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Development and Application of Remote Realtime Monitoring and
Diagnosis System for Critical Machine Set

Abstract

Local based equipment fault diagnosis system is so close relatively that troubles
diagnosed and maintained are limited by manpower, technology and region. The equipments
of modem industry are developed fast towards the hypervelocity, ultra load, ultra precision
manufacture, the electron mechanics integrates, automation, digitization, intelligent,
networking. The traditional equipment fault diagnosis system is more difficult to meet
apparatus of modern industry's demands, so, using the modern information science and
artificial intelligence to achieve the predictive maintenance is one of the important way to
reduce the production cost in the process industries. The theory and methods of remote real
time monitoring and diagnosis on critical machine set have become more important and
exigent. The principles to build a remote realtime monitoring and diagnosis system,
processing methods of information, diagnosis analysis methods, the management and reuse of
knowledge, data transfers and transaction, the methods of comprehensive diagnosis are
systematically studied in this thesis. The main contents are given as below:

Firstly, the signification to develop remote realtime monitoring and diagnosis system on
critical machine set, the background of this research, the achievements at home and abroad,
the methodology is discussed. Then the main contents and the structure are introduced

Secondly, the basic principles and general structures of remote realtime monitoring and
diagnosis system on critical machine set which provided various specialization analysis, atlas
alarming system and Implementation wide area network monitoring remote expert service
remote maintenance and upgrade service are described.

Thirdly, the method of network based remote realtime monitoring and diagnosis system
on critical machine set is researched. Combining with existing technical information
experience, the project of software/ hardware is developed. Then give the selection and
demonstration of each part. By analyzing processing rules of fault diagnose, on the basis of
system software/hardware and the knowledgebase of fault diagnose expert system and the
fuzzy property and uncertainty of some knowledge ,it is provided that the scientific basis for
the popularization application of this method.

Finally, the dissertation summarized the engineering experience in machinery fault
diagnosis in Liaoyang Petrochemical Company in recent years. The author analyzed kinds of
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rotating machinery mechanism of faults and recognition clues in vibration. On the basis of
scientific classification the author studied its corresponding relation and put forward a new
diagnosis method that black-gray-white gathering distinguishing sieve method. Referencing to
the characteristics of typical faults found in the rotational machinery and from the aspect of
fault diagnosis, the monitoring and diagnosis parameter set is extracted purposely and
classified, that provided scientific basis for the knowledge rules.

Key Words: Critical Machine Set; Condition Monitoring; Remote Realtime Monitoring and

Diagnosis; Database
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FIFSFR « K « AERATETTIE, REAE TR BEr b R X 2 R A A BT A
B, FMAXEHE, BPHRERE, RUMMOKE, FHEREXETXT.

3.3 iRINPENIERIRFFFEAR

VIR SRR EE LR, —FMER TR RS Tk, —FsbErTRe=E %
FHEIR . T HUBSRR 2 W sk Bk — B R AR R—— R IR R B (iR | B3
PRI RS ) ZRE—W b R R B AT A —ALES TAFORG . HLASERMFER RS (BIndh
) MRS, IEFHRARRERE (R R EEE. TEMRS) - mERELX
RIARE L RS R FHEE,

ARFT SR, TR . BB RS it = KRR R 3.1 Fiw:

(X} =[Z(0)] " {F} @G.1)

sten [ Z(@)]_(101- 0 Im)+ jole)) gz reme, smsinens,

WERTR, MR GRIE. 5%, MR AT (7. BB MR N
CRIFE. BB R HAEM . 3 MO 0 A2 o W B4R A R —— SR U
R, BB AR, TR L, R R AR AT RS B A F R
KB, DA N MIE LR, % T R A E R E, NiiEE
Bk - BEATRERAIE, ASCREITFAE, RS EK.

3.3.1 IRENMIE—RIFRESERLS %

Y b — R R R AR = A R A AN ) B R, FoA B R A MR SR B e
HHMAZONIE. R, MESRE NFERERKNER, AMETMRIEEE
FERMHEERRA, AR ZRER. whlEl, BaARa0E. BRENHER
FIN—REE, BEEfIRfRIIENPAR. MmO, ElSEES KRR K.
ZRRA.

RS B, BETAS. MASET (X&) 2 FETEETL
AR AR ST BB BERE. RSB | BTSN EE Y,
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KIERTRF W FA 2RI

ERRETERUEN—KREAFIYE, BTHAMNMK S . HomeeehFERL KR

B, TFEEthire®E, mEEhEFIRAE, WABITHE, U ERARRT,
HUbE e 3h b ) — IR BR R A h 10 28 56 4, 40K 3.1 B

31 EHIMHE—KRE SRR

Table. 3.1 Classification of the first reasons of faults in rotating machinery

X M

BE - KR A

L¥FAS

2. &R

3. XARRE

4. HEEh
5. PERE

6. WAksh 5

7. 5%
8. iR
9. B
10. HAth

LETREMmL 2. 8KAMEH 3 AENESH 4 MR S
T HRERNR 6. Fr LI 7. 3HAE 8 HriNER
9. BARRENF T BB IR

10. MAATH 11 AR T 12, BREHiRE 13 MBI RE
14. BXTRARE 15, BHL R R (R R AR

16. BhARMRL  17. RrBARYG 18 XHME) 19 BiAXERTEE
KEARZE 20 Wz 21 MIEIRY 22 MIRSHATEARR
23. AT RCAE AL 24. BRME R 25. Rk () Bt K

26. LB T & 27 BB WO 28 BSBRImAL 29, BhBg4L  30.
ML ARG 31 N BN FER 32 SR8

3B HLLEFTEE (R¥F)) M ETESEFMRRASTEE 35.
Y5 EFER 36 T

37. B ALH W0 38, FRARBIAL  39. MR IR 40. i EIRS)
41 fRBR 42, BEARAMS 43.WhiR 44, e K

45. E TR RS 46, BRENIRR 47 BBIER

48. ZHI3EIR 49 fEHBESER 50, iBE IR 51, LRIk

52. le#tmbr ) 53. 4wy 54 IRENEIASLME  55. B

56. I R M

3.3.2 HRIMESMEHIZRESH

3 30 (¥ A R AE R SR T B R BN AR AE . TRBNI T IR —REIETERIE 7
Breh B KR R B R SRR AL 2y, $Eh SRR WM K E 2 — 5 B A R 53
R EBEREXR. Bk, RIRIIMNEESRRER L6 0] A € MR —
REEMKRE LA ERENNZE, HTEMMARRED) R — RSB ER KK

BTN, HitiRs)EPMEGESHIELER XK.

A TEF R AL 5 H— R SR R AR B, S e U IR 3 £ 3 R 72K

F:

(1) X5 303N

(2) ¥R idR3h:
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(3) HEHIEIRIRE;

(4) BTG

(5) FAHG;

(6) At

7 —RERE.

PA B3t 3 KK 7 HESME, SAFRAMREEHSM. RMNERSIER
B, SRR X 2 TIR, BEAZ&EERSREEN—KERER EERBK.
JEHE RS . RS E, HRVAE LR/ DTHEAT M. RSAER, A
SEEF MR, MR ETHTSEDL. HahER R IR B A F

(1) SREERER, WA RKEERSRE, MERSIFESINES.

Q) 5T LEERHRIHBHATTENBEFTR, BT LRASMIEALTER
BB RAMEIRS, TRENARREHETL,

AT HERE-REE KWK, #mEEERRTHB—MERLHER, &
FERFRHE L IRAERFAE, Gl RANT 2HRRIKELHR:

(1) #W3h751;

() wIFEEH;

(3) B FFE;

(@) BT,

(5) FBIPEFEERIR

(6) HBhBA B IR

(7) FBhRES AT I

B F

(1) EFamshid K— kSRR TR . MR AR, Wik,
Befs KiK. HF—E FEERE.

(2) WHLE ERsh B B A e, BTRER S NI BT S [ .

() HTIRBENB L BRE, WRRMMNGL AT, SRS REE.

(4) WEIPISRFI [ _ B A THIAI 2 180 B, ZERIMETREA TR 2MT M.

5 EIIRHEATMGEEKBTMNE. FREE, TREZHMEL.

(6) AR, PRREHABE—IKEE . MBS, SR HhASi.
BERE. WeREE. Wik R IEH REE.
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(7) BTHOIDEREER 8 FRAMRKN—KERA: WHPAR. HRAUKLT
BAGEE.

(8) HTHILALEYLTT LVE MMAKN WAL WOE. R/AMMBRKER, WA
Wi T RITR TR,

(9) HF<IN HIEBHM LT, TTUKDFABR. [EER. AR
EFTEAEIR S .

(10) MPEPEHL R L ER NIRRT ERRBE, RN IR AT 48 53 sl 545 E A
Ko

(11) W ERPEREHETLR, RIMEEFT RSN AT, R T A8 RN
P B R

(12) #RBHBEMHIE AL B I — R il bt R DR T e R R IR Bl TAR IR . A 1o R K
BT —ETERE.

(13) wIIBEARFRUI R, ATRM—KBEEERN: WHPAR. SShEE. KT
FRE. AR, HE . BRI R .

ATBREWRL, HEFARMHREGEEHIE, MSERIFMEH AR, $3RERAH
RGN &4 AR ERA X SR ARES AR, ERERMFES KL
RIS L, FPRBIMEERF SHERHER £ X 2 X RF R, ARSRIE SRR
W AL, ABESHT AR, AHNERRIOI RASHESHE, HMpiiLE
ERERIERE, A EEMTSE R MEEE DI

FrERFIFHMES BEEBEREEE (BEEM. ITH. oM. 8. K THHEE.
SRS NS . RIRFIEME) « AL (BB, . FIREMAD | ARGLSK
PR FFERES. WMLB. o EE. HPRREERSIFSHREREES
R EANEA LB RFRRMFB D, FIRRMNERESMFIEMRS, AR Bk
BIRERIIR/N . L& LIPS BB T MR, B SAERRNBET R
R R o

3.3.3 IREME—XRERSTESMENLR
AR IR — KR E R £ SRS R ER b, X EZ BN NRXRH#ITT
AR E, k3.2 i,
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R 3.2 BERHUMRB b X T IR K b R PR X &

Table. 3.2 Relationshop between main frequency and direct reasons of vibration faults in rotating

machinery
s TRATE w s AT RS SR
SR M RUDA GV —RER AR I
s VL $i i % & = i
RAGIE
MFEF o
o BEEE wrag— grae sgams S00 T o
B AR RRE-K RS R s SRR geu
ME hwimm m G~Nk @ mm ERT BEE e
(L P
K
®
wrapr  DOPIR mr wrROSIERARE
sy e T I,
B wmpg BEIIR AR g L mEsle
e B Cimr ek ey BB EMH
XA H U BRY kiE
- LAY, MR, (i .

XARS, B ), UKRS, wH),  HTH A
R, WAk3h  BERE, WiEEIH, WRE &, ﬁfz&zm m’ﬁw i
A1, R M, (AR, R K ' '

. it % 7

i=E77
JRA
F5|

WX — R, BRATUH LS E PIMEE, BT A ERE—KIRRRETR, H
BRELKIEKT . mESMENEH AR, FER 32 TUAHE, NF 4 X —-KEERER,
BIC ARG, PERE. JAAsh iR, L3R, oTUAHERRILR 6 Frdbs ), vy UG (E b
B« K- Ak (ERBEREKE, [UhRE - BERT) .

HEFEEELSHTEEERNEE BEMMESEHIIH TRHIESESHERRA
Z 181X %, 140 John Sohre FT3 Turbomachinery analysis and protection —3CH 344
A% Symptoms and distress manifestations, 2 B _E 2 1A 8 ELBAS B AWM i B 12 B
x; i 30 EAERMFESNZNH, BEEAMFEER. FERERHEXR
ZAN A KIEDT, HR, BT ZRPRAMENE—XKERAN_K. ZKEHR, &
BHEHRS . RRERES. RMEMMEESMEMEXR, FILErFIFRE T RN
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KEBT KFEEW AP

K&, RIFRMEE M HFRrEL R, XREBHUEL KRR %X ATEH
W, ZEKET,

3.3.4 ETE IR BEAERHNFELNERSHRELM

ELERE « K - AEETREMAFEF LM L, BWITE T BERMNL HE—K
RSN, KAR « K« OESHBEARIFRIETRUIMKEERSW R%. NA
R K- BREER, FAAEMYE—RKEREITE - K - AES AT RNE
3.3 FirR.

#3.3 RB-K- BEATRREREFE
Table. 3.3 The flow chart of black and white concourse filter method

3 R1 R2 Rn
HE 1 Y 1 0 1
N 0 0 0
N 0 1 0
HiHE 2 Y 0 1 0
N 0 0 1
0
N 1 0
HEI Y 1 0
N 0 1
N 0 0
gt 1 0 0

TER R E RIS R A BAHELE, hr bR —M¥MEM 4, mE 32 i,
HEWE B 2 AN E R R AN TR AR R R HER RS H 64
RS, DM E ST

FR: PSRRI K

RHEETAMAENELR. Wbl BEAFX, HHER, AERBERES.
P2 T 0 SR PR P 3 30 R e — D AR R R AR o A OB

BB ¥ SHRRHIS I

e B WRBAE G TS & REERFI S 20T, aIRS) T LA Sk F
Hro Wik RIS S WA W & RN BT . W52 MR IGIRSE S K 1B &
AT ERUMERI S AR, BB —, ZH T aem bR R,
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BB BEFMEIRME R RE KA
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et sh s 5 5r ik
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Fig. 3.2 The flow of rotating machinery expert system based on black and white concourse filer

method
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FAIPEIE R —REULRSPERA, HBRERE,

BNR: hEwbEREEPHE—K

A—EPMEAGEE LA E+IUASIEEREEX, mRASRSIRE T aH +REERER
Bl ZE by J0I SR 4 0 R 0 — 2R T e K

PR BFRREEHESE-KIRE

EAR: BHME—KRAERSREZXIRE

HTRATRZERAENER « K - AEEWHEE, 2P, RURSHHART ArTh
R, B EIERREMA RGN R RE . B8 HEsE—RRETT L ERS
X HE—REE A RE R, EmMBOTRIE. ZREE. BITHRE. NEHUER
RRR a5, WTLABAT HdE S TR KRR

3.4 ERECWMARGAVESL

3.4.1 ETiSETANRAHN EE Ry 3L

AR (B AR B — A ARV ES, BFK—mEIEN—RmmiR, —
AR XM R — &K AR

AN BB R MRS BT RN (Set of Rules), HEE F3hHAHLAKI K
BEAFEMIR, RARE BN 5 R EIT b,

SETAETENRIARZITRE, B4 0T T 11 XE HBHFERENER 3.4
Fi7R:

R34 WRHERSE

Tab. 3.4 Classification of faults in rotating machinery

5 0 oy e

o1 FEMEE RUAEHORENE

T2 BEHEES ERHFA SN IR JE
T-08 B AR AEIE

T-03 AX FE1EJE

04 Zﬁ;ﬁ;ﬁ: T-09 W& SRR BRI BRI IR

05 F%%#ﬁ% T-10 HE SRR B AE YK
CIRIERE i 123

B AL -
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KBRS NS W R BRI R S REH

GRHEAESR, 7ERAEMEHE, XANMRRE K E BT —E O, £ 3.5~
3.15 VEABU T bR AL BORAR, A B BB — A1 -

£3.5 PDFHHERELRFHERR
Tab. 3.5 The fault symptoms and characteristics of unbalance

L (N2 FFIERI

B (Rt 7K) PRBh B 2R TE
B (B 7K) PR 3h NS0 T8 B — R
LI Ao 2 T
B (k&) K77 1R (FE L7 1) SR 3h K
i (el AKFT7 1) (L7 1) 1 X SRR
HafrkaE
. FESEHE TR (sl A&) K EJ5 R (BT R W B
&

8. 7EREH T8 (W& =K P M (EAHTA) 1X
IR

A

NO G

3.6 VIRt ERAEIR RFFILRIL

Tab. 3.6 The fault symptoms and characteristics in winding of shaft

HESE PR
L XA R
0. EEAEE AR

(L IS —
4 FESHE R (SRR AR 1X R R

3T BEFEMLYE EEAPRE I REFIER I
Tab. 3.7 The fault symptoms and characteristics of dirty rotor components
HPRAEIK FRIERIL
1. BARx RSN —A H iR L 250
My 2. MARXTYRE)—E g indid 250m
[14 3. HLA AR ZH T BF
4. HUAL R IR R S B H A
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*3.8 HrEAFRE SRR RAVERD
Tab. 3.8 The fault symptoms and characteristics of rotor components break off
[P FREAIL
1 BT RS X
2 HFIEITH IX AL A5
3 BhaeWr & @RS
Lk A XSRS EHE

T E %

#£3.9 FXPHEREIRIFAERT

Tab. 3.9 The fault symptoms and characteristics in misalignment
HFREAEIE FE&I
L Rl AR B) — SR
2. Bl K
3. A Tt R, PRBDIEHT I A (Bl sl 7K )
4. AT TH A, PR AR R (il sl &)
5. PiBlAR R R 77 A AL
6. BLPUBEE, HAOHIT L)

Fwfeh

®3.10 EAABHIARALJE RAFERT
Tab. 3.10 The fault symptoms and characteristics of loose parts on shaft

LI FEIERIL
THHEK E XL 2X, X RS EHE
BA&IRS (0. 10~0. 49) X K Fin BH K
AIRSNFE AN
HLOHITE R AN AL,
MR BN S P = R
B —WrilsREE N 10rpm
¥f—WriG 5 & P& 20rpm
Wi 558 T B 20rpm
HITEsh 9. ¥F K RH & TP 60rpn
10. HAAREREE T RIREERA
11. #h7& R — 45 A m U ARSI ER K
12. 7R B S & AR K
13. B SRBNSIE PEAKT 10 (F485
14. BA&IRBN Y P LA IR A
15. BRI P R F—EHR S £ 5
16. ¥ At 2 X —HE, |RBHTARWAK
17. ¥ B 2 —(ER, RS RARD

P NS AW
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% 3.11 HRGUHFRIEIE RAFIERI

Tab. 3.11 The fault symptoms and characteristics of cracked shaft

BB AL JE

REIEXI

MR

L. ARSI E D, =K
2. HiAIRFAE B, K
3. B F—Wiriln ¥ iR/ 10rpm
4. HhiiREh A R = A5 X
5. HifRN AL P AR SELK
6. HARXT PRADINIE P =£5 5K
7. BARXT IR DAL AP K
8. B F il SRR/ 20rpm
9. —E AR ABRAT 15 BEUA L

#3.12 PEEREHEAEIR RAFAERI

Tab. 3.12 The fault symptoms and characteristics of rub

HRAEIK

FHAERI

P

HEMERHTE

RBFE B
kARSI A HIE IR

B PRI TR KB T4
O N R B

BAHENT B & JB R S

RIS B B EE A

Bt i KAE B K TR

9. &N A HE D

10. MER A RN HIE TR IE

11. FEHFHK

12. HAEHRFIRSIK

13. HEARH

14. FELEARXT B

15. FRBIIRAE AT

16. FRBNAALL A 2B

17. %l (i AK) B 77 1 5 00 ) R B kA e 38 K
18. %l (w3 A&) K7 1 5 i ) R SN R L 3 K
19. #h (BUHhAK) = 3% M L5 H 77 R IEE HLIE K
20. % (BEEN&) 35 3h4 7 L5 7K B 7 R R E LL B oK

P NSO N -
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#3.13 WA BUAHRAE I RFFIE R
Tab. 3.13  The fault symptoms and characteristics of sliding bearing damage
HBRAEIR FHERIR
1. Hhk[ERE EF
2. HEMPEEHRESHK
3. MARmERshE A
BHMARTR 4 ERRSHEEE
5
6
7

. R K
. BiRIRESIEEE
. 0. 5X BfRBE A

R 314 HENRAFRHERIEIERIFE R
Tab. 3.14 The fault symptoms and characteristics of thrust bearing damage
HBAE IR FFIEREL

L. HE S BR Blh R R A
2. P EEMRE SN K

‘ARARE 3. MABmERSNE K
4. BRI AE £ E
5. AR K

#3.15 hEHBEE IR RAFIERIR
Tab. 3.15 The fault symptoms and characteristics of oil whip
LR FHEAI
1 #&37(0. 42-0. 49) X €47 H IR
2 LL(0. 42-0. 49) X I B IX B AT
3 HLOHUETER B 1L TE
4 FhO3E IS
i AR R 5 HEniREF =, WD, BEMER K,
UL PN
6 HHEFAZRRE—E, RIIRAWK, BHE
FREi—MH, WEHRMRMK
7 #3h (0.42-0.49) X RIS EHT AR

3.4.2 HERZEIIXA
L HRERZE A X RIE 3.16~3.26 Fis
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R 316 AFHEHERAIZEFINK R

Tab. 3.16 The logical relationship of estimation on unbalance

Bk ZBELIN (W—4IE, CFr-B{5/)
1. R #EHAAI RS K RIREIR K W=0. 4
B MfiiRE ¥=0.3
B EiERE ¥=0. 3
/I N2 ] CFr=0. 95
2. MR HALGHAHNRIDKESTR IXEX W=0. 4
H  iRiEfaE W=0.3
B HffaE W=0.3
W R CFr=0. 98
3. WR  HRANEARRREEE T REA W=0. 4
S B iRiEkE ¥=0.3
A B Mk W=0. 3
il R ] CFr=0. 90
4. mE  HALHHESIRSEE SR X BX W=0. 4
A FRiERE ¥=0. 3
B e =0. 3
il A F1h CFr=0. 95
5. WE IX TEHHEE R LR W=0. 4
B A AL W=0. 40
B LT ISR iy b ¥=0. 15
il JRE AV CFr=0. 95

31T VT MAYIZE AN KR

Tab. 3.17 The logical relationship of estimation on original winding of shaft

MR AEJK WM (W—E, CFr-BE/%)
L W HAEHEA A X EARTE S Rk W=0. 3
B #HS5dERiE w=0. 20
14575 ith B REREFREER =0. 3
B E&HSEHREEX W=0. 20
W R CFr=0. 95
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318 HTEEAEEANLR

Tab. 3.18 The logical relationship of estimation on dirty rotor components

HERIESE BN (W —E, CFr-EER)

1. R iRz —E¥ & 158 W=0. 2

H  HHREESES K W=0.3

W HEAEALSE CFr=0. 98

WEEE ) me sk 15em ¥=0.2
H YR EZRR N ¥=0. 2

W RS CFr=0. 98

319 HrHABREMEEANXR

Tab. 3.19  The logical relationship of estimation on rotor components break off

HBEAETR BEFE (V—E, CFr-EfEE)

. WR AR RGRAEL 0.4

.. PR T TN Toun ¥=0.3
WTHRE  § CewprmarnssERE ¥=0.3
W HTERE CFr=0. 98

% 3.20 AXPHEEHIZEHIXR

Tab. 3.20 The logical relationship of estimation on misalignment

HBHAEJK A W—E, CFr-BEK)

1. W BRI EER W=0. 2
B ®uCHhs ) ¥=0. 4

H  #EH W358 RIRS 0 A A W=0.2

H  #hoprEiiE ¥=0. 2

W EARSP CFr=0. 98

2. W HALHEOHNEEER ¥=0. 2
B #OshaEEE#S ¥=0. 4

B KFEFmRsh S RIRS A LK W=0. 2

B FHERMBEE DRI ¥=0. 3
Ttk W EEA CFr=0. 98
3. WR HWALHONEEER W=0. 2
B #OHE#E W=0.2

B fiEAE, RESERD W=0. 2

B FavEmEE S R R ¥=0.3

W AP CFr=0. 98

4. WR WAELHOIEFEL W=0. 2
B B E#EEh W=0. 4

H  HEHR, REHEK W=0.2

B HhofrERE W=0.2

W BAAR CFr=1.0
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£3.21 BAASEERRZEHINER

Tab. 3.21 The logical relationship of estimation on loose parts

MBRAESR AR (W— 40, CFr-Bf5/%)

1.

WIFRASh

mR BRSNS

H  HhOSERR AL

B HuERSIAUE P =K

W B

wWR ik R E T 20rpm

B BhARRSE LA KB E

W BRI

MR WAEH—EEANUARNEERK
B HhRRSNE B LA OB E A E

W RS

WR HRELSERIREERK

B BRRsE P AEKIEEC E

| B

R HARSFEP KT —EHRGEE
H  HEREEER, RIhRHMAD
/I & /)

MR HWAFRSBLEP K F—FEARBEZ
H  HEAZEEN, RHERBA
W MRS

W=0. 30
¥=0. 30
W=0. 40
CFr=0. 95
¥=0. 60
¥=0. 60
CFr=0. 98
¥=0. 55
¥=0. 45
CFr=0. 95
¥=0. 55
¥=0. 45
CFr=0. 95
¥=0. 40
¥=0. 60
CFr=0. 80
¥=0. 40
¥=0. 60
CFr=0. 85

£ 3.22 MBLHEMZEANXR

Tab. 3.22 The logical relationship of estimation on cracked shaft

BRAEIE BN (W—#GE, CPr-EfER)

1.

2.

R AR RSN P = AR
B #ExRsh I T K
H  #r—Wie5FHEm/ 10rpm
H  — AT 15 B E
w R
R EAERHREIHE T =K
B #hAEx RS S R AR
B ETFHIkFEEER /D 20rpn
B —fE5uEAnEEhT 15 Uk
W BRIy

¥=0. 4
¥=0.4
¥=0. 2

CFr=0.90
¥=0.3
¥=0.3

¥=0. 2

CFr=0. 90
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%3.23 BREBERMZEBAMNKR

Tab. 3.23 The logical relationship of estimation on rub

MPRAEIE A HIT W—HUE, CFr-HB{5R)

. 3717

1.

R
H
uy
R
H
)
R
B
|
mR
H

H
)

CEZiE Tibig)
FFAEAN T o e b

HF R
WP A B B
FREEANT B
¥eFREpE

B KBRS LA B BN %
FFAEA T i B
HefRErE

CEZuk Tivin

TR AE R B AL
LA ke e 4 B
T REPE

¥=0.5
¥=0.5
CFr=0. 95
¥=0.6
¥=0. 4
CFr=0. 90
¥=0.5
¥=0.5
CFr=0. 90
¥=0.3
¥=0.3
¥=0.3
CFr=0. 90

&3.24 BIMASIAHZEARN KR

Tab.3.24 The logical relationship of estimation on sliding bearing damage

HORAEIE I (W—BUE, CFr-BE)

B EhHA
L7

1.

m%

H
u
mR
H
H
Jy
R
B
H
)
mR
H
H
uy
R
H
H
|

S 7R ] o O E b
YRR [ BhiE K
AR F1 8K

BRI IR
HEnPESEMEEEHK
KRN 2N
MR S5 K

ARSI

b A M1 BE B
BRI H

HEEFR 1K

BhAARIA
HRHTEERLASREK
i AR 3 1R
LYWL DN

HhABIR

A TTEL FE_bF

Hhp B AL F
AR E 15K

& 451

¥=0. 4
¥=0.3
¥=0.3
CFr=0. 95
¥=0. 4
¥=0. 3
¥=0.3
CFr=0. 95
¥=0. 4
¥=0. 20
¥=0. 4
CFr=0. 95
¥=0.4
¥=0. 20
¥=0. 4
CFr=0. 95
¥=0.4
¥=0.3
¥=0. 3
CFr=0. 95
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Tab. 3.25 The logical relationship of estimation on thrust bearing damage

B A JE B W—E, CPr-B{5/%)

1. R #HHRERPHRE R W=0. 6

H  ¥é4smmdRshid K W=0.2

B mEEAHX W=0. 2

o HEHHEIAB CFr=0. 95

2. WR EEMPESEMLESERK W=0. 6

H  #e#mEsT K W=0.2

W RS CFr=0. 95

3. wR HEHEEEMWRE A W=0.6

B #hmfrgEX W=0. 2

AR RIR B mEEHEK W=0.2
W A CFr=0. 95

4. WME ERAPTERRESEREK W=0.5

B HhRprBEK W=0.2

H miEEAEK W=0.2

W HEFENRIRIE CFr=0. 95

5. WR HEAHKEMRE LA ¥=0.5

B #RksinigEs =0.5

B MEEAHEX W=0. 25
W AR BUR CFr=0. 95

#3.26 JAERBIUFEZEANIRR

Tab. 3.26 The logical relationship of estimation on oil whip

PR AEJK BN (W—E, CFr-E(5/K)
1. R ##/T 2000rpm ¥=0. 3
B #30(0.42-0.49)X (&4 B HI ¥=0.3
H  #hosuliel W=0. 2
B sl E#ES) W=0. 2
L 11): ¥ v CFr=0. 90
o v = 2. WR HE/NF 2000rpn W=0.3
AR 5] H  $E510.42-0.49)X RSB HM ¥=0. 3
H  #miBEAR, R, R
FRAR, TRANIE K ¥=0. 2
B HEAREE, RHEARHEK,
BB ER—E, RINFERHE KR W=0.2
n wiERE) CFr=0. 95
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