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large-scale rotary machinery

R e B LA A B AE B 2R G Bk o TP 5 70
BRGNP 3 s o T I % R S bk 55 5
ZoRE R RIS e P, SR 2 T Y ) A R I T R AE
ZRAN M AUAL B M 1 R AL R HLR AT R
BT 55 SRR E R R o AR S SR T 4 AT 2
55 B3t 8 G oy A XA R B AT L S A SR T
O 5 B B R A [R) 1) TaaS #5385, 52 3 = 10 [
iz A7 VB M A ST s AT P R A IR o 4R T 9 R L
B BE 0, RE A ST A A A O B Ak B )

AR M/ 5 R T R -5 E
SER IS R B AR

Wiene

Pt 20— 4% A P TR/ T2 4 SRR AL

EAT i 5 T

HTF RS R BUIEATF &

# € 2

Lo IR IZAT IR ‘lm I'DAYI @

off sorsg O Ry, AR
QupmgrrRms O wrmnRRe  SERE
= 5 e e

@ TP KRB fik

RALBORTE i R 5

ToTH R BN

feigg DCS SISR4 MISR4

P03 AL % ML A A e A PR AR S R SR 5 R A
Fig.3 Deployment architecture of system software of PHM

for large-scale rotary machinery



840 w® os.om KX 5 & W

44 %

G £, SO B /N L 37 S oK, S B
AL RGP A E ST o BT RS L A el
TV T BE, Ge—FFbn AL F- 15 LT A 55 1 0T & HLFE
R E W = 6 5 B R S8R IR E , SB35
ALF I L LA K 25 100 500805 TR A0 A 7 e 7 8 2 T
L B Tl 5 I A T 2 R R S it

VA i) A 7R e 2 1L 28 £t B B 95 3o R A o Y
e TR R A e T A5 BIL A 198 DR TR T e AV 2 it e
A B AR G R O A E AR i T i s APT
TR CE AR AL il 2 b 95 UABSEAS 4 R Bl 55 468
PR 2 e T AR GEAF A A [ 1 i At

2 KEEHAAREYEEREREE
AT ARt 5FE

BB LT O e e ML 4 fed R AR B AR S 1
-5 1 A oK A B W T ORI e A L4 f
A B R ST R - 65 B R 50 T & 5 A
B 5 AP i APTHE T o R B T e AL 20 £ e 45 1R
RGN R RE WA 4 Fros 45 B
5 B RE B il A N B R VR IR 55 T A
Tl e 557 24 2 i e T LA IR 55 D RE S R B, AR Al
5 ViR AL A B N R A B A BRI 1 T e
B R E B 55 2L T A 38 8 LA B i s ] 0 A TR AR
W — 5 A S E T & BRI JS BT &
F1EE AL B A RE ST, SORF— i A SR R
o AR AR SR RO e A T8 T ) B A g A A
RUATE 55 i Ak R A, 52 BRABCRE AL Il 55 E 458, 42 41 APT
He T LA Rl i 25 =05 - 5 A TR AU — 0O K .

VA HEA 5 A B I RE TR B R AR A B A

KA AR T RGRBHT &
=t L A s e R 52 B DAY HefE i
& SFRA & RFRA & FARA
RS B RS B TGRS T e
b1 PN 20 e
R e s AT T S B ARSI R
Sk Al LR
5 WA (5 JoEAmpE — ;'—}ﬂ L *l
QBREHEBENE GRFEEY et GGRR | BWEE
AR ¥oEm%& e 3
: SR IR HR A Bl 5E SRR |
|
\emeoeieor | BEAEGRA | oo
1 HiEEA T HEEA 1 BB

P4 ORI e i ML it B AY BB AR S0 T TP 5 R T g

Fig.4 Main functions of system software of PHM for large-

scale rotary machinery

I s A5 B BRI X R4 B AR BR T, RE A8 X B A R AR
B0HE DN e AT PE L, T T (8 OC HK 3 5 U B LA
FEAR B, DURE HEAT Bt BRI AR 55 1 3L T 5 W
SEHFH M Bl IO G B, 9753 B A RO R AR AT 57
SR I ke 5 ML B R S R D SCRE S S 22 U S A
B 5 R A 52 AR R e P L L B A B BIT 5 00
O o B il A7 RS B ) R ST T ] DR R i
ML 21 B A B P KB TR B X AN [R] 3 AR
i RN A BN [R] B BE N 8 BEAT 20 TR AT, SR
o B S RO S 2 W B e A R
B AR S0 R Ak A SR A AR B Bk
ke 55 T A 1o 22 B8 L B 1 B 75 SR 0 T R AR SRR
VAL TR AL 23 B LA KA HARTE S B S A . R
TR T e AL 2 it B AR 0 AP B0k IR 55 B 20 S
KIS BT 7R o M i e ] A 4 e A B0 3 B 8 ol 5 v
O PRAURE BRI Y F R B s AT P AR A
DA R U 4 B A T BE o DRSS Bk 1A s AR A
HEBR AT o SR B Ak BEY 55 37 57 4 3 B 58 0
Br ol 55 2 ESF R R BT & S i W 2R
b 55 20 P TR i B5CHE VR AL A RSCHTE A BAE it
Qb PRZE A R A T 2 D R R A SR IO R A AR
ANTRDE 55 37 5T 1Y 2R3 TC B Y R A oK
FERS BB TR

GRS R
5 s W R WE T RS
: BLRT
- g
FRARAL 6 TR R BRI R B :
A RARESHRE ﬁﬁ;&
; WA
: B E R
e B . —
e L TR il

PS5 RAIE RS ML (A5 R SR PR T IR o5 B T R
Fig.5 The packaging and deployment plan of system soft-

ware of PHM for large-scale rotary machinery

Tl 55 48 BRI BE T K 1 2% T Il 55 HOR B3 g
IO IR 55 38 45 RS BEAE S, 645 ol IR 55 25 4 R 95
B APTIM S O 55 O A8 B DL I i 4 A8 4%
Oy % TR TR e 2 L2 ft B Y BT P ) S B A
SriRE R A MLS A AE SR . AT AR IR 55 D e
R 1 %0 %l 55 b 55 il OF SR £ an Ak B T e
Web 5T 1 & 2 A et e A 2R EME B0 Dt il . oF 5 4R
PEgE — (1% B 10 T S HE 28 R ECHE Al BAL T A TR 5
i AT AT AL BT BT R O & [ R R R A
BRIV T B s vl 55 2L F B AR Y RT3 Y
Ll BLE . RE RGN APTIE D A6 R & 1R
ISES I EPARINGE R E1TE Lk ARINT S5 1§ ES



55

VT KB WL it R PR e A 8 TS B AT ST 841

Vil e 1 B A T o0 RCE 28 A f 1 1 R R L 2
[0 422 11 Ml 55 8048 Uy 18] 2 10 G A B0 Vs Im) 2 11 3C
PRI/ SCHE e /SO B 10 S AT 55 26 A if 42
1A S e 55 4 11 45

R TR i e AL 2L e A7 L 2R e A e T 65 S
Al R B R K A A G A A A B X
7 5, Al g A A A BOR LU 55 598 Sk A T
il B VR 1 1 v AL B B 4R A APT IR 1
P75 B A2 5 LUE W IF Al AL R & , SE R T &
GEHAT B T i AL A

3 XBEREVNARREEN ARG
“WI"ERFETE

AR PR i@ e B2 At e T 2R e AP e T 65 S
JAE , Rl IOL NS G A Bl e A SRR AR B 2 T 38 R
AT 3 SRR Y, SR I fe e LA it R A B0,
PRI K 14 37 E W AR OT K 07 S8 4n 1K 6 Br
N o WATT G SRR R B 65 R R A R A
AR R X 1207 58, SRR A e A E R URUIR 55
AR 3 AT flt o AV A TR Y s o Al e 2 R 2 R
APTHE A A T5 BACH LUE fIF R FTAUETHT 5

fREENARME S

f e BN AT &

HRAEER AT

A 25 Fudm AT AL

F6 1377 il 4RI % Ui %
Fig.6 "1+ 3" customized integrated development solution

BTN S BOR B BT 1 R B i
FAEZR SEBLS A b R B & R TR P 45 2R =
Ji iz 4V 5 DL SCTE 2/ B A I B 10 TR R A
X6 Tl 9 5% 9 38 TR PR 1 (message queuing teleme-
try transport, i K MQT T ) 4T 7 3& BC , #4 4 1 Al #F
BTN = A 2 B B R85 1% BOE AR 55
AR AL MQTT IR 55 4% #1312 BB IR 55 4% 4R
o MQTT IR 55 a8 % AT MO Bk 55 4 1, il 5 i
G Ul 19 5 2 W SR 6 i 41 16 1 2% b 2 R B0 (AN &5
KA~ 2 A A R 25 K A B ), T 2L BA S
T X B PE AT G2 vh O R UV A A O A L2 S
W32 47 5O B AR E FE N S AR B

B A8 P A R Y ] RS A R AT LT R L

i S5 0 22 208 AU AR R B 1k i R g 5E T/ ARk 42
Fap g o BT XL AL H A B SR A B AR OR [R) b 5 T
SR, ST F B R 55 2ELAF O 49— S it A R R AR 1
T U2 K K A A7 i R PR ARE TR B 1 v A
BBl B (2 7 A b X T IV = R R R |
e, 3 Ao B O 00 Ak L S BT R A I 25 42
RN PERE . BE S, XA R SR VL HEAT R A B
W 6 A B T RS R A R R R R SR DA R AT
SRS W B R E G EOR . TEEE B, e
B Y T P T SR W R i & LD, O U PR
R AR HEWE , b2k ST SR T BRI A HE T I 4R R
Uil P o AR Tl A L 55 R AR AT R
OB REAE 4 TE R AT R AE A5 2 Sk i A fil
FHA 0 Be 6% 3145 01 2 05 B it 2 FE AL A B AR AL X
ol I ke it 1) Ml 55 55 OB B R T 2 A S 3 [
B B, LA ok 1 H rh i B v %% 45 Tn) R

Fr it By ] Ak APTH: DR R R HE T R F
Vue HEZE Tmix JF & F 5 il WebReal EE 1k 4 72 =
- 5 A5 i s TR0 AR T O 58 N AN S R 5 AR =
D5 V-6 1 e BB ORI SE i BB D, I RE S8 B R IR
AR o R R R Ol S5 K Te s A SN IR B
GIyRe . XD 55 40 26 B ECHE A7 AR SR AT
RT3 IR R AE SR T 4t 2 R AL B B R APTHE
FUL i APTAS B = X RIS 200l 48, SR P A
SO A A B B A 2 AR 2R R I R AR A
ANV 55 4t FE T AT EiHE By 3G M ok A 1R WD e
25 FH Y B R] X R] A 36 = B O s 0SS A DT IE 45 A
WA HRACEE 5301 S i L OF & i $R it &2 2
EaCIErARNDNE A B e NN

BT 1437 W K7 5 LAR AL g % HIL A ik
SR A5 PR G0 R Sk JEC RS ) T4 3k e 1R IR Bl iy A
B HE A v i =, LB e 4l i 1 R 55 i R
B A H BL A il B A B R G I R R BN 7 s o

> LR
> MR

7 XUHL ML e RS B R 0T R 5 401
Fig.7 A development case of PHM system for a wind turbine



842 P g

w5 2

W 044 5

45 B

1) ﬂ%ﬂ?kﬂﬁﬁ%ﬂéﬂﬁ%%%ﬁ%%ﬁ#ﬁ
RS, B2 AR R 9 2R | L ) S5k A mT e
P, SCHF L 5 MR A AN W7 9 R Bl 5 1 0 8 5 7
PR R 2L, TT IO IR 4 i ke 1 fet BRAE LR e A1
V- 02 A M Y ) R

2) BT O Y i % BIL A 4 R A BV AR
“14-37 5 Wl I % J7 5, LA AT BCE 0 M 7 S 2 R
TR i 2 AL 2H f BR A B AY Ml 55 5 5K 3 o RUIR 55 0T K
HEZRL | RO S % 11 55 5 XS Rp B D RE R B R e 11
938, Xt Tl 55 72 b B SOBE 93 7 fiE

3) Ay A TR TR ik e ML 2 4 B A BV R R OT
A2 il A T I e 7 AR 2 EETT R E S
5 g o At T A B 55 SR AR AT L RS Tk AR Ll
0% BEAT (8 BT B AR G IR B 4R B R R ST AR
19 B[] BIL ) A phe 2 2 i o) 303 5000 8w ol it
P F i Ak K Bl R Y R A B S5 AR A
B AFE A oMb 1) 2 R 55 5 8

z % x o

(1] &9, e, M, 5 RITATE & SIPLE RS I 5

FE B BUIR PR ERSHLIE T U P FADEC &
GE B2 WS O], A = 2 R, 2022, 43(9) -
625573.
CAO Ming, HUANG lJinquan, ZHOU lJian, et al. Cur-
rent status, challenges and opportunities of civil aero-en-
gine diagnostics &. health management 1 : diagnosis and
prognosis of engine gas path, mechanical and FADEC[J].
Acta Aeronautica et Astronautica Sinica, 2022, 43(9) :
625573.(in Chinese)

[2] =ZJE, A, X7 5 55 MR 5 {d R AR B

W 5 0 IR Ar A LT . M 2 5 5 3 i~ 41, 2023,
44(6):99-105.
LI Siyu, CHENG Zhonghua, LIU Zichang, et al. Re-
view and application status of prognostics and health
management system[J]. Journal of Gun Launch&. Con-
trol, 2023,44(6):99-105.(in Chinese)

[3] LIAYF, WANG H, SUN M X.ChatGPT-like large-
scale foundation models for prognostics and health man-
agement: a survey and roadmaps[J]. Reliability Engi-
neering and System Safety,2024,243:109850.

[4] REZAEIANJOUYBARI B, SHANG Y.Deep learning
for prognostics and health management: State of the
art, challenges, and opportunities [J]. Measurement,
2020,163:107929.

[5] LIU H, WEI C, SUN B, et al. Adaptive robustness

evaluation for complex system prognostics and health

[7]

[9]

[11]

[12]

[13]

management software platform[J]. The Journal of Sys-
tems & Software,2023,204:111768.

LIR, VERHAGEN W J C, CURRAN R.A systemat-
ic methodology for prognostic and health management
system architecture definition [J]. Reliability Engineer-
ing and System Safety,2020,193:106598.

HUANG C, BU S Q, LEE H H, et al. Prognostics and
health management for predictive maintenance: A review
[J]. Journal
78-101.
DING J, LU H, WANG Y, et al. Adaptive angle-
weighted cumulative sum for interpretable machine con-
Applied Acoustics, 2024, 224

of Manufacturing Systems, 2024, 75:

dition monitoring [J].
110140.

ZHANG G Y, WANG Y, LI X M, et al. Health indi-
cator based on signal probability distribution measures
for machinery condition monitoring[J]. Mechanical Sys-
tems and Signal Processing, 2023,198:110460.
XIAXZ, FUXY, ZHONG S S, et al. A multi-agent
convolution deep reinforcement learning network for
aeroengine fleet maintenance strategy optimization [J].
Journal of Manufacturing Systems, 2023, 68: 410-425.
XIAXZ, FUXY, ZHONG S S, et al. Gravity particle
swarm optimization algorithm for high-dimensional com-
binatorial optimization problems[J]. Engineering Appli-
cations of Artificial Intelligence 2023, 117: 105543.
WK, S, 3 KWK S HLPHM R & X
s iﬂ&ﬂtﬁmm (ﬂ'?‘ﬁ:ﬁﬂ(,2024,43(2):26*34.
FAN Yongxin, GUO Yangming, XIAO Yi. Research
on gas turbine engine phm system design and implemen-
tation technology[J].Measurement & Control Technol-
ogy ,2024,43(2) :26-34.(in Chinese)

SV REIT A o5 A N R A I T g e A P R
G R GERARLT]. WEEHAR,2014,33(9) : 14
LIU Enpeng, YANG Zhancai, JIN Xiaobo. Overview
of foreign prognostics and health management system de-
velopment platform[J]. Measurement &. Control Tech-
nology ,2014,33(9) :1-4.(in Chinese)

E—EEEN: BT, 5197149 A
AL WA AR AR, EEDESY
7 1] Ay e i (B ML R IS 2
T2 AT s W 25 DN T ik BOR B A
CHTHAATREREHNL, HEE
156?7;11#16']1?‘1EJ\J\)\,EPEH?E@IE
oS R aR B, B ARR
210 A i 3, AT 2 SRk vl ] 8 |
FHEER . REREAR LW TR
RN SR L A
E-mail: bptang@cqu.edu.cn



