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Research on Fault Feature Extraction and Rapid Maintenance Method of Hydraulic Servo
Cylinder
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Abstract: In response to various potential faults that are prone to occur in the long-term use of hydraulic servo actuators, researchers
carefully analyzed the specific causes of these faults and conducted in-depth investigations into their characteristics. Finally, a solution
that can quickly solve the problem was developed. This article provides a detailed explanation of the important role played by
hydraulic servo actuators in aircraft, ships, and various engineering machinery. It also clearly points out the conditions under which
this equipment is subjected to high pressure every day and frequently starts and stops, which can easily lead to many common
malfunctions. After comprehensive collection of data records during equipment operation and past fault case materials, advanced
signal processing techniques and feature extraction methods were used to provide a very detailed description of the wear and tear
inside the actuator, damage to the sealing parts, and abnormal conditions in the hydraulic system. A complete database containing
multiple typical fault features was successfully established. Based on the basic conditions mentioned above, this study specifically
designed a set of fast fault diagnosis steps for hydraulic servo actuators, combined with various practical tools such as real-time
monitoring, fault type judgment, and maintenance plan improvement, to build a complete maintenance framework from discovering
problems to determining treatment methods. The actual test results show that this maintenance method can significantly improve the
accuracy of fault diagnosis, greatly shorten the time required for repair, and significantly reduce the cost investment required for repair,
so the effect is very good. This study improves the arrangement of maintenance work steps, enhances the efficiency of various resource
utilization, demonstrates high engineering practical value and prospects for promotion and application, and plays a key role in
enhancing the stability and safety protection capabilities of the entire mechanical system operation.

Keywords: hydraulic servo actuator; fault feature extraction; rapid maintenance; fault diagnosis; online monitoring

Copyright © 2026 by authors and Viser Technology Pte. Ltd. 89



@" VISER

BIREET RN - 2026559 4561
Smart City Application.2026, 9(6)

515

WEREALIE BN A R A AR R AU & 2 2 i
HAANE] > (AR O PAT BRI, ARG & B 215
NARGUE RN 1L WIS R 5 R AT A KA T
BN A s 1k 55 TR S oh, (RS AR A 5
BRI A BT 2 A AN T 43 3 A7 E B s 0 Y AR 4
GRAR e A e S8 1) T 75 5% Aot odfe DA 5 PR ek ] AL
ISR N B8 4% I R AT 12 W R DR 3% 1 1

E, FEXAN TR D22 TR Z AR R FBL

P Ar3E I 7 B 5 5 AR AR P W e ) L AR S AT, LK 2Ty
R A5 B AR DL R R SR b, 3o TR OR B3l
FERLAR A 3 AT A IR R R i, AR TR A I s i B
I HARATHE A G REE R, B ANE B 85
B H IR ITT % BRI LA A R Z AL, AR
TTF FEARF I S B 5 A AR AS SR LT MCSIE Bl FH B SR £ )
(1080 LK 2 BT R R IR S s SR A1 A S Sk —
AL % b i R R R B S F HLR N TR A )
B FSRARES T BRI R IE R AR RBEL,
VA &5 £ iz P S i 2 AR RME 2y sk 55 2% fh
SRR T B BUNHTIE B 5 B IR IR 2 WA
IEELASS 5 N S SCRF R G, A B BE S KR 3 vy i s 1 e
Y T i BN R e N e o I P 2 S s PO N
BARFFITAE R B AT S A RBIE T T2 H 12 3 Bl
FEAEALAE 5 187 58 L b T8 A0 2% A et AR e B A 00, 92
BT HMEIR S R ST %65 H#ESh TRE R A is
AT IR R B AT SR PR AT 22 A IR B RE 0 45 2] B 50, Ik
9B 25 R R AR 45 A2 i v SRR AR 1)
H.

1 HREEX

1.1 BITHMERR

WS REH LA Bh R R FAE AL e A DL & AL
PRATER, f FH IN H  SE B AE R DU 0 I 0 0F R B R s
LRI BL . 72 RHLAE A RE R, WS AL 7 2R S i K
AT R K 5 FU R BN AN R 2R K 2 U EAE Y - AR R A A
RS, WAL ZAE AT R K A i Ria #, JF Hee
W BRI S AR TR AR SRR K R o AR TREHLIN
fEAERE T, B ERZMER NI, REHMEL,
T H22 B BR300 AR SR P X S A i 0
ARSI E R 52 EORRINUN 7 i A7 () s ) BL R
J it 52 2075 5, [R5 5 PR O AR A2 B /K o BEN T 51 AEAR
AL REAR ZE I i Lo AE I T I R T, ARL 2 AT P 43
SERITTRES B ST R, RGN R & S 8%

90

PSR A A TS DL R 2%, Wb Hr A fR IR
TARARA A ol PRI A, A A 2 W Sl 2 18 6 (R R 3B AT
LRI L TARRER IR FURFRRFIR TAE AR
W AR IS 1, O BB IRIR IR AR T %, BATARH
SRR E

1.2 FetUERNRIFEATZ ARAR & TAZALA - RO e £

T AL 20 1] o s 2 St 5L i i 2 22 X $AUAT 48
P FERLZE S AR BL R RN URGX 247 Ml o 35 A 58 2210
FrE . T AR AT RATUE RE A RHUMAE &, A iR
B S FUBER A SE LA B0 7 BB VR B o AE A2 AT L B
VESHTA ) iZ N 2 RAT 48 10 AT Fihl R e i, K
AT AAE R AR R T DR FF AR E F HL5 (8% - AE MR ARAT
W, (ESIE A RENL L AT — 8, EIRREE
PRI 160 FR) eSO M e S ATUAT 1A 22 R P o AE TRENUAT ML
B, {REhE TR S AU K AR, S o il i) 50
VEPATHEST, AEHU % RE R ROa He o 1B fE Ik RER
SERR AT SEME SRS W R A RE M IEH 1817, B
BRI B 2 MT L I B g TARRCR A 2 47K

1.3 BITREBREFFK

BERENUE S T A KR AT RE A, BUARRAR K
T3 IR Kz 1t B AR R A AR R RS, AR 2 DL 4
HEPPRER AL WU RGBS 1R, B 2RI R A E
TR R IREE Oy 7B D I B R A 2 AN
RS, BUAE AR 52— b o DR SCHE R 5 12 W 2 5
%, RAT IR BE W] S v e &% XY AT SR ATIS AT (1 2 4

2 HA[RIE R B I8

2.1 fFetUiEshE TIERE

VU FEAL A AE Bl ] 1005 R G b AR W S 2 —
7r, EEATHERUERERF AR AR, SERAENL A
R B B ) A 8 PR 55 o AR B ) B R 7 LA R
SRRy, R EIE. T T LR B A
VRS T A e s it 7 IR AR S AT LR S i 280
PR BEEAT I 2l KRR SIS AT A H A B . I
FERZ N (I, AR FEREHL RTINS F e A e A IR e 3 2%
Ry B SLHUN AL B KRS . LR T, W
FEREHLE R B0 1) 2 38 2 25 b R 2R IS I 26 Al R (T3
PLan s RARAR K B /N S R B E G DL, 18
A JASAME LR AR B ) 2, ISR R 7 S BN H %
PERAES S BRI A B T — SRR
Bk — B R e P 1 AR IR B OF HoRBUA R0 M Re AR 3
e, A B PR IBUSREALRENS KIS 18] 15 18 52 (AR A R AT
(]It 0 S B ek BE R s A Pl S 3t 1 e S R BoR R g

Copyright © 2026 by authors and Viser Technology Pte. Ltd.



BIREETT RN - 2026559% 4563
Smart City Application.2026, 9(6)

6* VISER

(7 IS 13 A AT s 73 A R 4EAZ 7 S ) 2 1) 3 3 PR IRl

2.2 BHESMERFHFE

1 AT R S Bl 452 LS ALV 3 ) AR R
URIER BB ATIE AR KBEAR o s Bfis TARIRAS T, UM
WUAE 2 i B T O AT 2 10 M A 2 — ELAR 2 AR K
JE 7, XA E ) s AR A A AR, A5 S B
DU IR B WA A B TR % R sh A 1R A E 2 5
71 BUR KBS, WS RGN E A Bk sh i SRR s
A BN BN 18 2 AR IR 25 M 5L, 18 Jin 2R A iy
BB o AN R ESLIS FEIS, AN S A AR R A
B MR TE REIZHT AL 2 - T A IX L IR FOInAE — i
2 PR A A dr KORGKE, JF ELWT S 180 e B e

2.3 HEFEEEFRIT

TS MEATLATE B a7 B e s 1 i ALK 22 5 R ] e 5
P R IR S5 b AT 0%, X Aia #07 sWURE 5 51 KA
AR 7 R o IR IR BRI R S U 5
T R A Y B B NREL, B 2 IR T8t
s Ji 75 5 R BB R A R L B o YR AR T A S A 2
AR 2R R AN TR N UL L i BE 28 e B AR S A TR 5 A
AL E RSN R 1 TAR R, PR AT AR .
WE RGP AL R DT E BB RBN R LAEA
SR RN, SRR A A I AT RE P, 315 B A R A
SE PEAN T AR AR W] 2 T B

3 HIREFHERSE

3.1 HERE SR

N T 58RI RER LA Bl 18 2% Rl SRtk O 1 HE R R IR
B R AN T AL B A 206 2050 A 4 A i R o
SRERIAT, A5 BOBC B i A% R A R M i s R e P i) s
73 P PRE0 i FX S AR AR, I HLBE R 2T I
IS ] BME BN R M OCBA E b, ME iR B 1847
PAAEIIANIE R AR 5 o REEBEA T EER ] R 3 A 5 40
VGBI, FORICIT 1S 5 R e B GE iR .

FEHUE TRAL BERY B, BE0RAE B A1 5 T e 18

TR AR B M 7 THT O AC B AR, A — FRERS B LR B Y
3 N SRR A A5 5 T, S BRI TR 7 A g
B AR E TR R B, WSS AT
BOMBRUEAC B, B R TR Rl 21— BN AR AE,
OB RF AT AR LA S AT R AN [ S 2R g g e T R 12
KA. e L E—RIP TR, Bl — B a it
FCESRIER AR A5, WIS FETHJa S M AT A v A AT AT
fERL, R LR R TAR R B v SR NAe e Wl 4,

Copyright © 2026 by authors and Viser Technology Pte. Ltd.

B Z TR AN FCI S REALAE 30 15 10 e s ) ALSR 4t 1 T 5
R E (PR ISITR

3.2 (ESAIERARR A

R FRAT RO, A5 5 AL BB W AR,
i BN BT S AL AR I 7 A AR Sl s ) A B I
SeRdlE, AR I e, T UKL S SRS A
R REAE D o AR U S o i, KR
AR MENAAE 5 0 AR R 5 TS, 45 A R il A
oo NPARIAN IS RS ZRIEOR, P AR
Rl UBETT o FUADXEEEOAR, W LA MR 45 e
PAR ARG BLR H I (E S, B BRI S
B4, B Ja MW i m] 52 10 28 b o KRR
ARIFERKIET T LW TAERIRCR, [FIN VR 142 R 5t
B ATIRBLIT T 1 A4 22 o ) e i o

3.3 HrEHF I eI

WO R I S ST AT 5 2R 3 AT HHR AN 5 vl il s 5 451
IvEH I BT, RIS 5 A B D5 R A BUAE Bl 18 P4 8 B 453
T I R A U 2 S8 B 1) K 4 B AR R L R
R o 82 RS R T AR i AR R, 4%
LR NEIT L W (A VWP ES Uk SE VR LT S 5 a2 07
Jl— L 2 M LR R A SR ) 2 B A, X R R RE T
Bh5e ik 2 W AR JF H SR 4e B K 1 AR %6, SRR
FIEEIIBORSHRE, [N LE B ) o 40 AR 75 5 e,
1 H AR R

4 PRIRUEIPIR AR

4.1 EEBENARZNA

25 5 I 28 G0 100 REATLAR 20 5 ) PR 442 T AT
AR E AR A, BESHE Bk H b e R HLRGE R
B A SRR I IHOAR TR RIS - Sl L AEAR5)
(K S ST B 222 A8 A A RS T AR N B2 42 s 77 K0
PR | L RE R R DA R sl 5 59 55 HE BE AT Bl . Ak
JE B R AR A A 5 2 Mk i s SRS &, B IRM5 2 RE
TR AR F 45 2 & PAC B AR SE L T TRPRES AR AT
AT FEUCER 2 A T KA AT LA R A BB A
FEMFRBZA WEHR BB RE R . —
S DL & T R VT S AN, TR A RE R Kk A EL
WA 745 FRT AR [, 388 e i A DR (R AT HE R 1 7E
LMMAG S w1 G ERGERAEH, TR T B3t =
WAL 2 JR e S A i A 4 RS 4 5 3K SRR
& RER, XA ARG T 1B REHLE S R ) IR
AR, RIEAEE T R B BAR LS 1 HF % AT 51
SCRFAIRERE ORI [ WS ek 1 Vet 44 BT () JA S A

91



@" VISER

BIREET RN - 2026559 4561
Smart City Application.2026, 9(6)

RIS

4.2 WPEHEIRR S YRR

AR AR A 5 4R AR R TR 4 A2 1A R FE i
FErP AR FE ) — NI, 5 2R — BT KB ik
SE R R 2 W AL B2 1) 1) SR T & o AR EE — DT T A7 Gk
AP AL 1A KR I ST R 5 R AT A
HERFHEREAT LA, M AR QIR A SRE AT AT ST S8 AN I
0155 AR EELOR (¥ LR J TR Ap SRR, AT AR PRk 2
) BARGLE o BE T SRR 2 A, e 4EIE T 1)
T 222 4 T 5 RS I AR B O R R e % 4 AR AR 3R 858 A
FBLE I REMARDL, e Bt e A& BB INE . N T
BN YRS IR AN » AES AR A BT B T RS
A RSR I E L BARSE A B DL R B B RCR IX L0 IR,
FEIX LD R I> 1 LA L AR /N B 70 SRAR A, TR TT DAH 2
FEARAERE BT 7 AL SR IS [, [RII LEREHL R S RIE AT 2215
SEINATSE I HARBUAFRT A 52 o AN I si ke e TR AN 242
TAER R E LA, SRS (] R4 2 /b, B TRAEHL

RGRENS— ELORFFARLF 1 TARIRES, i 2 SEFr AT 2K

4.3 HEAIRRARIMIL

I b S 1) A A T R SR AR B Y
A I Hc s LR 5B R R R (R B A R TR AL %, 48
S FARLEAZ T 58 ROIRS E H i 3 BRI sh &
PEEEOR, B RUE S ATISAT B HACRDL, JFE A

Wr LA 43P PiRE , S A I EE AR D R AR 34T

5 B2 HE 1R RE R SR S REMBMER 70 BCAEIB P 75 1 252K
WU, I HARLEBAE S5 (0 e JE Uy 2 HES 22 2, IXFERRE
FEORIE e A YRS B M RT BT T, NI 48 5 2R S 15 LI ]
A R B YA IR 15 IR F S (R RIE SR T 1 e
IBAT IR P T SRR AN 2 A R FRK T

5 NSRS IR

5.1 HEFHGES AT Y

A PRI FE P Bt ORI PR AZ 5205 3, WU AEAL i
TESITE IR IR [R5 21 1 AR 4 W] R e — R isfei2
BT o 12 SRS A 5 S M oK SEEBIL Bs FO BROEE R ), I
FERUR R T3 A0 58 N AT 40 258 MR T HLES Y
J7 FORAE B RIS 18] o AR EFE AT 5 AL BN _E AR X 28 Se itk
BoR, s i B AR B e 05wt afh i AL BRIV L A
Tk EEANMS W TAR ARG R BRI B P IR
ERARHEAL B A U0 W 45 e ok, PT LAJB /b Ak B Wi i 8 25
R NE IR 157 8 DL ME 25 A BT - SIS B
R, IXMME R TTVE R AR Y Hh D A I AR R e
FRIE R TAR IR IR I8 AT, XAt R A PR R B 15

92

WU 5 BT 551 SR AR R o« 1528 418 3 FHIXAN A
FENRT , T I i v 2% A P 2 o 5 P 200025 R i e ) e it i
DRE 7, AT LT 1k H IR 20 4% (0 A8 B V8 I FAS 00 2 1) 3B A 5
BAT R, LAY ARG & O SO Rsb ok AR
I AET RO A AR A B ARk, XFMEE 72
T T AR I H ) AR SR B S R S (R R 2R B %
() H R TR B LR SR T YD nT AT I9F B ) VL A
AEAETT &

5.2 REREMSRERE

TR REHLE B 127 1 A R R R 22 A AR R /K P 2
VAl B % AT SRV (1 S R BEARHE R — R PUsAS L1 J i,
RS SOk R 2 W 1 B BRFIE B T R N 2, Bk
RGN BEAR R I AT T o 1 TR0 I W R A H e
JE B i AE R IR 1) & P ET R H I B 2 TR, o 0 R )
R PR R R [R] IR P E 28 R B 4 R T BOR BRIER 15
HHSATIE UL, MR — B H B ) Uk e G SR B i
IMCAES, b7 1E ARG BB ™ . 258 — R PR
VEBAIE , IX P55 B Sl 7 5 9% R s 5 B0 4 R
TRAIE T VR RGULE B I Z R % (R R~ P AR IS 1, M 5 B
FHORAT VBB 4 I Jie T4

5.3 TiEMA#Er aI=

TR MENLAE B A PR 48 T7 VA B S BCR A T2
MR AT, JUHIES T &M ERNE 5. fias. i
A LA B TREHUBR S AT AR A 52 2, A58 B RO AR AN
4 S Ve R T A0S PR R A e, 3k b vk T DA
Z AR e A b AT B L T & R AN B S KU, B R
TS A, AT N2 O] 5 . Dol 48 5 2
CEEI I TR TREICECRE 77, 564 ] LABCNAH AT
AT i i 7 (R 75 1) B R AR At AR I R R
R K, HRMA TS A ST, (RS,

6 HRIG

XIGURIE 50 1) BT 0 R RE AL Bl 8 78 7K 32 AR R Bk
I HZH S48 1 TR L 0 i e e ) R, 440140 A
AR, S5 BRI RS U 1, T A
WO P BB L 5 A RSN DA O R G 10 B 4 %
o e 1) EAR R I 20, #0577 — BRI AR 2 v Wik
B R 8 B R R L O Bt — BN I IR B S,
LR e B b2 W RS B IR . SEIe4E R, SRH
T 75V oh 1 W e S A, A2 B R S B T K R
A, BT R EE, BARBURAR AR, XAt A
KRR B B AT B AT SERR B R 22 4K, B R0/ Ry
Wk S BINLEE LIS ] o A3, 7ERF 50 I FE it 2 R 0

Copyright © 2026 by authors and Viser Technology Pte. Ltd.



BIREETT RN - 2026559% 4563
Smart City Application.2026, 9(6)

6* VISER

T B e T, B AR B (Y b S B E A
g%, JRELRFIRTE DU T AR Wrid 5 20— 2D ok,
BURP I R A IS AT IR, AN RIS (1 e 2 [ W] e ELAR
SN, (B H AR BAT e G IR R oAb, K
P2 ARG 1 S NIk P 52 1) 5 IR, A s Bl L2 5ER
fHL. N Tt D REBEDN RGHSATHER, WL
TINEE 25 AN RIS ARt s () R A A, AN W7 57 36 0 I A I 1)
B S5 N R REA R HICHR SRR S Sz R I W B9
R H BRSO AZ BT 58 (RIS 3 BN S AN 7] Ml 45
YB3 DR SE2 s S FH 30 AT, 5 38053 % B 5 AN 1
TEAESS o XTI FE AR AR KRR TR B AT
T MESEIN BRI, Rt 4 R A SR AT R TR AR R AR
AUFTRAL 7 AR SR

Copyright © 2026 by authors and Viser Technology Pte. Ltd.

[&3&3Cik]
[1]1F DM 28,58 B4 £ T%# VMD WKERERK
[ AFAE 4R BL[J). 98 F T2 A ¥ % 4R ,2021,33(2):6-13.
[21% /8,38, 2% % £ F MVMD #n b it 48 (09 & &
- # FE A AE 4R BUJ7 i [J]. 06 4 15 3% AR, 2021,45(10):34-39.
[312 & 1, € AR A S B 0 W A AE 32 B 7 R A R [J]. %7
N5 R A ,2023,13(8):209-213.
[A1 2. F7, 2R .ET % A B RAERRAAL & E D i
T ERL A A FFR, B A F1R7,2022,43(9):1240-1249.
[S] 24 A7 &, 41 oy 5 7 B 15 5 ke AE 48 BUR #4147 77 i [J).
i 15 IR K ,2023,40(3):7-9.
EE A HRE (1988—), B, Wik, MALH A,
MEHRE, NE R ERNLES.

93



