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1.2.2 # AFol9 Rifmeol &? (What is the Spacing of the Lines ?)

3l 7hed HA Fags AIEY Aol ofs) A A, wref Al
o] F7(T7F A7 &1 AW, #7158 44T & d= Wel gloh. ek FFT
o] HA& Fug NS AIIE Aol oo et Fuaet A gh
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(What is the Frequency Range of the FFT?)
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1.4 Aliasing
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317] 9138 Aoltl.  Aliasinge & 22 . Z1& Analog Electronics
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1.4.1 FEpE ik A 9] Aliasing (Aliasing in the Frequency Domain)
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Fypy = (60)(No. FFT Lines) _ _(60)(Sample Size) 3)
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AMPLITUDE

a) Actual inpu' A NON-PERIODIC SINE WAVE FORM...

'S

|
i
Time ! i i
Rccord’i ' /
11 L .

(a) WITH NO WINDOW FUNCTION APPLIED...

o G

b) Assumed input THE TIME SAMPLE 1S FORCED TO

START & END AT ZERQ

- - -

/\

VARt TV N ,—: SN -
V4 ‘s Ve

¢) Window function

——— - -

THUS, THE SAMPLE SIGNAL "APPEARS"
d) Windowed "“pul TO BE CONTINUOUS

19 6-5A A7+ oA Window 19 6-5B WindowE # sl H|F7] %
9] o4 ggo]l F714A AAHH YEFA

st AS HolFe s =i

e g delE st AESel oa) W] o] AT AE /st o
= g3ol 1y 6-5AS ol vhA AF Wy AR AHSA =
o ol 1% 6-5AM)Y AHMEFuTE F AL Peakel ¥ U e Fds
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HAKRNEL
LOM-PASS F!ETEREB ‘f’ﬂ{ FUNCTION

adBy FS 1648721V

TT@ v - st ,
a) Leakage free measurement
- input periodic in time record

CH B: + @dBY FS CH B: + S4BV

b) Windowed measurement
= input not periodic in time record

I 6-6 Windows &0 24 a9 6-7 WindowE #5024

Leakage’} 74 % Leakage: ZAHY AAHAE &L

1.5.3 Hanning Window
A sAelA 7Hd del o] &%+ Aol Hanning =5t HAA= 19
6-591 4] AF&3t R o] Hanning Y%=%°|t}. Hanning Y =$+ F7]8 ] AY v]F7]4
QES-E AHEstuete AlzE

ol Adde gisiAe Z A&l Iy, 18y Hanning ¢
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1% 6-8 Hanning Window Passband Shapes

o5 w7 94 v 2 dE AHEaL
Induction Motor Speed = 1785 rpm

Fuax = 12,000 cpm
No. FFT Lines = 400 Lines (Hanning ¢1%=%)
Freq. Resolution = 30 cpm/line (1785 Rpm< 17703 1780 cpm Bin¢

7h&dl flA sk o= AA IEFHHTE 16% W2 HH
#s oe AS gugh.
Tkok Fyax = 6,000 rpme] ™, 1785 rpm< Bine =% =] A

o] QXS glevl B4 9ee o).

upe}A Hanning 91 %=-F5 ARESHH X1Z S0 A a4 AA ghrv 0%14 16% 9
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gl W3 AH Hanning 9595 T3¢ BileS FPA7IAWT & Ade
Zth. w#bA Hanning 9595 2% 6-9aclA ®HE vlel Zo] Impact Testd %
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EXATEREHe ARE 4t e O¥ 6-9b9 S Hanning 9295 I= ¢
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H
Azl el 27" 6-9a%t ol A dwd AzE LAY a9 6-102
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CH B + 104DV FS

a) Unwindowed transient

n a) fransier:
' input CH Br + :18d4BY FS 184B/DIV

L]
' ]
1 |
1 ]
' Time ! :
1 Record [T P i
l |
] I
1 ]
i 1
| |
' [}
'.’VW ! ) Windowed
ransicrt
b) Hanning windowed transient
13 6-9 Hanning WindowZ A& 213 6-10 Hanning WindowS A}-& 3k
Sl whE NERRE JuE g A9k ALgSA e Age

1.5.4 Uniform(Rectangular) Window
Hanning =%+ FEsodes JE&5HA &7 uo EE A7 Sl d
(e}
o

]
 E=3e vES FE Uniform 9= E =

7F e ZA)E ARESY. xR E9
A5 A7 oA BEdAge] &ds] AT wEd 247 dEAlEed digh
-5 Faz 3% Z+=v. o]AS “Self-Windowing Function”o]2}al dht}. o] A

2 FFTol A LeakageE ZAA71A o A=$7F B23X v}, Uniform Y=5-
= Impactel] 93 ZHHAEF AFo] wl$ F&sttt. ¥wrHEo] Uniform 9%%5 HF
714 Ao AFEeH ~FEZ A Leakage = HF A4S AAT = gl o

o] Uniform 9%59 4% AZFAst= 36%7HA €.

1.5.5 Flattop Window

Hanning &+ 97F 53 245 33 9 o]# gt 5Ao] F34 Peak
& Adated dasAT A5 W& g FAse e AFsA & o]
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Trigger(Photocell, Strobe, Laser Tach. 5)7} 5% % 31 = 7[A(EE JHAF)o

B2HEO zxspxlEwte] F7] AIZF Hitol] o8 Ax¥n. HlE7] FidE 1xRPM
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o] & Fan®l Fw, AAZIAS Roll, T 7lojabxs yle] 7joje} 3| d &3 o] A
~ i

Fe e 4AE LAY 9 fes T
A

Ane = a5 o ezl F4E) 3
A%Ee nzs ARS Weal 2 5 glen 49a 242 4 A
1.7 E&(E#%) B% (Overlap Processing)

i)
ko
fr
&
v
o
o
E
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N
N
N
fl
dot
2
il
Ho
o
i)
o
>
B
rlo
1>
S
=2

¢ _ (60)(No. FFT Lines) _  (60)(Sample Size)
MAX Freq. Span (2.56)(Freq. Span)

o] Aol AEE FH= AlZre] FFT ALMAIZIET o ZA @t oA
FFT Z2AM= 82 AES 2 sHsHA dvh oA 19 6-14914 & & 3=
=

g, 4714 A7 53 FETE Al7ke] “Block” o &2 vreRL Qlth. whoF & A28 Al
ANES 7vels WA AR 7150 LdE HolE e dish “FHHEGW, AR
2~ EYE FFT Atto]l el uwhep 25 XA & Zlojth(4] 20 m& 3 WA
=5E @71 9 ARE Foll). ol Ae] “THFAAIH Y 6-15904 H= A g
FFT= 2F ARb7I 59 2ollA o fofxith. MER 7k FFT Apole] A7 (E7h)e L2

R
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® @ o Data Gathering

FFT3] © @ o FFT Compuiation

Time Record 3

FFT 2

Time Record 2

FFT 1

Time Record 1

Time

a9 6-14 vFHAA

o]

® & @ Data Gathering

FFT 3| ® ® o FFT Computation

Time Record 1

Tine Record 2

Time Record 3

FFT 2

FFT1

14 o] Fol it}
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$4e AT AR o

MZE A= FHa A7) wE

2 A

T2 A
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1.7.1 EEBHRE S AHET Z 5o AMESHA] &2 A5 AEH KHY 6
(Example of Sampling Times With and Without Overlap
Processing)

ol#]g 2AE 93] a3 AA AE =AHHA A9 F o2 HE FFTE A
:)

2bsk7] 918k AR RE ol el W 3kr] 9} Data Collector Systemeo] “<Fg”==d] &3k
AlZEel ghgroltt. oA A& ZIAY Af Y 2~3 & 28w (AR
3. ARRE= Aol #Agle]l stue] AR &S FHeted Z gk Ak Alike
= A2 us3 2o

) . _ 60(No. Samples)(Na Avg.)
Data Sampling Time = (2.56)(Freq. Span)

60(No. FFT Line9(No. Avg)

Freq. Span
o] 714

Data Sampling Time = A MEH F7(Lvrt} A5 JAE2ES FH432 A%
st=7tE AA), sec. (FHAAO] AFEEA 2 Ao
= 7H4)

No. Samples = AZggS s A8 AHeE A/D g
(400 Line®] FFTE ¢3 1024 A1 =).

No. AVG. = ¥ 3

Freq. Span = T35 4 9(cpm) (0 cpmo] ok thE F Il A Al

A5 & FFT 54409 49 Funol A FuahA 9
).

ggel ot FANAL o EFORA AF Azte] A BEHE AL wolETh

FAHEL A8 A% 8N 4e Ao a7HE A4S

sk o2 A, 83l Hir# 0~1500 cpm (0~25 Hz)el F34 o9& 7z

3 400 Line]
FFTE da= & A$ dolgdd Mz st=d 128 22 Ja =z srp(Hsr) el o

B 547] Azdel gAZE A8,



& (L ZE Y o7}

Hhe4

Fe k), 50% 2]

S

=11
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17)S EAAE 1A% o8 A RelA =

[e]

1

)
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wa
Nfo
X

ok
A
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el
0SS
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ol

oy
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+

L
X

ds

(a= NO OVERLAP)

128

16 sec.

O IE—

16 sec.
1024 SAMPLES
TIME RECORD

®

16 sec.

16 sec.

®

16 sec.

@®

16 sec.

®

16 sec.

16 sec.

®

®

72 seconds
(b= 50% OVERLAP)

le
.

16 sec.

() [102a samPLES

16+ 7 (8)

16+ 56
=72 seconds

L]

©)

OLD ' NEW

@ [@sec.| 8sec.

OLD NEW
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}*— 27.2 seconds ————»|

® mlm’l-ﬁs 16+7 (1.6)
14.4 sec. |1.6 sec. =16+11.2
@ o] New =27.2 seconds
® ﬂ"f]’” (c= 90% OVERLAP)
O} I
O} I
®C
O]
®C—

c) 0% FHAA - 178 Ff, A WA A7 ES 9 16 29k I v AR
59 16x =272 =

PMP ZAFS 913 S ome= 919 ool o] 839 o] oyt FuaxE
3000 cpm(50 Hz)7HAl &H317] 98] 75%2 T dd 289 Hae ez 3l Fuax
7} 3000914 12,000 cpm(50~200 Hz) Abele] Fut F9S zb= A5 50%9 TH=
o] &38te] 43]9] HY S A= 3k 12,000914 60,000 cpm(200~1000 Hz) A}ele] 3}
T d9s Ze AT 50%9 THE ol&dte] 839 HdS oW "Huh 60,000
cpm(1000 Hz) o]’e] Fu4 o9& 2= 49 T3S oA ¥ 1639 FdS F4
ghrt.

He delA F34E 150,000 cpm(2500 Hz)7MA] S 7FAIZ
Z(FHEA && AP)dA 072 2(B0% FH)E =057
itk 2ely 1500 cpm¥} 23] 9] HytS HE wol= FTHeo
A7tk wepA o] o] AHE Al 7)ol "

N

— s
M
2

1.8 &) ~HEH] HM (Understanding a Vibration Spectrum)

T F9olAM AEs a"or yed ot 19 6-162 =

= o X-5& 12,000 cpme] Hd FIF(Fuax)E #+ cpms WERY

H Y-2=& 0050 in/sec peak/division @Y E Ee £EE yeith (10719
0.500 in/sec®] AA E& vebdith). FH 52 =3 1070 Division S 2

Hol Qo Z+ Divisione 12,000 cpme 1/10(E+ 1200 cpm/division)®] ¥t}



146 — A1W AT 7€ 7l=s

Cursor®] F7F& 7} Peak® Fuof 1¥o] A ety 17 6-16°14 Cursore=

T ¥ Peakoll At Cursor T3+ 1770 cpm(Z A7 A9 A& A 3h)&

7he] 71 o] €] x_ﬁ-f_’— 0.2474 in/secoltt. = EF opefl FEo] HAL 199 74

A AFE AL A vepdt A WF 0500 in/sec®] 1% 0.005 in/secst 2
1o &=

AL 25 (245 =3 Tol Al 2 0.005 in/sec A AA o]

, .......................
8
B T L LN T T T
v
\
SRR R R R R R
; © IMAGTNARY
° ~ THRESHOLD LINE
¢ : 005 IN/SEC
................... #1 FEZEDWMTR PUMP
- . 4 N IS
T T T = oee 98 1992 e8:25
a2x
1x pPM: 1770 1770 Anplitude: 9.2474
1% x 0.500 = Q.0050 1 X 'REM: 1770.00
Machine Pos Dir Units Date
#1 FEEDWTR PUMP 4 H IN/S Oct 08 1992 08:29
Frequency 1 x RPM Amplitude
180 0.102 0.0054
240 0.136 0.0057
300 0.169 0.0070
1050 ©.593 0.0062
1170 0.661 0.0088
1260 0.712 0.0053
1350 0.763 0.0053
1470 0.831 0.0053
1620 0.91S5 0.0051
1770 1.000 0.2474
2910 1.644 0.0078
3540 2.000 0.0144
3660 2.068 0.0055
4680 2.644 0.0108
7200 4.068 0.0234
T - Threshold adjust Q - Quit

% 6-16 Cursor 379k AF827F A AR o] 2] PeakE YE = Spectrum
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2 EYNA BE Peak®] WEF Fu4 grol b AU s Aol T8
o AEe B8 BAL A4S G g Fasth @, Fhgs 1Ed
e AFshd ol g7 WEel P Fastth dE 5o 1Y 6-169 2ol
A #v Peakel AFATI0 come 7178l HAEEARPMIS 2t} whebA HEo
1770 rpm BA% %S FH AES] Qelrh A M AEAe] XRPMA AL

g IxRPM 55 HAANIE Aeds 7l 4 Y. FA9 Rolling Element

o
=
Wojg), 3] Fi, e g2 dAVEA T3 22 o E dJde mAT 5

1.8.1 A MEEd v X+ FFT & #<9 %R (Effect of the Number
A

of FFT Lines Used on Frequency Accuracy)

ol Tbsd Qe A0 A9
Fo g ok AY Aotk 4@ %

£ olgA ATt et Rosd £ da SAsd Fx vk
O~

i
o
ol
rlr
=
N
S
o
e,
ko
rot
pory
o
11
2
Lo

rlo
[
g,
|m

)
%
o
ki

gREel AFE EYEE 400 Line® ~HEH 4 esE 2t drh(@=s o
o] dlole FH 7= PMP ZAFo] 400719 ~HER S FHEEE Fof Q). oA
=otd el ~AEH S FI5 F& web o] gk 40071¢] Line(E2+ “bin”) o2 U
o]z vt oW F3 BindlA= o] 0017] wiitel] EE Bino]l ARE zEa 3l
= A& oYUy a8y AHE ztu JE Bine JZE Peaks UENHY oS EF

Freq. Span

Frequency Resolution = No. FET Lincs (4)
o 7] A
Frequency Resolution = Line"d #35 (cpm/line ¥+ Hz/line)
Frequency Span = Funin Al FraxZbA ] T35 4 F,

<3| 0~Fumax (cpm+ Hz)

3 o ZA, 28 6-16914 FuaxE 12 kepm(12,000 cpm)o]th. o] A& 400 Linel &
U+ ZF Bin 30 cpme] WHEE ZEvh 599 A Bind A AR 17559014 1785 cpm
HAe AE ARE ¥ggstx Qth. 1770 cpm T35 ©| Bin ¢tol X ggd. 1
it o] Bin ¢tel] sty = 1 o] Peak’t A= EEu. ¥AlE FE Peaks

Z

°] Bin gtell = =
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e

0.2474 in/secolvt. ¥} Z= Bin Fell= ofnte 3 o] Fapagto] 1S Zloltt
5 Fi5 s AgsHA ¢S 7 dnh FAE F359

7‘35’45(@2}5} 0391){— A2 FI ghol el wvhE Hstry wjFojoF sk A
Folsl= Aol Fasitk. wabA 12,000 cpm 2FE Ho] 30 cpmd] FalTE zE=E A
£ 1800 cpm Peak® AU WHYE 1800 cpm(+15 cpm), EE= 1785~1815 cpmeo|th.
gk o] 400 Lined 120,000 cpm A EZ Ao A 1800 cpm Peak? ALEE +3H3
59 ¥H300 cpm), =& 1650~1950 cpme] BT ¥ 6-17914 6-207+2 & 100, 200,
400, 3200 Line®] si¥=E zte ~HEQS HoFEt, 19 6-179049 2ol 100
Lined A EE 7lAE A~FEZ A9 Peak:E “1800 cpm”e FH Peak”} 7} & A
e Aol fFoekAk 100 Lined] s =g 28+ 49, ZF Bine 120 cpme] F 3
F BalsCArZ FADS Zev wEbA 100 Lined SiAE=E 7 & 2" EG A
9L Fug e FASs 27 6-18 200 Line] si¥=E zta vy 2 Ay
olo] Bal5E 60 cpm/linelE 18 6-17¢ AR ZF Erh o7 FH Fu
FE “1740 cpm’el J& Aoz #A=H 29 6-19¢ 30 cpm/line?] #3l5S 2He=
400 Line9d #;AE=ZE 7R = ~HEZo|t},  oju Peak:= “1770 cpm”o] Ho 1¥
6-173 6-1891 A4 ¢] gETh= & ¢

= O A Ay dfdeE S7HA7IE 4s ¢ vk 19 6-202 3200 Line

AEG] dFolry. o] H9, 12000 cpm FIF el i s 375
cpm/lineo|tt.  FH FugE ‘17587 cpm’e] Bl olw] F¥ Peake A= (HE
gHADE £1.875 cpm(HE= FIF s Afe] wholth  wEkA AHA| FIE 1756.
8~1760.6 cpm(29.281~29.344 Hz) Ate

agvpd g8 dole e £AE dsty] Sl o] ¥4 3200 Line 2 ERS A
g4 &E7F? FARTE 3200 Line 2FMEH S 400 Line ~FEZHHT} Holg
ol 8] 21 AbE o= 8h7] wjZol(ekefo] 2 (5)lA HTo]) tlolE 43 7
=g A @k =A% 400 Line 2~ Eg] Wt} 3200 Line = E ]2 8ufo] #7¢8%F
Ja92 o Ao A oleldh s ~HEHS FeTH ~H9ES A

Fodas dASA A7) WZel olel et ddke] & Aot} oo il = o
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®.8308 IN/S / Div

#1 PEEDMTR PUNP

e o Ins
" . Oct 88 1992 96:29
® =x )
1x RPM: 1770 Carsor Frequancy: 1800 fplttude: 0.2342
001% x 0.500 = 0.00S0 1 x REM: 1770.00
Machine Pos Dir Units Date
#1 FEEDWTR PUMP 4 H IN/S Oct 08 1992 08:29
Frequency 1 x RPM Amplitude
240 0.136 0.0129
840 0.475  0.0053 FEE). RESOLUTION = 12 CPWLDE
1200 0.678  0.0132 B
1800 1.017 0.2542
2400 1.356 0.0061
2880 1.627 0.0115
3600 2.034 0.0134
4680 2.644 0.0154
6480 3.661 0.0081
7200 4.068 0.0227

T - Threshold adjust

138 6-17 100 Lined &%=

Q - Quit
7}A]+= 12,000 cpm Spectrum

=
=

®.0388 IN/2 / Dilv

1 x RPH: 1770 Cursor Fregquawcy: A740 fewlitnde: ©.2319
13 x 0.500 = 0.0050 1 x-RPM: 1770.00
Machine Pos Dir Units Date
#1 FEEDWTR PUMP 4 H IN/S Ooct 08 1992 08:29
Frequency 1 x RPM Amplitude
120 0.068 0.0076
300 0.169 0.0072  FREQ. RESOLUTION = 12,000 CPM = 60 CPM/LINE
1140 0.644 0.0111 200 LIGES
1320 0.746 0.0087
1500 0.847 0.0075
1740 0.983 0.2319
2400 1.356 0.0051
2880 1.627 0.0083
3540 2.000 0.0160
4680 2.644 0.0116
7200 4.068 0.0237
_ tan O] ] L= A=
1% 6-18 200 Line9] sl¥ =& 7FA+= 12,000 cpm Spectrum



150 — A1¥W IFY 71& 7=
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A Y
0
N
SRR E) R R PR TP EEP
&
] o -
® : . :
[T DO L 1 #1 TEZONTR PONP
: : : : : 4 Hiws
e = N i . Oct 88 1992 8:29
° r_ 12x
1 x RPM: 1778 Curser Fregquency:@ 1779 Anptitude: 0.2474
1% x 0.500 = 0.0050 1 x RPM: 1770.00
Machine Pos Dir Units Date
#1 PEEDWTR PUMP 4 H IN/S Oct 08 1992 08:29
Frequency 1 x RPM Amplitude
180 0.102 0.0054
240 0.136 0.0057
300 0.169 0.0070 FREQ. RESOLUTION « 12,000 CPM = 30 CPM/LINE
1050 0.593 0.0062 400 LINES
1170 0.661 0.0088
1260 0.712 0.0053
1350 0.763 0.0053
1470 0.831 0.0053
1620 0.915 0.0051
1770 1.000 0.2474
2910 1.644 0.0078
3540 2.000 0.0144
3660 2.068 0.0055
4680 2.644 0.0108
7200 4.068 0.0234

T - Threshold adjust

Q - Quit

a9 6-19 400 Line®l siA4%=E 714+ 12,000 cpm Spectrum

IN/S / Dte

. a1 rEEowm oo
L4 WS
| Oct 86 1992 ©9:36

1 x RPH: 1779 Cursor Frequancy: 1738.7 feplitude: ©.2331
0063 x 0.500 = 0.0300 1 x RPM: 1770.00
Machine Pos Dir Units Date
#1 FEEDWIR PUMP 4 H IN/S Oct 08 1992 09:36
Frequency 1 x RPM Amplitude
1758.7 0.994 0.2531

FREQ. RESOLUTION = 12,000 CPM = 3.75 CPM/LINE
3200 LINES

T - Threshold adjust Q - Quit
2% 6-20 3200 Line9] 317 7FA1& 12,000 cpm T35

Spectrum & 2 %5 3 Zoom Spectra

ol

Li== [e=]
= o 1

9
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3200 Line ~4Ege A 48877 S48 A78A@S
Bar &=+ End R

1A A HAAE s Foerh ke 9

e wol = ol Aol FEetth the e 24
= ool Fahgsh nzmsh gRe] SAswe A5uls wyste] g welth @

A2A HZIt 67
= Agolt o] A% Wel B3 FnR5(6xRPM)ZREH oY T3t

o
)
ro
KS)
o
o
D
X
=
ge]
=
1o
iih)
ot
N
i
b
it
A
rlr
=
2
o
[o
=
i
ol
fd
noxo

L ARkl do] E ;Soﬂ/ﬂ 400 Line?| sid== AHd3 AL=S A
4 B A Q) oft HFE Aol

60 (No. FFT Lines)(No. Avg.)

Data Sampling Time = 5)

F
o] 714
Data Sampling Time = Al 7F9t& oA FET AAFS 93k A 7k (sec);
FTHRA] gl Aew 7H4
No. FFT Lines = ~¥Eg oA FFT Line =+ Bing
No. AVG. = e 35
Fhiax = T35 99 (cpm)

1.8.2 A HEEd vX<s BEE fElke %X

(Effect of the Frequency Span Used on Frequency Accuracy)
5o dES A= vE 24 395 99 TFwap el 34 99
Aol AA Fukg WEo] BA
RS R I R g “401115} 1% 6-21-2 Fuax©l 24,000 cpm?Ql 400 Line Z~FE o]
t} o] 2FEH H L2 24000 cpm/400 Line 314 %= = 60 cpm/linec]t}. ¥
6-199] 12,000 cpm Fuax, 400 Line 2~ Ef ¥} nlws] & w), Fu4 gE5o] 1/29)
AEEE zZrer 19 6-22¢ 400 Line?] sl EE 2= 120,000 cpm Fuax 29 EH
olt}, o] EdF2 300 cpm/linel 24 Fu4 HAE7E 150 cpm(EE +1/2 &
AMe)DS ongttt. o] A, Fug A5 19 6-199 AdEe] HlE 1/10 wrel



2 3. 714 ¥ 3] (Technical Associates)t Hl°olE & 717} Fuax &< AA37] ¢
= WO
[e} H =

zkal Qi o] Wt FolA AAMEtA =9 Aoltt.

2
H
A Y
(]
Y
z
H
n
©
© :
...l £ rEEZOWIR YOWOP
) H IS
A . Dct 00 1992 08:29
24x
1x on: a7Te Qursor Freeuency: 1900 Onptitude: §.2492
1% x 0.500 = 0.0050 1 x RPM: 1770.00
Machine Pos Dir Units Date
1 FEEDWTR PUMP 4 H IN/S Oct 08 1992 08:29
Frequency 1 x RPM Amplitude
180 0.102 0.0095
780 0.441 0.0050 FIRQ. m-&%-wm
1020 0.576 0.0066 400
1140 0.644 0.0076
1380 0.780 0.0097
1500 0.847 0.0078
1800 1.017 0.2492
2940 1.661 0.0083
3600 2.034 0.0178
4740 2.678 0.0105
7200 4.068 0.0253
14400 8.136 0.0111
T - Threshold adjust Q - Quit

a9 6-21 400 Line? == 1A += 24,000 cpm Spectrum

>

a

A Y

2

z

H

H

i

)

1 x xem: aT7® Curser Freeuency: 1800 Anelituda: 9.2598

1% x 0.500 = 0.0050 1 x RPM: 1770.00
Hacbine Pos Dir Units Date
FEEDWTR PUMP 4 H IN/S Oct 08 1992 08:29
Frequency 1 x RPM Anplitude
00 0.17 0.0098
1800 1.02 0.2530
3000 1.69 0.0117 FEEQ. RESOLUTION = 120,000 CPM = 300 CPM/LINE
3600 2.03 0.0137 400 LINES
4800 2.71 0.0091
7200 4.07 0.0230
14400 8.14 0.0111
T ~ Threshold adjust Q - Quit

1% 6-22 400 Line®| A== 71x+= 120,000 cpm Spectrum
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1.8.3 “Zoom”°l & AP HfEES M E - R FEED Fourier BB
(Improving the Frequency Resolution With "zoom”-Band
Selectable Fourier Analysis)

FFT= 0 Hzoll A Al#pstel s34 o2 Hd Fa704] widd 28 Jo
/AN AL A7 webA Fa s HAd FaeEE “EET FE e Al
olal] A gHE T}

1.81 &9 Fofxl oelA & F3} | 24 e ANsE AT davt v
7}tk olE 5] Current Transformer(CT)E W72 Al&3ste] HAE719] HAF
2HEHS 42 5, AE7|e ZHE B dd IJHAF EAE Sl dsr19
A7 ~FEedS 374 A FasFEool e 1FA A HA Pole &3 F3
Fpetar L2l = Fadd s AFI vusop dp(Pole &3 344 = Slip
F3 x Pole 7). ALAE FIFE T4 60 Hz(3600 cpm)ol™ A&7l HF =9
EdoA FH Aol HEZ BMAEL FAHAES EY & Pole T FI59
SidebandZ ®.7] 98] “Log WE"S o] &3t a8la E4 o5 pole B3 Fupgs
30 cpm(0.5 Hz)oll Al 180 cpm(3.0 Hz) G el Stk weba o2 4S5 flalire =
& Fag Billes daw It FIF Bies LR 45 F de F4F
FHLE ~HEHAA ZHE Peaks THT F Advhe Aottt

T Zelles FEATIE F 7R TS o deA =oHdn. Fag Bl
= FEAY

o (0~200 Hz ®=+= 0~12,000 cpm 9992 400 /Mol 2~FEH Line & 40 7). 19
B+ Zoome o] &ste] #dd RS FAI Aojth. Zooms o &3H¥ 400 /He] EE
23HEH Line®] 50~70 Hz(3000~4200 cpm Y o=Z 3.0 cpme &35S zt=th) Ab
olo] MFHrhk 19 AdlA Sideband+ %‘J%EE} oF7F =Am, mhof o
H SAT 7 gtk a9 6-23BolAE e A7IE $Fo] SidebandE A A E
T AA AT

“Zoom” ¥} “True Zoom”& A& Y Zt}, oW EX7|= 12,800 Line7tA 2] ~#HEH
<= A 5 ok wkeF 12,800 Line] 4wt ®AIstH e, 1 A= Zoom 5743

9. ojE ABEL o] AL Zoomolehy FEAW o A& wadl ‘TFE Ao EA

m
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lo,
N
re
)
L}

o o}, o] AL “True Zoom”©] o}Ut}. True Zoom< FFTE <33s}7] Ao 3
A ode Fuas 99& WA HdAs= Aotk webA 400 Line FFT= tiF-ie
“True Zoom” 7l A3tsttt. dhvkstd 400 Lineo] =& ®3lde] F34 oY (Fux
A Fuax7HAD ol 5= 7] wiZo]t}.

28} 400 FFT Lineg A A3 A~2FEHA 429 3= “Zoom”S AASALS 7
ol ?‘jJrfF Bl 5o Ay x| geth. BA17]oA] Scale Factor 42 AAsdA S0t

¥
i
I
2
o
2
E=
)
o
=
i)
HE
(]

1tk 29 6-24°1 4 Fuaxe 29 60 ,000 Cme] o}

ek 15000 cpmo] S k=5 &ttt Fubg SiE A EYS b F3hb Peako] I

5SS YehyE Folth 8k o ZA] 3200 Line FFTE &1, %3}
6-2591 4 Ro] 8ul(3200/400) e Fukg ®ale FHES P2t 23y 3200
Line FFTE oA 8u]e] SAHAIMS =2 & FFH | 400 Line FFT2] 8u) 9

A= 7} 8]
ot oF T 9SS FAFHA ¥ oA w9 A& Aol AR Ftojw o] U
Aol st A Fourier dN4-& A gtr}. olo] FHL wWesirl, 34, 3200 Lineol

vl 400 Line FFT+ 2] 1/89] W R v 22317 wjio “True Zoom”& 4 A7t
I doly AFEE AEs] EoFr. 2Ev Nxﬂo}] AolA b dHelHERY
Fst7] dol= Zooms daw d= FuF tigds A9 ¢ 5 glth o AF #FAF
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Figure A - Spectrum of motor current, measured without zoom

DISPLAY IS ONLY 40 LINES OF A 400-LINE FFT

10AvV Hann
10.0
aB / \
. ZAZERVAN L
-70.0
S0 HZ 70

Figure B - Spectrum of motor current, measured with zoom

DISPLAY IS 400 LINES CONCENTRATED (AROUND 60 Hz)
- BETWEEN 50 TO 70 Hz

3Av Hann

10.0

aB

1

SO 70

% 6-23 Zoom 9F-ol wE HF7] HF Spectrad] 9
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1.8.4 A 2 RiE AL o3 29 EH 9 FHEE [ E (Improving
the Precision of the Spectrum by Frequency & Amplitude

Interpolation)

HAle] AEE5A Auiek A ESolnto] 12800 Line ~MEHS XA
AT THol Ark. A¥EA<Ql 400 Line A~ ER dlo|HE o] &3l AR50 Faro}
FAE 7o) AEEE =o7] A& AFEEHE 71&S o] oA =92 s Fox
T @93 FFT &34 oA Faget 1F 58S IOOHHWW 7 l?’a T

A
ARke gre AAlghel AR Aol

(1) &l AE AEBJEDS A HERX

(Equations for Closest Frequency Interpolation(f1))

= gl Fold

P

o]l:lr_ 22 2o =3

fp= 1, + af,  (f £, > ) (6A)
fp = f, — af,  (f f, < ) (6B)
o] 7] A
fi = AA FIgol FASIEE AAtE = UAtE T3, T EdEl Afol
o9& (19 6-26(A-2) #=x)
fp Eal

NEddo] BAIE FI¢ (il A F345 Peak, AHEE T35 &3
foll &)
Ae = Fa BA E= o} fio] o] (cpm E= Hz)
fs = (pET AAY 22)th3 Bind T35 (19 26(A-1) =)

T B Aee va3 2ol ALk

2A, — A

Me= A +a Y @

olr

o] 714

As = Bin fsol Q= F30e A% (27 6-26(A-3) FX)

o
Lo

Ap = Bin fpll & T35 AH (29 6-26(A-3) Fx)
Af = F34 H&s = Freq. Span/No. FFT Lines(lz ¥+ cpm/line)
uekal 2 (6)7 (7S o8&t AU E T35 4F Bing WIS Al gLt
A ZAbste] =2 A

A% Augomy EAW Fuie AUES W FAD 5

Atk tE9 o= ¥ 6-273 6-2894 EXo] o W] Abg oS HolEuh
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(2) ELl AFE READS 93 FEX
(Equation for Closest Amplitude Interpolation(AI))
np 72 28 6-27° FoF Fd3 HolHE o]&3ste ud ol
]

a5 4L F 9
)
N3 S
A= A [ 18001 ) J (8)
Sin 7Af
o1 7] A
Ar = AR F3h5e] A QB TAREZ AN E WAE A%, ALgE F

Ap

9] Eajse] o &
= AA Fugdd ZAFE F3k Bin9 JEZ (X EZ 9 @9 = g, in/sec, mils,

dBolth).
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1.8.5 #iEkiE MmEfol o3 kg MEE ML
(Improving the Amplitude Accuracy by Checking the Bandwidth)
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1.8.6 AP ¥t #xf@ Fnel WA= Dynamic Ranged #%E
(Effect of Dynamic Range on Frequency and Amplitude Display)
H4 Fuax® 274, FFT Line® <, t9% HE 9o % Sideband$®} & Peak
FHe] & Peaks HA XatA ste thE wAZE Atk o= AR Au|7F TR
“Dynamic Range”& Z#| ¢7] wji&o|t},
Dynamic Ranget™= “ZHul 4= d@y} dzro] dojur] Mol AFH] &= Al2=dle] 2
A ek se] A v(dB)"® Aodd. FEutde 2HEHS ue A2
2 EF PeakEol Hole dgolrt. whof #4

=
PrAY FRE a9 40 F45%n B4E 5+ dvh 2HNEY Peakt Fguhes)
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Dynamic Range® & © #4ls 2t dujwoetop o da7k ol o2 A 7] 96
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12 Bit 7} 24 dBRFE & ©] ®getth. olzle] Folg ojw|sh=r? 8 Bit FHd

vls) 12 Bit g¥7F depwkE WIzEEoR?

1% 6-300 Fol A& o83k (dB/20)9] AntilogE AME 4 Ut o] AL w@

+3] 24 dBS 2022 WiE A, F 1200079 2tk 2w Aakrlel A “INVT EE

“OndF"E & ¥, ‘LOG'E F& tg 128 dgsta “="2 & Holgh 1 gL

15.85 H=+= 16°] ¥t} o212 12 Bit A/D 4|7} 8 Bit gulel B3 16wivtE ®I7Hsh
H

8
o RS gt F o gt AL A%

8 BIT VERSUS 12 BIT INSTRUMENTS

DECIBEL CONVERSION TABLE
dB = 20 LOG %‘o—
\/
‘6_:, v- = ANTILOG ]
dB Ratio Dynamic Range
A/D
# BITS #ofbits Largest dB
used Vaiue Number Range

100 100,000:1 1 1 2 6

90 31,623:1 2 2 4 12

80 10,000:1 3 4 8 18

70 3,162:1 4 8 16 24

60 1,000:1 5 16 32 30

50 316:1 6 32 64 36

48 25111 7 64 128 42

48 200:1 (¢:] 128 256 52y

40 100:1 9 256 512 54 4006 =

34 50:1 10 512 1024 60 »r ~5eg 18 (% aB)
26 20:1 é 1024 2 66

20 10:1 12 7

14 5:1 13 4096 8192 78 :ﬁsﬁ-'wms
12 4:1 14 8192 16,384 84 ARE 16 TIMES
10 3.16:1 15 16,384 32,768 S0 ' AS SENSITIVE

8 2.51:1 16 32,768 65,536 86 AS ARE 8 BIT

[} 1 INSTRUMENTS!

5 1.78:1

4 1.58:1

3 1.41:1 (8 BIT)

2 1.26:1 1Partin 1000 = 60dB

1 1.12:1 1Patin2000 = 66dB

0 T (12 &im

a9 6-30 8 Bit ¥ 12 Bit &4 2] Dynamic Range #}°]S YEeRW 7] 93 Bite] <,
dB 2 M3ujef ojist W3 =x.

8 Bit¥ 12 Bit &wu]¢ Ael& ®7] 98 8 Bit FHI(IRD 818)¢+ 12 Bit “H(IRD

890)E FAlol Algate]l feldf B4olA A8 HE Forming Fanol tjs] 344 of



970 7t =A% 72+ A S A& =
=z & AeHolA do]E ?ﬁﬂfﬂ AZAME 89001 A W] she] 8189 AAstATLH. 1
2 6-319 o8] Mo A2FEALS [RD 818% ¥ W 2 &AHI AL HAFET

,_
N
[@)]
>
o
=2
offt
>
Ay
oxl
o

o
it
2
o)

13:519 dei 12 Bit IRD 8902 2 dHolHE 44
Atk 2 Fo] WEy] AAHE 890914 EEld Fel 8180 AAsATE 13529
818% FAH ¥ EgRol ¥ 6-31° FojA v} 8 Bité 12 Bit FHl= AT =
HEH FQ8g Aoli= IRD 890 ~FEgle] 818xRPMe W74 Z3 3 (BPFD
A4 o] 1xRPM Sideband o] Atk zleolt. whdo] IRD 818 ~¥H E ] o
stk Wloj|g Ad Fo FZol v Sideband FI3F7F UERUE o] 52 M|
o] & T umA= A3 Aol Fetdgs 34 w BPFIY IFWx7E Ade
hAlgth. 19 6-31914 12 Bit ¥ Ed o= g 29 Sideband #RF o}
F719] Sideband o] EAsH A WA JgdE HITh HE 12 Bi
& oy Fugu woly] Faae] nxart gly] wie] kg
A 8 Bit ol A= dd UEhA &= Sideband] theo]
wol ol 7IAE & o WHEsHA Akl & As AA g
& Al71el 8 Bit¢t 14 Bit FHlE Blasty] 9l L4 AP vE A A&
a9 6-32% 8 Bit 3 71(SKF/Palomar 6100A)2] ~HEFS HojFw 17
14 Bit 5 7]1(SKF/Palomar 6101A)¢] A& HojEd. ook Fd3t 7}
o] BA7lo dAAstdth 29 6-33°14 14 Bit A/D #H
Dynamic Rangeg 71l lom o]+ 8 Bitel Hlal 64u9] 3% 7
HH(SKFEF/Palomar A%< 6101A2] Dynamic Range”’} 80 dBY <
6100A°l w3 thef 40ufe] WS vekdith). L9 6-33(14 Bit 371 o 54
H 2o A 72,000 cpm A A= WY F=94o 129 2 Sideband= ¥ 6-32

s
2l
o

o ot

o 2

[m - ofk
ME
ol

rm 1:1
i

=

[>

)

o

o

N

(AU
o2
>,
o
o
B

oo

PP k)

@2 o2 O

o I
o o
o
2
X
N

it b
L)
ll
N
K

©

Lo
=
o{t

9] 8 Bit ~#HEHA = W3] YA etk 5] 0.0025 in/sec A AE 8
Bit 29 E& ] Fopxl “FFFutg’o] Fostat. o] ~HMER LS FUT Full Scales 2t
+ 14 Bit 2 Ed A= 0.06 in/secell i@ttt ~FHER Ao wojyg] Fuho] 1
zyte} o8 79| Sideband HES Z3 S w At Fuk FEo] 0.0025 in/sec K



A6F s 715 = 4 FA — 169

t Ae e wojgo] Azt AdS TAE Bt A2 Abgol dloF s
wt A 46~48 dBel Dynamic RangeZE zta ¢&= 8 Bit Hlo]g FH7]1& AZ®
+ Dynamic Range®] HFo2 AdAe] 7|AFY FFAA FG40 A4S zx
A= wlold, 71, A7) %iﬂiﬁ = 9 ]5}710115 A 53] 1x e 2
xRPMell = =& &7 e ¢ &3
3 AV Y. EAAELS Al HAS 70~72 dB-‘?] Dynamic RangeE Zt+ 12 Bit
°] FFT vl &

N
N
%0,
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mi
L
N
A=)
4
fo
n
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o
o8]
=
o,
fo
ol
el
o
=
rir
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V-1 C FORM FAN COMPARISON OF 8-BIT HITH 12-BIT DRIA COLLECTOR
4 H IN/S

dec €5 1990 14:52 8  EUALUATING ROLLING ELEMENT BEARING CONDITION

History Size: 18 - BPF1 ONLY

0.68333 IN/S /7 Div IRD 818 SPECTRUM (12-5-98 @ 13:52)

1x 8PF1
A
IRD 898 SPECTRUM (12-5-90@ @ 13:51)
AL , y -

“ l IRD 898 SPECTRUM (12-3-98)

j IRD 818 SPECTRUM (11-26-98)

| YRu Y Lt
1 x RPM: 1788 Cursor Frequency: 14625 Anplitude: 8.09754
[} 90K
002% x 0.5000 = 0.01000 1 x RPM: 1788.00
Machine Pos Dir Units Date
V-1 C FORM FAN 4 H IN/S Dec 05 1990
Frequency 1 x RPFM  Amplitude Frequency 1 x RPM Amplitude

1800 1.01 0.14249 40050 22.40 0.01001

2700 1.51 0.02002

3600 2.01 0.07752

5400 3.02 0.04996

7200 4.03 0.02248

9000 5.03 0.01001
11025 6.17  0.02002«e=BPFl - 2X
12825 7.17 0.04750-e=BPFl - IX | DETECTED
14625 8.18 0.09754=w=BPF| BY
16425 9.19  0.02248==BPFI + 1X 12-BIT
18225 10.19 0.02248-=w=BPF| + 2X IRD 890
20025 11.20  0.01247-w=BPF| + 3X
25650 14.35 0.01001
27450 15.35 0.01001
30825 17.24 0.01247
34425 19.25 0.01247
36225 20.26 0.01501

T - Threshold adjust Q - Quit

19 6-31 Rolling Element ¥l & AElS H71517] 954
8 Bit¢} 12 Bit Data =3 719 Hlu
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SINGLE SPECTRUM PLOT

SET: M-806 TYPE: FFT
POINT ID: M-BO6 MT-08VV DESC:
WINDOW: HANNING LINES: 400 AVER: 3 FREQ: © - 300000 CPM
DETECT: PEAK RPM: 3575 THRESHOLD: 0.0020 UNITS: IPS
FREQ: 3750.00 AMP: 0.0292 ORDER: 1.049 DEG: =~--
SPECTRUM FROM SKF/PALOMAR 6100A (8-BIT A/D)
.% ‘
- g
.0 : SPECTRUM FROM 8-BIT DATA COLLECTOR
(X
(X 3 g
ta3
(X x
8.024 NEITHER BEARING FREQUENCIES
a8 NOR SIDEBANDS ARE PRESENT.
p————
8612 .
SPECTRAL
.9%
X! -
'] 0990
IbENTIF!CATION OF SPECTRAL PEAKS ABOVE THRESHOLD
NO. AMP . FREQ. ORDER NO. AMP | FREQ. ORDER
1. 0.0293 3750.0 1.049
2. 0.0234 7500.0 2.098
3. 0.0039 12000.0 3.357
4. 0.0039 14250.0 3.986
s. 0.0137 18000.0 5.035
é. 0.0527 21000.0 5.874
7. 0.0039 2775%0.0 7.762
SPECTRAL ENERGY SUMMARY
OVERALL SYNC SUBSYNC NONSYNC
0.0733 0.06888 0.005751 0.0244
IDENTIFICATION OF FREQUENCY DATA
10 LABEL AMPL FREQ
CUSTOM NTN 6314Z BPFO 1*BPFO 0.003% 11250.00
CUSTOM NTN 63142 BPFI 1*BPFI 00,0078 17250.00
CUSTOM NTN 63141 BSF 1%*BSF 0.0234 7500.00
CUSTOM NTN 63142 FTF 1*FTF 0.0059 1500.00
CUSTOM NTN 63142 BPFO 2*8PFO 0.0332 21750.00
CUSTOM NTN 63142 BPFI 2*BPF1 0.0020 35250.00
CUSTOM NTN 63142 BSF 2%BSF 0.0020 15000.00
CUSTOM NTN 63142 FTF 2%FTF 0.0215 3000.00
CUSTOM NTN 63147 BPFO 3*BPFO 0.0020 33000.00
CUSTOM NTN 6314Z BPFI 3*BPFI 0.0020 52500.00
CUSTOM NTN 63141 BSF 3I%BSF 0.0332 21750.00
4% 16-0CT-91 P/M FIBER SUPPLY P/M Page 2
CUSTOM NTN 63142 FTF 3I%FTF 0.0117 4500.00
CUSTOM NTN 6314Z BPFO 4*BPFO 0.0020 44250.00
CUSTOM NTN 63147 BPFI 4%BPFI 0.0020 70500.00
CUSTOM NTN 63141 BSF 4%BSF ©.0020 29250.00
CUSTOM NTN 63142 FTF 4%FTF 0.0020 5250.00
138 6-32 SKF/Palomar 6100A(8 Bit A/D)Z%-¥ # 3t Spectrum
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SINGLE SPECTRUM PLOT

SET: M-806 TYPE: FFT
POINT ID: M-806 MT-0BVV DESC:
WINDOW: HANNING LINES: 400 AVER: 3 FREQ: O - 180000 CPM
DETECT: PEAK RPM: 3575 THRESHOLD: 0.0020 UNITS: IPS
FREQ: 3600.00 AMP: 0.0277 ORDER: 1.007 DEG: ---
SPECTRUM FROM SKF/PALOMAR 6101A (14-BIT A/D)
.%
][]
- 8.4 L [
" o : L { SPECTRUM FROM 14-BIT DATA COLLECTOR
.0
=
9.03¢ &:
e |x@
0.024 §
.8 “ POTENTIAL BEARING FREQUENCIES
’ AND SIDEBANDS WHICH WERE MISSED
.82 BY THE 8-8BIT DATA COLLECTOR
9.9 -1
A - —oos o
o e v\ ek P S o N o rovs
] %00 2000 190000 144000 109098
FIEWDNY (%
IDENTIFICATION OF SPECTRAL PEAKS ABOVE THRESHOLD
NO. AMP, FREQ. ORDER  NO. AMP, FREQ. ORDER
1. 0.0122 900.0 0.252 9. 0.0021  2%5200.0 7.049
2. 0.0048 1800.0 0.503 10. 0.0020 50400.0 14.098
3. 0.0278 3600.0 1.007 11. 0.0027 72450.0 20.266
4. 0.0221 7200.0 2.014 12, 0.0037 75150.0 21.021
S. 0.0021 11250.0 3.147 13. 0.0020 88650.0 24.797
6. 0.0033  14400.0 4.028 1a. 0.0022 90000.0 25.175
7. 0.0139 18000.0 5.035 15. 0.0026 104850.0 29.329
8. 0.0541 21150.0 5.916
SPECTRAL ENERGY SUMMARY
OVERALL SYNC SUBSYNC NONSYNC
0.0687 0.06293 0.0111 0.02523
IDENTIFICATION OF FREQUENCY DATA
ID LABEL AMPL FREQ
CUSTOM NTN 63142 BPFO 1*BPFO 0.0019 10800.00
CUSTOM NTN 6314Z BPFI 1*BPFI 0.010% 17550.00
CUSTOM NTN 63147 BSF 1=8SF 0.0221 7200.00
CUSTOM NTN 63142 FTF 1*FTF 0.0029 1350.00
CUSTOM NTN 6314Z BPFO 2%8PFO 0.0014 22050.00
CUSTOM NTN 6314 BPFI 2%8PFI 0.0002 35100.00
CUSTOM NTN 63141 BSF 2%BSF 0,0014 14850.00
CUSTOM NTN 6314Z FTF 2*FTF 0.000%9 2700.00
CUSTOM NTN 63142 BPFO 3*B8PFO 0.0004 32850.00
CUSTOM NTN 63141 BPFI 3*BPFI 0.0002 $2650.00
4% 16-0CT-91 P/M FIBER SUPPLY P/M Page 2
CUSTOM NTN 63142 BSF 3=BSF 0.0014 22050.00
CUSTOM NTN 63142 FTF 3*FTF 0.0121 4050.00
CUSTOM NTN 6314Z BFFO 4%BPFO 0.0001 44100.00
CUSTOM NTN 63142 BPFI 4*BPFI 0.0004 70650.00
CUSTOM NTN 63142 BSF 4*BSF 0.0011 29250.00
CUSTOM NTN 63147 FTF 4*FTF 0.0011 5400.00

13 6-33 SKF/Palomar 6101A(14 Bit A/D)Z4%¥ #3F Spectrum
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1.9 2§ izE°]&? (What is Overall Vibration)
AA Ase AG7HA =908 54 Fa49 Asie va2r, 54
Aglel BE AFS 3 Aot MA7E AbEshE A s T FR7E A
gxd dA d¥@y Analog AA @ #@olt}. Analog AA W2 Abg¥ #d| el W3k
719] Aol oa] Aloks wAvk gAYE dA #HHe AR dAS Fohe
(0~Fuax)el 938l =2 AkS Wk gAE WA e vs] Analog A &2
el dis) o] Aol =gttt WA fAYE A HES ARz

o

Mz J1m

1.9.1 Digital(Spectral) Overall Level
2FHEHo|A R E A5 HIr|e o3 FAHE F FolA

‘%__
G gl = AS 5 FF Aotk WHE&I|= o]k VA AT E= A
A~

A Ed ] Agg vgAE AA ME d@@s Artstrl fsidE 2 F35 Bind 3l

AF (ADste] 2% dat olZe] AFIe HE Fol A
FFT 959 F&AA(Noise Factor)® UsetH(HlF-22¢] PMP =744+ Hanning
A7k AREHH o9 FFdA= 150]t). &8 o4& 400 Lined I Eg ] 4
43 Aol vl 21 4ol ®Frh(3200 Line FETl thsj A& oS 2esith).
1 Aol AAl HAl Aulel A AsAom Axbes HAAPolH, 9= FAYPYORE

ol#g AMte & davt gl
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AMPLITUDE
(mils, in/sec or g)

Fun FREQUENCY (CPM or Hz)

FHAX

OAggs= (2 AP = JAFAH A L+ AT
(N {15

OA.,. = Digital Overall Level of Vibration Spectrum.
RSS = Root Sum Square Level which is the
"Summation of Energy" in the spectrum
from FMIN to FMAX.
n = Number of FFT Lines of Resolution.
A, = Amplitude of Each of the FFT Lines.
N.. = Noise Bandwidth for Window Chosen

* 1.5 for Hanning Window.

Which means OA,. = .8165|§ A?
i=1

19 6-34 Spectrum® UAE AARNF dAS A= GEE 2

hSANEE |

J\‘l

H 6-35c HA WE 2HERS IAA R ALtste AT o] ZAE oA

4 = A Fa 9tk 7IAE oA e EEE

T34 Peaks ~FEF O A #Es FAH SR AXtetr] fd FAok 19 6-35

o] Wl F7ke EE ks A

st S HoEoh VAM ~"9ERLS wojy F37F 0.030 in/sece]

= Fuk5=2] Peak”} 0.120 in/sec®

& HolFEr Peaks= 4WibE 71H T TARA Ol ffste] AAE dA AE wHdel F

otk ZIA el HA HE dHEL 0435 in/secol ATt 47 Fol= ALtE AA

Z1E 0] 0450 in/secelth. wkeF A W #dent o]Esriy o]e} o] 2w T7hH

e Aare] Aol HA @ev. ey Aoz dlo]l vk 4F ke AHEH
Peak”} 48] ZF7}st vt S AdEAAY SAHE AdA s

B o]Zo] ~HEY AWl WstE A A AA A Fevhes Holn. AHE
H Peakt} x1Fo] AA Wajle ~HAEQL vAg WsE Wl

a9 6-362 AA 2HE-S o]gste] AAl E AL Ao dE HolEr A

OHT
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e AA 2 0161 in/secelth.  dHlolH FRVIE AHAA FA8F AA g2 0182
in/secelth.  AA AA S 7z} Binoll 23E i AEF AMEAE Fojet 7EA
o]’¢2] peakE S EF XEFsl7] wito] AL grrch A A A& Aoe v)E
Aol o7k 2 6-160 Hlth). AxrE gl 2A AA 1L1(EdH oz A4)E #F
o2 RAY WFol AAl grol AleA "BTHE 0.161x1.1=0.177 in/secEA A Al

Aol AAl @) 0182 in/secol 2Abekth. Ths) Hel 4719 AFE LxEs
= olgst BE AAS FaAsty o]Aek Ao vtk Algo] o] AALS & H Q7 Q)
Feror loverall vigeation]
| 25 ](-I‘:'?;"";su) oA r\‘[(F""r)‘ +{(2R) +8 Foye)® +(F”°)1 +(Fora v)x

@ m-‘ﬂz-:s)‘d- (. 153> {0507 + (.03 + (. 159> '
L 10 (@ weexs Lm},mvﬁmsu 1594 (0SO* 4 (|agf + (159 =(. 450 Mec )

(APFROXIMATE FORMULA }

a8 : 9
’ b2 o
§ 3 3
| 2 25 52 £
n Y 1% o
53 ia a8
47 & i

o u

[-15

- Fyre (4 WEEKS LATER)
g720 cpm (120 (Psec)

3% Motov Freq.

MoT

S340 cPM (050 "Yaes)

PEAK VELOEITY ¢ ingac)
BF, =

Fare (AT BASELINE)
/120 ¢ PM{, 030 Hed)

L a

-

-

—

>-
::g"_“_-

)

PREQUENCY (cPM)

29 6-35 Spectrum® AA MF #HAE FAH o7 ALlst=E 4
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8.0308 IN/S / Div

) H INS
. Oct B8 1992 14:02

1 x RPH: 1770

Cursor Frequency: 1770

12x

Amplitude: ©0.1592

1% x 0.500 = 0.0050 1 x RPM: 1770.00
Machine Pos Dir Units Date
#1 FEEDWTR PUMP 4 H IN/S Oct 08 1992 14:02
Frequency 1 x RPM Amplitude

240 0.136 0.0057

300 0.169 0.0071  yhere OA = Overall Level of V.
1230 0.695 0.0051 n = Number of FFT fdfne:b:'f’t;:olnuon
1770 1.000 0.1592 -
2910 1.644  0.0050 Al = Amplitude of Each of the FFT Lines
3510 1.983 0.0106
4650 2.627 0.0079
7200 4.068 0.0201

o« AT+ AT+ A7+ AT+ )T + (A7 + (A)7 + (A7

OA = .161 inch/sec
OA = .161 X 1.1 (CORRECTION FACTOR)
OA = .177 inch/sec

T - Threshold adjust
a7 6-36 AFAQD WA

1.9.2 Analog Overall Level

Q - Quit
58] ALk

oA OAY(AAE) A AT AUy Boms wAnE Bael s
F8% QB BAAL A F7E FYO~Faax) Hol ¥ wolth o F Hol,
TkeF 060 in/sec] & M-S ZEE 100,000 cpme FIFE Fmax©l 60,000 cpmQl 5
b gkl Foly] Wl tA" AA dwel TgsA Lk o A 4™
AA AME 020 infsec AHT ol Fihg ol 120000 cpmd] H5-9] ©)

A" A o] wsf g 22 gho

=2



o3 FAZ FE3t7] Y& oJH PMP A AEle wj$- ¥ uAgd Fu¢ o

o NHHE S HoEA WA dES AT oA W EA 7] o3 FAHE A
A A AREAZE dEe Faae °§‘31ﬂ?4 2 Ed ] Hs FastA Hu o3
Analog A #oltt. 3 o=
AR E FaF G Wl A ARt
0.60 in/sec®] HZo] d+= Z$), Analog AA
A A el mle] gEs] Az ol gk
(UAE) AA d@3 Analog DA #HAl@<e Options =etdd, Analog AA| @ d
Options gk},

5

&8s olgsittu dA. 99 01]01]/\1(100000 cpmel|
2 Fyuax?b 60,000 cpmgl A -$-¢] T

o]

F2 g} PMP Alago] A Ed

Analog A7) @z €@ A @ Atole] g Aol g MwFo 2N 5T Fuax
noh 2 sfEd giol 9EtE BAAE 24T & Atk weF dvhd o] JR2
2457 Ad BAAE Pun® SACHIE Aggiom) waazd & Ao A4
WY A2Ye AHESE el BAslel 29ERe s e 44 wakg e

Wrlel F2 A gelty, A #@Ee B4 27 AT Fuax’t 25 29 EHS
SAYT ¢ US AR & AAVME LA A=k

2. I8 WE2E (Vibration Meters)

el 74A] T2 Data Collectortd Trending, ¥4 Software® A
19 X F47= ARt Abgo] dstHAE FES A T2
713 gujeltt, HEel s F47]= uA vhsd
Abgst S H = 3
FE Ak = gFEY JEs FA47= 5 M
R = %= Hol dvk AREAE Bid g
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(Walkaround Periodic Monitoring System)
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9.1 Bently Nevadajit 9] B E# Al2€
(Machinery Management System of Bently Nevada Corporation)

9.1.1 Data Manager® 2000 for Windows NT System (DM2000)

(1) DM2000 System
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Part5 : Integration to Control System,
Process Data Collection, Information
Sharing with Plant Personnel on Hetwork

Part &: Condition
Monitoring and .
Information from  Part 3: Machine

Expert System Condition Data
Sampling and Part 2: Reliable Monitoring
Processing and Protection

A nglog to Digital Machine
Parallel Sampling Monitoring &
Cammunications Protection Sty stem

Part 1 : Crtical Machinernr Measurements
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B3 Alx"log REFHEh

(@ Communication Processor (CP) : %A A5 zhA[AdH]o] AAEo] Ho|E ¢
gle ddHow dFste FEolth A 19 Pin¥} 25 Pino.2 FA % 3
29 CableZ2 9Z2%H, Keyphasor A&E WEg ddxo] 2tk AA &4 A
o] dolHwS FHsle AHEld 4 A= FF(DODI, Dynamic Data Interface)9t A7
= AEETE ol g HEAH dHlolHE AYE F A+ TH(TDIX, Transient
Data Interface External)7} 1t} ©]& CPE-2 RS-232 52 RS-422 %24 59 U)X
g Exo072 N2 dZd5 o] DM2000 &2~ E Computerd] 250l A& Aol ukA
o]l oy, Z#foll= Networkinge E3Fe] DM2000 &2 E Computerd] AZ2%E= W
Aol Myl F= o] &Hal k. 71EY HAE S4lol HEe] Networking 84
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PLO)Ol dlolEl & Al&d 5 Sloh.

@ DM2000 SAE ZAFEH : DM2000 dlolg 3 =z o] YAE AFHZEZ CPY
Hole & A obr 7] Aol AAstal, olE HolHE #e|dte] Display Z=
ool aAol wel Za dHolHE AASHA dFe FES Aedt. 586 ol dE
Computer’} AF-&5 ™, MicrosoftAt2] Windows NTE 7] Operating System S &
Abgstth, welA 2 AFEo] 7be s, Windows NTE F 2% <l Networking Al
A 7155 ol&3te] Displays dAglA &= Ao 7bsstty. E3 A4 HE
Computer System(DCS 32 PLC)9| Operating System A& F°]7} Windows NT
2 2ALE FAAS 7Zeod u FAEL Computerete Hlolg Qe o)A REA
B AAol AU

@ pM2000 Z2 1l ATZEQQ - dHolH 38 X219 (Data Acquisition Software),
Display& Z=213 FA4-8 Computers}e] Qe #Ho]~g =2 73 (Process Correlation
Modbus Interface)eo] glt}h. HolE FHE TR IHE oA AFGH TAE 7FH
of AA=1, HolHE& #fstH, Display Z=13e] 23] wel 28 wolHE 4
Aste] &t} Display T2 e $19 Datas 7174 &g @ Adko] AE3 o
712 el o] Plote 2 HojFEth Windows9s o]Ato] A X% Computer Systemol] A
% 7bs &b, vhoke deje] Networking 2] (Networking, Dial-up Modem %)& &2
S 2E Computerd] 9428 4 dtt. TAHE Computerste] <lgdol~g Tz
& 32E Computerel AXxo] FAHE Computere HolE(+d ZA dHolH,
Process Variable Data)& DM2000 &2~E Computeroll A $33te] #e] s A o},
¥ 748 Computer?}= NetDDE 2] o]t} Modbus %2 o] A% T},

(3) Al=" &A% 7%

0O

1A ARl AFAZA AlAaE AA L] 5S4 VsE B T AA"HG
o] I o] st AAG A #HhF 54 H VeER ST F vt

@O DM2000 ~2ZE9o] F+x
Data Acquisition ¥ Display Module F7/12 T4 %o] 221 Configuration
Module oS 7tzte] &% de|2 £A43t}. Data Acquisitione Monitor Rack¥}
Cpell H&d Ardel &4 HFEY 28 Ao Al=¥la H<EskA ¥tk Display
Module< Ho|HE t2aZdold BE FHFH AXEHt}h  Configuration Module<
Machine Train, /1A % Monitor System?] T4 WA Aoy A oA EXH
Data Acquisition PackageE A X& 4 t}. Machine Train M3, A9 gl A



=7 9] Keyphasor, Monitor Type 2 Full Scale Range, TIAE 7o
o FREE T WFgked e AL Wy 2 T T
© DM2000 A% &9
A &4 Jdejell A 2zt Monitor Rackell 2% CPE2 7 A

1l
Aes st ol 9 Mg W A £33 T4 volH

< ol2HEYH AAteET. delHy £y HiFEE 74
Ao 2 H S WwolEolal o] & Historical Trend Fileol # %3k},
® Monitor Alarm Event
Monitorell X st A o]¢} #HE EE Monitord] &% Hlo|H
W oA AR HolHE At FAlol o] FE F&o] dHeoly 3 HFdl A
gyt AFEE o] HoEE AToR gREFA HI1 Alarm Dynamic Data File
of A&dd.
@ Baseline/Conditional Baseline Data
B & Aol A 5] Ve grom ARESt] fa = H= vely
£ Baseline Dataghil 3at™ ofe] wha] 574 4 el 71+ dolH=z A*atar
A} & 79 o]Z Conditional Baseline Datag} 3t} o] Ho]E &% Overall, Gap, 1x
AZE3 947 2x AEZ3 947, 54 9
Al 7HE 71249 vl V)& dHolHE &8 2
® Plot Display Formats
W E B2 A AE deld, 28 AR A 2 uYst v el

HE Zzad yeld A9 e 5 Aok

i

F ol EgHH FF A A

4 o
%0,
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e Current Value e Fast Trend and Trend Data
e Multivariable Trend e Acceptance Region

e Orbit/Timebase e Shaft Centerline

e Spectrum/Full Spectrum e X and Y Plot

e Waterfall/Full Waterfall ® Bode Plot

e Polar Plot e (Cascade/Full Cascade

e Plus Orbit/Plus Spectrum e Quickview

e Alarm List e System List

e Bargraph and Machine Train Diagram
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® e Alz=" o 494 5H
e FEthernet®} Token Ring Network 7|5 # ¥
e TCP/IP, SNA % IPX Network Protocol A
e 2| Unix Systemol] X Windows Screen Display 7%
e Direct Digital Communication LinkE 73 DCS, PLC9] &4 W49 A2
e Network’del th AHE2F H2=E o] 75

r
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9.1.2 Trendmaster® 2000 for Windows™ (TMZ2000)

(1) TM2000 System
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Azee dF 7 AFo] AHE ¥ F, 18 Aol By dolE Az
71, TM2000 22 EdolS £33 HFH A LFe] F BEoz Ao gl o+
ol 75 84 Woly Ffol= dAd MsS At Seismic ¥37] B glo]l A &5
w olgdt zhzhel wWEr|Eo] 3dlpe] AolE #lel TIM (Transducer Interface
Module)& &3 &5l AE & WAoo AZAHA dAvh. o= F 2040 EJE}
A shue] Alzdle] A Jhest HFAHOE FHFE Alxde AX¥ SPA (Signal
Processing Adapter) 7I=o] Ao A% AHgHrt ozt W3y 2 st=dgof H
W, 283 22IOfEL Vleg e wdd wet AEHHo R Jadel=ya 9low Al

2
T AFERE] Aol AL FAEL vk A& A& wet A &2 woly By
7
e
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o 1A 94 48 7hest o] A% W9 A A& 7/ Keyphasor, 18]aL o] &

Ag e dEe TIMe] H&5 3

Lime 1 System Cable
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I [Line 4 Trars ducer Interface
1 fModule= (T2
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1 Line = - Mt
|J E:ﬁ ﬂﬂ ¥
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Signal Froces=s ing .
Adaptor CSEA) Line 2
rin=talled in Swstem Computer)

=t bl [ [ et =t
Loty e
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i ] —5System Cable Qg T-Connector
< Trars ducer Interface flodule (TIMs) o Trars ducer
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1 Telephone

RS 202 I Line
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(3) TM2000 System 43 7%

DM2000+} whb7pA 2 vhekek AHA] 7153t BF Al =E

ok o st=do] A s¥HS Hgskal qlth
O TM2000 A" F+x

AWM Z Windows NTE AF8-3le] Standalone 21¥nk ofujzl A
71A AR By AAES FAST, AZE ol 7]EA S 2 Data Acquisition Module
I} Display/Configuration Module®] + 72 FA1E W F7l2 DCS Interface Module
o] 2832 4 9t} Data Acquisition HAFEE A9 zZE AAoA dHELE= AR
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SR AFEAA U@ 141%% w dold 4 gl 7 AAL Aoy & ok
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2 4% 9t} Configuration Modules 3| st AXZEY S AR 43 W48 Z

@ % BE F9
dao uwe oF AR dye Jt=E o8 & gdow U=
Digital I/O Board, Cable and Relay Box7} Z3Eth 2+ d#oles A AdoA AFH
= Not OK, No Data, Alarml % Alarm2 AElS %] A5l ©|= Alarm Bell, Panel
Light &= 7]gF ZE A A A ¢foloj2 dAAste] 7| A AEE Al gt
@ Plot & Point Display Formats

Zzay 99 oA Group, Point ¥ Plotd o2 Hsy o4 &
o] dlel¥l HZol 7hsdttt. o5 T3l ot#et #2 HolE FRE o8I
e Overall/Direct 71 e Trend (Direct, Rotor, Prime)
e Orbit/Timebase e Timebase
e Spectrum/Full Spectrum e Acceptance Region
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9.1.3 Machine Condition Manager™ 2000 (MCMZ2000)

(1) MCM2000 System 7} &

Audit Result Information []

Strmary | Supporting Evidence | Details | Notes | About |

Seveity |T |1_ |2_ I? IT
N [
Malfunction IM\sahgnmEnl i MI ":‘ I
1 2 ] 4

Location IE-4EB -Booster Set

L}
Date/Time IDE/ZE/WBB?WZEEEE @ @

Nate IAud\l performed with complete data set.

- Adjust compressor loading +- 30% to achieve greater stability and lower &
vibration,

- Schedule more frequent audits or run manual audits to determine an

improvement in machine condition.

- Call Alan Jones [Ext. 1234) regarding alignment during the next scheduled

outage.

- Use the "Customize Audit Results" screen to select options regarding future

display of this audit result.

- Set options for automatic notification in case of an increase in the malfunction

severity.
]
Pt Close:

¥ 6-41 MCM20002. 29 71Ax & A3}

AA ZA R B AA FE FFAA BEE A AARE A% FE R
bzt 714 £ AHg fA naol AaEE ANE HzxaEn B4 A ge
4 Vol Aol shrl, FF AA A7 Hasstel AL FPATE A
otk A FAL AH T 5 AEF £ H5d AuE Fuss o] Aas

otz kel A A g DM2000/TM2000 &9 #el Alz=glola 3, @)= 9l
2% 714 dd ARE AR ANsn o F MoE U 2AE APOEA 7
otk aeud @UHOE ol delHE AAHCR wAsm Aol £A W
48 B 4 Aol AHe 28 FYITE ol A4 FEolde] A
B QY wE wel Ax9 994, Tew Bd 48 JRE AAH0ER Fstl
olgat AA TE oIk 1 msk FrhstAch oleld EAE trisel A
A3 ot AomA oldd B WA AM Aolm Aste] FAe B A
W TEHITAE o] F i B GRS Qe o] FoldkA e FE Yk of

Hgad EAE dE HAo Ao stz A ¢l= Aol Bently Nevadarl
o] A% Ak @ o]= E3k x| A A Al 2=€ MCM2000°] o},
& El

A4 R A B g fAaF R 28 A4S ZoluA AFE A
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A e 713k Aussta SA0 e, g 2 g A e B AlACk s
FolA Pustz gt ZEERA oo TAL AN AEHE Axdol

Aol AEE 4N AEHo A

@) A=g 74

MCM20002 7| - o=z Fa 7|AF #gl Aladed DM2000 AlZ~#S
ZINko g2 3lo] FAEE AjAdo g DM20009A FH, #HEH a2 g ZE A o

T2 i
ol £l wiske] A& <] {1%713——% TR o5 Tl AREAVE AAT V)R §
73t Al Bently Nevadarle] 40oiwdel Al 3 Adn] Foke] Hdo] 2% Knowledge
Baseg ©o|&3te] &4 S 7AW F 7Ae ZeHE AR old I Ao
U, das AREAO A HaZde] HAY AREARe] AdEe] mhel SR EB A A
A WgomE Z4F A W&ol e A9 A A A, ol Ao A
a, aela oA #FERA AR FH Vs A 2s $H = Jhssth
MCM20002 Data Extractor, Knowledge Base & Rules Processor, Display and
Notificationo] 2L 3t= vl 7ol F8 AZEYE FAH ok, Ak 3Ao] &}
W MCM2000 Display Icon (Bottom Tool Barell $xsho] ZwtAZly HAu1SS
A, MCM2000 Display Message Box7} AF&21e] ~=& o] YEdth. ko]
= Y= oldd 7 A e AFEAE A8 Jhs st
@ Data Extractor

o] mELS 7H7t AAAA 5

@ 244

o o
A
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F3E AEE DM2000C. 2 FE dojja A
HRAQge] ol g3al7] 93] olF AFgrt. WA H+= AR v 2o
e Current Static Value Overall Amplitude, Gap Voltage, 1%, 2%, Not 1x 5.

i

e Waveform, Synchronous & Asynchronous Spectrum

e Trend File Data ¥4 7I7tb&<e] 714 28 ®sE vepdinh, olgd Br+=
Ao e AEsl Wl Folg Wrshiv o T}

e Machine Process Variable Data X tlo|E 2} dA AFEFQl 7[A1S] #&E 74
4 gAe] Az dAAHo] ARgHTh  olyd tolEE R Alsgozne
NetDDE, Process Variable Monitor, TDIXconnX < Process Data Manager

T
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SeTh ollg o]F o] HlolE HyHow FASE HolE st vwke] ¥ FALE
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@ Malfunction Results Data Base
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® Communication®] 4
MCM2000= Windows NT< Communication 5%
Networke} 948 A 82 = Network Communications &74A 7] a1 2F F-4 719
SAMAA S FAAAIZIYE. MCM2000 Windows NT Remote Access Server(RAS)<9]
ES o] gste] Aol RYS Fa dANAMRE ZHH R AT F JdeF T
olg gt 7] FQl o]z epel W Aol A wlg- f&3HA o] & & Stk
® st=4lo & A
MCM2000 Server?} Client Software Module<= DM2000 Server®} Client
Module® U3 PC Aol A9 5 Slvh ol st=dlo] &S A7 AR
7} Control Room®] &7kl o f& Fr.
@ s Jd ¢4 A9 7
Ak 2Zd 2 a3 22 Al 7HA AgolA AAE 5 9
e Hardware and Software Alarms : Machine Condition Manager 20002 XU E A
"ol st=9o] &k &2 Data Manager 2000004 U AXEQ o HRE 7HA
sto] olel BE V|AE SFAAE ddn. oY &4 R Azl Ao
7Iss B3l AAH AAEA AsHom HA g

|
|

e Scheduled Audits : o] =¥ 7|A7F EA3 A z7F FAGA EXEHEE ALLx}7})
1A & A F A=RE k. 7 AT wf AL i, wj = w9 ®E o]

S A~
FoAAES 44T 5 9

oy

e Manual : oJH A&t E A7 Al dis] S24A S d& & 5 Q).
9.1.4 Performance Manager' ™ 2000 (PM2000)

(1) PM2000 System 7§ &
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THERMAL EFF

WEAT RATE R By IRENTROFC OOl EFF

a9 6-42 7taEHE TS #ZASa = PM2000 34
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(2) PM2000 System T4
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t}. g Asol #3 ASME Performance Test Codes (PTCs)9} th& &S nlgto
B gt AL A S ol &sto] ditel ¥t PM2000S EE BRSO wHd A A
of FA #e FAE HAst, AP E AES tFoRE ok gl des A
S Alzdll BEd #gk Aol
D Data Point Configuration Module
Data Point Configuration Module2 @7 olA +HE FA dolg 4=
T A8k, HaE VR eR e WS 2AE 2 AdE F 5 EE Al

29 dole XERJNEE FAst=H ol &Hth. AZe] dHolH XESEE Point ID, Point
Description, Alarm Limits, Integrity Limits, Calibration Factors, Default Definitions,
Initialization Information? %2> Xl Axte o] gvh. U dHoly EIIEE o7
gle] Data Manager 20002256 & zlo] Sluw, =1 e s} £& 1 0|49
=AAR1 e HtR o R St dolE XQIES FAAY vuET. o] glo] ol d H
9 wro] A, Smart Default &2 Fixed Default® AT},  Smart Defaults=
£ Point ID(4l, Gross Load, Compressor Discharge Pressure 5)o wa} Walx
A Hojqitl. dHoly ¥UE FZAAL Quality StatusE®: HEIIEE Z=3} 5101%1
AR 2~ Aol vERdth dolE ERIES dHE EE ANE g 239 A
Lol AgpetAl st Holde 2R UEdt

@ Historical Data Storage Module

HolEl& BE b9 U 7} WA oz AAHrh 1) Snap Shots, &

Sh; 2) w) AIRE 5t 3) WE et 4) WY HAt. Snap-Shote H H()9] #%
gl grol Wl psatrt. w B, W H, g B d a9
|3 7Fsstth. PM20009 #F A7 dleolE stde] EW2 Microsoft Access©]
t}. 7]1Z% dol8+= Tape Drive &2 Optical Driveol A% g 4 <t} Optical

°

lls rui

=

oft

%
(3
=

Al

)

.
jus}

2

El

Drivex Performance Manager 2000s Historical Trend Recovery 5A41S o] &3dlo] #
dE HolgE AF o]&3 4 gt} Tape Drives F7] 3¢l Al~® Backupo| °©]%
AXA st7] Y&l EF Backup SoftwareS A3t}
@ Database Report Writer Module

PM20002 Database X1 7|52 2 Crystal ReportE AM&3tt}.  Crystal
Report9] AHZE PM20009] d3to =z AFHY. HT HIA 752 8, AEAs
Crystal Report Designers ©]-83le] A& Aeojeo] RuAXE ZAth Report
Writer= A5 R 1A, On-Demand Test Logs, 9% H 1A & X33 FHLS 1

o
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aA 7S AFs AREAR A2 FAE HaAE PM20000] A Gst o] w2~
o} 3174 A do]g (9, Data Point Alarm Levels) =% ©]& 7}&3lt}h. Crystal
Reportsi= AF§A7F HME B5F GRS & ¢ =5 o4, drt 715, &7 715,

Boolean Logic, Conversation 7]% 3 T &9]
, o 5o Vlss ATt HaATE ZA Y
/\]ﬁoﬂ AsAor 2 a7 wep AEE & v UEYA A A=F
Report(E =3 AL-82F A2 Report =F7)& 37 @2 BE AFEA7F o] & 4= Q.
@ Screen Builder Module
Screen Builder Module =¥ tj2=E#ole] W7 9 2AAdst=d o]&
HiE REUU ot dEE o]&dtl. PM20002 AbgA 71AY Aee HANE ¥
7EA ] AAZE agle 2388 AF3TE Screen Builder Modules AF-§-3ho] o] gt
23UE5L2 49 = 9t PM20009] Screen Builderi= AF8-2F o] AAz ~3
d taZeolE At ol8d & vk Tl AHle] 1y Az EO] b
7125 o] &ate] olmAE Agste o] & Metafile(+ WMF) -2 Bitmap(+.BMP) & 2]
o=z AHAsk,  PM2000 Display BuilderE Abg3le] 23|y #dS A=, Hsi+=
Point® Labels A st ofe]ZE AAsH M2 2adS @ASAZIT A o}ol
Zo] HFH ddlol taZge] Hm ol BE A2 AR} o] & 7hsEth
® Configuration Maintenance Tools Module

8 MINDEN GTWach MASTERWORKSTATION - [UNIT | LOAD COMPRESSOR PERFORMANCE]

=

B =2
— e Lrie
\

6 PO IR B % S Y RGN e

ot
oM.
-
oX,
oxl
s
1o
=3
>
2
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PM2000¢] a3t EA42 A Z2agds 22 glo] AA AT & d&= 7ol
A= Aol Alx®E 37 FA FAC ad =452 PM2000°] E3E 374
TA dolgd fau wmEA Had U o9 %O%, 23 A YR 39 —SM

3}

o,
O_u
T

T (Configuration Information)Z
Gde] ~agoer Holx A A AT

87 T4 deldE ¢& Ael bol ALg Aol 9l Al o
B A4 W & ek MEAD BRAAE, B4 T4 Akt FAFE wuslel o)
o] Fo AW (FE PN BE AEF AFE Buvld oJe) AEoE gAY, o

2] of
o] Abg-A 7174]91 AR ZFQMP—E S Bt
T 3 gaEde] do VA A ARRA 71AlY 54 AA W
L oolEg Vlss 3 AREAbE AAl 7IAlY B Vg He A
B 5 v ARt em Abgar 7l ag, &Y volH, A4 &3 VW 58
ada AdE gE dHolHZE gasee] vk
@ Gas Turbine Performance Module
gpskol A 714 geel A

3k 9hE Awd $H7 masA, AAH9 24, 9 8% Az %
oA %S AW vasty] g8 @4 A g madd. oldd mag T A
g4 Astd J1A A5e AAsEd Bed Aus /A £A% §4 BF DL
F 4AF AP AEF + Aok oA BEL AU 93 e ge AN
o] dlolge] ZAo] Weat)

e TFuel Flow(S)

e Fuel Heating Value

e Ambient Temperature

e Ambient Pressure

e Relative Or Absolute Humidity
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e Compressor Section Inlet Pressure

e Compressor Section Inlet Temperature

e Compressor Section Discharge Pressure

e Compressor Section Discharge Temperature

e GT Exhaust Temperatures

o Gross Generation(Kw) Or Shaft Speed And Torque
e Kvars (Generator Drive Applications)

Gas Compressor Performance Module

PM2000 Compressor &< 7|4l A% A3E A%k Off-Design 45

AAst=d o] &sl= 5AH Fdoltt. Head, Flow, 59 &8, A4 EA X o #3+
7t F&=7)9 A% Mape #Fuxg=r AFEE7] 98] Databaseo]l A& 1 PM2000-E

AAl $A WEES ANsn AAe e 2 gES Mu 44 A% Mapsl 1
dgo] taBee] Hu Sekel oA wwd dEve Al A% A Aol @

7] Mapell vyetdtt. A" 5459 F¥FS ol&stol Al &4 doly o A4

e Compressor Section Suction Pressure

e Compressor Section Suction Temperature

e Compressor Section Discharge Pressure

e Compressor Section Discharge Temperature

e Compressor Speed

e Gas Flow

e Driver Power (Motor Voltage & Current Or Shaft Speed And Torque)
e (as Analysis

©® Pump Performance Module
PM20002 Hx 7] Aotz 23 Off-Design A< ZAAs=d w$

Tolt}. Power, Head, Flowoll oj3F z} Az AA AT EA 3 4L #

Mo
rN
ekt
(&
g
o
5
1)
—
=
o
=
s
)
)
o,
)
—~
9]
w
17
o
5
@D
1
>1L
o
°
o)
O,
o
%
|28
o
=
o
=3
)
—~
9]
=
0O,
o)
o)
e}
o
<
@
—
<
il
o
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§3to 2 gxol ojd WAl &4 deold o HA Plotd F& F Ak oldd wE
& NP7 8 thedl e B el Zgo] Wast),

e Pump Power (Motor Voltage And Current Or Shaft Speed And Torque)

e Pump Speed

e Pump Suction Pressure

e Pump Suction Temperature

e Pump Discharge Pressure

e Pump Discharge Temperature

e Pump Flow

(3) PM2000 System SA = 7]%
O g9} vEYZ F&A
A e AR 232 w9 g7]4<¢ A E 24 Bently Nevadarle)
1A Ak B A A&sta = Aot A s volEE d#st BFS

setshi 715 4 Z A Aladle] TEe my Ad BAL A @ ol

= PM2000= DM2000 Alo]¢] NetDDE Interface® o] &3+ dlolg m3S E&) o] Fo
A PM2000> DM2000°o.2 58 E934 s WA5E Aitstsd 283 25 34

HATES SRS PM2000¢] *¥3%® DDE Serveri= 2% ]2 Communication
Link go=ZvF wdd el ot DM2000 DDE Server= ¥x2 AH8% 4 3t}
o= DMZOOOT/} AFg2Ee] AFE Al2®Ze] DDE Communication £ 202 Al84 &
Itk DDE Server= PM2000¥% 7 29l 7Hsét™ NetDDE Interface® &3l
DM2000-2 PM2000o. 278 A5 BRE 1T +
@ dHol¥ H<4
PM20002 Server ¥ t]x=Ed o] AXEGo]e} AMEo] 7E3tth Server

aEEdols 87 P4 7%, deld £ /%, A L taBdel /%S £3w.
4)

Servery= DDEE A% DM2000o.ZEE] HolEE +Xsle= AT EYo]ZA I
AL olyy} DM2000 dlolH 3 AZE ol Zo] 4 7FEH Ao PM2000S F
= AL AadEr. gaZygo AZEdYE =

YEHZ Ao o]# Nodeol A 2t
Server AZEoje} AAET txaZgo AFEE RE add gxaZdgo], 3
(Trend), RuAME AFET 4= Qdul. o]#d BE 374 TAA e WalE Server 7 FE

oM olFofxtt. YA HAE faEeo] 2ZEL S o, Aol HESY



A6F s 715 R 4 FA — 209

A2 E3 Serverol e AL dHolEHE B 4 9t}
9.1.5 ADRE® for Windows System

1) e
Hgo] HAFHo Qe Fo& NAF AF 45 3
odlelHE FAAlstal olE FHIFH Alzdlel ddste]l #gdt= Al=® (Bently
Nevada DM2000 System)e] @2 A& ok, EI 5 84 wWoydS AHE3te
v o] AWk A= Pdgk Portable S 7|v ekl WA o2 At F7]14 A
& WAS o] &ete] AAA R AzRS A, AR AAdE WU RS
HE dolHE #yldt= A2 (Bently Nevada TM2000 System)o] % &%t}

A A RN ARILEC] 4F @AM WS A

A 2 e AR Ad EAYol Agtst=s aotHa AlAE Al2~"lo] Bently
NevadaAl2] "ADRE for Windows System”¢]t}. ADRE for Windows (Automated
Diagnostic for Rotating Equipment, ©]3} ADRE) A|~®1& 34 7|AF9 EAHES
lAst=d ol ko AEstE AL oW Hug =R HHW Ve o83 3

A71A 7 Fohg A en] ol

(2) ADRE A 2"¢ 743 54

o] Ajx®le 7EHow A JFEOR FAEE Y I FAS B 43
M Ble] AEE AYsta ol& HIFH Aladel deEsh= 208-P DAIU (Data
Acquisition Interface Unit), ©]& 7Z}& vt dioly Fe|= st A
ol & A e, L o gnjete] J& Tes Jheet sk Ve TR
ADRE for Windows Software, ©]2]3F ~ZE9|o]7} X5 o] o]F folAL 7]
2 3t gy =ER HAFHIE 1 7] A4 "Hu  AA AR oHdRAmE
(Oscilloscope), =#EZH EA7](Spectrum Analyzer) % 715 #3X (Recording
Instrument)®] EA ¥ 71%5S 71X don, AAZL t]~Zgo|(Real Time Display)
7150l Aol HelB7t £2E = FAl ol& AHstel & + Atk ADRE+ User
Interface”} Microsoft® Windows Z#j¥ @37 BtA] AAFojA Zz=asl ALE
o] mj-%- go]strt. Windows® URF 7]5& EE&3te] I RAAN, AZYE HE]

Sem s ZRadn v AESE $EERaRe W) A8 ¢ Ak oE



ZRIa9E A Abgetel A AAdE BeldAl & 4 vk, ADREE Steam %
Gas Turbine, Electric Motor, Centrifugal And Screw Compressor, Vertical And
Horizontal Pump, Turbogenerator Sets, Hydroturbine Generator Set, Turbo
Expander, Ship Propulsion System, Aircraft Engine, Fan, Blower, Reciprocating
Engine @ Compressor 5 o2 7}A4 3 A 71AZEE dtolg& A5 &4 & 4
gk U3 =AY A¥e =ELR HAFHE ALESEE Test Stand, Balancing

Stand, Control Room, 28] Alg A3} 722 Ao A& = At}

Configuration H
Relerence ——————— r Data Acquisition
k|
Plant/Job... | i Trigger Event...
Sample Mode... | Cancel |

~Channel / Trangducer — Ny Vector... |
Channels... | Differential Phase._. |

Transducers. .. | Zoom Channels._. |
Keyphaszors... | Spectrum... |
Help

1% 6-44 ADRE A 2~®¢] A

(3) ADRE Al&" 7]5 R °|§ 7} ®HlolH

ARE 717w A2 @A R Z4F VA Jbe AEHE T A=Y

H(Startup =+ Coastdown) % A& 2 A &<k 1671 AdelA &4 (Dynamic)

A% HolHE Ao AMZsta o]2 DMA(Direct Memory Access) W28 =3 =

Z} AeetA " o] Vleed AAA FA4 A&V BeE ste AAIRE dHolH

A& 7FsA e AR g T8 75l "t ADRE® for Windowsoll Al &
7hsstw Zbzbe] & AEolA dHolBE HASse A dETtel Al Had

S T Aok A AEZ7 deolHE A W ~HER s EE e mebA

50, 100, 200 H+= 400eFQlo = deE 7hseln s =rF Qs A5 320022

A= F&o] 7153ttt English 2 Metric @9 5 Al A X

oA dHolHE & 4 oW peak-to-peak, zero-to-peak, rms, L
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1<)
4
o
4,

o EAlel 1x, 2%, 2E]al nx AP E SIS 94) AlEol he skt

DAIU= tif-2e] dut wigkr]o] g4 s FHoRFEe] gt ofye, 2
T MAVIRRE W9, £S5 au SR AegE ol 59 gtk &k, 4,
Fok 5ol B Eely k= gElelr VA wAE F4ehed o83 5+ gtk 8
B 16 AR FACl Hely 1% 5 don Ad T 1280709 Wy A4E 9128

H
7Me] Waveform A=< & 4 Qlth. AZH3 dHolEHE o8&, Orbit, Spectrum, Full
Spectrum, Timebase, Cascade, Waterfall, Shaft Average Centerline, Bode, Polar,
Trend, X-Y Plot ¢ th&st doly P25 o] &sto] o] o] &stA wrt.

i Bode 2 =l E3

POINT: BRG 1 Horizontal /90F Right —— DIRECT 263
POINT: BRG 1 Horizontal /90" Right — 1 UNCOMP  252/94'
fAACHIME: Pator Kit
From QBRAT 1993 15:32:57 To 0BMAY 1993 15:353:56 Startup 4330 rpm
3000 3500 4000 4500 5000 S5O0 6000 ES00
TR I S O I I Il I

an

120

PHAZE LAG:
< degadiu

150

AMPLITUDE:
O2mil ppadiu

o - P G g

T
3000 3500 4000 4500 5000 5500 6000 6500
SPEED: 100 rpmidiv

% 6-45 ADRE Al 2=#le] YEld Bode Plot

WOTE 1M |_ (O] %]

Y BRG 1 Vertical o DIR AMPL: 6.57 mil pp

% BAG 1 Harizantal  /90° Right  OIR AMPL: 4.40mil pp

MACHINE: Ratar Kit

06MAY1993 15:33:15 Stanup DIRECT
P

Y BRG 1 Vertical
T T T

0.5 milidiv ROTATION: ¥ TOY [CCW) S msecidiv 5920 rpm

1% 6-46 ADRE A€o YElE Orbit¥} Waveform
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9.1.7 3300 EYHHE Al2H
(1) 7he
1989l sl #AZA AMEHI e T VAR 28d JAF
Al Al='lo 2 7Hg dE AR5+ Bently Nevadarbe] AlFolth.  #|#F #ipo]+
dolr AYgHoz A3 T AFTS AF AFeR dAMAE B 4
AE A 714 Wol X AFoltt Fd AHE g 7AE dutdoew Fo

=

e oy

tlo

&

=]
w X

rr

FEE B2, A S BGE

=k
y T =
B BAN, A5 VAR EREHe tUd dsrivd SUE H=

=
oft

&
5]
oo

H

o

+

H
3300 RYEE A=dlE 7EY] EYUHY A2gy Had o g3 2e 5AS
i I

e Microprocessor’} A|2=®l &2k T3Fo|
ANEAAE FEAFH e, 71E9] 7HEs ZY

Jeb .

e gYoe=E A Ad 7 TE E5lo
Fo] obd HH(LCD) HH o2 AAAZ

e ¥ HUEH {4 AES Plug-in JumperE o] &3t @A HA WA, A
AT F Q. dFoA WA 7t 542 Monitor Full-scale, Transducer

Type, Timed OK/Channel Defeat, Recorder Output, First Out, Alarm Time
Delay, Danger Voting Logic, Common Relays, Normally Energized/De-Energized
Relay Operation, Latching/Nonlatching Monitor Alarm Mode, Latching/Nonlatching
OK Function, Upscale Towards/Away from Probe, Filter Optionss©°] At o=
%@, A gl Al AL AbFo] W &hetA] eFobA Full-scale©] 5 mils pp%!
AFL Fufe A9, ojwd o] F & Full-scale 10 mils ppE (& £ Alarm
A2 7F 7 mils ppQl A5 wpFolof sk A&o] MAGHWH, VE AFS AlF
S Al Fufstej okt st o o] AlEe dAoA HASHA JumperE ZZE=

O

AoE WAT + g
e API (American Petroleum Institute, 7] A 3}s} §3]) 6707 678 7|5 &4
3 FEeoh

(2) 3300 BUHH Al=d T4
3300 EUHH AA"E @l drAer AAHNE 4E W

(&, AA AE, 4 Wy o)9 HaV|2RY daA= dE54< delgE e =
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U dAAAFE System Cable, 17

5 X (Power Supply), System Monitor

2t} o} @l += Proximity ProbeE Al-&3l+=

oﬁ .2 H
N
N
4=
Lo,
Bjie
a0
=2
a
rot
ol
i
fet
-

X,
i
2

19 6-47 Bently Nevada 3300 Monitoring System

@O W&7] (Transducer) : J& T 94 5 A uA s WFEE
A71A4Q AR WEsts AxE Toth dubdo® FFe] WEv|E2E ¥ W]
(Proximity Probe System), &% W3t7] (Velocity Seismoprobe), 7}4% W3-7]
(Accelerometer) ] Al 7FA] 7} o] &=}, o]9lo= 2% 5 ThE W7y WHEE 3

o] theker Wsy|7b Aletaar sk Wge] wel H&drvh. 1%l 6-482 Turbine
Generatoroll A X =& A2 FAJo|th

@ Field Wiring : ¥87] Al2gl3 RUEHY A|2dS AZdete] = 7
ol &2 W FHol Wt 2 Wireth 3 Wire 7lo]&0] o] &dt}y wmol= WAE ¢
ato] 2} (Shield) Aol = FHF Cable AH&o] AaE™, 400V ©]&+¢] Cabley} &
Al ZA wojof dhrh. dwbAel Hdf 88 Zol= 300me]th

® 3300 ZUH Al2® : 3300 ZYEH A= dAAAA A

711
Rack, A &+ &= (Power Supply), System Monitor, 9 #A] ZUH=Z FAH

th Rack 47¢] REo] AAd & = ANH 14/ Eaol AA"E F U= TF
7F v A FA = Racke] 7 9% AAH = REoly, ofF ddS A7F o}

g2 BEUY EEY W7 Al g dYS Fasth. System Monitore %
A AA s A ZFAA T iAol f1AsHH, YUY A xglo] FEA o R dhofof
g A4ds AP = g5 59 o Algste, Ao FA ] o]

5 A olfe AE e =48 H oY AYgE A, ¥AHE HFH

(DCS &2 PLO) AHE] dolH & A& 4 = 7}=(SDI, Serial Data Interface)2}
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As T A== (5 =7 DM2000 Alz=®h)o] Ha3t dolgE AlFses 7=
(DDI, Dynamic Data Interface)’} ¥4 o2 Axd & v}, 1 o]F 2] Monitore 7
Al EA-} 37w gdsiAl FAAE ¢ dew, 3300 EYE Al AEe] 9 A

mAd e} oF 20 oo wE FH7 Sl

SpasdFAcior kzoelanglon Pobas

2% 648 HW 2vle] AAE A% 8 W]

(3) A& ERR 7F
dRAAeR & ATE AE AT, BAI A el wet g Al
EUH Y Alzwlo] AFshe dA W4 g A, dAd

H Ao wpe Axr dA AR B wE dyo] FE, ¥ A
W =4 Aujele] dAE 93 Buffered Output 8L 7|2A o2 AF3ict, ZxH o
AZ AAAZA = A= Trip Logicoll 450 EAHE 74 &4

] &
Aol Z1A1 el shEo] AekA G2 HelA bdsHA AL & A=H EE A



Tl A 7bY wol AT Qe AFeluw, AFHES 9FL vty B F 9
o S, AES §AL w7 9ste] AF Board® WA A%, 4476l % 1
ol WAY 5ol Joms FA7] BAE Kitdl F8o] weA apdh JAA
Q EAF MARAL A, BAH A0) B shebe ol $UE, Computer

o
Fom sk dHely a3 9wy Aladel] ddy = Aol o] FAleoltt
9.1.7 3500 Monitoring System
(1) M8
71=£¢] 3300 RYEE Al&=dls dAsts Zle] oiydl HaE o] WA

ZUg A4 2 7]lsol @l AFer 99 vk 2 90d W SHb Bently Nevada
A} oA E=A1E A H o] Al A]~Hlo| T

00 Mondtoring System

29 6-49 3500 Monitoring System

Alawel 74 Vs gl 710 AlE o] sl dA o] ofd

1l

ol 4 7bsatH, stute] BUH REC] oldd AA4E T3 Ho v 7HA

THY U2 BUYH 2E oz HAHo o § 7hesih
npol AR ZAA Mk 7]ES ol gste] A 3500 Al2Ee VAlE BHEsr] 9
g TR Ve S 2T A A=RoZA oot 2 5AS JFA A

(2) 3500 Monitoring System T4
ANzEle A e 4F 7AF AXEE W3] AladE ada os
Z

W72 8E doX= dHolE AEE WwolEo]= 3500 Monitor Racke] 9120w,
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|
2
—
r =l
)
oft

9 7

e
N
o

Monitor Rackell @3t 7 A (Configuration)®} tlAZ#o]E & AZTEYOE X
61—0].‘~ 74 E1 }\]/\EﬂOi /‘é%]ﬂ—_ ‘iﬂ?}ﬂi% el o 7 x}lﬂ ]qaoq] XJQ_ ]_‘—

R | e
W9l AA (Proximity Probe) #RF oftje} &= wlojg] Bl 5 Q4 wolgd] A&
st &5 AlA, 7FEE A4 8o wWoly e 258 HAEShE dut 25 AA BFE
Z3}stty, Monitor Racks TA%te ALZE ole AU F3 FX, AFE A"l

)

AE Ao AE 93 BRES 7oz &, F9 9X, Over Speed Protection, &%
5o BEo] Arh

3500 Monitoring Systemol 4] o]&8 & A= AZE ] 97]%]= Data Acquisition,
Rack Configuration, Operator Display”} th. E & AXZEY o] EEX Windows Al
2~8S Z7to® 31, Windows for Workgroup T=+E Windows9hE o]&, UEY =
Fel Al 9 & Aok gy d§ fE# o] Monitor7b o] ARSI Q)T

(3) N="e EAF 7T
3500 Al=dle Ae, HE AYYHE ARg e ASE W] G
Bl 3500 Monitor7bA] Agstmz AolE AXu] &S
Nevada A& &3ko] 7hsstH, Abgo] &olats 12
B ARE stes Ho| Atk A B g HelAe B A bE Vles shue B
FolA] & 4 glorm@ Spare Part #d v LS A7E 4 9t} muEo| RS232/
RS422 A& Fstod A 42 AAs AU 2A 7 |

Well A e "ol 755 & 4% °ol& °l&, vy ZYHH | 753t

3500 Al2~Ele £ A H (Operation Information)s 7§48t 2 ARE A=} &)
A RolstAl AAEeH, b5 22 5] 3
o AA| ZE(Overall Amplitude), Probe Gap Voltage, 1x ZZ3 ¢4 z} 2x 2
Z3 A7 Not 1x IEZ 5o dHolg A&
e 3500 Operator Display Software : Microsoft® WindowsE 7]& 22 B A A€
o] AAE 93 Ethernet Network 7}s. TCP/IP , FTP(File Transfer Protocol)
22131 X-Windows ProtocolE A 3slE 58 HA.

e Server/Client®] 4
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3500 A]2=¥le Modbus® ZZEFS A Y93t Communication GatewayS Al-&3|
A AFEHY 24 Alo] Al ~ = (Distributed Control System : DCS)¥ Exlo] 7}53}
. z2Ela 3 the) 3500 Racke ThE ZREZS o]&ato] Hlo]EE DCS9 B &0
A dA HaZHolz FAld At olE F ¥ WIE VA eI A
2 HEAA 1A Bk hs e

o] AJ2¥l2 3500 Rackell thet olF de &5 FA7F 7bssto] 2ty dd F&F
of g Al FAAE AFow tE dd AR dAse] ALHHow E
& 7 Ak T2 Ml AREE WE A AE"ES TAe] o] A
ZIAE BR35st7] 918t @Y RelayE &2AIA Alarmeoly 7| A A5 4 <o
4 4 e Trip 7158 7HAL ez A=g st gk A7t 524
gtA 353t X9 WA (Triple Modular Redundant: TMR)E Z* HZF % =2 Relay
7F BEREEE AT i ole Y WIT|dqAEY ZUH, RelayZhA ‘Two out
of Three’ A& 3l A= Ao EARE /A% & 2o 7|4 Trip d4o]
A= Ae WASHA A

Z18bo] Full Scale Range, Transducer Input, Recorder Output, Alarm Time Delay,
Alarm Voting Logic, Relay Configuration 53 & EE ZUEH A4S 22X EYY

2 @A 24T s 5ol vk

9.2 Brlel & Kjaeriit o] #M SH A 2¢
(Machinery Management System of Brliel & Kjaer)

9.2.1 COMPASS (Computerized Prediction Analysis & Safety System)
2w s AF7] EokellA 50e4d e 7= 3 43S 7FI Bruel & Kjaer
Atoll A Au] AEfe] Al B AdH] o] ts i oS
o] 7| At
of Al="le FyAow AME AAse] HuE FHASHE On-Line Al=®13, Fdi
€ Data CollectorE ©]-&3te] AH] A& F3t= Off-Line A 28-S T3ste] &
&3 AARLE FA W s gtk 53] o] Al=®le Aule o7 7HA A
Arefo] uhel Agtel Al dEFe W3l Az 4 9l Adaptive Monitoring 5 &
gJomr ¢E&Eo Huke] DSP(Digital Signal Processing)2 &= /\].{:E“—% =2+ 7]

al
oA Jb Hul nge ABHoR Avd £ Ye A Ase AR AU T

il

g 4 9= CompassdtE A ~€

ru

rulo

e

A
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ofZe] o] A=’ H A A EFoE AL
UNIX, X-Window, Mofit =12} 3L Postscript 3% #& =

o
ol

1% 6-50 Bruel & KjaerAte] COMPASS 7| A 2] A]2¥l

(1) 54

e Compasst Critical AW ¢ 7~ =9 1% o] thle] Shutdown Relay &2
2 odg AR AE 58 53 B35 74 (Protection Monitoring) 7] & 3 3t}

e Compasst 2% % AH] Parameter 2139 25 =4 9 ZHAFEHE 53 dolg 9
A B FAE AEow Fagint

e Compasst On-Line? Off-Line, 9% Aot &d% AAIE 5T st=dof o
AZEYSEHN Ay, A Displaydrt}.

e CompasstE 7]Eo AX® ZFA A A€o Upgradingste] 1B E Au] ZA A ~HE
S 7 5 Ak

e Compass® DCS(Distributed Control System) ol HolE S A| T30 =K
A8t 2 v Aakstel A AstE Adu] 7HA] ParameterE A3 3o},

o
ol
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e Compasst LAN(Ethernet) 5418 ©]83F Multi-User, Multi-Taskings 332
A An] Ao #HEE oy dErbEe]l FAlC Anl AHe #4 2 AdEs

=4
B F e dolHE AT

Telaphane
|EEE 802.3 Line
Sorial  (Ethernet TGRIP) Caniral Vibralion
intertace Monitor Maching
e ; J‘w:l-cr: Bur:os Ex Manitaring
/ With Preamplifiers  Barriers = Software
Maching
Vibration Monltor 2520
I
i
Hardwire !
| Proxirmty !
Probes Ralays ——
| T
i
) Data
; Collentor
i

2526

Modam ——

Transceiver

DCs
{Distributed Contral System)

Mudticdrop Modbus

Fig.1 The COMPASS monitoring system. Protective, predietive, performance, permanent andlor portable monitoring can all be
accommadated o single svstem. For TQM applications, COMPASS can be readily tegrated to a Distributed Control Systen., With
a chotee of cammunication methods, plantwide svstem distribution or remote monitoring is no problem

¥ 6-51 COMPASS Monitoring System

e Compassi= WA g Mo FFLS 7IA L= Userso] dolg e A5 uwdh
9 ko] 7hEsteE WAN(Wild Area Network) E41o2 359 &

e Compasst Y3 Zo] AAAXN R FHLASHA 8= Ad 25 2 =4 +f
ofoll ©jsto] A = ATt
- UNIX, Ethernet, TCP/IP, Motif, X-Window System, DSP
- API 670, CENELEC(CE), ISO 9001

(2) st=d9 7%
o 7} A MEAA HE&S AFH o Ftr] e, ob&e A 83 &
A& 98] 24-2he] Processing Card®= Module3t = o] A A = 2t}
e rpme| T#ol| w2 FE P Parametere] 7|1& @S AASY] W3 E rpmol mE
7hWstE ARGS AT A AAE A
o 7|AY AAEY W3} (Stop, Turning, Run-Up, Running, Coast-Down)ell whz}

g oz Adue] e Aol A A Ala"o] E8EA AU



Al o]y 9F A1 o] Parameter®] W3tE
= el = A AAIHE AT
Internal, External TriggerE ©|-&3te] EAs 74 AeHdAe M&s =A7]9 7}
Moo A YA A FAHE A A% 2k wFS Monitoringdle] AH] 7A€
AL S AT F A AAEAT
Akl DSP(Digital Signal Processing) 7IWH < A|&3dte] §8&824QA A A ~HE
TStk
AL Z1AS] BE 9 User7d ARl AEle] AE A 871 918te] Trip Relay,
Alarm Relay % Machine State RelayE A5 o2 AL =2 XA 5t
AlzEl ZEA 9] gy oA Al2ES ®HEE7] fF Self-Test, Overload
Protection, Automatic Start-Up 5¢ #7] Id&t & H3E Alxdo] 7l5EHEE A
A A
Data Collection, Field Balancing, Bandpass, Spectrum(CPB, FFT & SED) 131
Cepstrum 9 715& %5+ %747 High Quality FW8 Data Collector®
Compass®] Hi& A|x="loz A8&3 = QA AA S On-LineZ Off-Lineo =

Tt AjEopd H e d AHHE shue] Compass Al&® o R E st

s}
>,

o)

tlo

AA
E Z£%H9 Proximity Probe, Accelerometer, Velocity Probe 53 Z& X5 <&
ZA3st= AlA 9} Pressure, Temperature Probe, Tachometer ¥ XE Process
Parameter 21 & 55 A2 & JEF A=A
(3) 2AZEY ] 7%

User7} ARl o] JHE A48ty A2 Aoe Hom Ao dH

il
=2
>
rok
v

- B2 : Danger A H

- =T Alert A
Z2A 0 Aak A

- &4 System Alarm

Machine Group, Machine, Machine Part 22|31 Channel 522 =% Point® &
ARoz wadgdozi ALgA7E Pl 43S Folrbi=dl &olsith
Alarm DirectoryE &3 AH] o4 SAHH, Au] e, &4 Parameter, 43 A

d ]
Zb, 73 Level, 18] 3L Userd] 14 o 5& ol 4 Q)

.
i
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Aule] 7FA] Levelol wel Basic Monitoring, General Purpose Monitoring,
Rolling-Element & Gear Monitoring, Transient Monitoring, Shaft Monitoring,
Machine Diagnosis Monitoring “12] 2 Basic Performance Monitoring 43 E 9| ¢
2 dAHow A& F YA EEdHo] 9

&9 FFT, CPB T34 #4& 3 74 149 4 % Cepstrum, Envelope
Spectrum #2S 53 Gear 2 wWlolH ] HH B4 2 ATES 8ol A 3FA T
A Aee AgaES Y& 159 Overall ¢ 2 Eccentricity, Thrust Position
& Load, Valve Position, Casing Expansion, Differential Expansion %3 Z-&
Scalar #< 43S FHa 01zxdA FHd 30@714 10dAZ E23Fe] Display %
Aoz AREAZE A Adu] el AEE ST S

Turbineel Y} Compressor 53 #-2 rpme| WHalo] wE 32 Mdd] e
32 AAHoZ F3sof 3= Critical A1 Run-Up & Coast-DownellA] ¢
Polar Plot, Bode Plot, Waterfall Spectrum &3 #<& Transient Monitoring 7]%
< 7HA A

Spectrum versus Speed ‘ ﬁ spectrum
_ vs. speed
plot

0 LT T

|
e <N > %!

Spectrum |
history
plot

a9 6-52 Waterfall¥} Cascade Plot
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e Shafte] 7HA17} H L3k Critical 7] Aol tiste] Orbit Plot, Acceptable Zone %3
2+8 Shaft Monitoring 7] 5< 7FA a1 ¢l
o AFHoR 7|A9 nFS A 4= = Machine Diagnosis A2ZEY o] E A9

Fozm AbgAtRstol g Ao ol ddhs FE ¢ Sle dHelHE AlEsto]

ol
o
4

MN o
K

b
K

ZE9 o] AgE TdARAROE AFRAE A|FE 5 9= Protection Password=

|5t 2M Set-Upel W74 2 & doleo A&l AFdFS Fa 3l

2

| ‘ A ostiar s S »
Scalar vs. 3 : : M -
speed plot =
vy omi o
g plot
Ay o : Yy X-Y
| | - oo, - T Position
7 I L] ek vs.
- speed
= ‘ plot
e Spectrum = § E i
plot Vs, speed = =
L (Campbell) .
plot
- Polar S
. =1 plot |, I
z Spectrum i
history I
K (Campbell) Y D
plot s ] ‘
Spectrum —
plot bt ¢ T |
v ol ok |
i =,
s At : al
: : 5 Vector
History
| lot
Scalar p
history = T
plot
Envelope aa
spectrum = o =2 T
plot w8 oy il |
B - ]
| I Machine .
histogram :
mi o ‘ N
I ! | Position 1
History
Cepstrum plot
i plot .

1% 6-53 4F xF Plot

9.3 EntekIRDjit &) K FEH Al=H
(Machinery Management System of EntekIRD International Corp.)
EntekIRDAFE ZHES ¥3 4 EE Shutdowns doZ 4 9= Main
Turbine, Generator, Boiler Feed Pump, Circulating Pump, Draft Fan I8
Pulverizer/Exhauster &3 #2 T Qstal A Al 3 74 AHle| 7Y Z+F Bz

Z1A Adulel] o2 7kA] Fe] B TR ugd A VIAS A #A A &



A6F s 715 R 4 FA — 223

ZstE Fojg Aujel el A Al2El 2 SoftwareE A ZF et on, E
Software®] 7|2 37377 th2A Wglsta A= AAAJ FAol o A A+
3tar 9t} EntekIRDAM= CSI, SKF, Hewlett-Packard, Schenck, TEC 53 #Z2 A

Aol ofel gxEAQl ]5? Ay ] FArkEo] AAeta e AHEd TS AR
2 SoftwareE /el gkow E3] 71419 Oil ¥4 Y] 2 Thermography e Datas
< 7 Datas} A 0}04 3 7gAl A7t 7Fs 3 PM Integrated SoftwareZE 7H

wato] B g ARE PM AFASdA Aled & A H3dH

EntekIRDol A A4tetal e F/HES (Hds] dustd Fdg duzs s 53
7] (Model 810, Model 808....), %15 217](Model 838, 870, 885), %15 Data Collector/
B4 7] (dataline DSP, dataline IS, dataPAC 1250, 1500), ttxld 2% &2 Fujel
TURBOTEST®] it} 22}¢l #n] 23+ Machinery Protection 4|2 5800 Series<
Monitoring System, Two Wire System, 6600 Series®] Monitoring System, 1] il
IMP/VIMP System®] < 3Computerized Monitoring System® Z=M-Pulse System,
EMONITOR On-Line System, 221 Turbomonitor System 5°] 21, Software
2+ EMONITOR for Window, EMONITOR Odyssey, ESHAPE, MOTORMONITOR,
Explore-EX So] v}, @3k o2 7}A =7]¢] Balancing Machine 59 A4ty o}&
2] Displacement Transducer (Non Contact Pickups : Model 403 Series, Model 1900
Series), ¢18] &7 9 Velocity Transducer, Accelerometers ¥ 7 Vibration Sensors
a8 3 Fog Au 9 ALEEE O Temperature TransducerE< Az AAksta
o™ Transducer#| 2t §]*]—°L Wilcoxon, IMI 53 22 3ZAloA AitE =
Transducerg AF83 % Qo 28la FH 21d ol Diagneticsgh= Oil 4] %H]
2 AEE IArE s, &9 7t Thermal Image FH| &= AL A ow

AA Aol FAAA PMAE] A A2 % 2 & s Ut

Fazk sk W82 ol A e
& Softwaree] thslA 7H=F3}

%
N
X
L
4
K<)
ofo
P
offt
o3
=
S
[

gool A 27
2ol gl 1z

==
olt

111
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9.3.1 dataline DSP
o] Hl= o Aulet 7|A HE A $1% F8 Data Collectore]th. o] 312
AFERRE stz F7Hel dAH w2} Magnitude, Process, Spectrum, Time
Waveform, Z12]3l Phase DataS ZHEA A T2 7% 3 7|AZFH Datas
HASE ¢ A=F v AFAES Listel Foyo]l A= 9ol wiste], E+= Listel
gejuo] A @2 Al W Datag A5 F Uvh HLe e e &4
71E2 Ak el My A9, dEst aga vr]est Hol vt 9lew, 53
A 7F 2o 7Py o] wii e s E47]17F Data Collector 715 7bA &7 =38 4= 3
L5 JpEE A
1) 54
e 53]7o] 9l Pathfinder 715 - o3& d &% Databases +53FaL1998 8
4 1094 FAHS & o dubAQl B AH]= Database’t TEEHOINUE EA=
Data® #5380kt L Datags B3, #gd 71 Atk 5, o] 9vj= AHEA7E &
Fe AEsl Bo] olFdlor dvte S vtk 1Yy o] Pathfinder 75 &
Database TSr<col ofdel AREA7F SAstna sk 7IAlew S4S 3
S Bk 7S ol
e Envelope Spectrum Processing (ESP) - Rolling Element BearingEolA A&
BgstA 48 F A= g 783 129 7iEoth
e Cold Cathode ¥# Backlit Display - FW& #v]Z $ste] wfj$ @t X3k
Display Technology ©]t}.
e Machine List, 15 ¥ Data 18] 3 Application ProgramE°l] ot FHojste] A=
S 9131 ECARD PCMCIA Type II Card® 4% it}
o WA WG] Vel ¥ IP65RE Al AFE A Ut
o AAolA AH AE AItES HAF AFstr] flste] HAY o AAE H
A AE ilvlste] BatteryZb it o] %
o AAolA RolstAl AHRE = SUAl st7] flste]l AL A7), Tk FA Lea ¢

]I

e EntekIRDAFS] A% #g 2 B8 Software?l EMONITOR Series$t 34 714
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9] Modal #41& 93 ESHAPE for Window 1231 MotorE A4 EA3 4 ¢
T2 AR E A¥3tE MOTORMONITOREZ=Softwareet A1 8ko] Al&sr 4= <)
== AA A zE A

(D Data Collector Diagram®} 7]%

= =
| EMONITOR dataline ENTEK] L ?ITE;TSLT}TSREMENT

INDICATOR
| LIET. OPTIONS, |
|L15T-1<Dmmm
-LISTSTATIIS
LIETL{ITERALT)
PORTS: 0 DISPLAY
MISSED -0 REGION
PR 0
== o e

SOFT KEY .|

READIOK> KEY o] A ] [
124 124
@ @ L=l ARROWKEY

<ENTER= KEY ENTER .
/"q = KEY

............................................................ 1 5 ST (RESET KEY
HUMERICRETS B B |:| ‘i _____ I:K— <W>(INSPECTION CODE) KEY
B B B I:K— <OHIOFF= KEY
C:D‘ =

=H! = HAFRMONIC/DECIBEL) EE¥

I3 6-54 Data Collector Diagram

Datas F53dt= sctol 45 = HHE

Measurement Status Indicator _ -
AA, FFA, 50 epdt,

Soft Keye 93 A& eI, Soft
Soft Key Label Keyel 9&2 datalined] & Ao oA
she] W7 H )

Serial Port Connector, Power Connector,
E-Card Slot, EXT TRIG Connector,
Input Connector”’} Dataline 3% F-$]¢l

A3 giuh

Data Collector Hardware Connector




[ ]
o
L)
N
S
olr
o
wn
o}
j}
7
o
=
—
<
o
@
o
fr
e
—
@
av)
>
o
o}
@,
o)
=
o
8
(@)
@
(@]
IS
w
%
%t
>
o
o}
@,
Q@
O
=
o
@
o)
IS
NG

) T =
g 7t %/4& % Transducer, &% Transducer, W$¢ Transducer, #¢d =%
Sensor, 7] AA"d & #A FAA, $& Keypad €=, 4 Reference
TTL/CMOS Trigger or Analog Trigger, Trigger Reference® ¥ rpm =%

%, ¥$%], Envelope Signal Processing (ESP),
ted f-2 A3 M9 Count and Count Rate, A<t AH, A
A ALEATE B SA @9 FErt Jhestth
e Trigger Y2l o] I Source®Zi= Internal =+ Externale] 7Hs3dtH, 92 715

#Typel 2 TTL E+ Analog Levelo] 9l

o,
L
ofr
o
Mo
)
E
o ¥
it
rir
L
4
!

o =73 7153k Typel &+ Overallgt, Time Waveform, Spectrum (FFT Spectrum),

A4+3k, Spectrum Bands (10), 223 Order Normalized Spectrum% ¢l =4 75

9.3.2 dataPAC 1500 (Portable Analyzer/Balancer/Data Collector)
dataPACI500> 24, A 33t 24, dx/24 4, A2 434 22
B 8E ZoE o= Al Anle dHE At ¢ s
Hlolth, dwkA oz w7te] AHleA & 4 3= True Zoom
e 7HAAL low ALESHr] w-- &olekAl AAE Aot B
sl W2 Fa W10 cpm~4,518000 cpm)E %
5ol o] st Sl ¥ Print7b 7He sttt
4H] Data =3 % & AR ofyet ZAe] Balancing Programs W7dstal 9l

o] 9]¢ Datagd Ystd 252 o2 A4ete] Balancings 3% 4 %= Data
=

=
AS s

o
Rl
0
M
H
o
w
(@}
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@]
jo)
Q
Q)
ko)
—
jan
=
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L

AZetel £ o A¥E Data Collector2zd MThE 0F BAL a5 3ol
urh R 715 REE FoRM A% NEE UGG YR WEe] AR

=, Data SRR Aol ol A5 AR dal st B4 7esS A
oz 7AESY wAF] A AE=A AFE ddd F de B4
S AbgAb Al A&, Frequency Response Function”’]s& F7}st2 2 3o
Impact HammerE o] &3 zt71#] AHS ZEsto] 71Ad s o 7Fx A4S spet
g At

Data Collectord] 715 2M % e} Ao nla] Ad £Mo] gl 238 Data A=
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2 PCMCIA CardE ©]&3o 24 A% 59 ®3 Hojurh 18 Fof & o] &
g ol gk System A= "¢ EE&EHY F dormm AR Hak iekal= e s
B gtelth, Z2WES e 7|A S Transducers 972 o2 A5}
A f¢- @S B go] Aoy mE Fuel System A A oA
Collector®} #Z2 Fdl FH]|E o] &3l 39 SoftwareZ #TE| & strpd 2 A E 9
Aol £ df= HAT & E 3 Point oS #HE F AS Aoth
=21l Help 71522 u] AAZE SE&Ho2H AL wgo=m HA guje] &
E 71%5E& A8 = i, VGA-Resolution 32 o] Qo] 3o UHo:s= RE

4uE 97 Ash.

rlo
o

o
e

_{

% 6-55 dataPAC 1500 A8 =<5

(1) dataPAC 15009 &7

o FW3 Fulg g A3 True Zoom 42 10 ¢cpm~4,518,000 cpme
s HYE 12,800 line® ¥+ FFT Z18]x 3,600,000 cpmZ7FA 2] H$E True
Zoom= & F7F Ut

e Startup/Coast Down?] 7]%5 9% <213 Transient =743l A% Data =8°] 7%
sy

o HA A Strobe Light ®% PhotoTach(®:+ LaserTach)2ti= AccessoryE ©] 83}
o] Fieldol A One B+= Two-plane Balancing®] 7} 3}ttt
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AEe) 71E e

18 Bit A/D Converterg AF-&3to 24 a0l Ads] €43t

[t

6741 ¢] High Pass Filterg €3 4 1+ Spike Energy SpectrumTM< Z#
ol 1Fu RS zk= ZhE 7] A 9 Geartt Rolling Element Bearing@] ) %

= oA weot & = U= Ve 7ML AT

il

Frequency Response Function(FRF) 7|52 & E4d tsle] HIT= 2 HI
e F H Eol7] fste] A A af FusE AT F deF o
7]%s ol vt
7} Analysis 7]%
- Time/Spectrum Display

Dual Display Format?] 715 ©]&3}e] Time/ Spectrum DataZ A &

.

Signals Itz A2 APgFeozn ZFd wel Datasl W A=7F A4 e
= WstEa e A% At

o

=
=

N

- True Zoom Spectrum
- Phase/Magnitude/Speed Display
Phase, Magnitude 121 Speed Datacl th3t w-¢ A1&8tA4 225 +E Polar
Display
- Strobe 7]5& ol&ste] v E2 eSS & F A
Speed =4, Slow Motion®] #3F #% Balancing
Phaseol] g ##
Tuned filter, Synchronous studies
— Buried Shaft Triggering
Ratiool] &7 3%+ Internal Shaftoll 4] External Shaft7}A] Trigger Pulse® A ¥
Elasy
Powerful Gearbox Analysis Tool A
- Startup/Coastdown #23
Critical Speeds ¢t
Resonanceol| Al #kg-of s 74
Speed Changes =4
1}, dataPAC 15009] 7]%

dataPAC 1500914 ¥€= 7}53 Sensor Typed Accelerometer, Velocity
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Sensor, Displacement Probe, Temperature Probe, Photocells, Electromagnetic
Transducer, Lasertach 5% "¢ t%3l™ Transducer£9l Bias Voltage Check %
Calibration Check &< ‘&3to] Self-Test7} 7}s 3ttt

DataS #4% ul Spectrum® ;A== Ax HF L Softwaree] Falzol whxo
2 Qlgle] o]Z Aulol E=YdFTozH 12800 Lineo] nHFE=ZS Ad
GSE Corner Frequency:= 2zHz}t 100, 200, 500, 1000, 2000, 5000 HzE A &#st 4= 9 &
ok oty 2} 18-bit A/D Converter= Solid 96 dB Dynamic Rangeo] thste] #H <] H o
2Ath. English =+ Metric E=% Decibelsol H3te d9E Add 4+ dx
Amplitude ©9]Z+= RMS, Peak, Peak-Peak, —1#]3 DC Meter TypeE 3 Linear,
Exponential, RMS, 78] 1L Peak-hold averaging®] Average Type©] %1t}

T @492+ Hertz, CPM, Orders, 10 Orders7F 1o] o]& Fo A8& & &
7} 93, Windowe ZHF2% Hanning, Hamming, Kaiser-Bessel, Flat Top,
Rectangular Windows”F At 18|31 <ke] EA oA AF ¥ Spectrum”] s Tsh
Spectrume] ¢} 3ute] Spectrume FH 53] o= 5A FIa4E sty & S
Jg ¥wk olygt Amplitude Cursor, Frequency Cursor, Dual Cursor (Amplitude &
Frequency, Band RSS Frequency, Delta Frequency, Mag), Harmonic Cursor
(Frequency, Set Machine Speed), Sideband CursorE< ©]-83}¢] Spectrum= %3}
A 71 Al A BAE s AE5E FHT & A%EF 3l Spectrumo] 3ol A= A
2 7te3] Soft KeyE 2] L Spectrumo] ™3 Time Waveformo 2 W7 sle] =
e 7 7leEES ol&ste] e dedt JRE dojdl F Qi ol HE
Screen Capture 7]%5& ©]§3}o] Printer2 %3 71 AT}

True-Zoom Measurement”’]sS B34l =WH dataPACIMIS00-> wlX|] Spectrag
et A 22 Graphicel YERAI R AAZ = A8V EASA AAS Fog H
el 2H4E wr3o] HAg AASA BE Datags HAS5ste] UetWo=m dnbA<l
Spectrum GraphicEttE 4 %2 Spectra’l UEY S0 =2 st & 5 gldd F
99| Signals 2< 4 Ut

Coastdown/Startup”] 5ol = FFT/Waterfall® Bode/Nyquist “12] 2 Speed Profile2]

o ox

m[o

In!

B2 38 7lTE U9 HAE A AR Bmoy g A VA 13
=% 3} dataPACIMIS00 3k dataline Series<]
Zr) el wE7kA 2 EMONITOR for Window, EMONITOR Odyssey, ESHAPE for
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|
2
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r <)
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Y JE Ve

Window, MOTORMONITOR &% 22 o2 7% 9] Softwarest AH8& 7}sdba Wyt
olyz} EMONITOR Odyssey =#}¢l Version = A-F5A Alg 7l53t2E 849
Software® Z2}Ql/Fdl-§ AU E FAld AlEFdoz AAHA &8-S st &
A
9.3.3 TURBOTEST
EntekIRDAFS] TURBOTEST+ Turbine Generator, Compressor, Large

Transfer Pump, Reactor Coolant Pump 28] 1 Boiler Feed Pump 53 %2 Critical
Machinery®] =4l & F848S S7kstal kel #Hg A= E45 44
A1717]1 9138 71 7383k Systems 9 U2 289l CMS SystemS PortableZ ¥
g Ao ® 2kl Systemol A AHEE F e BEE Vs AUE 28 ¢ de A

o ARsbgoldy & 5 At

f
ot

23k Data Acquisition® 7 A2 WHES AFs A7V 2= = AR7F 9

e TURBOTEST-> U] 64 Channel7}#] =& & Channeldl tsle] & Aol Data
£ FASsa gAE 5 Ak
e X-Window/Motif Graphical User Interface®™ A}-&o] &o]stw, t}s User
Interface= o2l WF9] Userg< +8& & F e 715 Ak
System Unit2 VXI-based UNIX Computer {HP9000 V743/100}, HP-VXI Bus
Data Acquisition Instrumentation 2] 3 ENTEK IRD’s TURBOAnalyzer software
ol Al 7HA Fo ARoRE FAHHEH
(2) A28 =0 FA(SYSTEM HARDWARE ARCHITECTURE)
TURBOTEST System> Flo]Ee] FEAAFH A 2 deoly g
Network & 93 Al=glo 2 & 7] Cabinetol]l Fefso] &= & AT Fulolth
TURBOTEST System©¢] =933 3= VXI Bust A dAAHo=Z g AE
EdEo] e FHEA, FF FWE xF PHEA 7HXE o & Floth
(3) DATA ACQUISITION
TURBOTEST+= AH&AFS] &% et st=dlojs 74 & 5 den, 1 &
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1 ~ 64 Channel H9ol A 3 7le] £2 T+ t% Channel E8 02 ojujdl 3
9] Channel 74| 7Fs3tH dlolg F5d 9o A&A WHoly, F7]/Hs7] 3
2o 2 oy F5°] 7lestth

54 Adnle] SAS nyskA i dEste] 2AForA A= dAde AA @
I

TURBOTEST System< t&s &8t oYzl &% 48 5 th%3e Parameter
=l wigk dHel¥ Collecting % A&7} 75 7Hd] 53] Static?}t Dynamic Data
Collection, Transient Data Collection& o} ¢} 2t}
e Static Data Collection
Turbotest System< AA2] Band =+ o= 9422 Sub-Band Vector Filtered
Magnitude [(N x X) : N2 7]A¢] Running Speed (X)2] wjs=o|t}] Vector
Filtered Phase (N Phase), Overall or Filtered Signalol]l t 3 RMS Value, Signal
o] 3 Gap Voltage T+ Offset Voltage, Direct Phase =+ rpm Inputs, Time
Waveform %+ FFT Conditioning ¥ Signal%-H ©]&E°]Z rpm, 2283 Orders
L+ Frequencies Harmonics®] o= ¢2]2] Rangeol ¥ Harmonic Sum¥} #Z-&
Static Data°ll gt F5o] 7}s 3t

e Dynamic Data Collection
Turbotest System< Time Waveform, Spectrum, Cascaded Spectrum, Orbits,
XY, Polar / Vector Acceptance Region, 2] Shaft Centerlines ¥ #&
Dynamic Dataol] th3dk #H5o] 7}5 3}t

e Transient Data Collection
Bode (N x X) Plot, NX Phase/Amplitude Z2]3 Shaft Centerlineo] tH3l 4 H
7} ¥3%+¥ Polar Plot, Cascaded Spectrum, X vs. Y, Waterfall Spectrum=2] il
Tabular List¢} 22 Transient Data 35S 3 5 Ut}

(4) SIGNAL PROCESSING
w538 dolg F, Signale gy 22 7)Fel o8 AE £ gloernz
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Fe el deolHE vt

Math Functions

Mathematics 7] 2.2 FFT, Transfer Function, Integration, Double Integration
/Differentiation, DC Blocking, Addition, Subtraction, Multiplication 12|l
Divisions # #Z2 755 °]&3% & St

Trigonometric Functions

Trigonometrics 7152 2+ Sine, Cosine, Tangent”] 5% o] €& 4 it}
Logarithmic Functions

Logarithmic 7] 2.2 Natural Log$} Base 10 Log 71%5& o]&3 4 <lth
Exponential Functions

Exponential 7|52 &+ Exponent ¥ Square Root’} 1t}

Statistical Functions

Statistical 7]¢ 2.2+ Minimum, Maximum, Sum, Average, Median, Variance L
2] 12 Standard Deviations ¥ Z& AEo] 3l

Curve Fitting Functions

Curve Fitting 7] 52 2%+ First to Third Order Polynomials¢]gtE 715& @83
71 9

Filtering

Filters %%+ Low Pass, High Pass, Band Pass and Band Stop Filter7} 2.9,
o] & FilterE< FFT$ Time Formato.2 2§ 3 4= itk

Data Plot Formats

Data Plot Formatoll = Digital Meter, Analog Meter, Bar Chart, XY, Trend (User
Configurable Duration), Spectra (Synchronous ¥+  Asynchronous, 28 ~ 7360
line7b#A] AA 7}%), Time Trace, Polar, Orbit (NxX), Cascaded Spectrum,
Current Value, Tabular List, Acceptance Region (AF&A7F A3t Aejo] 3
o= golel %)
(5) GRAPHICAL USER INTERFACE (GUI)
GUI= X-window Compliant DCS, Control Systems, Windows and

Windows 95 PC’s, HP-UX, Unix Workstations 5& ¥3% 3t 2 System¥} o]
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Abg-o] 7hs sttt
(6) REMOTE ACCESS
Software?] X F7} glo] 94 Network v A3 2dS E3te] 47

Processing (Control)o] 7}s 3}ttt

9.3.4 Software
%E Software?] &2 & EA47]0 vsAE F3 &2 JAE 7HA L
DA FAol A we 3 7 agAola anH oz # sy falMe= As
Software®] ©A& E7}9] s}A| |74 el &= HardwareZ} 57} o] 7§ b v
H Softwares= ©]& S5t & S 39 ged H2 2 d A Window A

A7F FakEl W Windowe] el gke] Computer?] A& <17} F243] F7Fshd A o]

X

. P
ﬁ 32 e
£
2

ol
S

e

A ¥4 G4 ComputerE HolA H1 18ln 4% SoftwareE M'Ests IALE
S s vFol g5 A ARRsEA S o 8BS ARE Aeses Fomm g
< o7t o] A& ol E HEE AT Softwares & W=+ Ao] o] ¥
Atk

olg)gt FAol| wl WE 2 PMeo] #AG Softwaree] /M= w9 wE S
Aste] oy HardwareE R 10d Aoy, 5 Aol X goly 1827 A W
Aol gitk. &4 Battery/A A} 359 AEFst 2 S48 ko] wel ARl Eo] A By Tt
W =Z7)7F Aopom wk=A el wrH o' Datadld £%=7F WE1 Data A% &
o] &7k AZTE Aol L o]9oE 10d@ A Transducer, Cable 5% 7o H
AThAL S = FhQlo] ofyt

1511/} #H< F Softwared TS HW stue] Software® =& PM¥ #dd s
7% Zl1'5Data, Oil Data, Thermal Image Data, Temperature?} &< Process Data &
s A 2L ParametersS S st skal la, A olHF 9 ¥t
758k Software7b AJAE=E 7] A Z@ar, Versions FdA718] B 89S F981]
3|ALe] WS Softwaree]l Al AAALete] SHE st Urh #HAC|
Software®} o vl &9 Softwareet W= AL&stil A& 3sto] gh=v] 984
shak7] 88 @ ¥ = EntekIRDAFS] EMONITOR Odyssey2he Softwarets ©]| 4 22 %=

| oFzte] wj&t Frbetd Fdl AHlE Softwares T-wiste] AbEsioh 2wt
l HE §rg AT FUF JeF: JpdEo Aol Uitk 28 a o yolrt oo
2 User7b 710l ERALY] Data Collectors 7FAaL i, @] A+ s 73A A

o
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A7 EBRARe] Feolel dlE okzhel W]gwk o] F7bete] dF HardwareE WA S}al
Software?t 7+94& W A2
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o= g Qlojo] ZTAHES FS
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T Softwaredt & & Arh. Hstal A A oHAE ALE-317]

7
g we A% A5 A gulEe] wid Age] tgoms oAl A

v A o

of AA dou= ATE At o] F Softwareol Al Dataslsle] Userdl 7l Al &3} 7
HAoh 71AE B4t Jdsted ARG E4 g2 ATke] 285 H, I 9=
o T TgE Qs BE el glo] A/ENE =Y F 4 AxEF WAN, LAN
5o WS E8 EE Datals FuELE ¢ I AL 71Eo] HUd

EntekIRDAFE o2t S o do] dobs sto] @& Q1d/AHES Software’l 2l
F218ta PMol ## 3 EE Data® 3 Softwaredl A #elsts 53 @ AAE §
3 3S 21 glon, EntekIRDAF= oW MicrosoftAtoll A 73 Window 98¢ £-&
AA Y AAs] AFEE = 9= EMONITOR OdysseydlsE SoftwareE 7|utsle] dn
Aol Aol whgkal, Millennium BUG #4191 tisiA= olv] 2d AEH FHlE 8
S Model& #9]3ta B Modelol tigte] sjAo] = gl

EntekIRDA}] SoftwareZ+ EMONITOR Odyssey, EMONITOR Odyssey On-line
Version, EMONITOR for Window Series, ESHAPE for Windows, MOTORMONITOR,
Explore-EX, Turbomonitor (©] Software®] 7] & Software’} UNIX X-Window
2 Ag354Y Window NT, Window 9504l %= AlE 7}153)% o] 221, Single
User W2 o4 Multi-User, LAN, WANS ¢ W2l o & Up Grade’} 7}s 3ttt

St Al Awgk o 744 Softwares ol Al EMONITOR Odysseyel diste] 1 &
A3 7bss 7lsetarat gt

(1)

e Fdi

Protection 7F*] A Al(American Petroleum Institute, API 670)2%E H & 249

Datas %3] S8 ¥elskes hst 717 Au ZAl AA ol

z
il

-

A

do ol

Data Collector, On-line Surveillance #A] AA Z28]3 Continuous

e % Data, Oil ¥4 Data, Thermal Image, 12|32 ©& Condition Monitoring
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Process Datag stve] &% Database® &% + lth

e Open Architecture, Client/Servere]l TA3% wW2& 7322 Plant-Wide
Communication-Single User, LAN(Local Area Network), WAN(Wide Area
Network)oll thale] €493l Networking 715 < A Q3kc}.

o 43 Window HAAZ AAHCSZ Plant IT Infrastructure® &°]3tA &2 4
13, DCS(Distributed Control System)¥} CMMS(Computerized Maintenance
Management System)® i 2719 714 AH ARE YT + A}

W

i
o

Al

o

ot

Mo

¢ EMONITOR Odyssey: DatabaseS A4 3}7]o] Wz 4
2 71
e Window 95, Window 98 ¥ 1 Window NT 4.0 A A|3}2] 32-Bit Modeloll Al 2
g5l EMONITOR Odyssey: Button, Menu 121 Iconl 2 RE AA 9
Window®} User Interfacedt= EAS zr=th. EMONITOR  Odyssey©
Single-User, LAN, 28] 32 EAN Ao ts}o] SQL Client/Server ArchitectureS
A}g3la, thREE ZWE Information Systemol] ™sle] 83 THS zr37] ¢
3ol Multiple-Server A 1(ORACLE7TM, Centura SQL BaseTM, SYBASE System
10TM)& A3t
EMONITOR Odyssey+= AF8-2HE $13te] v E] Formating® Database View,
Plot 28] 21 Reporte] W3t} Pane¥ WindowE Modifyst & QA EZ Userol Al
S Jiel E=9gtl. EMONITOR Odyssey: th& Z W E Information System
3 FEI HES 9stel MIMOSA File 98 a28la 8 7]5S A A3
e Database 7]% :
EMONITOR Odyssey= Bt &332 Database #&l S 3to] th%3+ Condition
Monitoring 7| € EZ% ¥ DataE %3¢t EMONITOR Odyssey® AF&A7} H
3} Hierarchy Levels 6@717hA] A48k, Icon? 83 Indicator® ©]
Hierarchy & YERT]
e Data Collection 7]

+ Load/Unload Icon& At

1

- Fdl€& 4] (Portable Instrument) : U7+ +&
&3tel o] m=AAQl o] wel IE @ 4 i, ¥ Data®F-H AE
© 2 Report7} ZHE + 9= 7]%°] 9t EMONITOR Odysseys o

o] & Fa AHAbe] AulEEw oy}l EntekIRDAFY] EE Fo§ FHE

M

ul
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- 2z<l 7ZA] A4d] (On-Line Monitoring System) : EMONITOR Odyssey
On-line2 #5742l Data Collection 7]'sS A ¥3tt}. Data Acquisition< User
o] 7+ gle]l ®olZ Programol| wel Aoz o] F otk Manual Acquire
Function AF&AF7F o= §l o] o] AJZte] Data Acquisitions & o U=F A
&gkt

List 7] :

EMONITOR Odyssey List7]5< #Z ¢ Data Collection, Plotting 2]
ReportingS 3}7] 98 2433 =Fo|tt,. EMONITOR Odyssey+ Database® -E
Hierarchy View ¥+ Automatic Selection®] A& Zt&3l+= Taggings 319
ListZ A A3ttt Alarm Severityoll &3k MA & B4 3 352 93] B FQ3
Listg Adg 4+ 3

Plotting 7]% :

EMONITOR Odyssey PlotE-2 714 “Zejol digt £45 98t 71 ¢k 7]
som e A gl Ao AdE F Aotk o5 Plotgd 7l & Tt

Sokal e Agste ded 22 VIS ER Plote 258 F Ath

- Rubber Band Zoom - Grids

- Auto Scaling - Linear =+ Log X Scaling

- Multiple Cursor Types - Linear, Log, %=+ Decibel Y Scaling

Report 7|5 :

¥4l Reporti= Al&stal ARl 7[A S wigh AHRelth. EMONITOR

Odyssey+ 307+#1¢] 3+ Report #R7F ol g} AF8-A} Report Generatorgs *| 9 gh
. 895+ Dataol thgh Plot 74 dEjel oigh &uls =250 #3ho
EMONITOR Odyssey Reportell 41g 4= A & Aot}



