2021 4 5 A TR LA F W CH AR F RO May 2021

%384k %3 Journal of Chongqing Normal University (Natural Science) Vol. 38 No. 3
iﬁ%%_ﬁ*ﬁﬁuw DOI:10. 11721/cqnuj20210310

2RI E RS SR R

Eadr, AHA, AR, Zhw
CLE TR A 2 Be . L 200093)

WELENIMANEFE AN E FRE A RBPITIN AN KRB mE LAV E T IRERE LT BT
e  FEIN-—ENTFEEARRATRERENTE., FEANTA T EEFRETARE AL REEEET TR T W
HE AR LA BT e HE M1 B, T ELAE SR PR A R AR P E W A R A B Ao, A o e R AL B R R A B BE AR RR KT A0 3T g 3
BAKFHE D THNRERESAFLEIRARE T EHRF W2 FRLLWEERAEm, FUFEFRZ RSN EES N
PG e HE A B SR . D07 R R & o e AR 35 R A 3T S A 1 T N B G By T M 4 P R AR R A B T I I 4
FWE AR ERE FIINE R A AR A AT L A A P, kM R A B R 1R R R KT R g KT
Y., WA TEE BEKT TEHRKTEURREEF AR A IETE, DL E £ BB R0 R AR ZKA®
fCEAR R AL R R G RENTEHERAKTFHEPHE, [4RRA KB E F 3R 4 0 b4 34 238 A7 40 16 K
MOERBTEREATEERONEENT &AL AHNRRERAN, (F bR E G oA R T H A WA %,
KW Mg ST RdRER R RE®

FESHEE.0224; TBA72;F273. 4 X ERARERD : A XEHS.1672-6693(2021)03-0016-09

TEAL 2 A7 ) TR ke R B T i o A TR FE U B 0 BR R TR H AR R, AR [ S G R kA B
2020 4F [ RZ B AIAL 22 KRG A4 B £ 2020 4F v [ B9 RE PRI 2% 5L 49. 8 ACMERRMESRE . L BRI K T
2,206 o FERZ AT, U LA HE Ml 0% 18 6 RE U o be e K B A 2 BERR IROR IR fR s L ek Ay B e R R g
Seb o ARG Y HE R . R 5 BRI AR RE TR AR  SE B AR (0 i A5 B AR 2 1 AH O A 12 VR MR 29 TR A
b P R R A T R A BRI B A A L BER Al R HH T 2 A 2 DL PRI T A 3t T B M A A O B L TR
AEFE 5 15 e thl o 12 i iR 1 R 3

FI T P b2 385 7 1 3l 9 RRISHE 9 0 1 2 HEAT T — S8R 5T, Firdaus 8 A" SSE T 1086 4R ¢ T 4 B HE
i 3775 AT B SCHK 52 A 2 B3 A 7 eGP R LR SE R Sy o B AES S L THT 1) BE R 0% 2E 3702 i A R AR R i i TR 4
I LR B A O RE DR AR . LARE R rhoC B9 4 37 2 — i e 0K RE G o R0 A 4 48 B & oK B2 48 1 REFE K F- 1
R BL A S A HEAT HE D F ) A X O B B GRS R B A T — O A O 30, HLRERE R ORI BN R S . Yan
SFNSIWESE T LR 14 R FE AR () R0, O 51 ACHE R P 7 4 AR LR T FE HL 00 77 2R IR & UM SR T AN B A
X PRIE 77 A B S M) L S F 5 B 2 15 A Y T M AR B I — (B  REFE KPR 2RI I, Hoang 48 AW 2 i
T REVRARAG AR LA KR A3 B3R AT 8 77 o 09 MR &, O i o I 3 3 W T R AL A AR A 4R I A0 T AL SRR A LA
Singh 4 A 1 BT K BLRE T RE IR SR AG I 14 2 B T AR AR BB FE T e B AR L A RS SR B2 TR, Xu 4
AR T B A A 7 R R PR AR A SR I M A R R R T — AP 2 R OB R — A B T R R
Pl L 74 - 49 A 77 AR R A3 T S 1B 1R IR AR LR A REFE AN AR 77 6Pk Yildrim S8 MR I T — A KRR
FERYZE = 54 A BER, U SRR T/ . Zou B8 N BRI T — R Bl 2 67 1B RL, 6 AP 7 4 B AT SR T L
1 S B 5 B A O [ B X I s HEAT e Aok Ak 1 R . Tl 48 NN B9 T 1504 s 0 RIS O 1 20 4 R s LA

»  WREH2020-11-11 ) £& H iR B iE] - 2021-05-20  09:45
FENTE - F % AR B 54 (No. 716320085 No. 71840003) 5 131l A SR FE 2 5 4 (No. 19ZR1435600) 5 & 4B A SCHE 2 B4 f 58 #L %
%4 (No. 20YJAZHO68) 52020 4F 1 7 A 2% A= A1 37 Ik 1l 25 31 %) 551 B (No. SH2020067) 5 | ¥ 3 T. K 24 B 8¢ & & 5t B (No.
2020KJFZ038)
E—1EEE N LR, L, B9 T7 [ o8 S 43 5 0K E-mail . wyt_0314@163. com; BAS1EE - X1 Eh 0], B, Bl 2082, 1+, E-mail : [qm0531
@163. com
P 4% H AR 3k : https: //kns. enki. net/kems/detail/50. 1165. n. 20210519, 1442, 006. html



%3 IFWE, A REEREGTROEF FRTR 17

B 15 95 128 B X PR OS2I . Xia A5 RN A T R BT A0 10T ) R R Y T R LR R T TSRS A
YEFRERE A T A 22 J PRI L R B A 1) 4k 4 4 AT HE S B LR A T B B I R B AT U A R . OF
22 SCHRBIFFE 1 5% T 1 Ll A9 77 RE 1 it 3 IR L Lk IR il ) 0 LA B 4 B SR s, (ELAR A A7 REFE L7 Bk 5 Ak 4 A 45
I I HLk D 24 3 A X B2 A RERE A TS e HE RO 0 A 104

He T E IR IE AR SOR B 5 1 REFEA ) A1 75 He HE O ) 51 A A G809 TPy 9T 75 11 24 B SR s v L 0 R 1 4
SRS BEAT A 2 — 2 W AR I8 A= i S 3 A B RS 25, I A8 1% 3 il P 1 5 | N B B RE AR K SF RS e HE T K F
R v, LAASEADLZE 37 20 1 06 1 5 E FE K 1 175 S HE RSP (9 52 0 I KR A AL 535 (Gray woll optimization.
GWO) X R FEAT SR AR L ARAT T B8 A 1 I BAS 3 d5 MR A 5 2 ) 4 37 CRSORI 4 7 J4 38

1 18] 35 e iR

AR SCHI I FE X G2 IR i — 15 B o5 H ALY 5 A I B 3 2R 9 LB A 1 2R 7 i i P 2 T AR RE TR 7 A ¥
HEHC o B A Gl T OSF 1) FSy 385000 35 25 B4 BE AR 7K 1 RS S HE T K S AR 2 34 . o B2 4 19 BEFE /K F 58075 2 HEHOK 7
BT M ER R AT A BRATUBR o, U 75 B SO PR . Al O 1 A SO IR a0 ] 4, 2 AR A B R AT
IVERAT 4 BR AT I 205 6 150 4 B T 5 B8 1 3 380 S 5 B2 > 15048 ) REAE 0T T HE IR B Al B 3505 19 130 R i
VA P HE P IR B AT 1 B A 16 B (I o 0T 54 AT T 75 1 2 4 45 R K O T80 ) T BE R S v B R AR 7 A e 9
HEMC . A G0 0 TR 1 2k 47— M AE D504 1) R 8 30 ) () X 35 o AT IR MR 447, AR LR B IR s T i P Y
RE UEIH AE AT Qe HERIOK A JF 255 PR AR AR 1] ) 8 0035 35k A= 77 2SR 0 e o R A7 T By 1 4 4 1) J4) 400 k47 pe Ak 57
R A AT AR L RERE 5 15 YL HR MR TR 4R 3R L S A A AR 8 B T BT P A T ) R A AR R DU XS
B HEAT/ME /MBI RERE B A ARSI A B A AR B 2 m A KPP (9 IR X T A s AT A I
RORVIARSE S 28 AT . 5 BEA A Az 47 I 8] 28 3 1 791 577 24 4 B s [ o U0 75 228 oF 5 0 47 01 By P 24 3 90T 9 1k
A g KBRS A K A 31 22 i A — R 25 T AN BBAG A2 AN . 504 o A 2 D5 B0 TG A Ak 4 I AT T A, 1 A R
GUIRSZAHT L BT A B0 A P P AR A AL AR B o I A A AR i SR P B T B T P A e R A X AR
SE o AL TC AR 7 A B, HLB A A7 07 A T S R P A BV SR R AR T A R Y B A AT S HLLE AP I R T 1 il
TR i A k.

2 HERE

2.1 EEMERER
VB W B 43 A A 8 B0 A RS A AN S AR AR R A AR A e B A R A is R T . R
WA W R R MR S8R o JEARSEOCH BB IR 5045 . 1545 B I 2R pR AT 3R R

p—1
A@)zf{fj :
o, s RIR BB ATHTH] . AE B £ 10 52 Bz B P45 v, 30 e 238 2 i 3 15 8 A5 4% 0 208 0 R 801 184 o i 34 o, &4
PN BB B AR W . AR 2025 3 38 2 51 A I B DR ok g 37 AN (] ) A B S 9 PN I e %R T A R 6L 48 A
Malik"™* 45 H T B0 3of Uk PR 1 f 6 7% 15 4% 10 7 1k 20 47 J5 0 1 00 8 23R ) A8 AR5 1 s Nakagawa '™ $& H T i 8 o 3
TR of 7R HE 7 0 VR Xk 18 4 IR R Y 5 ) 5 B S A S N S P AR I 3 DR R - R A R s 3 DR ) A A A
LT 8 A5 S PRl B AR A ik B, AT B A SE PR AR VE R S . AR SR [ 14 TR A5, A8 T 7 M 4E 7w e 4% I K
Y P E T
A1 (D =bA: (t+a,T;),0<a,<<1,b;>1,

Hodria, o0, 50 R R B AESS @ YT M 2 4 %) 152 % 226 ek R - DS B s 34 DR D 9 BRUME Tl AR B8 18 &5 1Y)
D S8 B SR AS A SR T DAAE SCHR P 09 28 560 BV s T 87 U0 25 10 T B 1 20 4 JR1 00 B X B — g s SR AR TR, 24
A 1 T 58 B SR B R R A X5 48 SR T 577 1 A 37 48 A A1 b, A4 900 B 2 4 4 5 A 0 A7 10 B 6, 1 4 1) T S B
FRABIE R, A5 I 1T 5 B S5 PR R 2 M A X R R K -

Tl TZ T{
R:exp[*J Al(t)dt]:exp[fj Ag(t)dt]:"':exp[*J /l,(z‘)dz‘}»

H SR A 14 B A S0 PR A AP 04 R T T 2o,



18 FERFEAZEREARZEMR  http://cqnuj. cqnu. edu. cn % 38 %

2.2 1B EREFEEE

WA I AT e B FE R B RE IR, Hrh RER 40 I HEL AR T A 70 i A7 ok 2 v 9 BB AR 2 B 150 0% 1) 3 Jonn vy 4 s AR
P Yan S NV BIFSE 2 B B2 A% 1 REFE RS AT I Z [ A7 7E B G R L 7RV & 1 FH A0 L RBAE KPR FEFE — 5%
TRA 7K B 5 B PR AR AL B — o R T BB AE /K 2 RIS n . & & R REREACE AT LARIR O

e, (1) =kXel ¢, (@D

Horpse, (0 RoR A S IR V4L BEFE K F, A% 300 1
TR PR S B RERE L eo . ko B S BE BB AL 1Y R % 2 250
B ReFE R IR an il 1 TR 200

YT PE L AP R » 35 0 BB KT 252 (R 4 S 1507
8] 21 49) i 7K - o R B R 4 4T S A8 Y RE AR K F 2 1] 100 7
B R IR RN 5ot

e (D=e;(tF+a T, (2) 0 100 200 300 400 500 600 700 800

R Al 21 PR 30 171 BB AE FR AR 09 B A2, >4 B 45 1Y BE A /K - i/d

ML E WK X R E R R AL RE AR IR C B Y T Bl g&eaERoE

S H BRI G L e K PR E S 1k, o T Fig. 1 Example diagram of equipment energy consumption
O ST I — O B SR, 2 A B BE — K T IR AR BT
"I REAEBRAR Y B E, 24304 1Y REFE /KT 1K 21 e 180 B, Xof 4 47 T DIy 1 24 47 ok K 52 REFE K F- o 1 X 2 — i
FEASE IR, 45 T B PR 24P R A E AT 1 IR L B 9 B BEAE A8 B E, D & 1O BEAE K P I(EL E, 5 REFEK
- Z 8] B 5 AR AR AR

Er=e (D) =e (D) =+=¢, (1), 3

AR AT B3 A FR PR 4E 30 5 0 T %ok, 734051 A r=%5l€i'%/%ﬁik FI 5 BERE 1Y BEFE K T B (A B AR 3R 1)

BEE 1Y BR A 2 [ Y O 2%
2.3 RETRHMKE
WA AEB ATk B il 23 7 A 15 Yo AR 7R AR T 4 00 P AR 2 R e 1Y R 50T L BR AR R 17106 175 % HE il 2ok PR %50
T Y 1 A Ml 2 S 5 K . A 1 T G HE A T B JR Bl B B AR I R R S g, DL A A e i R P R S AR I T
ge o HTT5 G 0 HE A AL B i 08 A% a] LA 3 AT T W) T AR AR 7 G v B L (EL I B 5 K i B I R R e B
A FH B B 38 I T2 A T B . ARG Ben-Salem 55 AN B S, R85 19 HEBOK g oo BRI AE 7= 200 B0 1) 7
st R B HE R AT R R
w(t) =u, X ekt 4)
Horpcug RN BEAS VUG I BRI B, 275 Y HE OB AL (14 ) 8 280 (0B, << 1), BRI BB PR 4E 3 )=, e 45 1075 e
HEBOK 23R 52 AR AN 23 1200 b 7K o CH 7 7k 48 4 i 5 13 45 1 BEFE K- Z IR B G JR AT LA R IR 2R
i WO =u; t+a;T;), (5)
R A PR OR R 1775 e HE A R A B E S A 15 G HE K ST B8 i BRAR U I K X U Y 67 35 G HE T
O C, B 5 4 o 1 B R ICAE 95 Bt 5 G HE ORISR S 4 1k . Ak Ry T A S A X — A B R
F 38— M T EROR AR5 G HE O BR A B U S 548 B BEFE K P 3R BB U, W, X 5 48 2547 0 B 14 4
PR IL 15 G HETBOK - o BE X B — RE AR AY , 1A T By M 2 4 5 VR R A 100 I A, 150 25 19 75 % HE K P38 O 19 i
Uy s R & B REFEZKF B U, 5 REFE/K T Z A A R T R
U=u(OD=u (D) =-=u; (D), (6)

LI SR A5 09 45 A T 005 Pk 24 F ] Ty R0, 3 gl A r;:%ﬂ%%‘z/%ﬁﬂk FI 32 BEE 19 RE FE 7K 1 199 (8L F 3R £

FR T8 SE Y BRI 2 8] A5G 5%
2. 4 TEURA 14 4 4P 5K g

B R IE AT I AR P 2 AR BE IR A K 7= A ¥ e HE . AR B0 0 17 A2 7 R G kML L 2 B A 9 BEAE K O B TS B HE T
IR 3 BR b R I R SO T A o A G A TR M A O A B R AR R Ok B e (i I AT A A B B K



%3 IFWE, A REEREGTROEF FRTR 19

BB B REFE K- LA L2 35 Y HEROK V- S B b 82 A 09 A7 5 B2 I8 A0 2 150 1L I o BE #E K - F135 B A Ok 7 AR 7T BE
S IR A BRAUbR L 2 T B M SO SRR A o O T kA A O L R AR AR BRI Al 2
SE — I T P OR BR A5 1) REFE 189 /5 75 G HE I 19 {81, O X 3 & 9 B P 4k 4 4 Rl S R AT R . TR A AT ME 4P
F1% o 390 1 R AE 42 ) J1 3 15 15 e HE i 4 o) ] 300 /N R B
T:=min{TF,T:, T¢},
VA TR — > T 1k 24 47 J] ) DA REAE /K 1 B B O 1) BR A0 v I 35 2 S AR A 4 O
Q:QXmmU;Mﬁ*D&ﬁ%

Hob TF FoRAES ¢ YRS TN B0 1 BE AR /K - 1% 3 2R 08 &1 171 350 2 A BR A0 v IR A9 16 ) . AT ey (1) 5 (2D AN
(3 AORAF . BEATAE—A> TR P4 7 i 0 P4 95 2 HE A 1 s o 30 O 3 11 BRSPS M I 75 28 SO 571 4

.
QfALXmMU;muw4Dmm%
T

o, TV FoRTESS ¢ A-E3 Fa 1 NI 48 1975 G HEBOK ST 38 210 20 0838 T T3 19 BR AR HE R A B 1] . AT El (4D, (5)

FNC6) RAT . Y15 £ 1 T B Pk 4 4 ] 109 52 3] 58 K6 A5 G HE i A% 0L 98 i B, 55 B R AR 5 i T L HE A

M0, BRI ERAE A 4G /ME WA DL R I 85 Ve 2 3 BUAS RS @ e R N AT 3R R
(nzcxrdﬁMp+qu“

YA AR 7 U R) AT LR S i, A 7N R DU AL T 5 5K L 0 SR 23 3 R R K B AR AR L YR
ST P9 A B A AR T SRR

T

Cm=QxJ%mwg
Horp . C, #om L= S B AN AE 2 (D) BRIBFZETR,
2.5 KEAR AR R EH
ZF L RT IR A TE RO AR A SR U N B dE B B AR SR AT LR AR R

N
DICE +Cy +Cy + Cly) + Ca
EC ==

N
DT, +T,)
=1

Horpr s C o, 7R BT 1 B 480 2 1 5 — U Iy 14 4 4 2 1) 228 {8, 78 B s — A 01 B 1 A6 4 I A7 S e 44 L il R 556
WA WF . PRI, 25 S BEAE A5 Gy HE AL 19 B o8 4R 97 DL AL BB W] LA SRR A
min EC|EC=EC(R,r,7.N)
s. t. 0XR<1
I<AN<50 .
0<<r<c1
o=<<p=l1
Horp R g Al S5 B2 BIE - DAk A 855 19 BEFE {85 BROR AR 1T AT (19 BRATUAR HE 22 LG 9 SR 75 G HE OB (L 5 B0 O
PR TIRAT A SR AR E 22 LE o N Sy e 0 4B 97 UK, E A o B8R B84 A= i J B9 O A AR 8 EC B ik, sl o ik A AR
PRIEL minEC W] 45 3 B A Ak i 3 N i e AL e Rl
3 HWBK AR
XF T LA A A i 228 d A ), AR 2P Y oR BIOR AR MEAT 2 45 21 T GWO B A B3 i 1 1A Ae O 1k 4y
PECERA T BOR BR B AL B M BCE AR Y SE SR AT . 5 28 T 00 AR AR SR i B L b st E Bk
(Genetic algorithm, GA). ¥ T #f & ¥ (Particle swarm optimization, PSQ). 22 43 ¥ fk 55 ¥ (Differential
evolution, DE)AHHL, GWO &5 5 5 5, 75 B2 S 500 115 00 5 B2 P, I FLBE % S 3053 3 fe 00 4 Js) e A8 1) 3
o, A 5K e ik A b BAT B RS EE AN RCR . BRI BRANE .
D IR IR SRR EE X=X, X0 o eee s X ) FVRE R R AN AR AR B9 40 5 P o] 52 B2 (. R e



20 FERIFEAFFWMCEKF ¥ http://cqnuj. cqnu. edu. cn % 38 %

FEAES B N CREFETS W5 BE o~ LA B0 e HE B4 0 5 B g W, e KOE KRB T, %8 1 kAR, K
Boi=1;

2) BRI A AR EC(R 7oy NOVERARIE N FE SRR BY f=EC(R 7,9, N TR BRS04 38 17 B {8
f,‘(lflazv "aS)a‘I‘?{ZA rrﬁﬁﬁ:ﬂﬁj—‘za/\{zﬁ(ll’(l?a(lsv

3) HHE GWO M HA T a—2— mm( }ﬁﬁﬁ?ﬁﬁiA Dacr —arC=2r, HLHT o0 K ST AR K

B, o RGBT A ry L0 1N BEALAS & L BE A 1% AR B 38 e S 7 i 2 ZedE s/ Bl o
4) 3 FpRE RS R AR T IR 1 S B Y . PR SR ZEREEE D=C-X, (1) — X (1),
JRBIALE EH AN K XG+HD =X, () —AD, Hh X, (o) Fe 7R 55 Wy i A0 8 1 B, X (0) Fem R 0917 5 1] &
JRARAS VA B R A 0 B ) B AR
Di, =|CioXs —X|
Dg, = [C.oXo, —X| .
=G X, —X|
e :Dg, +De, Do, 5390138 G oGy Gy AW PR Z B BB R L X, - Xo, » Xo, RN G, Gy, Gy HHTHY
fiE.C L C,\Cy E%mmg,ﬁlﬂﬁftﬁﬁﬁtﬂaﬂﬁ e 2 B R 2
X, =X, —A Dy,
X,=Xs, —A;°Dq,

X :X(,’S —A; ”D(;3 ° D
X=X T H§2+XS

5) =T Wt =¢+1 ¥ BN5 2 2, & WGy ) e 00 ORI AL . KRR B A2 8 ST an 181 2 frs
ARFIEEARIE G1 .G, .Gy BIAL BRI RATY 5 TR B EUE . A1 8 A<<—1 M BEPLIA 38 1 KR
A5 o B R B AR TR L. PAARI IR 1 R
£1 GWO HKE
Tab.1 The pseudocode of GWO

MCTiR=s GWO 1t
’ ) 1 VIR AL TR AR A B A S Al e K AR IR B T
2 wipEE a, AFC
3 VB BT A RARAS PR 1938 17 JEE
4 TR B I N SR AT B AT 3 KR CR A LA
5 While (472 8 R BN F i KEARKRED do
6 for (BEANKRBAME (X)), i=1,-+,5) do
7 T At RO A A R
8 End for
9 EHSEa, AMC
10 T IRARAS VR B 3 o7 {E
\ 11 T A N B i 3 RO R L B
¢ 12 EH RS — 141
T . N 13 End While
B2 WRNLEEHE
14 Return 3 )V BE B f5e 40 19 IR AR (14 7 ¥

Fig. 2 Gray wolf position update chart

4 B4

BB B A B R IR TR S B o RIEZZ BN B 1Y AT JR 53 A1 38 5 % 358 46 19 77 o0 ke b 4l 14 0 A 8
AT LLAT B AR L A 2 MR ARG SCRR 17 0 M i 5 B A5 3 i PR 3 A0 g e 4 038 094 [ 00



%3 IFWE, A REEREGTROEF FRTR 21

i, 12it]
AR R TE S

Horp i R B 49 B9 EE A TR B A S B fE L 2.
®2 BBYWE

Tab. 2 Value of each parameter

S 4 a B e 8 E o 8 U T,
ZHUAE 1 000 3 8 0. 008 15 2 0. 005 10 3
ZH 4 C. C. C, Crew C. C, k (1)
SHME 500 800 10 49 000 300 500 0.5 100
1 Python f/j K 19 45 R 78 B4 7] 5 B2 A 309 0K T RE A 45 11 A 600
RS e o) A f L EE SR AN 3 TR L AR A R SRR EE X R < 400
REFE DL B2 S 7 A 35 B HE I BB 4% o 51 BE GRS 1l #1175 G HE 42 ) %o z -
BET AT SE BT B TR R A B R AT 2 o, L= b R SR N AR
546 37 20 B 0T LB 2o 0 A S A 4 R R 7E 0
REAE 55 75 G HE A0y U 2 T L 150 A 19 4 I AR 3R A8 T B R AR 1 41 4eg A
L T BB ISR AR XU T AT 5 B B, REFE 2 B3 4P R R E

BB LA K V5 Y HE Bl 42 0 BUE 2R AL ) 38 & K R AR A8k L3 3, Fig. 3 Maintenance cycle decrement diagram
R3 HERSSEAMVNERRTHRAE

Tab.3 The cost rate under the dual control of energy consumption and pollution emission

EC
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Tab.4 Optimal preventive maintenance cycle under dual control

R r N N T, T, T, T, T; Ts T EC
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Tab.5 Cost rate under single energy consumption control

EC
R r 7
N=1 N=2 N=3 N=14 N=5 N=6 N=7 N=38 N=9
0.93 1 1 164. 64 95.79 74. 88 66.02 62.02 60.51 60. 44 61.29 62.78
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Tab. 6 Optimal preventive maintenance cycle under single energy consumption control
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0.93 1 1 7 329. 88 296. 89 251.22 204. 11 161. 14 124.52 94.63 60. 44
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Tab.7 Cost rate without control

EC

N=1 N=2 N=3 N=4 N=5 N=6 N=7 N=28 N=9

0.93 1 1 961.07 856. 05 810. 36 798. 83 818. 45 869. 87 955.14 1 076.67 1 236.56
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Tab. 8 Preventive maintenance cycle without control

R r 7 N T, T, T, T, EC

0.93 1 1 4 417. 11 364.57 299.19 238.19 798. 83
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Fig. 5 Comparison of lowest cost rate in equipment life cycle under different control conditions
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Research on Maintenance Strategy Considering Equipment Energy Consumption and Pollution

WANG Yuting, LIU Qinming, YE Chunming, LIANG Yaoxu

(Business School, University of Shanghai for Science and Technology. Shanghai 200093, China)
Abstract: [ Purposes]As environmental problems become increasingly prominent, environmental protection agencies have gradually
strengthened their constraints on companies. When companies consume too much energy or produce excessive pollution emissions,
they need to pay environmental penalty costs to repair the damaged environment. However, the traditional preventive maintenance
strategy research does not consider the energy consumption and pollution emissions of the equipment in the production process. In
the actual production process, as the service age of equipment increases, its performance degradation is also accompanied by an
increase in energy consumption and pollution emissions. Excessive energy consumption and pollution not only cause damage to the
environment, but also increase the total costs. [ Methods]Introducing equipment energy consumption control and pollution emission
control into traditional preventive maintenance to optimize equipment preventive maintenance strategies, and the age-decreasing
factor is introduced into the energy consumption model and pollution emission model of the equipment to simulate the impact of
equipment maintenance operations on its energy consumption and pollution emission levels. Taking equipment reliability, energy
consumption level, pollution emission level, and optimal maintenance times as decision variables, and the lowest cost rate in the
equipment life cycle as the optimization goal, a maintenance model considering equipment energy consumption and pollution emission
levels was constructed. [Findings]Taking the Weibull distribution of equipment failure rate as an example, the gray wolf
optimization algorithm is used to optimize the equipment preventive maintenance model. The results show that under the dual
control of energy consumption and pollution emissions, the life cycle cost rate of equipment is the smallest. [ Conclusions | The
validity of the model is verified by an example analysis.

Keywords: sequential preventive maintenance; energy control; pollution emission control; grey wolf optimization algorithm
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