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1.2 BETTE

92/8/5
At > WEEERRE

92/8/6~92/8/7
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2.1 Briiel & Kjeer Vibro 2 &Jf& /T

Briiel & Kijeer Vibro 23 A AR EH T 5o (Darmstadt) > F EREBGE
FISHEIRE) RS (sensor) BUURESS (transducer ) K HREyRTHIERAS IR
I\ EIHEEREE AT L | Briie] & Kjeer Vibro 73 T[R4 SCHENCK Vibro 2\ G —
ER SR IRENZET - S ATEERFT » #FHEE B&K A RIS HER N ERE BRI
&l -

FEIRETAE Briiel & Kjer Vibro /2] » T ERZHE T N EEER R
WAL ERRF IREN2ET AT < ABRR ST - REEIREIRZE AT RFHRE R
i EIRENETRIS TR VIBRODAU 5000 <5 - ZEaaitai T -

2.2 B HREN BRI RAT SRS

{f## Cost-Gain &Ik i #RBAFRIEI(E 1)7E Asset Optimization &
EARRS & ATESHEE B ARG - ERFEIXFAMRENVES £
R EERR AR EERRZ2E TR RAATEZ Al B9 (E
2&3) > FERTEIERIIIE L5<E VIBRODAU 5000 xEhEHIs T A (Z0E 5
AR RAAHETE RS-422 & ETHERNET #p& L) » #ER @RS RIS
FJ DM2000 fiREh:E B A FH S ELIENE 6 Fr)  (E15— eI IREEDHIR
FRAERERE R HEPE ZRAB5C AR » 3&i& Leamn phase FFEER(RATAVEEFEED)



EL IR RS T HS AR S 3E R Alarm(Limit value 1) Trip(Limit value 2)
4 » B R BB £ 2P BB (Difference limit value - Transient limit value -
Jump limit value) AT DU SBES I A ME £5 Smart BT 5 3 1 : Difference
limit value J&-RFFH B HME A BB HIEEIE - 5 2 * Transient limit value HIj&
MR EANE A FPRENAEE - & 3 © Jump limit value FELEBHT—RERIES
EHEAFFREIRUEE - AL E R Normal operation condition B35
AREAMBAEATRC &% - WL R SR AR 22 T O B 28, S R R KA THE -

FeRPRENMERTERE PSR IR M A E R R FME - 7E2ER8EN
RrRENETHR AR - MU A BRI - BfTFMEER
15— EBAR I f. 2P 8l fE (Difference limit value - Transient limit value ~ Jump
limit value){F Ry EMHMEERI 2 ; IKIRBHEE S B (Speed & Load [B
4) AR A i B RS YR E (A0 8) -

A
A
(o]
é wl
-] Y. ..
3
£
3

Optimization implementation Cost

Bl 1 Cost-Gainf & 2 48 h 4% B 17 &



Measured 4 | ;¢ vaie 2 (Mam atamm)
value R T
amplitude | it vaiue 1 (Pre-alarm)

Ditterence kmit value

Transwent it value Jump limit value
v Y v
R -® ]
=L, e %"a s> .-,
. A A A 4
Phase X" minutes . .
v Time (hours, days, weeks, months)
4 A A
Learn phase

« [ 2 $% 4 B 5 22 7 70 #7 TREND PLOTH i

)

Measuemént value

amphtude
i A Limit value 2 (Main alarm)
Transient . (ind dant of phase te)
limit value ! v =
»
“ 4
Phase
= ' angle
Ditference .
limit value Q
Jump limit value
. 'S
/
: Time
v.

Limit value 1 (pre alarm)
(independant of phase angle)

[l 3 $% 4H Bl s 22 7 2 AT POLAR PLOTH fii

Rotational
speed

A
Rated Rated speed Connhnuous aperation
operationai

Lower rated speed imit
{control parameter)

B
£
43

Run up / Run down

»>

Halding point
Barning

Barnng speed

operation

Zero speed

[ 4 55 45 Bl HF I Bh B 8 90 A R 40 & 88 e fF (Speed & Load)
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Machine 1 Machine 2 Machine 3 Machine 4 Machine S

»
BCHENCK  VIBROOAL 5000] ScHENCK T wiRROOW 5600 I SCHENCK  viBRooau so0o] |
| T — R —— .
— | —
i ——m

RS422

fiE S 5% AH BV IRY P B0 85 W0 53 BT % 40 48 B 4L A8
/ ﬁ %I Computer Ruring Dispiey

Loost or Remets Avcess
i Whather across tha plant using wirsless ethamat, or aeross the workd
using WAN or telephone modem. you can conrmet from anywhers.

-n-asa to -l-hil-l machinery inform ation.

Unimited D ispisy Cllants m OWer Deshiop AppHestions
Instal as many dispiny cants a2 you need — mport mmohinery data to your
ryishare in gour ertarprise thet weopie naad tovorite speemdsheet. dnnum se.
I *

Natweork ahia Sslutions
Full support tor your .ﬂ,llng local or wike ares
athemat or tcken ring networks milows emsy
vorneation of our servars and display elients.

Dwta Acquisition Servar with Duete Wanager® 2000,
Bently PERFORMANCE ™, and Mashine Condition
anager™ 2000 §oftuare

Bywbams
Interface to your proocass control 1131- using Modbus, OPC, OLE
Mlomﬂeﬁ or NatDOE. Export our data. such as ovarnl values and alaem

for viewing by on their process control system. tmport
Servial Communioaions dats, sush as process sonditions from piant historians or aontrol systems,
Usad for TDIX, TDM. DDAX, DDI. DOM. and PDM directly to our softtware, without the nead for mrdwiring Indiidust points_
comm unications processors.
1 I I l 1 T eee.
cations. c-,-mﬁonf
i mimisatio

Soalsble & Modular
Add ms Few or ms many
sommunisations Lprosersors
ns you nesd —up to 12 per
Dafa Acassition S arves.

h]

e — i

*""F " —

1] .
Usad For TDXnat and FMIM TOXnet ' TDXnot
communications processors.

— - a—— — - -u— 2-1,-

[l 6 A< B 343 1t DM2000HR Bl i ] 5 4t 48 s Z2 4%

Flaxibia C ennaciivity
Other systems «an ha m-,ud
using o TDIXeornmX o
works For hardwired lcﬂncqllan’ to
Nald devicas and procass control
systems ma well




Absolute Limit value

Lv-1 Lv-2 Dift.-LV  Trans.-LV Jump-LV
Overall vibration RO/VSO RO RO - -
1n rotor synchronous harmonic VSO - RO RO RO
2n rotor synchronous harmonic - - RO RO RO
Xn rotor synchronous harmonic - - RO RO
Residual value - - RO RO RO
Static shaft position - - RO
Shaft eccentricity BSO
Process value group 1
Process value group 2 VSO - RO
Process value group 3 VSO - RO
Process vaiue group 4 L RO/NSO

)]

Table EMO1-1: Operational modes and associated Iirmit values (RO = Rated operation; VSO = vanable
speed operation; BSO = Barnng speed operation).

8 M AH AR IR BN BE W D AT R BT AR ERHE R
A TFEORBITSH S AT E T £ , BRFI A @ & 2 47 HH Synchronous rotating

component& Counter-rotating componentfy 53 # (M1 B 9)H 155k ; Mr. Richard &
4 RIS R R ER A 3D# B 2 8E#S Start-up M Coast-down 1B 72 FEER 2L &Y
Orbit@ AR —BEMNIIEE(WE0), TEDE ST AERBBEERREE

B ER BT CLR W 1T B BR 5 880E (Critical speed) BB AT E,

>
. Shaft direction
of rotation
<
Counter-rotating
component <
-
»
v
v
v Synchronous rotating
component

B9 BIHF#RE) ORBITS 434 £ iy &



Ing. 425
| s 1 Rundown
([ Measuring plane: 58hSBv _} - =
: P - -
T T T T -
{ Selective orbit in == } ,,_// /

R AL AT AL S

CEIETS) : N\

-B0

50
[Fiwors [FiNeu [Feprint [Méprint | ¢ [+ [ -

@10 # 4 Coast-down ORBITS & # 3D #7 £ filiy 18l

11 {7245 & Darmstadty SCHENCK £ [&]



2.3 SCHENCK A&/

SCHENCK /3 AR5 i Darmstadt i —(BEEBICAIE 11)  HEA
B - SRR E B TR EC S R AR TR R S B T
it -

IEZRHE SCHENCK /3] + 3 22 B 37 i - & By IE 7 2 A
7+ T TR AR L B IS TR Cabflex++35 » ZAKG
AT o

2.4 EE T s S B RE R AT AR S
Rt S R IEER SR IR T IO BIF R L BB P bR T 2 EE T

MBI - A EZUENAE12~14) » BIES B BRI
R MR D KB TRTRY L 25 R R S 3 AR (W8] 15~16) -

R E | P B S 5 A i B

=GR | EER g E RS A 2 7 S RO D
BPE R K - EERRERGRA AR S o BEEBRE R R AT
P | SRR ED B KR IREE B35 LT
EAX | FHEOSEEE RS | AR EE

FEPE | HETEEER B T E s R LS
PHEREE | 7#F0.5um A[#E1.0um

FEHEE | SEP - N EE T o KA

BEREXR | & - ZAFIREEZE /N |5 - A FRIRGEZERK

#1 RWBREERRRHE TS ETH MR CENERNRE
BRI A - o E T R T R AGE R RE R BB P Ry E
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R E AR PR EGE AR — B R L (e
TR R R RHT PR o B TIRE ISR - SCHENCK A HE]HY
Cabflex-++H[I2 T SLfba M TR R AR S B R T8 H L8R

KECIhEE(NEI17~23) -

1274 8 0 B S I TS 0 8 0




OH

size
50 2300 rpm 450
:3 3zt 23GC rpm 320t
11 5t 7 4500 pm 220t
10 63t 4500 rom - 1251
90 41 4500 rpm 82t
251 6000 rpm 50 t
161 BOOO rpm a2t

70 - 1t 10°0C0 rpm 2ot

7 06t 14000 mm 12.5

6 04t 15 D03 rpn gt
50 sa5t 20 00 rpm 45

5 ni1s: 20 000 -pm 25t

4 _;.OG_I 30 00C rpm: 125t
30 203t 30 OOfl_rrir 063t

3 00161 2,315t 40 000 rpry

2 008 0161 50000 pm

0.1 0.5 1 5 10 50 100 450
) rotor weight [t]
Bl 14 SCHENCKZ ] ¥ i B K #8217 B2 58 15 i 3 & o 71 i 15 %8 B M [

i

j

SCHENC

K2 ] 5 o T 2 8 B P B 2 1

11



' influence CoefMicients
"+ Rotor: vibr_11089

" Applied Weight Sut 1
. Amownd Angle
Plane o
’ g'med n -
Ebene 1 o 8o
Ebene 3 83521 815
Ebane 5 0 [ F

. influence Coefficients For Weight Set 1

Theoratical Residual Vibrations

Rotor: Aloah1

Run: k1
influence coefficients: Default

Average Reduction: 37.84 %

Waeights entered:
Plane Amount Radius Angle
ar1 1838 g 1908 mm 384
8pP2 T.774 9 1730 mm 97"
8pP7 17404 g 1328 mm LLEY B
B8M 0968 g 2558 mm 1786 "

““ *{ wi

el 18 Cabﬂex++{&§%$f§1@§/’g‘{$%{ iﬁf‘ﬁféi#ﬁﬁifﬁ%%’éﬂ#ﬁ@]{L

12




e 5 Qg

i 19 Cabﬂex+i+1"]§ B B RGPk B - AE RUEr o M T B b AR
(Bending line)#8 A1 I - 5 A iy &% u] %t R AR Y i B (Node point).

S TS TATE el
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LA IO N |

-
-3
4.
1l
i
A,

]
T ¥ T £ 2

| | k/‘\\ /
o NV Y TN i“*’_l\/}/x L

' . e

For ey popoe 3 R e T

B 21 Cabflex++{k#E & S B IR EE - 48 50%F & B # 4l 2 Runout.

Ry :!
A Rotor: 1311002 43
1 Used runs -
15 | Gowmchuat gans langeam @6 hoch his 1480 8.2 He Abw T it
| Gowachtnt 7SmpEa2 yanz langasm {5) hoch bie 1108 0.2 Hz Abw | 29821108
o HEA ;
- e —~ -
= ndax. ek et Sigesi-nome 2 %
A WS1H wstv

[# 22 Cabflex++¥F iz 4 Wl 285 B8 3% v 2 19 % B ik B AL 4E (W APT 61781S0)
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2.5 LMS A E]Z EEERE T

LMS R AR —F AN BPREFHIREMERE RIS AR - SIEIR
BRI 2N RNEHA ARG R RERBEE 24) - 2HAHS
LIS Audi ~ Benz ~ BMW -~ Volkswagen Z%)ERIBEHERE LMS
E ARG BEEEFREHLO F EEHRZEEE N AR HAT CADA-X /Y
BERG TR BB RE T T

SR R R AR B R A - MEARHEXGERS
o BTHRAEELZS - ARELE RIEREES - TESH T
EEERE SR FHEEBEREO T R A T R IREN RN © AR K
TR E IR B ATFTRT TEARE S HT /7 (N3 2& (8 25~) B3 FI A SIMO
5t MIMO #l#3 Transfer Function(Frequency Response Function) » 5 f& i i1
& (Curve Fitting) K55 B T AUMERES BB ASER - THIE BLHRAY) I LAES
z2£H FEM AR5 8 (Model Mass ~ Model Damping & Model Stiffness) -
FA LAHEAS VS SR TR IR RIS iR B T BIRB1T S - BRSBTS
HEERIREIT TR - BARATRIEF A B I i R A 7 T T A
R\ BSSERE HE ST HESA S5 (Stress Gauge) » B AR B SRl A BT RIS
SEFRRATTH (5 SRR A B E A H AR 4EERIRF Bending HRiiE =5/ Torsion fkiiE -

16



Normal Mode Transfer Function

Sinusoidal Excitation Broadband Excitation
(random, transient, swept sine)

One Mode at a Time Many Modes at Once
No Post-Processing Required Curve Fitting Required
Analog Instrumentation FFT-Based Digital Instrumentation

®2 EHRBEEOHNN &

[;{ h@ f\@,o Test Structure

R
FRFs

Modes
Hu((’))— l] K _ l] k

 ———————————— k=1 Zj(jw- “Pk) ZJUOJ-DK)

where pyx = ox+joy

CurveFit FRFs using
an Analytical Model

and Rjx =AxUiUx

& 25 F| A #E AR IR & (Curve Fitting)#) 5 3k 4% HY R #0018 HE 22 3

17



- Analytical ~

Differential Equations
M %(t) + C x(t) + K x(t) = D)

t Fourier Transform

System Matrix I Eigensolution Modal
[ M2+ C ® + K] X(0) = F(o) I *  Pparameters

) Matrix Inverse

A 4
FRF Matrix Curve Fit Modal
X{®) = [ H{o)] F(w) Parameters

t Fourier Transform

Impulse Responses
I Curve Fit - Modal
[1H1 I Parameters

~ Experimental /

B26 FIAHSHTEABAKN T RN AROEESY

Finite
Modal Testing Element Analysis
Frequency N R Analytical
Response Corrections Mo'ﬁet
Measuremenis <
Parameter .
Ao Eigenvalue
Estimation Solver
Modal R Model A Modal
Parameters Validation 3 Parameters

& 27  F B FEMAY 43> #7 B Modal TestingBR 78 R M BLE 2 B

18



2.5.1 {HFERERIS -T2 8 =] (Mobility Measurements)

TimeiFesponse)- nput
Workng put: mpus” FFT Anaagr

Frequency Domain Time Domain
st AunspectumiResponse) - iput
T i il el Inverse
| I - FFT -.—pT--a—«--‘-L.-:.-«
100r ..
10 = o
0 200 400 800 &ng 1k 12k 14k 18Kk
Impulse
Frequency Response
Response Function
Function

T e FFT

Output Vibration Response

.. e H(w) = input - Force - Excitation

19



2.5.2 (HIFERERIE -T2 BB (Traditional Modal Testing)

A RS (Hammer) &)

Excitation moved

* I Hik 4 HHHammer 35 Out

® Polyreferencet % 35

B.J{iz a8 (Shaker) HU&h1:

A N

* HHEAIIBENHEH
° THASHRFMHIKRER
* HEIRF

20



2.6 EBEEREHTH T Operation Model Analysis (OMA)

Rotating Parts

Computational Noise i
\ \ @ Output only modal
T v . “

e
T

Structural System

/ Combined Spectrum
T

he “Modes” in the combined spectrum contains information of

! The system under test  (Physical Modes)
Mossuromont Noise Input Force  (Non-Physical Modes )
® Noise (Non-Physical Modes)
®  Harmonics (Non-Physical Modes)
*  HERBIRN RSB 2 M (Natural Frequency ~ Modal Damping 5 Mode
Shape).
o FEHBEIR RS BRI R DOF’s.
*  ¥RH SRMO(multiple data sets with single references) or MRMO(multiple data sets
and multiple references)—{FEB & MIH I & &l 2 252
o % R ¥ fE 45 3% (response  spectra ) Kz #H ¥ B4 B (correlation functions) # & K
Synthesis {EEER
e  FERZHEATIRAY mode shapes {E£S MAC(Modal Assurance Criterion )iE§385

21



2.6.1 EESRRESHTHE T2 @ hBL(Advantages & Disadvantages)

&8 (Disadvantages)

B =Lyt ti )]

A B R BREE D T R (Modal vmode)
- JEBREHMEEA T AT R True boundary conditions
- HEENNE R ¥ (fActual force and vibration levels

] RE R B T AR R
A shakers and stingers dynamic loadingZPK#E.
A Thammers crest factor problemsHJE;¥E.

HAHANERY TR EERRNER .

£/ B (Disadvantages)
HEREN /I EEREE - P2 BER HHE (Unscaled)

BIEE LARBEINEY

o BIFBIfH —$apriori knowledge.
«  SERRBIRHETRY AT .
- HRARTAHE (RIERERR - 4T3 K input rangefJHB LI BEAE
WSARER SR ETY) .
P sb SNEAE0 &R A (s R U iR) -

EEEER R HEEEHMNEE /] (Higher computational power)

22



2.6.2 EEBIE T FiAZ(Flow Chart)

#f5i(Modeling)

®  ZfEs{rH i Geometry

@ Degree of Freedom definition
® 7 #(X or XYZ direction)

HlZ(Measurements)

® = #IPower Spectrum Density (Time Histories —
PSD Matricies)

©@ B EE) S E ARidE(Natural excitation)
® EFESTFT, Autospectra, Overall efc.

dhig S (Curve fitting) KIS 5
®  ESR4ER(Frequency)

® [HfZ(Damping)

® iEAU(Residues)

m

N W W W W X I8 K
[

|

Modal Assurance Criterion

B&=%(Validation)
® MAC (Modal Assurance Criteria)
® SDEV of Frequency and Damping

@® Model vs. Measurements

23



2.6.3 EEBRE AT RIEURE

HNEEH FEASrE R Hi(Lightly damped structure)fis & & RHEZ4H
F3(White noise)ifij & 4 B - Bl DR Hoa HH B T A 4 8L -

iR £ ER EEH A LIS 2] Power Spectral Density (PSD)YAR, »

(—) izt~ Power Spectral Density (PSD)H :
Z—411(White noise)Z&h

G, (jo) = H(jo)G H(jo)" (1)
G, (jo) : HfZ (558
G, : HEHER] White noise
H(jo)IxH(jo)" : IEAEHUER A
H(jo) : ZEEE KB EER ’
HE PR 53 2R B AL =
n R

=3 B nogy
U 2 Jag e T @

R, =¢y7 * FBfH Residue %!
A REFAEBIE Eignvalue
P LA B (SRS

IR d,4 8, A
CUD =% S o4 ®)

[dB] Magnitude of Pow er Spectral Dens ity
&0 Row #1 - Column #1

80

-10D

-120

140

1604 5 0 5 70 75
Frequency [Hz]

24



(=) EHHermetian B SR AR B B B 3umi & (Singular values & Singular vectors) :

[Al=[VI[S] [V =s1v; vi+svpv +. @

[VI= b} & &) o ol Sy B (IE 5 )

Isi= o, | R )

(Z)HPSDR R —ER 7 K fE(Singular values) :

FEPSDHH

H Zk e H
% ¢k¢k +——=0:; “g 5,0:8; (5)

G, (jw)= - =
> ! ; ]ml—'ik .’ml"v't

Sk | R—AGERERZEE

PSDMag. SVDofPSD Decoupled Modes

25



2.6.4 JEERERED T HIE M

o FEHEHEERGRE SRR EES B
AEE RS s B R BRERBER
— EBiOperational Deflection Shapes (0ODS) #XE{LIHEHIA K

—-  A[TEIRSRRERRE TG In—situ testing

- DORIHERMR T TCivil Engineering
~  PlfERR - B LEERTARBY R KB BYINRERE ST

. o . Excitation by Environment :
Ambient Excitation of Civil Structures Industrial Applications

§ o ion by fluid running
i Wind or traffic excitation through

1 of a bridge

T ] ¥ T
Third deformation mode

oil platform

ImSs |t anarionn 15 3 ncicm
o CKHL~ YR HURRTTRAS 2RIV HE HI EF 51
— KRV H Z0n-road testing ~ RITHIZZEZin—flight testing

Modal mode! from data i
in ‘'running’ conditions

first deformation
mode of a floor of a
carriage

LNS
L,!,é- INTERNATIONAL

flight tests

aero-elastic interaction




=~ BIERER

1 BVRF B 8 b RO M 73 A B i B R M A M e 2 B R Al 2 RO BRAR -
Briiel & Kjer Vibro /2 GBI BRI A AR B T R A8 8 H A
B FHTAT A DM2000 bz R 5 Al f9H BT EAS A RRA &
L3k -

2.HH Run-up B¢ Run-down #] Orbit Cascade 77 @ AJ EL#BE 4 AE R BAH SE R
HRIERRAFIOR % FUBIRRE IR - AR AR ISR -

3.SCHENCK A FIRUE-1 =i M - SRS R R i s T i
EERER RS b - TR PSS 7S A T 1 o e B B
WA B BRI T ERR - HATNEA B AP aE
TRk -

4.LMS 2 EF|F OMA By il LEE i iR B o Ry - SRS H8RE
S E(H AR Natural Frequency - fHfE Modal Damping K #EH Mode
Shape) - A B i E RSP B ORI AR © BETE B E B2 B
stiffness, Ff & mass KFH/E damping)dfs#Itirsai - SG@EEE AN
E1E - DIEBARSRE B R EEK -

5.LMS /X A]F|F#kE Vibro-acoustic Modal Analysis B THE T » 18D
Bl SRS R SRS B i RIS BB 2 B #/485% Natural Frequency -
FHE Modal Damping K #z%! Mode Shape) - 88T H TR K - £k
WREERB T REHEST -

27
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30 VIBRO-ICE: il & 2 B 4> b7 4 2 46
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