DAY 1

- Review IVT

- Maintenance Philosophy

- Time and Spectrum Domain

- ISO and Others Severity Chart
- Review Harmonics and Sideband
- Waterfall Plot

- Directional Analysis

- How to analyze by griding

- Digital and Analog Overall

- Phase Analysis



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
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m3muuegvesgniu 91n Rotor Weigh‘r

L Ra‘re]sx[ 16,666

= ; L. =Bearing Life Time
10 L |load

RPM *%n 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] e [ o666
10 500 1485

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



mﬁﬁm’smmqﬁumgﬂﬂu 210 Dynamic L.oad %158 Vibration

Example ; tia Unbalance Y119 30 g NAWHUIUDNGAUDINA

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 X 3.14 X rpm]
9:81 60

2
=0.01 mr (rpm/ 1000 )

W = 0.01 x 1,650 ( 1485/ 1000)

= 36.38 kg



From the previous Equation
B [ Rate] [16,666]
LlO_ Load RPM
3
_ [ 10000 ] X[16,666
110— 500+36.38 1485

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

2 . _ _
v/le’(D ., O = 2n= 2nf
t

F=ma,F=Newton,m=kg, ,a= m/s?

Force 1 N can make mass 1 kg. have acceleration 1 m/s ?

2 . — —
W = mr® W= 2n= 2nf

g t

W=mg,W=Kg ,m=kg, ,2=9.81m/s *

Force

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



MAINTENANCE

| |
BREAKDOWN PREVENTIVE
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| |
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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.



Example of Ultrasonic Testing for Bearing Analysis
{ Bad Bearing, Tonal Quality
Cavitation

&

&« Good bearing

& Oven bearingl

§ Ovenbearing bad

¢ Sgueaky Conveyor Bearing

T_QI'QIr ¥i1 Lubrication

{ Good Bearing

@ Bad Bearing

¥ Bad Bearing being greased.

&« Bad Bearing 3 minutes after grease.



Vibration CbM Program

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




Diagnosing Machine Faults

1) Unbalance 30%
2) Misalignment 30%
3) Resonance 10%
4) Bearing defects 10%
5) Gear defects )

6) Belt & Pulley problems e 15%

7) Motor analysis
8) General looseness or wear
9) Soft Foot problem

10) Blade / Vane pass problem
11) ETC...

- 5%




andn Vibration

, Horizontal
Axial



Vertical Pump Case

Axial

<«—— Vertical

Horizontal

Pump < Discharge < >

./




NI NHINZ AN

Worse
' ' @ Better
1) 9aIndgniluuniige l

. 1 J A
2) 9ANasANIgAUIna1gny

|
A o

3) 9ANTUN3E (Load) MINNGA

A J zfij = v o . .
4) ﬁgﬂmﬂumammﬂuﬂu Bearing Housing

QU

~q 9 . : =
5) i]lﬂ‘l/lﬁl‘ifi UM Vibration L3N A /@ 757 /




Measurement Point Locations

MOH MIH PTH POH
MOV MIV PIV POV

MMﬁLCJ}aHEﬁﬁﬁa@Pw

2 per bearing + 1 axial measurement per shaft

OB=TDS=NDE
IB=DS=DE
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PILLOW BLOCK BEARING
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HUIYVDINITIA Vibration




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 = aiig1n'lg05
R ref = aminl¥ilu Noise Vibration



Amplitude Units - What You See

mils (0.001 inch)

Displacement " 001 millimeter)

The units are all mathematically
related such that...

ips (inches/sec)

Velocity

mm/s (millimeters/sec)

L

1
—

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

Acceleration

g's

m/s?(meters/sec?)




UNIT CONVERSION

A=64fVx10" A=202fDx10 g pk
V =1562 A V=315fDx10° mm/s, Pk
f
D = 495050 A D =317V Micron, Pk-Pk

i f



What's the difference? Acceleration, Velocity, & Displacement

The frequency range of interest

Acceleration

N / (high freq.)

Velocity
(general purpose)

7 \ Displacement

(low freq)

600 cpm 60,000 cpm



Frequency
Hzor CPM

Displacement in mm = Machine's Stress

AT l 20mm.  What's it tell us? Just Stress

/ e —x 1 ¢ Velocity in mm/s = Machine's Fatigue
2 ) ycle ) :
P ‘ T riifnte For Example ; the same displacement amplitude as 20mm.
v Machine can be bent as 1,000,000 times.
Fig 1) as Fig 1) the velocity amplitude is 20 mm/min
= 0.33 mm/s, broken in 1,000,000 min.

//’/j-»f""i,f" ' 100 cycles  as Fig 2) the velocity amplitude is 20 mm/1/100 min
P TN 1 minute = 2000 mm/min= 33.3 mm/s, broken in 10,000 min.

v

Acceleration in 6 = Impact Force from Bearing or Gear
* Rate of Change of velocity from zero to max. velocity
or max. velocity to zero, if the velocity has been changed
so fast, it means high G , as a hammer knock to a rigid table



Type of measurement

J ] Time

Amplitude
o

1 revolution

For Pure Sine Wave Form

= 2x1.414 rms

Avg = 0.637 Peak




Vibration Analysis

"Of all the parameters that can be measured
non- intrusively in industry today,
the one containing the most information
is the vibration signature. "

Art Crawford
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Time Waveform

/ Heavy Spot

N\

o

> Time

Amplitude

3000 RPM

Rotation |
1 revolution
3000 RPM = 3000 cycles per minute
50 Hz = 50 cycles per second
1 Order = One times turning speed



Time Waveform
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b Tlme

Amplitude

N ,

3000 RPM !

1 revolution
4 blades Vibration occurs 4 times per revolution
4 X 3000 RPM Vibration occurs at 12,000 cycles per minute

12,000 CPM
200 Hz



Amplitude

Time Waveform
12 tooth _ U U

uuwou

\/ 1 revolution

3000 RPM

12 teeth are meshing every revolution of the gear
12 x 3000 RPM = vibration occurs at 36,000 cycles per minute

= 36,000 cpm = 600 Hz



Time Waveform
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Time Waveform

> Time

Time Waveform contains all the different
frequencies mixed together.



Time Waveform
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Sighal Acquisition
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FFT Signal Processin




Frequency Domain

* FFT - Fast Fourier Transform
+ Separates individual frequencies
+ Detects how much vibration at each frequency



Frequency Domain
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A Typical FFT Spectrum
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A Typical FFT Spectrum
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a ¢ ¢ Y U A d - =
denunaean]anenumsia Insizyi Vibration

1) Fr'equency , CPM = Cycles Per Minute
Hertz = Cycles Per Second = CPS

2) Amplitude
3) Phase
4) Demodulation ( Spike Energy )



Type of measurement

|

peak

F
rms |
|

|

peak-peak |

Amplitude
o

|

1 revolution

For Pure Sine Wave Form

peak-peak = 2 peak
=2x1.414 rms

Avg = 0.637 Peak

These areas are equal

IRMS level
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Definition of machine classes according to ISO 2372

The following text is a quotation from 1S0O 2372 (1974, E, page 6, Annex A), This IS0 Recommendation has also
been published as British Standard {BS 4675, part I}. A similar vibration classification of industrial machinery can be

found In VDI 2056,

In order to show how the recommended method of
classification may be applied, examples of specific
classes of machines are given below. It should be em-
phasized, however, that they are simply examples and
it is recognized that other classifications are possible
and may be substiluted in accordance with the circum-
stances concernad. As and when circumstances permit,
recommendations for accaptable lavels of vibration se-
verity for particular types of machines wilt be prepared.
Al present, experience suggests that the following
classes are appropriate for most applications.

Class |

Individual parts of engines and machines, integrally
connacted with the complete machine in its normal
operating condition. {Production alectrical motors of up
to 15 KW are typical examples of machines in this
cateqory.)

Class Il

Medium-sized machines, {typically electrical motors with
15 to 75 kW output) without speclal foundations, rigidly
mounted engines or machines {(uUp to 300 KW) on spe-
cial foundations.

Class Il

Large prime movers and other large machines with
rotating masses on rigid and heavy foundations which
are relatively stiff in the direction of vibration measure-
ment.

Class IV

Large prime movers and other large machines with
rolating masses on foundations which are relatively
soft in the direction of vibration measurement (for ex-
ample turbogenerator sets. especially those with light-
weight substructures).

Class V

Machines and mechanical drive systems with unbal-
anceable ineria effects {(due to reciprocating parts).,
mounted on foundations which are relatively stiff in the
directicn of vibration measurement.

Class VI

Machines and mechanical drive systems with unbal-
anceable inertia effects (due to reciprocating parts),
mounted on foundations which are relatively soft in the
direction of vibration measurements; machines with
rotating slackcoupled masses such as beater shafts in
grinding mills; machines, like centrifugal machines, with
varying unbalances capable of gperating as selfcontai-
ned units without connpecting components; vibrating
screens, dynamic fatigue-testing machines and vibra-
tion exciters used in processing plants.




IS0 2372 Criteria

Limit, mmy/s, rms [ Class I | Class IIl | Class IV

71

45.0 - 71.0

28.0 - 45.0

18.0 - 28.0

11.2-18.0

7.1-11.2

4.5-7.1

2.8-45

1.8-2.8

1.12 - 1.8

0.71 -1.12

0.3-0.71

0-0.3

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
7.1-11.0 C C
45-7.1 C C B C C B
35-45 C B B B C B B B
28-35 C B B C B B
2.3-28 B B B B B B
1.4-2.3 B B
0.7-14
0.0-0.7




| 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

Displacement
10 -1000 Hz, r > 600 rpm

Pumps> 15 kW
Radial , Axial, Mixed Flow

Medium Size Machines
15 kW < Power < 300 kW

Large Machines
300 kW < Power <50 MW

2-1000 Hz, r > 120 rpm Group 4 Group 3 Group 2 Group 1
Integrated Driver | External Driver |160 mm < Motor Height < 315 mm 315 mm < Motor Height
Limit, micron, rms| Rigid Flexible Rigid Flexible Rigid Flexible Rigid Flexible
> 140
113 - 140 C
90- 113 C C
71-90 C C C B
56 -71 C C B C B
45 -56 C C B B B B B
36 -45 C C B B B B
28 -36 B B B B B
22 -28 B B B
18 -22 B B
11-18
0-11

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




Vibratlon Displacement - micrometers - Peak to Peak
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Vibration acceleration
G’s
Severity chart
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Vibration

acceleration
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SUGGESTED OVERALL ALARMS BY MACHINE
TYPE-METRIC (PEAK, OVERALIL VELOCITY, MM/SEC.)

MACHINE TYPE GOOD FAIR
COOLING TOWER DRIVES 0-9.5 9.5-15
COMPRESSORS
Recprocating 0-8 8-13
Rotary Screw 0-7 7-11
Centdugal wath or without External Gearbox 0-5 5-7.5
Centrilupal-Integral Gear (Axial Meas ) 0-5 5-7.5
Centlugal- Integral Gear (Radml Meas.) 0-4 4-6.5
BILLOWERS FANS
l.obe- Ivpe Rotary 0-7.5 7.5-11.5
Belt-Trnen Blower 0-7 7-11
Gerneral Dwrect Dnve Fans 0-6.5 6.5-9.5
Provary A Fans 0-6.5 6.5+9.5
Large l'orced Druft I'ans 0-5 5-7.5
[.arge Induced Drafl Fans 0-4.5 4.5-7
Shafi- Mounted Integral Fan 0-4.5 4.5-7
MOTOR/GENERATOR SETS
Belt-Driven 0.7 7-11
Direet Coupled 0-5 5-7.5
CHILLERS
Reciprocatng 0-6.5 6.5-10
Centrilugal (Open-Aur) 0-5 5-7.5
Centrilugal (T lennetic) 0-4 4-6
LARGE TURBINE/GENERATORS
3600 RPM Turbme /Generators 0-6.5 6.5-9.5
3600 RPM T bne/Generators 0-.65 6.5-9.5
1300 RPM Turbme/Generators 0-4.5 4.5-7




MACHINE T'YPE GOOD
CENTRIFUGAL PUMPS
Vertical Pump (12" - 207) 0-9.5
Vertical Pump (8" - 12" Height) 0-8
Vertical Punp (3" - 8" FHeight) 0-6.5
Vertical Pump (0" - 5" FHeight) 0-5
Cieneral Purpose Torizontal 0-5
Boder Feed Punps 0-5
Fydraulie Pumps 0-3
MACHINE TOOLS
Motor 0-2.5
Gearbox [nput 0-4
Gearbox Output 0-2.5
SPINDLES
Roughmg Operatons 0-2
Machine 1'inshing 0-1
Critical Finishing 0-0.5

CHHART NOTES :

| Assuming machme speed = 500 10 600,000 REM

2 Assuming measurements by aceelerometer or velocity pickup as close as possible to
bearmng housmg,

3 Assuming machme not mounted on vibration isolators (for 1solated machinery -set alarm
30% 10 S0% lugher)

4. Set motor alarms same as that lor the paricular machme tvpe. unless otherwise noted.

o1

Set alarms on mdnvidual external gearbox 25% higher than that tor a particular machme

hpe
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EMOMNITOR Odyssep Deluxe - [Spectrum]
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SIDE BAND
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Side Band example at Gearbox of A Cooling Tower Fan with a
very few of sideband frequency
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Waterfall Plot is Spectrum Trend
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Directional Analysis for Overall value

Vertical
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Unbal ance Misalignment Resonance
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Directional Analysis for Spectrum value
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VIBRATION ANALYSIS BY GRIDDING

HELP TO ANALYSE THE REAL SOURCE OF THE PROBLEM WHICH MAY COMES
FROM MOTOR PEDESTAL, STRUCTURE, BASEPLATE OR FOUNDATION
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ANALYSE PEAK VIBRATION IN DIFFERENT WAYS.

Vibration at Peak: 1.2 mm/s
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Phase Measurement
Vibration pickup Reflective tape

High spot

v

Phase Measured between the
reflective tape and heavy

Tacho sensor fach fulse / spot
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*The Tacho signal get when ] /\
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/,\180 360 Time

Vibration Signal




Vibration p| ickup Reflective tape
H|gh Spot ‘
@ (1 90 180 270 360  Time

Tacho Sensor

Vibration p| ickup
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\ Vibration Signal

Tacho sensor
/

Vibration pickup | /,
@ Ol/o 180 270 360  Time
Tach Phase Measured between the
aChno Sensor
/ reflective tape and heavy spot
Vibration pickup « /\
@ #‘@ 0 /o 180 270 360  Time
Tacho sensor
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Phase Comparison

In Phase: 180° Out of Phase:




Phase Comparison

Amplitude- A

Amplitude- B
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Static Unbalance

Q_
‘—I i
oy

-

N

Couple Unbalance

= =

J

\ Bent Shaft

Phase Analysis

In-Phase for Static unbalance, test at radial

Out of Phase for Couple unbalance, test at radial.

Out of Phase for Bent Shaft, test at axial.



PHASE

AWwpne=

Phase Analysis

Out of Phase for Angular Misalignment, test at axial.

Out of Phase for Parallel Misalignment, test at radial.

Out of Phase for Cocked Bearing, test at Circumstance
of Bearing Housing.



Phase Analysis

S =
i~ l
- =

In-Phase for unbalance of In-Phase for Eccentric Pulley,
Overhung Fan, test at radial test at radial

Out of Phase for Softfoot, Foundation Out of Phase for Critical speed check
distortion and Looseness, test at vertical
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Portable Vibration

Analyzer




Portable Vibration




Usz1nna10 1U914123a Vibration

Basic Vibration Sensors
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Electrodynamic

Yelocity Transducer
Accelerometer

Noncontacting
Displacement
Transducer




All sensors are designed to measure one of the three Sensors & Units

mils (0.001 inch)

Displacement pm (0.001 millimeter)
Velocity vt
mm/s
(millimeters/sec)
Acceleration ’

m/s?(meters/sec?)

Eddy Current
Probes

.wsl:‘-;-—-.

\ o 5
i ey

i e 0

Velometers &
Integrating
Accelerometers

[ . |
b St S e,

Accelerometers




w¥amunbiduda, NCPU (Non Contact Pickup Unit) w50 Eddy Current Probe

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

~MAGNETIC
\/ FIELD
] tPICKUP
~x{{ \corn

|
! SHAFT L NON-CONTACT PICKUP IR

- DC GAP SIGNAL
AC VIBRATION SIGNAL




lnssasiamely Eddy Current Probe

Fiberglass, Non-Conaductive Plastic, stainiess Steet Boay
or Ryfon Tip

"—“'“'"““‘.‘I‘Illlf Y
MR
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AR  RLEA:

siver Wire Coll Potting Mdaterial




T
* EXAMPLE OF
NON-CONTACT PROBE
TO —
A MONITORING o
SYSTEM ;

MODBUS RS485
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W d‘ W
M30819N1IADUVLATLIIDIUD9INIS Monitor MNIIAABUAIVDIUNAIY Turbine, Compressor, Gearbox,

a 499y A . A A ¢ J
Pump, “1a9 muﬂﬂ%gnﬂmmu Journal/Plane Bearings IN93NI1THIIAINININNAN. D15 Unbalance.

2 <
Misalignment., Centerline, Rubbing, L.ooseness iasd1] YB3 Rotor Yl

y—— UNICEL. I MODEL 8802 Electrornagnetic Field (1 to 1.5 mHz)
ﬁ f\ Extension Cable
[0 O ALARM “AND TRIP LIGHTS / m— {§ =T W/
{ - - GAP AND VIBRATION METER Eddy Curent Probe
| (Also Known As Proximity =
Probe or Non-Contact probe) +
8 e SWITCHES TG READ GAP

OO SIGNAL QUTPUTS Modlulator/Demodulator
[Also Known as Proximitor, or Signal Sensor)

1L =J}

3 OR 4 WIRE SHIELDED CABLE
SUPPLIES DC POWER (4 24V} TO OPERATE SIGNAL SENSOR
AND CONDUCTS RETURN GAP VOLTAGE AND VIBRATION SIGNAL

A L _ NON-CONTACT PICKUPS
SIGNAL SENSORS s - '

EXTENSION CABLES

_ GAP {TYPICAL]
\:I_/> DEPENDING ON PICKUP USE




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.

L2 b L 1=2:18:47%Y
=27Frr .. B
Orhits @ 11X
Ehannel 1 S
Hor = . A N rtcax
34 .84 Pk tn Pk

Channel 2

Vert 20,9 / "
27.71 Pk to Pk t._—»”/




Example of Certification of Calibration

Format No. 36FFB129 RevB MODEL E2108 TEST DATA 11 Format No. 36FFB129 Rev MODEL E2108 TEST DATA 141
Job No 030A080 Date MNow. 14,2003 Room Temp. 25 C deg Job No.  030A083 Date Now.19,2003 Room Temp. 25 C deg.
MODEL E2108/30/05/1/10 SER.No.  CADB022 MODEL STD SERMNo. -
Sensor — Sensor
TAG Me. = ID.No. = TAG Ne. - IDNo. -
MODEL  STD SERNe. - MODEL  STD SERMNo. -
Extension cable — Extension cable
TAG Ne. - ID.No. - TAG Ne. - IDMNo. -
. MODEL  STD SERNo. - . MODEL  E2108/5/001 SER.MNe. CAD8319
Driver _— Driver _—
TAG No. - ID.Mo. - TAG Me. - IDNo. -
Target Material JIS SCM440{AISI 4140 equivalent) FLAT Target Material JIS SCM440(AISI 4140 equivalent) FLAT
Static characteristics data Output(V) Static characteristics data OQutput(V)
GAP Qutput  SCF Error GAP QOutput  SCF Error
; s ey -24 i -24
(mm) (VD (%) [ (mm) (%) [
0.0 0671 -70.1 -23 0.0 -100.0 -23
0.1 -0.907 -4.0 _ [ 0.1 -41.0 ~ [
02  -1.663 -1.3 2 r 02 22 2 r
0.3 -2.440 1.4 -21 0.3 04 -21
0.4 -3.238 32 i 0.4 21 i
0.5 -4.050 3.9 20 F A 0.5 30 20 F P
0.6 -4.867 4.0 -19 0.6 30 -19
07  -5685 32 18 E i 0.7 23 s E Z
08 -6.497 2.2 [ / 0.8 1.1 [ /
0.9 -7.301 2.2 17 F / 0.9 02 -17
1.0 ~8.105 2.6 16 1.0 0.6 18 F /
1 -89z 37 i yd 1.1 25 i pd
1.2 -9.728 3.6 -15 1.2 35 -15
1.3 -10543 3.2 14 F / 1.3 32 14 F /
1.4 -11.355 3.1 [ / 1.4 20 ! yd
1.5 -12.166 31 =13 / 1.5 0.8 -13
1.6 -12.977 30 42 [ 1.6 -0.4 12 [ /
1.7 -13.787 1.7 [ / 1.7 -1.2 s A
1.8 -14587 -0.2 -1 1.8 -1.8 -1
1.9 -15373 -2.2 10 F / 1.9 -2.3 10 F /
20  -16.143 -39 3 / 2.0 -30 3 /
2.1 -16.900 -5.4 9 F 7 2.1 -2.5 -9 7
22 -17645 -6.4 8 2.2 -086 a2 F
23 -18382 -8.2 - 2.3 2.3 ] pd
24 -19.105 -17. TF 7 2.4 39 TF 7
25 -10.758 - 6 2.5 - 8
5 F 4 =k //
-4 F 4 F 7
3 | —~ 3 //
-2 -2
1k / 1 E /
3 —_—
0.0 0.5 1.0 1.5 2.0 2.5 0.0 0.5 1.0 1.5 2.0 2.5
GAP(mm) GAP({mm)
Static characteristics Static characteristics
SPECIFICATIONS ACTUAL RESULT SPECIFICATIONS ACTUAL RESULT
2 0mm or more within 8% refered to Scale Factor Error Range Max 2 Omm or more within 9% refered to Scale Factor Error Range Max
Scale Factor : 0.787V/ 100 um 0.1mm to 2.3mm -8.2% at 2.3mm Scale Factor - 0.787V/100 tm 0.2mm to 2.4mm 3.09% at 2.4mm
QOverall Evaluation Approved by Calibrated by Overall Evaluation Approved by Calibrated by




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) :

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

Supply without load: =19.76 Vdc

VOLTAGE

r

0.720

0.718

2.017

3.570

5.321

7.168

8.984

10.627

12.301

13916

15.183

Calibrated Probe P/N: 1909/30/05/71/05

4.2 Ohm

r

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 = 1.633
STANDARD DEVIATION SLOPE
2.00 1.28 N/A
2.00 1.282 N/A
3.63 1.616 1299
5.27 1.696 155.3
6.90 1.578 175.1
8.53 1.364 184.7
10.17 1.181 181.6
11.80 1.171 164.3
13.43 1.130 167.4
15.06 1.148 161.5
16.70 1.514 126.7

Volts




113301111 Seismic Velocity

Velocity = The Displacement Per Time, Normal Output is 100 mv/inch/ sec, Pk

TN~
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~ . yiHAuIvianaglu
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=1 Magnet
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. N »
Coil =t
1
iy -
| L L
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1. Pickup Case
Z. Wire Coll

3. Damper

4. Mass
. Spring
6. Magnet




W U

NAUVVNIINST (_ Accelerometer )

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

Piezoelectric material (sensing element) 1s
placed under load using a mass

As ‘stack’ vibrates, crystal 1s squeezed or
released

Amplifier

Charge output 1s proportional to the force
(and acceleration)

Mounting
Base

Electronics convert charge output into
voltage output

Connector

Seismic Mass

Piezoceramics

1339a




Amplifier

Connector

0 Mounting
Screw

Piezoceramic
L

™, Seismic
Mass

Mounting Base

= =1

23300

Amplifie r

Mo unting
Base

Connector
@ /

Amplifier =4

[ L~ Piczoceramics

Mounting .
Base

"""Rois‘

mic Mass

[==(

22062 - R1

Connector

Seismic Mass

Piezoceramics

13392

lassasrameluindan s

90NA1UUY ( Top Exit ),

99NA1UYN ( Side Exit ),

11a¥ Connector ﬂ' NG




1 d' ~ (oY 9 ~
YJIUANUDLUAY Amplitude ‘V]!fﬂlﬂ%ﬁllﬂ‘]JﬂTi(lG])'\“I“Il!lﬂﬂV]ﬁ:WU@Q

Qv

1INl Amplifier 138 112 ICP ( Integrated Circuit Powering )

Frequency Range
Beyond Amplifier Voltage Range D
10

71 B4

! e {J.5 g Broadband Response (100 mV/g Sensor) jp=rr g
\fgfltsmuut .1 m
a .
sensor 01 _ I
amplifier 001 QOperational C

' Range

000 1 R

a

000 01 |—= o

.000 001 0

000 000 1 Below Noise Elactronic Floor e

' A Hz 1 Hz 10 Hz 100 Hz 1000 Hz _ 10kHz 40 kHz
B cpm 60 cpm 600 cpm &000 cpm 80 kcpm 600 kcpm 2.4 Mcpm

Operational Range of an Accelerometer Amplifier
(Shaded Region)




Frequency Vs Amplitude accuracy example

Deviation, dB

. 1. |
W N —

™\

TYPICAL FREQUENCY RESPONSE

10 100 Tk
Frequency, Hz

20




Power supply 1l Accelerometer ADINS5 UAZA Bias Voltage

' v v AaA

( Voltage drop N111370 ) NU@AINHIIANG

>35 VDC)

18 to 30 VDC
2-10 mA
CCD 22 uF

18-30 volts DC

2 % 500K |
&

ol

Crystal |

Con nector

- Shield

™ Isolation Layer

Readout

.Equment

Figure 1: Powering Schematic

12 Volts DC

AC Vibration Signal in 100 mvp

0 volt DC

VAVAVAV




¢11 Amplitude MYNIZAN N Accelerometer

| T Y
mmmmum"lﬂﬂ
Supply Voltage
L —————— ~2V Below Supply Voltage
Peak Amplitude
Range
I — Bias Output Voltage
__________________ - = =2V Above Ground
Ground

Figure 2: Range of Linear Operation
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Typical Recommended maximum

e | \ j [ frequency ranges for common
—lg S 1~ L accelerometer mounting methods

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

e MAXIMUM MOUNTING
ACCELEROMETER  ACCEPTABLE NATURAL
MOUNTIRG _ __ FREGQUENCY (CPM) FREQUENCY (CPM)

1) Stud Mount 975,000 1.900,000

2y Adhesive NMount | 540,000 None Observed
with Hottinger Baldwin
Masstaechnik X560

3) ':ﬁS'f'.ud':' Mount on " 450,000 | 724,500
Rare Earth Magnet

4} Mounted on Quick S60,000 E.UQ_;_.]:J' ole}

S) Hand-hetd Mount | 48,000 o . 88,500
Liging a 2" Probe
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