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Abstract: A human-machine cooperative health assessment method is proposed for mechanical equipment to evaluate its health
condition and support hierarchical maintenance decisions. First, symptom parameters are extracted from collected vibration, pressure,
and torque signals. A novel fuzzy residual shrinkage network is then developed to establish the status membership function of the
mechanical equipment, forming the individual assessment model based on the extracted parameters. Next, the status memberships
from each model are integrated into a collective hesitation fuzzy health assessment matrix. The Best-Worst Method is applied to
calculate the priority of each assessment model, while TOPSIS with linguistic Z-numbers is employed to analyse the impact of different
operational states on the equipment’s behaviour. Finally, a hesitation fuzzy weighted average operator is used to define the health index
of the mechanical equipment, and health levels are identified using the versatile k-means clustering method to support hierarchical
maintenance decisions. Validation results demonstrate that the proposed method excels in adaptability to different conditions and
stability in performance.
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Fig.2 The schematic of status membership function
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Fig.3 The schematic of human-machine collaboration health assessment method for machinery and equipment
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Fig. 6 The assessment model based on four symptom parameters

2) f VAL S (B A S E
AR 4 e bR S B0k A 0T IO 104 A A8E 28D A 2 A
FER AT AT RS (RVIE R E B SEROIRE ) R
T3 I AN A SR PRy (2y) vy (2,) Ay (2,) R
o NG TP SR %18 17 IR 2 0 B 5 g b Ak
AP
hy(zy)

a= , i=N,A,D (22)
Zhi(zi)
h,(z

b= (z) ,i=N,A,D (23)
2 hi(z)

o= hy(zp)
2 hi(z)

BREARTEARAGT R I BRI h = (a,b,
) o BT 4 FRIPEALBCBIIEAN T 25 AE ZE R A I AT RS T
i A B R TR AR R I, 3R 1 R

FRAE 4 Fh PPk A58 780 6] i 2 A 25 258 T Vil 6% S i e o
HIIZ W HERR 5, B 8 45 VPG AT A B B IE 8 AL, 45
FARI] BT R A B R M, 12 KR R R,
THIAE P HE B M, 2 W HER R K, Kt Best-
to-Other [A] & A, 5 Other-to-Worst fﬂiAW a3, 1,
7,90 M17, 9,3, 1}, P, BIEGIESEACE [0 & w, K

(24)

, i=N,A,D



55113 VAR 25 - 56 TR0 5k 22 WA I 45 5 A HILEI ] B HLBCRE 28 (B A O 15 259

x1 MEHEEREENBEMITEIER

Table 1 Collective hesitation fuzzy assessment matrix for aerospace piston pumps
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Table 2 The semantic Z-number risk preferences provided by experts for each operation state
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Table 4 Raw health conditions, health indicators, clustering accuracy, and errors associated with each health condition

of aerospace piston pump
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