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Abstract The reliability of mechanical structures is crucial for their safe operation, to address the problem of low accu-

racy and low efficiency in reliability analysis of complex mechanical structures, a new active learning surrogate model based reli-
ability analysis method was proposed. The spatial location characteristics of excellent fitting samples were studied and three con-
straints, such as surface constraint, distance constraint, and domain constraint, were proposed accordingly. Correspondingly,
three control functions were established to achieve the three constraints. Then, three control functions were organically collabo-
rated, and an effective new learning function, collaboration-mean point constrained learning (CPCL) function was proposed.
Combined with the augmented radial basis function (ARBF) , a collaboration-mean point constrained active learning surrogate
model (ARBF+CPCL) reliability analysis method was established. Finally, three cases were employed to verify the high compu-
tational accuracy and computational efficiency of ARBF+CPCL reliability analysis method, and the application ability of ARBF+
CPCL method in practical engineering cases was proved through the reliability analysis example of the turbine disk.
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Fig. 2 Flow chart of ARBF+CPCL reliability analysis algorithm
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Tab. 1 Reliability analysis results of case 1

Ik KRR A AR o /107
Method Failure probability p,  Fit sample size N_ "
MCS 7.59x10° 10° —
ARBF+CPCL 7.59x1073 66 0
AK+EFF 7.58x10° 78 13175
AK+U 7.61x10° 67 26350
AK+H 6.12x10° 22 —
AK+REIF 7.59x107 79 0
AK+RETF2 7.58%107 73 1.3175

T R e = ey Wpnes » Pes 7 T MCS J7 35 3H 55 09 2% S80BE R

Note: e =IppicsPs Pics s Prcs 18 the failure probability evaluated by MCS

method.
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Fig. 4 Cantilevered beam tube
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Tab. 2 Probability distribution characteristics and related
parameters of case 2 input variables

i A AR ZH0 2402

Input variable

UR(ESE

Distribution pattern

1EA31 Normal

Parameter 1 Parameter 1

/ 5 0.1
Hmm distribution
Y
d/mm 4 0.5 IS Normal
distribution
434 Normal
F /N 3.0 0.3 IE 72 Nomaa
distribution
434 Normal
Fy/kN 3.0 0.3 IE& 7 Norma
distribution
#5434 Normal
T/N-m) 90.0 9.0 TEB 24 Norma
distribution
757347 Normal
R /MPa 220.0 220 IE& i Norma
cap distribution
A1/51 4 ife
L/mm 119.75 12025 HI513 % Uniform
distribution
% Unif
Ly/mm 59.75 60.25 195 Uniform
distribution
p -
PN 270 27 Gumbel 434 Gumbel

distribution

R3 HARWAEESTER
Tab. 3 Reliability analysis results of case 2

J5¥: Method  JZUHE Failure probability p; N, e, /107
MCS 1.156x107 5x10° —
ARBF+CPCL 1.156x10° 124 0
AK+EFF 1.156x10° 142 0
AK+U 1.156x10° 129 0
AK+H 1.156x107 154 0
AK+REIF 1.156%10° 132 0
AK+REIF2 1.156%10° 143 0
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VERREE My (RLEE B2 55 ) , AR RES B (B
T VAR LERIEE RE AR ), i RO 2 R BT AN 2
XL R B L s ATl ok TAAEE . I,
TE T 58 SR BT B B, 0 i B8 B BEAT AT SE PR B, X
A D7 S Ty v s 08

TEME, ISR A SO DT X R, HO LA R 4n 4] 5
FI7 , DL 58 2 ) BREZ50R 22 W) L7 38 A o g A\ 2
T CHAR R A AR S o A SRR 4 o ), W i e
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Fig. 5 Geometric model of turbine disk
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Tab. 4 Probability distribution characteristics and related

parameters of turbine disk input variables

i i 22 II AR
A% Variable Standard Distribution
Mean value .
deviation pattern
Y =L P
i [ﬁ*ﬁi Modulus of 1.82%10° 1.655x10° J—_Eu_‘vﬁ‘%ﬁ N.Ormal
elasticity E/MPa distribution
JETRN A
. {Ef“ 't 03172 6amaxigr A Normal
Poisson’s ratio u distribution
EE o0t pedaxaer A Norma
Density p/(kg/m*) distribution
54341 Normal
Coefficient of linear ~ 1.30x10° 1264107 127 Norma
. ol distribution
expansion &/°C
SN
P .
Outer circle 650 13 'I‘F“L‘,}}Tﬁ N.ormdl
. distribution
temperature T'/°C
i
& !z.mJE 1EZA4341 Normal
Inner circle 360 7.2 .
5 distribution
temperature T,/°C
il v % 1
&% Rotate speed 1168 12.978 = ﬁ‘fﬁ Nf)rma
w/(rad/s) distribution

PR A 3P AR e S AN o M S B s ), L AR 2
SR 1 93 S e A TR R IR % A= o TR, 1 6k i b
A 53 ) 7 D) e PR AL
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& (Eu,p, & T, T, w)=¢e,, —&
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(17)

BE 2024 4
g(x) =min{g, (x), g, (%)} (18)
R/MPa &/10"*
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596 32.73
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Fig. 6 Distribution nephogram of the stress and the strain
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Fig. 7 Diagram of frequency/group distance-probability density function
for modulus of elasticity
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Tab. 5 Reliability analysis results of the turbine disk

Jii: ESAGES 2
Method Failure probability p, call €10
MCS 1.25%10° 10° —
ARBF+CPCL 1.25x10° 118 0
AK+EFF 1.19x10° 158 4.800 0
AK+U 1.25%10° 222 0
AK+H 1.21x10° 200 3.2000
AK+REIF 1.24x10° 172 0.800 0
AK+REIF2 1.23x10° 327 1.600 0

AR IX 3L, SR I R 329 R B pR B R
AL PR 3 A4~ R AL, 45 T B )-SR (B 2 B 2R T R
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