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Research on reliability allocation of complex electro-optical systems by

introducing importance correction factors
NING Fei, ZHENG Fengzhu, WANG Huilin, BIAN Yun, WANG Le, WANG Guan
(Xi'an Institute of Applied Optics, Xi'an 710065, China)
Abstract: Taking a new type of complex electro-optical system as the research object, in order to address the
shortcomings of poor objectivity and large allocation deviation in traditional scoring allocation method, an
importance correction factor was constructed, and a reliability scoring allocation method introducing
importance correction factor was proposed. Firstly, the fuzzy analytic hierarchy process was used to obtain the
relative importance of the impact of functional units on the reliability of superior functional unit or system.
Then, based on the relative importance, the absolute importance of the impact of functional units on the
reliability of superior functional unit or system was obtained according to expert scoring rules. Finally, based
on the relative and absolute importance, a functional unit importance correction factor was constructed to
correct the scoring results of each functional unit. After verification and comparison, the reliability allocation
value of critical functional units is at least 6% higher than the traditional scoring allocation value, and the
scoring allocation method introducing importance correction factor can effectively weaken the subjective
impact of the traditional scoring allocation method, release the reliability margin of critical functional units,
improve the scientificity and rationality of reliability allocation of functional units, and thereby improving the
reliability design level of complex systems.

Key words: importance correction factor; electro-optical systems; scoring allocation method; reliability design
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Fig.2 Primary reliability model of electro-optical system

Hierarchical division of functional units of electro-optical system
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Fig. 4 Secondary reliability model of integrated processing
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Table 1 Importance related parameters of impact of primary functional units on reliability of electro-optical system

o T
A Ay Az Ay As Ag A Ag Ay Ajg
Bi 0.091 50 0.105 30 0.099 60 0.105 60 0.103 10 0.104 90 0.092 50 0.102 60 0.102 70 0.092 10
1; 0.100 94 0.099 41 0.100 04 0.099 38 0.099 65 0.099 45 0.100 83 0.099 71 0.099 70 0.100 88
L, 6 3 4 2 3 3 4 3 3 5
I; 0.605 64 0.298 23 0.400 16 0.198 76 0.298 95 0.298 35 0.403 32 0.299 13 0.299 10 0.504 40

TE: A AL FARPMEIATT; A WEEE AT TT; Ay A HUATC; A B SERZA MR AT WDOGBURZANT: AcHELINSUSR AT A %
SRR BT A PR R EALE; AgRBEIRERAE - 135 Ay WL ARFRETT

R2 BEXZAMEEAMNEBERETFATEMFMINEZEEEXSH

Table 2 Importance related parameters of impact of related secondary functional units on reliability of gyro stabilized platform

2 Pk
B, B, B, B, B;
B; 0.208 00 0.205 70 0.194 80 0.194 30 0.197 20
I, 0.198 00 0.198 58 0.201 30 0.201 43 0.200 70
L 3 4 4 4 4
I 0.594 00 0.794 32 0.805 20 0.805 72 0.802 80

TE: BAREIREA M By N PRHNLAL s By NERGEAL; BoASRHEAL; Bs A IRHEA o

R3I BAXLEVDEEANGELEEATENTNNEZEEXSH

Table 3 Importance related parameters of impact of related secondary functional units on reliability of integrated processing

unit
BH Bk
D, D, D, D, D Dg D, Dy
Bi 0.115 30 0.128 80 0.11590 0.130 40 0.139 30 0.119 50 0.126 80 0.124 10
1, 0.126 39 0.124 46 0.126 30 0.124 23 0.122 96 0.125 79 0.124 74 0.12513
Lii 6 2 5 2 2 5 3 4
I 0.758 33 0.248 92 0.631 51 0.248 46 0.245 92 0.628 94 0.374 22 0.500 52

TE: DO (R B D, AL B4R Dy A g B 4L s Dy — U IRABEE DA 558 B L DA TH A DRIk H R Do frl
JIRBK A o
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Table 4 Reliability allocation results of primary functional units of electro-optical system

TR R EEER #HIT FHIL B ITY PR

— ke ES

BT, K- HRIE WM R ERET P44 WA REL M(x107° h) [T B 8] Ty g/
HL AP T 2 2 8 10 0.605 64 193.8048  0.0384 96.082 9 10 407.68
AT 6 8 10 10 029823  1431.5040  0.2839 709.698 8 1 409.05
AT 3 3 10 10 0.400 16 360.1440  0.0714 178.549 1 5 600.70
LA R 2 2 10 10 0.198 76 79.5040  0.0158 39.4158 25370.53
AT SCEUR A 5 6 10 8 0.298 95 717.4800  0.1423 355.706 1 2811.31
LLAMUR A 6 7 9 8 0.298 35 9022104  0.1789 447.290 1 2235.69
B IR R T 4 4 10 6 0.403 32 387.1872  0.076 8 191.956 4 5209.52
PR S B 4 4 10 6 0.299 13 287.1648  0.0569 142.368 1 7024.05
PRt -5 3 6 10 10 0.299 10 538.3800  0.106 8 266.913 4 3746.53
HFAE IR BT 2 3 8 6 0.504 40 1452672  0.028 8 72.019 3 13 885.16
MRS 5042.6464  1.0000 2500 400

x5 MREBERETFE_LAVEATAELEIESER

Table S Reliability allocation results of secondary functional units of gyro stabilized platform

— I oAk T W EEEER %90 HHIT ELLAKEATTH) PRl

it Ar E g & BT WASE AR 2(A0°h) RS Ty
B BRZH 1 4 6 10 8 0.59400 11404800  0.286 4 76.455 6 13 079.48
AEINERIRAERLE 3 3 10 8 0.794 32 5719104  0.1436 38.339 8 26 082.57
I ES 3 3 10 8 0.805 20 579.7440  0.1456 38.864 9 25730.13
HRERLIL 3 4 10 10 0.805 72 966.864 0 0.242 8 64.816 7 15428.12
SRR 3 3 10 10 0.802 80 722.5200  0.1815 48.436 4 20 645.64
PRI T 3981.5184  1.0000 266.913 4 3746.53

*6 SELERT_LURBATTEMEIELR

Table 6 Reliability allocation results of secondary functional units of integrated processing unit

“ ke ok TAE HhE EEEER #HoT FHIT LA SITH e[

it KE L g R ERT EASR WARE W(c10°h) R Ty
TR AR 2 2 10 10 0.758 33 3033312 0.0929 65.908 3 15172.60
PRATAL AR 3 8 10 10 0.248 92 597.4032  0.1829 129.804 7 7703.88
TEE AT 2 2 10 10 0.631 51 2526040  0.0773 54.886 2 18 219.52
UK HL R 3 7 10 10 0.248 46 521.766 0 0.1597 113.370 1 8 820.67
SR 3 8 10 10 0.245 92 590.2032  0.1807 128.240 3 7797.86
PANAR *N 2 2 10 10 0.628 94 251.5760  0.0770 54.662 8 18 293.97
] i3 1 AR 3 4 10 10 0.374 22 449.0676  0.1375 97.574 1 10 248.62
fAI IR BE B AR 2 3 10 10 0.500 52 3003120  0.0919 65.2523 15325.14

LA BIETT 32662632  1.0000 709.698 8 1409.05
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PEFRARIEAT BUIE, IR 7T~ K 9O Fim. RS

. - _ . F10 FEHOBEHFEERMEE(—RINEERE TT)
Tygr BUHE M 539.08 h, 1 £ HEFRE K R

Table 10 Results comparison of two allocation methods

R®7T FEVNEBRETZRINGER TR (primary functional units)
Table 7 Reliability prediction of secondary functional units s GIVNG S
b T EE
of integrated processing unit — 2 IiRE BT ~ iy T
_ — it 1 TN ey N
—% )6 RIIfE JeskR IR I 7y [¥] B s i)
BT BT J(x10°h) B Tyge/h Tvpr/h
CEAAFREATT (AR TIAR 30 33333.33 LTS T 19 815.00 10 407.68 20 000.00
FIAFAL BEAR 110 9090.91 LRGP TT 1321.00 1409.05 1 869.16
PEPE L 30 3333333 HE AT 7 045.33 5600.70 11111.11
TR HL VAR R 90 11111.11 AR 15 852.00 25370.53 3333333
JEH A FR L 120 8333.33 ] ULye g A 2 642.00 2811.31 3225.81
F R 30 33333.33 LT HMAR A 2096.83 2235.69 2631.58
frIfRAZE I A 80 12 500.00 R IR i BT 6 605.00 5209.52 7692.31
il IRBR Bl AR 45 2222222 PR R AL 6 605.00 7 024.05 12 500.00
B 535 1869.16 Feigfa e 5 3522.67 3746.53 4761.90

SEE M BT 22 016.67 13 885.16 25 000.00

*8 MBREFE-AEATAREMETIT

Table 8 Reliability prediction of secondary functional units z11 ARG EERIL(FEBRETS)
of gyro stabilized platform Table 11 Results comparison of two allocation methods
—gNfE Cohe RMoR TIUMRERIR (gyro stabilized platform)
T It M(x10°h) i [E] Tygeh -
. o _ A MBF B 3|/\Eg{;
FEigt e 5 [E 2L 1 60 16 666.67 gt gt BIEH T e
PR HAILZA 30 3333333 BT R T N Wi H
L 1] T/ (1] B st 1]
INFRIEAS 30 3333333 MBF Tye/h
SAIRHLAL 50 20 000.00 [z 1 10 017.58 13 079.48 16 666.67
ShhEs 40 25000.00 PIERALLA 14 26 713.56 26 082.57 33333.33
Bt 210 4761.90 MR 26 713.56 25730.13 33333.33
AR 16 028.13 15428.12 20 000.00
— A3 e = | 3 o
RO —RIMEERTA I SRS 2137084 2064564 2500000

Table 9 Reliability prediction of primary functional units

derER SR A 12 AMSERAEERMNL(EELIESTT)

RELK TYIfEIT s .
A(<10°h) T Tyge/h Table 12 Results comparison of two allocation methods
BAOCHARSG HTMRHERIT 50 20 000.00 (integrated processing unit)
YIS BT 535 1869.16 A
HEFHHIT 90 11111.11 s ?;i%?i
— ab 3 74 Z 4
R AL 30 3333333 *;}f;jé e gggﬁﬂj T %{-fﬁ%
N k] T U e 14 A
IERAGAIE 310 322581 1] 7y g/ 'FHT"W’H“L}'IFH
LTH AR 1 380 2631.58 MBE!
O 130 . R RREAE AR 32694.75 15172.60 33333.33
Hw:Ui ) T G % - 500'00 UL B 5449.13 7703.88 9090.91
. . o0 4761 '90 TE A 4 32694.75 18219.52 33333.33
R = .
.y - IR AR 6227.57 8820.67 111111
TR BT 40 25 000.00 Pp——
N A . . .
o s 539,08 S u 5449.13 7797.86 8333.33
PANA IR 32694.75 18293.97 33333.33
3.6 DGR fellledie F AR 10898.25 10248.62 12500.00

T FIAE Be 143 43 o v R B | A T 35 B & 1F A fal IR Bl 21796.50 15325.14 2222222
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