DAY 1

- Introduction to the Technology
- Maintenance Philosophy

- ISO Standard

- Technique and Definition

- Frequency, Amplitude and Unit
- Phase

- How Bearing Fault in basic

-3 Types of Vibration Sensor



What is Vibration?

Vibration is the motion of a body about a reference
point caused by an undesirable mechanical force.

Shaft vibration caused by the shaft
moving about the centerline of a
journal bearing.
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Vibration vs.

Machine Life

L Llfe (Hours) = 16,666 x | Rate
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msannaeyvesgnilu :in Rotor Weight

| =[Rate] 3X[ 16,666

= = Bearing Life Time
10 L Load

RPM T Running hours.
For Example; Centrifugal Fan Rotor

Blade Diameter = 1100 mm.

Rotor Load = 500 Kgs.

Speed = 1485 RPM

Rated Bearing Capacity = 10000 Kgs..
L= [10000] : [ L6.666
10 500 1485

From the above Equation,
the expected life time is about 89,787 Hours



msﬁmammqmmgﬂﬂu 210 Dynamic L.oad %150 Vibration

Example ; tia Unbalance ¥110 30 g NAMNUIUDNGAVDINA

30 g at 550 mm. = 16,500 g-mm.=1,650 g-cm.

2 2
W=mr@® =mr X (27'Cf) . f= Frequency IN HZ., (next page for detail)

9.81 ,
= mr {2 X3.14 xXrp
9.81 60

2
=0.01 mr (rpm/ 1000 )

W = 0.01 x 1,650 ( 1485/ 1000 )’

= 36.38 kg



From the previous Equation
ate 6,66
110 [Iiad] ERPM]5
0000 I'16.6
1@550+36 ;Bé{ﬁr%}

the expected life time is about 72,686 Hours
=20 % lost in Life Time
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A V= @r,a=Qv

JFHMDZ; o = 2n= 2nf
t

F=ma, F=Newton,m=kg, ,a= m/s2

Force 1 N can make mass 1 kg. have acceleration 1 nts

W=me” w = 2n= 2nrf
9 t

W=mg, W=Kg . .m=kg Massg=9.81m25

Mass 1 Kg Force can make mass 1 kg. have acceleration 1 g.



CbM Program Advantages:

* Minimizes machine damage and allows scheduling
of downtime, labor, materials

* Helps eliminate costly trial and error
approaches to solving problems

- Allows machines in good operating condition to
continue to run

+ Eliminates unnecessary overhauls

+ Improves safety and quality performance

* Facilitates Root Cause Analysis

* Assists in redesigns or modifications

* Increased overall knowledge for decision makers

* Properly schedules Preventive Maintenance (PM)
activities
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BREAKDOWN Case Siudy
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PREVENTIVE

| |
TIME BASE PREDICTIVE
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Time Base Case Study ( nouwow )
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3 Days After Changing everything...



Time Base Case Study ( widsson )
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PREDICTIVE

SUBJECTIVE
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Sub jective Maintenance Case Study
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Example

Reduction cost for each Maintenance Philosophies

Electric Power Research Institute study on annual costs
of the three philosophies

Breakdown = $17-18 / HP

Preventive = $11-13 / HP

Predictive = $7-9 / HP



OBJECTIVE TOOLS

-Machinery Vibration

-Lube Oil Analysis / Wear Particle Analysis
-Ultrasonic testing

-Motor Current Analysis

-Infrared Thermography

-Bearing Temperature

-Sound Meter and etc.



Vibration CbM Program

Condition Monitoring consists of four steps:
Detection
Analysis
Correction
Feedback/Root Cause




m Vibration wweusvld

(Criteria Acceptance)
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IS0 2372 Criteria

Limit, mm/s, rms | Class | Class I1 | Class III | Class IV | Class V

71

45.0 - 71.0

28.0-45.0
18.0 - 28.0

11.2-18.0

T.1-11.2

4.5 - 7.1

2.8-4.5

1.8 -2.8

1.12-1.8

0.71 -1.12

0.3-0.71

-0.3

Remark : 1) Amplitude in mm/s

2) Detection type in rms.
3) Band Pass Filter as 10-1000 Hz.



|SO 10816 Part 3

Industrial M achines with nominal power above 15 kW and nominal speeds between 120 rpm and 15,000 rpm when measured insitu

p—
—

Newly Commissioned
Unrestriced long-term operation
Restriced long-term operation
Vibration causes damage

Velocity Pumps > 15 kW Medium Size Machines Large Machines
10 -1000 Hz, r > 600 rpm Radial , Axial, Mixed Flow 15 kW < Power < 300 kW 300 kW < Power < 50 MW
2 - 1000 Hz, r < 600 rpm Group 4 Group 3 Group 2 Group 1
Integrated Driver | External Driver |160 mm < Motor Height < 315 mm 315 mm < Motor Height
Limit, mm/s, rms Rigid Flexible | Rigid Flexible Rigid Flexible Rigid Flexible
>18.0
11.0-18.0
7.1-110 C C
45-71 C C B C C B
35-45 C B B B C B B B
2.8-35 C B B C B B
2.3-28 B B B B B B
14-23 B B
0.7-14
0.0-0.7




ISO 10816 Part 3

Industrial Machines with nominal power above 15 KW and nominal speeds berween 120 rpm and 15,000 rpm when measured insitu

[¥isplac eme nt Pumps > 15 kW Medium Size Machines Large Machines
L0 LO00 He, r = 600 rpm Radial, Axial, Mixed Flow 15 kW < Power < 300 kW 300 kW < Power < 50 MW

2 1000 He, r > 120 rpm Group 4 Group 3 Group 2 Group 1

Integrated Driver | External Dniver | 160 mm < Motor Height < 315 mm 315 mm < Maotor Height

Limit, micron, rms | Kigid Flexible Rigid Ilexible Rigid Flexable Rigid Flexible
= 140
TS :

M- 115 L

71 - 90 B & [=]
6 -71 £l i -
45 -5 -‘ g

36 -43 & £

28 -3 i

22 -28 _ 2

18 -22

11 -1%

0-11

Newl Commissioned
Unrestriced long-term operation
Restriced long-term operation
Vibration causcs damage




wnin Vibration
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Vertical Pump Case

Axial

<«— Vertical
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Measurement Point Locations

MOH MIH PTH POH
MOV MIV PIV POV

2 per bearing + 1 axial measurement per shaft

OB=TDS=NDE
IB=DS=DE



MOTOR
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Vibration Amplitude

1) Displacement
2) Velocity
3) Acceleration

3.1) General 6
3.2) G Spike Energy ( Demodulation for Bearing Detection )

4)dB , dB=20Log R
R ref

R = aviig1n1405
R ref = aminl¥ilu Noise Vibration



Amplitude Units - What You See

Disbl mils (0.001 inch)
Isplacement um (0.001

millimeter)

.

The units are all mathematically

related such that..
ips (inches/
Velocity P (":mz sec) I II i/

(millimeters/sec)

The frequencies remain the same, ==
but the amplitudes change...

g's

Acceleration m/s?(meters/sec?)

IIIIIIII
i —mm
—




UNIT CONVERSION

A:641“Vx1(55 A:202f2Dx163 G Pk
V = 1562A V = 315 f D X 105 mm/si Pk
f
D = 495050 A D=317V Micron, Pk-Pk

i f



What's the difference? Acceleration, Veloci

Displacement

The frequency range of interest

N

Acceleration

/ (high freq.)

Velocity
(general purpose)

\ Displacement

(low freq)

600 cpm

60,000 cpm

&



Type of measurement

/\\ o
|
\/

|
1 revolution

peak-peak

Time

Amplitude
o

For Pure Sine Wave Form

peak-peak = 2 peak
= 2x 1414 rms

Avg = 0.637 Peak




Phase Measurement
Vibration pickup Reflective tape

High spot

/

Phase Measured between
the reflective tape and

Tacho sensor e Pmse/ heavy spot
|

*The Tacho signal get
when the vibration is - 0 , X
* ' i
e ND 360 Time

Vibration
Signal




Vibration pickup

O

Tacho sensor

Vibration pickup

&

Tacho sensor

Vibration pickup

©)

Tacho sensor

Vibration pickup

O

Tacho sensor

Vibration pickup

©,

Tacho sensor

Reflective tape
High Spot

1 90 180 270 360 Time

O| + t t —>
\)o 180 270 360 Time
\ Vibration Signal

Ol/o 180 270 360 Time
Phase Measured between the
/ reflective tape and heavy spot

(1IN

0 } =
/o 180 270 360 Time

<&
)

0 . t —>
/0 180 240 360 Time




O

&

©)

O

©

Vibration pickup

Tacho sens%] \

Vibration pickup

Tacho sens%]

Vibration pickup

Tacho sens%j

Vibration pickup

Tacho sensor
Vibration pickup

Tacho sens%j

High Spot

Reflective tape

Phase Measured between the

reflective tape and heavy SPON
|

90 180 270

360

Time

90 1éo 2;70 3530 TiFne
R
93\150 270 360 Time
9d_ 180 Jr0 360  Time
il
od_ 180 Z70 360  Time



Phase Comparison

In Phase: 180° Out of Phase:




Phase Comparison

In Phase: 180° Out of Phase:




Phase Comparison

Time

Amplitude- A

Amplitude- B
o
|
3
D A 4

Amplitude- A

Time

Amplitude- B

N

180° Out of Phase;




The vast majority of bearings are one of two types:
Rolling Element, or "Anti-Friction” Beari

and Fluid Film Bearings

Accelerometer

Eddy Current Probe

‘v‘/
+%
g
\

housing housing

Oil Wedge
Soft Mf’tal (load zone) Rolllng Element: Low cost, Simple to
(Babbitt) apply. But are capable of only moderate

Fluid Film: Capable of supporting very speeds and relatively light loads. Rotor

high loads, high temperatures, high dynamics aren't bad but diagnostics can

speed. Expensive and associated Bgllcs?mplex due to all those spinning

rotor dynamics are very complex.



Roller Bearing Faults

Four different bearing frequencies

Ball Spin Frequency
(BSF)

Fundamental Train

Frequency
(FTF)

Ball Pass Frequency

Inner Race
(BPFI)

Ball Pass Frequency
Outer Race

(BPFO)




Bearing Problems at Turning Speed Harmonics

1) Internal Clearances

2) Loose Bearing Mounts

3) Bearing Loose in Housing
4) Slipping on the Shaft

5) Misaligned Bearing



Lubrication Problems

1) Lack of Lubrication
2) Excessive Lubrication

3) Dirty Lubrication



Other Causes of Bearing Failure

1) Improper Application
2) Manufacturing Defects
3) Brinelling




How Demodulating Technique work

Step 1: High Pass Filter at 0.5 - 2.5 kHz which is
the Natural Frequency of most bearings.
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Constant Time T of Impact Frequency = FTF, BSF, BPOR, BPIR
l J l

[ Bl
‘D q"ﬂvn mv_ﬂv /| qvﬂv ll’,, ‘ l’lr" |
* V

Tn=1/Fn
/\ Fn = Natural Frequency
N A A :
N2 4
\ \/ \/ Step 2 : Resonance the shock pulse
Step 3 : Enveloping
X?B. Step 4 : Demodulate the high fregq.

to low impact frequency



MNIINVBINIIN DEMODULATION

Demodulation @

i_




Uszianveaniaia Vibration

Basic Vibration Sensors

- 7
T L@

7| f_,‘

Electrodynamic Q_\fﬁj

Velocity Trans ducer

Accelerometer

Noncontacting
Displacement
Transducer




All sensors are desi
Three

mils (0.001 inch)

Displacement
P & gm (0.001 millimeter

nsors

d to measure one of the
nits

7S Eddy Current

ips (inches/sec)

mm/s
(millimeters/sec)

Velocity

g's

Acceleration
m/s?(meters/sec?) -

. Probes
; =
| I |
- 4 '__
? Velometers &
7 e Integrating
3 | Accelerometers
] I~ — e
| I |
i e Accelerometers
] I8




wtamhiduia, NCPU (Non Contact Pickup Unit)

130 Ed(_i! Current Probe

Displacement = The Distance the machine moved , Normal Output is 200 mV/ mil, Pk-Pk

MAGNETIC
FIELD
PICKUP

NON-CONTACT PICKUP

Q OSCILLATOR

DETECTOR = DC GAP SIGNAL
— AC VIBRATION SIGNAL




Tnssadunwiv Eddy Current Probe

Fiberglass, Non-Conductive Plastic, Stainiess Steel BoQy
or Ryton Tip

Siver Wire Coll Potting Material




NON-CONTACT PROBE
TO
A MONITORING
SYSTEM

MODBUS RS485

TTTTT

T ©

@




W d‘ W
M20819NIABLULIATLIIVIVD9INTS Monitor AMNISIAADUAIVEIUNALIY Turbine, Compressor,

A Y A . A A ¢ J
Gearbox, Pump. “1a wuﬂ‘vﬂwgnﬂmmu Journal/Plane Bearings (N9 IAFTICHHIAININNNAN, NI

Unbalance, Misalignment, Centerline. Rubbing. L.ooseness uaz%‘m U243 Rotor ‘fﬁ!“!

R R Electromagnetic Field (1 1o 1.5 mHz)
,\ Extension Cable
= {{ E=NT W/
R e s S Eddy Curent Probe
e {450 Knoyn 78, Prodrrlly
S, L Probe or Non-Contact probe)
TR ﬁ"\-ﬂ-‘
*fm Modulator/Demodulator
) [AlSO Known as Proximitor, or Signal Sensor]




UNIT IN RELATIVE VIBRATION

Display in Microns, 1/1000 mm. Or in Mils , 1/1000 inch.
Analyze in ORBIT or Phase analysis as Nyquist/Polar
Or Bode Plot.

895
Orkits [ 1¥
Chanmel 1

Hor=z= —A . A
34 .84 Pk to Pk

Channel 2
Vert =f . A
=27.71 Pk to Pk




Example of Certification of Calibration
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Report Example

Machine: P201B

GAP (inches)
’ 0.00
0.01
0.02
0.03
0.04
0.05
0.06
0.07

0.08

0.09

EDDY PROBE CALIBRATION REPORT

Calibration Equipment : TK3

Probe Resistance(Ohm) :

System Cable Length: 9 m.
Supply with load: =16.70 Vdc

Supply without load: =19.76 Vdc

VOLTAGE

r

0.720

0.718

2017

3.570

5.321

7.168

8.984

10.627

12.301

13916

15.183

Calibrated Probe P/N: 1909/30/05/1/05

4.2 Ohm

Calibrated with standard Extension Cable S/N: 8.5C

Date of Test: 16/09/02

Probe position: G-DEX

Probe with Extension Cable

12.2 Ohm

Standard Driver S/N: STDDRV_22-9.0D

Target Material: 4140 Steel

Output per one mils of Gap =

STANDARD DEVIATION

r

2.00

2.00

3.63

5.27

6.90

8.53

10.17

11.80

13.43

15.06

16.70

1.578

1.364

1.181

1.171

1.130

1.148

1.633

SLOPE

N/A

N/A

1299

155.3

175.1

184.7

181.6

164.3

167.4

161.5

126.7

Volts
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Acceleration = The Rate of Change of Velocity, Normal Output is 100 mV/G, Pk

> Piezoelectric material (sensing element) 1

placed under load U.Sil’lg d Mass Connector
> As ‘stack’ vibrates, crystal 1s squeezed or I
released Seismic Mass
' ' Amplifier ; 6
> Charge output 1s proportional to the force 1= -
(and acceleration)
Mounting
Base

> Electronics convert charge output mnto
voltage output

1339a




Amplifier

Connector

0 Mounting
Screw

Piezoceramic
L

Mass

Mounting Base

™, Seismic

23390

Amplifier

Mounting

Connector

Amplifier =

Mounting =
Base

Base

L= Piezoceramics

Seismic Mass

2008a - R1

Connector

Seismic Mass

Piezoceramics

133092




Power supply f Accelerometer ﬁ@ﬂmﬁ yaza Blas Voltage

W

( Voltage drop ‘V]‘I"i’nﬂ ) ‘V]!!ﬁﬂx‘iﬂﬂ"i’nﬂ‘ﬂﬂ

18‘['::3[}\."'[}{3]"‘]

2-10 mA
CCD 22 uF
(235 VDC)
+ | )—; s 4k : Fle_adr:}ut
3 u .Equaprnenl
I

Amplifier _

Crystal

pic

b= = o= o=

e Connector
L‘ .Shield

s

*|solation Layer

Figure 1: Powering Schematic

18-30 volts DA

12 volts DC

AC Vibration Signal in 100 m\b

0 volt DC

VAVAVAV)




¢4 Amplitude N¥MZAN N Accelerometer

| T Y
ﬂ1u1§ﬂ®1uﬂﬂﬂﬂ
Supply Voltage
Y e ——————- ~ 2V Below Supply Voltage
Peak Amplitude
Range
I — Bias Output Voltage
__________________ - = - =2V Above Ground
Ground

Figure 2: Range of Linear Operation




Typical Recommended maximum
I frequency ranges for common
. accelerometer mounting methods

IH

H
[}
o L]
L

Fibgu mer a8, ATMOENT Dt SNG

TRANSDUCER MOUNT USABLE FREQUENCY RANGE FOR THE
WILCOXON 726T (Ref. 9)

MAXIMURM MOUNTING
ACCELEROMETER ACCEPTABLE NATURAL
MOUNTING FREQUENCY {CPM) FREQUENCY (CPM)
1) Stud Mount 975 000 1,900,000
2) Adhesive Mount 540 000 MNonae Observed
with Hottinger Baldwin
fMesstechnik X60
3) Stud Mount on 450,000 Fd S00
Rare Earth Magnet
4) Mounted on Quick 360,000 509, 000
Connect Stud Mount
5) Hand-held Mount 48,000 88,500

U=sing a 27 Probe
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