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Abstract
Reliability assignment is one of the key tasks of system reliability design, and its result directly
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affects the quality of the product and the stability of the system. Aiming at the defects that the
general traditional reliability allocation method does not consider the correlation relationship
between the influencing factors and cannot solve the defects that the fuzzy interval information in
the design stage of the mechanical system leads to the deviation of the allocation results, an im-
proved reliability allocation method is proposed. A variety of reliability allocation influencing
factors are considered comprehensively, and the optimal worst method (BWM) is used to deter-
mine the factor weights, the Pythagorean hesitation fuzzy number is used to establish the decision
matrix, and a Pythagorean hesitation fuzzy weighted Maclaurin symmetric geometric operator
(PHWFMSG), which can take into account the correlation of the different influencing factors, is uti-
lized to fuse the evaluation results to complete the determination of the reliability allocation coef-
ficients. Taking the CNC grinding machine as an example, the reliability allocation is carried out
using the FOO method and the improved method respectively, and the results are compared and
analyzed to prove the effectiveness of the improved method.
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Table 1. Specific meaning of the nine scales
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Table 2. Language variable transformation table
Fz2 BELERNLE

HEAE S S FEFJm L
# {0.8,09,1.0} {0.0,0.1,0.2}
b {06,07,08) {0.2,03,0.4}
S {0.4,05,0.6} {0.4,05,0.6)
LA 1 {02,03,0.4} (06,07,08}
it {0.0,01,0.2} {0.8,0.9,1.0}

AREIN: MHA(3) PHFWMSG H 71 & e m R R PP ME SRR S, MEZRE VIR, Asia
SN IR Z A AR SRR AR, WS IS K = 6 #EATTHE
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Re=Re ©)
Jor, Ry NEHLATSERE: RONHE K AT RGNS,
4. SEBUSTHT
LA SRR 4] 5 S PN U7 5 407 07 R ML LA SEBLFT 951y 0.9, 34T K9 2000 h.
HEBURSIS 0 8 /T R YEshH I 3 .

Table 3. Subsystem division
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DOI: 10.12677/0rf.2023.136626 6349 BE 51


https://doi.org/10.12677/orf.2023.136626

WA =TT RSN T, Ty, Tay ZALE FARE DA SRS AN BV AR 2 F KRG AT
4.1. FOO E9#r

ZH FOO Jikht, HAMK TR REMEREN). BARKTF(S). MERER RI(P)F TAEMREE(E). R
BEFE M TRAEFE, 25HE 1. S, Py F BfH. WANDRETHRBUESHN 1~10, R T &
G VU AN B 1 B A T T 75 HH AR 25 ISPE = 1 x SX P x E

BREERAEMTREA N L NBENRGRHER; 4 NEK DT RANDERYLE; RN
ARG SEVE B bR, T ARGFFLIEITIN L. W N K AN T RGN EL, . oy o 1
NEKANT RGN Sy Py FH. CAEKNTRAMMERT, R NEKNTRAESAEMIEIR. H
Fik A r

AT =3 AT @)
k=1

& =Cy Ay, VK ®)
N

W= w 9)
k=1

W = Iy X T X Ty X Ty (10)
W!

Cl =—% vk (11)
W
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Table 4. FOO method reliability allocation results
= 4. FOO FARIEM A mER

TRG | S P E SR LNAR ] BCERT rECATSEE
BS 8 9 5832 0.2529 0.9737
NC 6 8 2304 0.0999 0.9895
SD 4 5 980 0.0425 0.9955
FD 6 6 2016 0.0874 0.9908
SV 8 8 4608 0.1998 0.9792
EC 5 6 600 0.0260 0.9972
HY 9 6 1620 0.0702 0.9926
CL 7 4 1176 0.0510 0.9946
HS 7 6 840 0.0364 0.9962
MI 9 7 3087 0.1339 0.9860

ATt 23,063 1
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W WRIEZA S HAIENUR S EHE, BHURRIS R 9 N T RS, alh: FHARG. #5R
i, JIRARG. RRAG. BERG. WERSG. HHE ARG, ARG, HIERG. KN T REG5E
PoE R

iﬂ“‘: T8 R GUI TSI R AN AT I B] o ARAE % 508 WEEHL MTBF 49 1500 h, W %EfE 0.975.

BR= W MUR R G m] SEVE 7 BC 1 5200 PR 3 4R o 0 B LR T S 20 I = AR s e () £ R
iﬁaﬂaﬂ(T) BARACP(S). EHIE(K) HEETEM). A (Co). EEREE(Cr). Hik, sz ey
FEVEMR R A= (AL Ay, Ag, Ay, As, Ag) = (IBATIFIRL, HARKS, BEEFERE, SR, 4Bh, iE).

HISCHR[410 BT AT AN, RGATEEE S R R ZMAAZEL N R R. RAMERE, RAMLEEE
SRS, REMEERLE . SORAKFAEIEITR A 5T FEERAE . RIS — 7 R IR AL
R BARBUR., BB, EEBER S BARKTPE R Bag A7 AR, RO H 4 Bl s i vl 4
JZ.

AZBRDY: R R B AT LU, IR 1 JUAR BE S 8 R R 3 AT LU, i it 45 it
VAT

SoNTnIAS, REBEREE R AR EE, RAEEREHEFENEREE. BREERE A6
I35 AR R 3R AT U, SR B R 5125, AR W R AR 0 R S 2 56 43 J4I 7 1) 2 (@61, @2, g3, @es Ass, As)
=(3,2,8,4,2,1).

KRR RS RAEERER A BATHCEL  FIWTH &4 (as, as, ass, ass, ass, ass) = (3,4, 1, 4,2, 8).

K (4), BRI ERE R BN ¢ = (0.1294, 0.1821, 0.0453, 0.0920, 0.1820, 0.3693)

E{H N 01459, —FMEELF CR= mi;g =0.0326 , JEIL—FHEALR .
IR SR FRE L 2 X & T REHAT I, @SL IR EF RO PPN FE R, W4 5 PR,

Table 5. Expert evaluation results

F 5 FZIFMER

TARS T S Cr

BS ({0.6},{0.4,05}) ({0.6},{0.5,0.6}) ({05,0.7},{0.4,0.6})
NC ({0.5},{0.5,0.6}) ({0.5,0.6},{0.2,0.6}) ({0.2,0.6},{0.6})
SD ({0.7},{0.3,0.4}) ({0.8},{0.3,0.4}) ({0.5,0.6},{0.4})
FD ({0.3,0.5},{0.6}) ({0.5},{0.4,05,0.6}) ({0.3,0.4},{0.7})
sv ({0.6},{0.3,0.5}) ({0.6},{0.2,0.5}) ({0.4,06},{0.4})
EC ({0.8,0.9},{0.2,0.3}) ({0.7},{0.2,0.3,0.4}) ({0.6,0.8},{0.4})
HY {0.4},{0.6,0.8}) ({0.4},{0.6,0.8}) ({0.5},{0.5,0.6})
cL ({0.6,0.7},{0.4}) ({0.7},{0.3,0.4}) ({0.4,0.5},{0.5,0.6})
HS ({0.7,08,0.9},{0.2,05}) ({0.3,0.6},{0.4}) ({0.4},{0.7,0.8})
MI ({0.5,0.6},{0.3}) ({0.4,0.6},{05,0.6,0.7}) ({0.4,050.6},{0.4,05})
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Continued
TRE T S Cr
BS ({0.7,08},{0.4}) ({0.5,0.6},{0.5}) ({0.6},{0.3,0.5})
NC ({0.6},{0.3,0.5}) ({0.6},{0.3,0.6}) ({0.5,0.6},{0.5})
SD ({0.3,0.4},{0.6}) ({0.4,05},{0.6}) ({0.4},{0.6,0.8})
FD ({0.7},{0.2,04}) ({0.6},{0.4,05}) ({0.6,0.8},{0.4})
sv ({0.4,05,0.6},{0.4}) ({0.4,06},{0.4}) ({0.2,0.6},{0.6})
EC ({0.2},{0.8,0.9}) ({0.3},{0.7,0.8}) ({0.1,0.4} {0.6})
HY ({0.2,0.6},{0.6}) ({0.5,0.7},{0.3,0.6}) ({0.6,0.8},{0.3})
cL ({0.3},{06,0.7}) ({0.4},{0.6,0.8}) ({0.2,03},{0.7})
HS ({0.5,0.6},{0.4}) ({0.7},{0.3,0.4}) ({0.8,0.9},{0.2,0.3})
MI ({0.6},{0.3,0.6}) ({0.5},{0.4,0.6}) ({0.5,0.7},{0.4})

LIS M PHFWMSG Hp X P4 R AT AR, Lh BS WBITR RILR G5 T RAL G RKN:
ags =({0.6743,0.6841,0.6998,0.7087,0.7104,0.7189,0.7325,0.7402},
{0.3735,0.4031,0.4027,0.4347,0.3848,0.4154,0.4149,0.4478,0.3880,
0.4188,0.4184,0.4516,0.3998,0.4315,0.4311,0.4653} )

AR RS T ARG REUE R 6 PR,

Table 6. Subsystem score function values

6. FRAGBSRYE

T ARG BS NC SD FD 5\ EC HY CL HS Ml

S 0.4080 0.5748 0.6413 05979 05435 0.6886 0.6057 0.6104 0.6723  0.5737

AR R (G) T AT FEVE M R EL Z Ik 7 R

Table 7. Reliability allocation factors

®7. TEMESERE

T ARG BS NC SD FD 5V EC HY CL HS Ml

z 0.1450  0.1041  0.0879  0.0985  0.1118 0.0763  0.0966  0.0954  0.0802  0.1044

SSIRIL: WE AT SE B R E (120 KRG A SR T RS, S EIST R A S FR bR dn
8 7R o
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Table 8. Reliability allocation results
7= 8. AT M OEER

FRA BS NC SD FD SV EC HY CL HS Ml

R 0.9848  0.9891  0.9908  0.9897 0.9883 0.9920 0.9899  0.9900  0.9916 0.9891

4.3. FISEELBIR

B =MOTE SRS RICE L 9, MHZEHEEIK 10 7 RGHAT X Hr, HIE RGNk
R E H AT RG LR B0 m R KT RIE KT, 75 B S (4 A A mT DL 2 P 75 ) ) S
fRbR, DIAECRUESENL AT SEERIRTHR T, X F A2 R GEH W] SE T O ROE 20K . FEAh R e v 8o B IR
HISCHEMEZY,  BORACT AIEAEEERAR, — B A S  BEA BE R A IE W2 AT A K B A 25, ik
FLAh R G AT S NS 2 B AR . AMTECAR AT UAE Y, W2 TR A RGNS R ST SR 0
FRPR . FRARIEAD R ST SEVE D AR AR I ZR . I T QMG AT FEME D BLE R ZE &, JEHIE 0%~0.22%
6o S RERWNZINE WOCIR[14] ) N G B, AT DR i) e AR RO 7L

Table 9. Comparison of results

F . LRI

FOO 7@ SCHR[4]77@ SO TG O Z 57 %/(%)

BS 0.9737 0.9870 0.9848 0.22
NC 0.9895 0.9881 0.9891 0.1
SD 0.9955 0.9908 0.9908 0

FD 0.9908 0.9889 0.9897 0.08
SV 0.9792 0.9875 0.9883 0.08
EC 0.9972 0.9930 0.9920 0.1
HY 0.9926 0.9889 0.9899 0.1
CL 0.9946 0.9907 0.9900 0.07
HS 0.9962 0.9927 0.9916 0.11
Ml 0.9860 0.9878 0.9891 0.13

BRREH T Ty, T, T
BHLE bR T SEE 0.9 0.9 0.9

HREXEE FOO %+ STHR[14153E K Sudt I ik Lok A3 2155 100 7T RAFE H ek 75 V2% 18 22 07 T 5%
MR MBI gt SRR BEERRRE . A ISATIN (H4E 6 NJ7 25 8N T R, 1M
FOO J5 ¥ 5 3CHR[141# R B 18 T 4 FiUmI R R, AMgai; FOO MERA B EZ N L X MR MIF Hifi 54
B EARZAANUE, PREREFNRECREN, FAHMEIMEE R EWE, RTHEHE T 2L xK M
RFAEE, R HRE AR R BRI B 3 DR SRR R, & SR T8 5 A AE W] RE 1A e FZ A A R] RE A
SRR E PN A R, M T AR BB AN ik 5, %R, ATRUE T
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Table 10. Advantages and disadvantages of the methods
10, FEMELS

; EFSEATIES
7 &N MIBFLRE FR DR 3R Rt
FOO i x x KA x
SCHR[41777% H * . .
it Ik H 5 4 “
5. &g

BEXT— Mt G T SR 7 BC T3V 50H 5 B R R 2 IR R R 2R, PR TCIR AR RN 2 Gt e i B BO
WX A5 2 S B BCA R B 22 55 kB, B I — b et RIS AT e T i . DL B PR P SR 10y
B, W ITEBATIGUE. EEARIT:

1) R ArEEE s BCE AR AE BT L PP I AR A E RIS O, SIN T Beik ARRL I BB 2
—EREE LR T VPO A R HETR L

2) I PHFWMSG S7 it SLpa PR ai R, A Maclaurin X8R JUATS 7 FRF AL SR8 H I8 & T 4
PE BEFEMA N 3R 2 B AR SR R AR A% SR 28 5 PPN AT AL BN % FT S8 PR 20 BC 2 W D) 31 2 1) A T AT
JS2FHAZ AR5 AT Ch— e R P Ll DR i AR e iR Rl SR BC iR 22, BAT IR SR A SR SRR AN R, TG
N

SE K
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