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Abstract; To evaluate the fault condition of large—scale equipment of iron and steel enterprises and select the
optimal maintenance plan, a decision model of large-scale equipment repair scheme was established, that based
on the multi —source isomeric multi-criterion compromise sequencing method ( Vise Kriterijumska Optimizacija
Kompromisno Resenje, VIKOR). Firstly, based on the literature and expert experience, a subjective and
objective index system was established, including the status of large —scale equipment, historical maintenance
information of similar equipment, technical level of maintenance team and maintenance conditions. Secondly,

according to the multi—source heterogeneous information, the comprehensive index weight combining subjective

7 B #:2021-05-02
E&WE : HFHAESE T BNH (19FCGLBOLL) ; i m A 4+t S FL 2 BURIF 2 S ¥EBIITH (XSP21ZDI004) s Wi B 4 #H T &
YR E (18A201)
+ JB{5{E& ,E-mail; 1180033@ hnust.edu.cn



5 4 3] FARHL 45 LT VIKOR J7 i S Bk A b B3 4 216 )y 22 e S 101

weight and objective entropy weight was determined. Furthermore, the VIKOR method based on heterogeneous
information was used to deal with evaluation information, and obtain the priority of maintenance plan for large—
scale equipment in iron and steel enterprises. Finally, the reliability and effectiveness of the model were verified
by an experimental example of maintenance scheme selection for large equipment and sensitivity analysis.

Keywords : multi-source heterogeneous; VIKOR; decision model; maintenance plan
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[a],b]] = max{aij,bij lj=1,2,---,n},if A, e 0;; or [a] ,b] = min{aij,bij lj=1,2,---,n},if A, € O5;
[T7,I7 ,F] = [ maxT}; ,min/; ,minF;] , if A; € 02; or [T7,I7,F'] = [ minT}; ,max/; ,maxF;] , if A; € 0;;
L(p)"= max{Ly(p) | j= 1,2, #L,(p)}, if A, € OF; or L(p) "= max{(Ly(p)) "1 j= 1,2, #L,(p)},
if A, e O,.

(22)
yi =
e, = min{eijlj= 1,---,n}, ifA, e 0’ or e, = max{e,-jlj= 1,---,n}, if A, € O};
[a;,b;] = min%aij,bi]. lj=12,-,n},ifA, e 02; or [a; ,b;] = max{ai]-,
[T;,I; ,F;] = [minT;,max]; ,maxF;] , if A, € 0; or [T, I, ,F] = [ maxT, ,min/; ,minkF;] , if A, e O5;

Li(p)_: mln{Ly(p> I]: 152’...5#sz<p>} s lfAl € 02; or Li(p)_: mln{(Ly(p>) ‘ l ] = 1727"#1‘1](]))} ’
if A, e O

bylj= 1,2,.nl,if 4 e 0;

(23)
LB 3ATSL S, R AQ, HfE
n d(r’,r.)

S = w-#,
L ; 1d<ri+?ri_)
d(r!,ry)
R, Zmax(wj (+i) ;
d(r,r,

i
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S, — minS, R, — minR,

Oe=v maxS; — minS, +(1-y) m
b SONRERSONE s R A NJRHEL; Q; T4 4R s v MIRFEHLH R B, v € [0,1],0 > 0.5 FR
R E ARSI PRSEHLRI A TSR, v < 0.5 Fonifida i/ IME R B R DL HEA T IS, v = 0.5
TR PG 2 DR R B DL Tl

SB4: Q LTHUFHIT iCH 6 e, 6 G AN GV PRI D, R D, 0 G R R
YESNURI R 2

D: Q[G? - Q(6'")] = 1/(n-1);

D, A4 SR, A1 Q, HHEF AT, G B IR/
3 S 44T

FoMER A MR B L AL P 3 N e, (i = 1,2,3) AN T 4EB AL L ZKITN, v )5
BEL A P 2R B (IC R “HCL” ) HEA TR RS W, B 1 DA I35 3 BT 7 AR 50 48 O g B i 20 L il
BB 00 [R]85 A5 T R B 5 R A8 T A AR KO- B 1 78 4 R4 PR B R PR Sk 418 IR 3
PRI AR TSR AR AR Rl A4 ) 3 Fh T REAAEAE I 38 (IC K «, 2, il 2y ), FIHIER H AOTT sl
PSS IR AR AR EE AT HE Y, INITIAS B Jcdd & B0 se HC MR 4EE )7 58, Ik AT R U 234, LLSRAIE
VRN A AT Sk

(24)

A3 REUEH I

BT T FHAF R RS R/ T TT o0 Al B SR W R
HC1 8 2.5320.9 i i

3.1 #EARHF
3.1.1 HEANMRE

WRHEAR S SCRITER , A& T 2 8 5 DI HEN 05 G, ~ G R AR & 21T BA 43 B FIT T , 1 o i
FERAE G, 2 A D rh A S 2 A ME D, 4B B LS G J2 i AN T EE M MEIIL AR 2.2 45 r /i 44 1) BWM Jy
25, P TF A5 30 d T () M NI AF T T i A U 1) bl 1)t LA R e AN S A 9 DUDREL XS A A D 7 L 2 )
L, AT INER 4 AR S R HA 3R 4 387 B 1B 04 o DDA T T Ath o D) ) i G AR, 3R 5 0 SR H A o
DR XS T A B 2 P 9 ) Pl - 2

k4 REZAENGILEGE 25 RAEZLEMNAREKESE
HER G, G, Gy Gy Gs e G, G, G,y Gy Gs
FEEEN G, 1 2 3 4 5 BOAEZEMEN G 5 4 3 2 1

MR (8) 55X (9) , BF A HAAR BN AL M) i w ™ = (0.438,0.219,0.146,0.109,0.088) .
3.1.2 AR S S
00 AR 2.3 T G0 5 AR AR S X IR B R DL RS R B R PR A B AR
Jei RPN BT ARG IF AR 2 3 MIBTEE T BRER GV E, BUATEILER 6 PSRk 7.5 )5 IS
FEALHPEN 5 B Rl G 15 2128 G PMMAE FE , Bk Qg 8 fs.
K6 Yty E R F ARG IFNA

s HRCPIES

X1 X X3
g2 [27,71] [243.42,312.45] [109.33,153.98]
823 0.943 0.969 0.965
N [51,131] [177.1,310.9] [120.7,239.1]
825 <0.670 1,0,0> <0.310 1,0,0> <0.400 3,0,0>

834 0.051 0.07 0.052
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o TR
% %y
&35 [12.8,18.2] [22.86,33.48] [14.11,20.95]
836 [72.9,90.1] [49.0,68.1] [60.9,85.1]
841 <0.760 1,0,0> <0.670 1,0,0> <0.809 9,0,0>
g0 <0.740 1,0,0> <0.809 8,0,0> <0.800 1,0,0>
843 <0.769 8,0,0> <0.771 9,0,0> <0.680 1,0,0>
84 <0.790 1,0,0> <0.650 2,0,0> <0.809 8,0,0>
8&s1 <0.800 1,0,0> <0.801 0,0,0> <0.859 8,0,0>
g5 <0.712 9,0,0> <0.704 0,0,0> <0.785 0,0,0>
&s3 <0.806 9,0,0> <0.765 0,0,0> <0.790 1,0,0>
. <0.720 1,0,0> <0.745 1,0,0> <0.7529,0,0>
T & TSI FREIRAR A IFNAL
ek 5 IR
%) %y %3
e {53(0.3),54(0.3) ,55(0.4) | 150(0.2) ,5,(0.4) ,5,(0.4) | {53(0.4) ,5,(0.5) f
gn € 154(0.4) ,55(0.2) {51(0.6) ,5,(0.3) f {54(0.2) ,55(0.3) f
es 154(0.6) ,55(0.2) 15,(0.6), 5,(0.2){ 155(0.3) ,5,(0.5) ,55(0.2) }
o 15:(02) ,5,(0.3) ,55(0.5) | [5(02) ,5,(0.5) ,5,(0.2) 15,(0.4) ,55(0.5)
21 e, {54(0.3) ,550.5) | 15,(0.5) ,55(0.2) } 154(0.3) ,55(0.4) ,5,(0.2) |
€3 {54(0.3) ,55(0.5) ,55(0.2) | {51(0.3) ,5,(0.5) | {55(0.4),54(0.2) f
o 15:(02) ,5,(0.4) ,55(02) | [52(0.5) 155(0.2) ,5,(0.1) | [54(02) 155(0.4) ,55(02) |
g1 e 15:(03) ,5,(0.3) ,55(0.4) | [52(0.3) ,55(0.5) | 154(03) ,55(0.7) |
o 15(0.5) ,55(0.4) | [5:(0.5),5,(02) | 155(0.4) ,55(0.2) |
e, [54(0.3),55(0.2) } [5,(0.5),5,(0.5) } [55(0.4) ,5,(0.6) |
o € 154(0.7) ,55(0.3) | {5,(0.4),5;(0.3) | 153(0.2) ,54(0.5) ,55(0.3) |
e3 15(0.6) ,55(0.3) | 15,(0.2),5,(0.6) | [5:(0.4) ,5,(0.5) |
e 154(03) ,55(0.7) | [5:(02) ,55(0.8) | 15:(0.5),55(0.3) |
. e [54(0.4) 55(0.6) [55(0.4) ,55(0.6) 15:(0.2) ,5,(0.5) ,55(03) |
e 154(0.3),55(0.6) ,55(0.1) | 154(0.3) ,55(0.5) ,54(0.2) | {54(0.3) ,55(0.6) |
o [5:(0.6) ,5,(0.2) | [54(0.5) 55(0.5) | 153(0.5) 5,(0.3) |
& € {52(0.3),55(0.5) ,54(0.2) | {54(0.4) ,55(0.4) ,56(0.2) | {53(0.3) ,54(0.5) ,55(0.2) |
e {52(0.3),55(0.4) ,54,(0.3) | 154(0.2) ,55(0.8) 154(0.6) ,55(0.3) |
" [53(0.6) 5, (0.4) | [54(0.6) .55(0.2) | 153(0.6) 5,(0.3) |
g3 e, 15,(0.2),55(0.5) ,5,(0.3) | 155(0.4) ,5,(0.4) ,55(0.2) | 155(0.3) ,5,(0.5) ,55(0.2) |
es {52(0.4) ,55(0.4) ,5,(0.2) | 154(0.4),55(0.2) f {53(0.4) ,5,(0.6) |
e 153(0.6) ,5,(0.4) f 154(0.5),55(0.2) | {53(0.6) ,5,(0.3) f
gy € 152(0.2) ,55(0.5) f {53(0.4) ,5,(0.4) | {53(0.3) ,5,(0.5) f
ey 15,(0.4) ,55(0.4) | 15,(0.4),55(0.3) } 155(0.4) ,5,(0.6) |

K8 HLIEALE AR R FOT I AE S
. ECVES

Xy X
811 152185138 50,67 | {50475 S0.525 S0.27 | {5107 5241 5033 |
12 {s1118207 55103 | { Soess 51075 S0.22 | [ $2145 82335 Sos |
813 {513,518 55108 ] {511y SLoas Soar ! { S35 5268 S05 |
821 {5127 550,35 550 | {5176 » S1es» S0 { stoes suas Soal
g2 [0.776 7,0.910 7] [0,0.220 3] [0.505 6,0.648 0]
823 0 1
824 [0.5821,0.832 9] [0,0.432 0] [0.233 0,0.608 5]
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st ECVES

Xy X X3
825 <0.662 1,0,0> <0.302 7,0,0> <0.401 5,0,0>
831 {5133583.17 5502 | {512553.17 »50.4 | {5147,52.42 5505 1
83 {815 ,51.07 58033 ) {5073 ,50.57 50 | {5136 507 »50.07 1
£33 {s14,5017,8033 | {5135 550,43 50.07 | 151,36 550,96 +50.07 |
834 1 0 0.375
&35 [0.456 4,0.617 7] [0,0.317 2] [0.374 3,0.578 6]
836 [0.819 2,1] [0.543 5,0.755 6] [0.688 6,0.945 3]
837 {5165 +51a8 550 | {5135 505750 | {5143 5105550 |
&4 <0.759 1,0,0> <0.665 6,0,0> <0.811 2,0,0>
8 <0.739 7,0,0> <0.812 9,0,0> <0.799 5,0,0>
843 <0.770 6,0,0> <0.772 7,0,0> <0.678 4,0,0>
g4 <0.785 1,0,0> <0.646 9,0,0> <0.813 4,0,0>
g5 <0.791 4,0,0> <0.785 1,0,0> <0.862 6,0,0>
85y <0.713 3,0,0> <0.703 5,0,0> <0.784 8,0,0>
&s3 <0.807 2,0,0> <0.764 8,0,0> <0.789 7,0,0>
854 <0.719 4,0,0> <0.744 2,0,0> <0.753 3,0,0>

3.1.3 AR E

WA 2.4 AR TT ik W08 AEAETT RASIRAR IR, 45 5T R E VL HE AR, i A3 2 % FE AR A 25

AAE TR R LR 9.
A9 RN 5 IEAARE
HEN] E it E
gn 0.262 6
G, 0.438 gn 0.375 7
g1 0.361 7
gn 0.300 1
&n 0.045 5
G, 0.219 g 0.418 6
g 0.023 4
g2 0.212 4
831 0.542 8
gn 0.083 5
g3 0.102 8
G, 0.146 g4 0.128 1
&35 0.009 5
g3 0.010 5
g3 0.1227
841 0.246 9
G, 0.109 b 02398
843 0.245 4
g4 0.248 0
gsi 0.264 6
Gs 0.088 £ 02388
53 0.256 2
gs4 0.240 5
3.1.4 HFEYMSFTES, R F Q, 9L HR

MRS 2.5 T e 211 VIKOR J5 ke B ENIE DR R R, 4 v = 0.5, 70 i35 3 Bl



%4 TR % JET VIKOR J5 3 BBk A Ml R T 5 45 45 )y 2 phe S s Y 111

JIEEI S, R R Q, fH, JNER 10 PR,
A 10 AEFFW SR A Q, 1

i ES Xy Xy X3
S; 0.408 2 0.842 6 0.279 7
R; 0.960 0 0.040 0 0.029 4
0; 0.462 9 1.000 0 0.114 1

HRA 10 TRy O, (L, BN AT S0 A B LA I Ty RO SEHEFF Iy v, > x, > v, AT ILARAE T v, 19 O, (L
SN ARFEEAER D, T QLG — Q(6'™") ] = 0.885 9 > 1/2, Wi RAFHMEN D, , AL x, i
SR, HEFEAB I 2, W6 S SO ME Dy DRI, S0 7 6, BRG0P T s S £ 3 K 0
HCT 2 fE )%

32 REEHH

T ARSI 28 o ORI 45 SROS2 , » M. 0.2~0.8 URIRE , 3154551
by O, FERIAEE I 40 | KT o (DRI R4 5 8 S B P4 SR B ] 1 0 11 . e 1
T 11 A0~ 1 2 AT w (L, SPU BR8] e S5 A IR A B 28 v Al
B SRR I SR T o B L 38 v (ELAOTEER, (L (BB e

TEAMHT T T BRI R e ML) 2% 472 G LR 51 43 B BB [ 4 06 - 1 7 B
RS AL AL » = 0.5, X X I FRATILEH A M, 0.2~ 0.8 47 I8 , T 9715 405 Jr 22 O HE P
2, I WREE TR X (R HE BRI A0 A 2 A 12 . 2 e 12 ap R IRLAG A (i, 759)
A 77 S FE AR OR— B0, BETVRA A S0 A (R R, B8 A KT HC (I )T SR x,.

A 11 RRE v A LT 69 %55 234

58 ov=0.2 Rk Y Ir K O, fi
0.8 =04 n % % x Hy
0.7 2z v=0.5 VIH 1 2 3
8'2 w=0.6 »=0.2 0.740 7 1.0000  0.0456  x3>x;>x,
04 | o8 w08
03 N 2 e »=04 05555 10000  0.0913  x3>x>x,
02 T =0.
ol B 504 »=0.5 04629 10000 01141  x>x >
2 % »=0.6 03704 10000  0.1370  x3>x, >x,
B 1 RFE v EEE M AR »=08 01852 10000  0.1826  x3>x >x,
- _x] ......x,_) %, )
002 A2 R ALH U 8 4t R A
o Ry el IR O, 1 e
s T
08:7  JBINL . 04 A % % %
WA\ )/ f A=02 04722 09907  0.1119  x3>x,>x,
WA\t i A=0.4  0.4654  0.9969  0.1135  x3>x, >x
A A=0.5 04629 10000  0.1141  x3>x >x,
. Re— 5

A=0.6 0.459 0 1.000 0 0.115 0 Xy >0 >,

B2 R AN REE SV ELR A=0.8 0.452 8 1.000 0 0.116 3 X3 >x) >,

TG SR AR . TR AR RTS8 S v A (AU , BriE T A A0 F R e
4 i

1) A i AN Bk Al R B A BB AE B AR AR TR R 25 5 7 % WUME N, REA B £ 819 1 s E 17
AR, RERE SR DX TR R R ORI R 5 2 A 15 A RN T R B B S B 4 1B T7 SR v

2) >R VIKOR J5 ik 7 Z2HENE SR REA U R AENE J5 SR AR RN, A7 B TR i S 1E AOHEE T 5.

3) ETFTZ U VIKOR J7 5 R B A il R 4E 2 J5 S e PR SRR, 1T Bk Al S P A 442 5 58
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