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Research on maintenance decision-making methods for service-oriented
manufacturing equipment based on PLTS

ZHANG Yong-zheng, YE Chun-ming', GENG Xiu-li

(Business School, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: In the context of servitization in manufacturing, selecting equipment maintenance strategies involves
significant complexity and uncertainty, making traditional methods often inadequate, which in turn affects maintenance
costs and equipment availability. Currently, the multi-criteria evaluation information in maintenance decision-making is
often characterized by fuzziness and uncertainty, making it challenging for traditional approaches to provide a scientific
and well-grounded maintenance plan. To address this issue, this paper introduces an analysis model based on
probabilistic linguistic term sets(PLTS) and proposes three weighted power average operators based on the PLTS to
integrate multi-criteria evaluation information under both known and unknown criteria weights, effectively managing
uncertainty and fuzziness in maintenance decisions. By applying the proposed methods, their feasibility and
effectiveness in selecting maintenance strategies for servitized manufacturing supply chains are demonstrated,
providing a more scientific tool for decision-making that helps improve cost control and enhance equipment stability.
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X, 0.232 0.267 0.312 0.351 0.463 0.634 0.735 0913 0.962 0.984 1.012 1.025 1.031 1.035
HEf(2) = n®
0.2 0.4 0.6 0.8 1 2 3 4 5 6 7 8 9 10
T 0.015 0.022 0.028 0.033 0.035 0.076 0.098 1.005 1.007 1.01 1.013 1.014 1.017 1.019
T, 0.55 0.762 0.973 1.18 1.128 2.14 2.92 2.98 2.306 2.311 2.314 2317 2.321 2.324
Ty 0.338 0.372 0.432 0.549 0.652 1.376 1.78 1.824 1.84 1.849 1.855 1.859 1.862 1.865
T, 0.355 0.403 0.472 0.582 0.694 1.465 1.817 1.84 1.857 1.865 1.872 1.876 1.879 1.882
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BRKMnEIEH T R&ETie. TEER R, B
5T et H b, W T R A e 5 5/
0 A D03 T 1 % 0 3 BB B AN P A s T 1
155, B 22 SV BROAR R0 XU HLBE. BR L f () =n™ R
W T 3 B 2 AR, BT BOB NI n (B A B TS5
LR E WA BRI RS, Fe b PR & 1 B S BARY B
BRI BN 5] F =2 B bR 10 4Ed0 s 1 4k, @it
RAG B n A, E4 SRS AT AR B & IS AT I B LA AL
7 35 3 T AN [) FD 446 5 1 R XU 42 1) 75 R, AT 22
TH & B FRE M AN 7= RO, B 2 SIS 3 AR
i) A1 e A AN B KA.

B2 TEZ B MR IR b, B R 1
DU A R AR, T TR Bt PLGPOWA 514
26 GORUER AR SIS, W] 75 b Ol N AT WLk

step 1: 51E0L 1 HETE—2L

step 2: K Al PLPOWA S 7T 5 4 Migik 77 &
L ETEREE, 22 g(x) =2* Mig(z) = /.

M f(x)=m, g(x) =2I, BRRLEAEENE N

L(p)s, = {5_1.3241(0.0476), 5_0.555(0.1824),
S_0.125(0.4122), 50.455(0.222 4),
S0.003(0.1354) },

L(p)ay, = {5_1.027(0.0172), 5_(43,(0.220 3),
50.276(0.065 8), S¢.662(0.205 1),
51.146(0'491 6)},

L(p)Z?’ - {80.008(0‘024 2), 50.6234(0'5274)7
S0.1123(0.3026), $9.154(0.1458) },
(

L(p)z4 == {30'002 0020 6), 50.246(0‘574 6),
So.427 (0.208), 80621(0.196 8)};

L f(x)=w, g(x) =y, FBNNLETHMEN

L(p)xl = {8—08187(0‘104 6)7 S0.021 5(0-219 6)7

S0.5801(0.3753), 51.057(0.206 6),
$1.642(0.9039) },

=4

L(p)l‘z = {8_0‘484(0.016 2)7 50‘273(0.234),
S0.808(0.085), 81 531 (0.381),
81‘821(0-283 8)},

L(p)ms — {80'402(0.136 9), 80.882 7(0338 1),
S1.4671(0.2871), 8, 735(0.2379) },

L(p)s, = {50.4692(0.1007), 50.75:(0.574 6),
51.575(0.208), 81 775(0.196 8)}.

2 f(x)=x, g(x)=2i, B THES B HEF
BN, = x4 - x5 = x5 2 f(2) =2, g(z)=Vx
i, B R RIS RN, - 2y = 2y - 2.

A CAR I s M, (O B R AE T 048, IRIE, Yok
TR B 11 D S 32 B A 7] 110 R 50 M T A S o 5
RO RN X g(2) =2 BUR FME AT 3B, 45 R
& 4 Fi.

ISR 4 T RLR B, AN TR R B0 30OR S HE B
RO T R SR 0 B i U R T R SR 4 IR eR L
f@)=z, g(x)=a", ¥YnB KK EH TETRE.
TE SR 2 A FI TSI, M /N B D3 AR 4 ) X
B R, 3 FH T 48 2% W0 B v AN E TR A B BRI B
fx)=z", g(x)=xz, VIEAH B/ Dl A B TR
A A, &A@ B A A R R B K nfE R
Yrr TRmS, LI A A KA. SRR SR e ) K nE,
TE SR ARG A8 R SR e 1) /N L, B AR RV Aot
TP RE.

AR Fl PLGOWPA 1 PLGPOWA # -1 43 Jill
Ak B L RN R KL (1 P 45 . PLGOWPA &
T O E SR, R DL bR BB IR A A H A7,
PLGPOWA i it 2 A5 A 2 4 fi vk /b 3= W 4 DL, 32 1=
PSRN R M. 5 TR RS AN [F) T ¢, 4
SER 247 SR IS 346 6 (1) Rk 25 M R I B

2) HF 5T o T

1 PR SR, AR BT BT W 7 I (R R AT 1 R
AR, ARATR T 3 0 R AT VR AR,

L f(x)Mg(x) P A Fa" MBS E

f@) =z g(x) ="

0.2 0.4 0.6 0.8 1 2 3 4 5 6 7 8 9 10
X 0.187 0.182 0.175 0.172 0.169 0.147 0.123 0.128 0.133 0.138 0.142 0.145 0.147 0.148
X 0.879 0.83 0.762 0.735 0.717 0.683 0.672 0.662 0.658 0.655 0.653 0.651 0.649 0.648
X3 0.627 0.618 0.611 0.603 0.598 0.587 0.583 0.580 0.579 0.578 0.577 0.576 0.576 0.576
N 0.682 0.661 0.645 0.632 0.612 0.592 0.582 0.576 0.571 0.568 0.565 0.562 0.56 0.559

f@) =am g(a) =

0.2 04 0.6 0.8 1 2 3 4 5 6 7 8 9 10
€, 0.126 0.133 0.147 0.153 0.158 0.16 0.163 0.165 0.168 0.171 0.174 0.178 0.181 0.203
T, 0.587 0.592 0.618 0.635 0.65 0.65 0.652 0.655 0.659 0.664 0.669 0.676 0.682 0.736
T3 0.562 0.569 0.577 0.583 0.598 0.598 0.6 0.602 0.604 0.607 0.61 0.615 0.619 0.631
Ty 0.576 0.583 0.59 0.595 0.608 0.608 0.609 0.611 0.613 0.616 0.619 0.622 0.625 0.641
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TRAKHE F: AT PLTS #9R 5 A 43 X & 47k R ko 5% 1693

VR 7k 5 4 ROk AT RO ik 1 ik
HOSCHR [13] $2 H ) 28 TR 3018 5 AU R P 3 51
)22 J@ M YL S 07335, TV 20 SCHlR [14] 42 B A 9 T4
RABE ] XA MBS 71 2 @ Y ek o7k,
J7i5 3 SCHR [15] 52 H 28 T HE2RAE 5 InAUR ) X
Heronian #J{H 57 10 2 J& Mo 5K 715, 77k 4: Sk
[12] $2 H (1) 2 T PLWPA &1 1) 2 J& P v 36 7 7.
oA at sk SHR.

®"S S MEELE S

WARES HEF G
Jrik Ty = Ty = Ty = Ty
T2 Ty > Ty = Ty = T
JivE3 Ty = Ty = Ty > T
Jrik4 Ty > Tz = Ty ™ T
KL Ty = Ty = T3 = Ty

Tk 551k 4 ME, S HEP AR, (B2 ik
PRBIT5 ZE ) SRR . BT i PLGOWPA H1
W47k RAA P AL ERCE, 7RI 24 A
S, T xs.

ik 2 ARG R — B (B x,), (HEAL
TR i K I A7 AR SR I, A PLTS 4 ] B 2 5%
WEESE

577 3 ML, Jiik 3 AL s, HE
Aib B AN [R) i b B L FE IS REPEAS 2. BT U7 8
o F ] AL AR AR O A Cs BRI, (6 15HE 7 5 RS 1.

3) W2 Je 1t B R S TV LA

N T AT VR4 BT 4R H PLGOWPA 51 76 % #%
A& AESP MR (1A UL, B i 07k M, 5 ) L%
G2 HE N P sfs 7 AT 7 b, BaE 2 R o i
M, ZHENAL 5 Z i vk g7 17, ST R A
i AR B B2 A HE R e R UM A2 2% BT A M,
i BF-HE 7 AR 20227 M, AR 7 i R TR RV
RV A YA TS EARE, KA RN M, zy - vy - x5 >~
T Myt = Xy = T3 = X My s =Ty = Ty - Xy
My: Xy =Ty =21 = T3; My: x4 = T3 = T3 = X1
M;: x5 = x4 = x5 > 4.

G5 R TR oy NI LR, o AN E L XK
T TR LR + e MR H AT R, AT
A RO e I B AR B A

Bl 1 A2 D7V EHR I 25 R Al DG . P 7
% My 5 HAh 77 A R RO 0.8, 2 T AR
R AT FENVE. #40) EIR B, PLGOWPA 51 7E & R
5 2 R b5 FoAh U7 vk — B, A AE b A SR
WS HE T b AR — B0, RO LN B R R R e
PEAL R, 3 — B IR AE | HAE AR P SR 5 1)

i
]

B0, B, UGz AL e R 2o A N EE TR,
2 SR 8 T YIRS A AN T PR 4R, A R ] B
H PR A AN RS A, 38 A 24 AT Al 38 SR e w4 e e
7K. R, AT ROGZE D 51 Ny, A Eods X 30 1 93
AL 7 3K, BB BT e 1 BRG FEAN R 8
KA. @5 TR N 2R TR S, £ DA B g
W LB, DA IR e R A R AN B .

M, 1.00 1.00 0.95 FOE{ESE{N 1.00

M, 1.00 1.00 0.95 HE{ESEON 1.00

M, 095 0.95 1.00

2

M, ROE{SRE{N 0.95 JORUN 1.00 WO

WWEe 0.95 0.95

M; 1.00 1.00 0.95 FOELENE{N 1.00

M3 M4 MS

M, M, M,
Bl RRBHEEXRBLER

5 4 #®

IR 55 R A Ry ) 3t il oA SR R i 1 A 34,
R AR A S i A B PR T AL, Ho ik
B R EFER AT — RACET
PLGOWPA %7l PLGPOWA H.7 I/r b i Ay, 42
H T BT B A YR SRS IR B T R, AR
TR PR RS AR, A SO AR — e R PR
TR B 1, A SR B A Hoes T E i BT B R AR
T 220 1) AE I 1 2 SR A s SR 23 A R BT IR O RE AR
BN IR, |2 IS FE T, DA R R 7
AN B FH 3 55 R s A

RFRIBEFTT 10 1) fiber N T8 e 5 K50, 4
FHL A HEA AR AE T RO 25055 2) B T % i3 S it
IEE P R S R R E RO R, DR RS Y
i3 (3t B (R BRI 3) B R TTIR I SR 7T, 4%
H AT 5 Z it 5, DAR IR A 5 d .

JIR 45 TS 0 B — 4 Db iR B
B JE I T Y A YR SR, 3 Ak mT
AR TR ARSI, I ST A A 2 AN W
A ) 7 3K SR, SR 55 2R i) 3 g 4 T A 25 A
Fr 2, U 5R T B RFSAN WU 7C A EHT, CANT H 26
ARAANH E (T B, i3 — D42 T b [ il
k%O Ta g 71, NETI AT REEL R R TTik 7] &
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