107 10°
i /Hz

e HAMESRA DX-04

B 7 BORAT S5 R AR 2 il e 1%
Fig.7 Schematic diagram of vibration test spectrum for typical task state: a) take off status; b) typical task state DX-01;
¢) typical task state DX-02; d) typical task state DX-03; €) typical task state DX-04

E BAREE=31C
= { R .
S 540 600 1080 >
ET N[ ®&E=kabrEzas | [ ®&=wamrEzas .
30 540 570 600 1080 >
A 70°C
R \ 5 ‘C/min 48 C
= |
1 ' i
5 5 ‘C/min ! |
] ]
] ]
E -5 C/1lhin
—5 *C/min H H i ' BC E
] ] ]
5°C/min -37C : ! P W
| ' | | i i i
. o . i | P b\
—55C -55C/ 55T i P |
: {1 —— ! oo .
i L i ! i [ BN
ﬁ 60 274278 298301 515 540 660 615 844 855875887 10721080
]
_h |
ET ® ® ©® @ O ) ® ) 0 @ o
w [T I ! : . .
LS 60 61 278 289 301 489 540 600601 855866878 10291080
Hf[A]/min HLR 7
- _ A 2 o W— (WG S—
I WRSHNLHITE A O—OF RS ELR A R, KR N T IaN
DX-01, DX-02, DX-03, DX-04FIQF, &I &7 bRk “@“/i“@“,"""
\ N N\

_FBE| @I '}6} @

K8 AIEE PR
Fig.8 Schematic diagram of reliability test section



© 36 ES

2021 4F 7 H

*5 FBFAAEZRTHFEM BRI T RE
Tab.5 Duration and root mean square of vibration for typical
task states
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QF 1 4.06
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