24 11 Vol. 24 No. 11
2009 11 Journal of Aerospace Power Nov. 2009

1 100@8055(2009) 1122532206

FHEHE, WEA, FEC, F O, 5 9

(A > 110004;
A ) 110015;
A ) 110178)

: V233; TB11413 A

Response surface method of reliability sensitivity analysis for
accessory_gearbox outlet temperature
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Abstract: To resolve the reliability sensitivity analysis problems of unknown limit state
function, a reliability sensitivity analysis method that uses response surface method (RSM)
to get the ultimate state function for reliability sensitivity analysis was proposed, and the
correlative formulas were deduced. The randomness of the flux and temperature of the lubri2
cant at accessory gearbox inlet, and that of the temperature and velocity of the airflow out2
side accessory gearbox were considered; and the reliability of accessory gearbox outlet tem2
perature and the reliability sensitivity of various random variables were calculated by the
method of this paper. The result is consistent to references, showing that the method of reli2
ability sensitivity analysis and the correlative formulas are correct and efficient. The method
provides quantitative theoretical warranties for the reliability design and optimization of cor2

relative accessories and accessory gearbox itself.

: 200912 24; :200Q 0226
(APTI21001 A201)
(1980- ), . .



11 : 2533

Key words: reliability sensitivity analysis; response surface method;

ultimate state function; accessory gearbox; reliability design

5 (y|ay2= 5 9yNs)=
[1]
e N, N, N,
A
Y= Co+ CXi+ Cii XX 1
’ iE 1‘E1 = i (D
Co,Ci,Gi(i=1,, ,Nr; j= 1,, ,Nr)
; Monte Carlo s
, Nr+ 14+ No(N:+ 1)/2
t R s Monte Carlo
))) Box2Behnken
s 3 ,
5 [6]
’ 1 (X1,\ X2, X3) .~ Box2Behnken
[3]
N X
[4] .
> X
[5]
> ' 1 Box2Behnken
> Fig.1 Sample set based on Box2 Behnken
, (2)
Xs
Q f(x)dx= p., n=1,2,3  (2)
f(x) 5 Pn
, pi1= 0L p= 05p;= 010
N )
Ns (ylay2: 5 9yNS):
: Y Ny
.Y X= = EE-
[ X1, X2, ,, XN, ] Ns[ [ N NN, }] )
i - + iXi+ iXiXj
’ (1) E y O ,ECX l]::le:Engx Xj
N , N

(3)



2534

24
E ,
3
Ss _
5Co 0 L
5s . D
SEZO i=1,2,, ,N: (4
s SR _SR| 5BSL: 5B SDs (14)
5%= 0 i=1,2,, ,Nr; j=1,, ,N: 51 5B SL;SLT SDgSLT
y
5R 5R| 5B5L, . 5B5D
2 SR_ . 5B_ _1
SB_ L3
tmax, SDg - 2Dg
g(X) = toux- V= ﬁz [5_lg 5L &] '
N NN SL LSL’SL’ "SIy
T T T (16)
timax - {C0+ ECiXi+ E ECﬁXiXJ’] (5 5L [5L S5k 5!2]T
R 5D" L5Di’5D2>- 5Dx,
b 5 b r
= 5Pe_ [$De SDe SDET
’ SLESLSL 51 7\ 5y,
C 5Dy [SDa SD: SDS]T
’ (5D" L5Di*5D:’ % * 5Dy,
(5 ,
L: [Lls L2a LI I—Nr]7D: [Dlv
D2, ,, Dy 1, L tin,
E(X}) = BE*(Xi) + D(Xi) = L+Di(6) Tai v "
E(XiX;) = E(X)E(Xi)'= LE  (7) ; 1
D(X?) =/41!Di+ 2D (8) !
Table 1 Mean and standard deviation of all variation
D(XiX;)\=_ED;+ LDi+ DiD;  (9)
L/(L/min) tu/ e ta/ € v/ (m/ s)
8 110 10 20
E[g(X)] = 1 4 2 4
Lg(L17LZ’ b 3LNr’D1)D2) 2 7DNr) (10)
Box2Behnk 2
Dlg(X)] = x2Behnken (2)
De(L,L,, ,L,Di,Ds,, ,Dx) (11) >
' 2 25
) [8] 25
b (4)
g(X) ; Y= - 1641 45- 81832L+ 0l 732turt
R= 5(B (13) 51619tn- 11 005v+ O 541L°%-

S5(#)

(51

0l 034Ltur- Ol 042Ltin+ 01 017Lv-
0l 033t + Ol 010tartn- Ol 00 7tairv-
0L 019ta- 01 00 Itinv+ Ol 017v



2535
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Table 2 Sample points and response values of Box2 Behnken method

L/ (L/ min) tn/ € tair/ € v/(m/s)
y;/e
1 P> 8 00 P> 11000 p, 10000 p, 200 00 147 20
2 P a 72 P> 11000 P, 7144 P2 20 00 1511 24
3 P, q 28 P, 11000 p, 7144 p, 200 00 139 50
4 P, a7 P, 110100 P, 12156 P, 20 00 155 44
5 P, q 28 P, 11000 p; 12156 p, 200 00 1431 26
6 D, 8 00 P, 1041 87 P, 10000 P, 14 87 1421 62
7 P, 8 00 P, 11513 p, 10000 p, 14 87 154 44
8 p, 8 00 P, 1041 87 p, 10000 P, 249 13 138 89
9 P, & 00 P, 11513 P, 10000 Ps 25 13 1500 58
10 P, a7 P, 110100 P, 10000 P, 14 87 157 17
11 s q 28 P, 110000 P, 10000 P 14 87 144 64
12 P a7 P, 110100 P, 10000 Ps 235 13 151 78
13 s q 28 P, 110000 P, 10000 Ps 25,13 139 69
14 P, & 00 P, 104 87 o 7144 58 200 00 137 96
15 P, 8 00 P 1041 87 Ps 12456 P, 20-00 142 04
16 P> & 00 pPs 115913 P, 7144 P> 20 00 150 27
17 p, 8 00 pPs 11513 Ps 12 56 b, 20 00 154 86
18 P a 72 P, 1041 87 P> 10000 P2 20 00 148 48
19 Ps a 28 P 10487 b, 1000 p, 200 00 134 87
20 P a 72 P 11513 P> 1000 P2 20 00 160 30
21 Ps a 28 o 11513 P> 10000 p, 200 00 147 60
22 D, 8 00 P> 11000 P 71 44 P 14 87 148 32
23 P, 8 00 P> HO 00 Ps 12 56 b, 14 87 1511 55
24 P> 8 00 Ps 11000 P, 71 44 Ps 25 13 144 94
25 P, 8 00 P> 11000 Ps 12 56 Ps 259 13 1471 79
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