CHAPTER 3

VALIDATION

5.1 Methodology and Objective

The objective of validation is to see whether the expert system can give the
valid machine status and conclusion. Moreover, it has to be usable for technician. To
meet the objective of validation, two technicians were asked for test the data. They
have to start the expert system, and then answer or fill relevant data asked by expert

system. They have to continue each step by themselves.

The criteria for validation process are presented in figure 5.1. The form will be

marked by users who validate software.



| Validation Form for the ESMVD

Criteria Available | Marked
User friendly 30 &
Correctly telling the symptom 35
Reliable Recommendations 35
IR 4 b b

Comment

Figure 5.1 Validation Form for the ESMVD

The correctly pointing out to the symptom and the reliable recommendations
gain more weighed in scoring because they affect the reliable and effectiveness the
expert system. Nevertheless, it does not mean that user interface is not important to the
system. If the system has user friendly function, it will be another factor to inspire the
user to use the ESMVD and increase effectiveness in implementing the expert system
into the real work. While the effectiveness of recommendations and the motor status
can be validated by engineer, human expert, or developer, the user-friendly function
has to be validated by only the user. Therefore, the validation process should be done
by technician who always consults human expert. Nevertheless, it does not convenient
for the technician to weigh the score correctly. They just can tell whether the EXMVD
is effective and can be used instead of human expert or not. The comments from

validation process were done by oral, Therefore, such a form was not used in

validation process.
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Actually, in validation any computer software, more factors have to be
considered, such as developing budget, the security in human experts’ work, and forth.
Without implementing into the real work, however, such tnain three criteria are

sufficient for validating the ESMVD.

Validation process uses separated data, however, from the same sources as
knowledge base. The data is taken from both historical data and new data. The
historical data is used to validate the time domain while new data is closed watch to
see the final result whether the knowledge base can cope with it. The same source of

validation and knowledge acquisition is presented again in figure 5.2
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Figure 5.2 Data for Validation

In addition, in this validation process, the cases, both historical record and
present data, are taken from two sources: the cases from human experts and the cases

from Internet web site.
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5.1.1 Validation Procedures

In validation process, technician has to bring vibration data and start the
ESMVD by himself. Next, he will be asked for filling machine data and its vibration
data. After the ESMVD give the machine status and recommendations, the actual
historical record will be compared to the ESMVD’s output. In case of present data, the
output of ESMVD has to be record and then waiting for comparing to the real
situation. Otherwise, the input of ESMVD has to be recorded instead. Then, when the
motor breakdown or stop for inspection, the actual status of the motor can be
examined and compared to the ESMVD’s output again. The process of validation can

be seen in figure 5.3.

'4 ™
Technician bring data, start the
L ESMVD )
Technician fill data
The ESMVD process the data )
r -L‘L' ™)
Record the ESMVD’s output

\ v,

Historical Data Present Data
Compare the Wait for machine

output with the breakdown or
historical record shutdown for
maintenance

Figure 5.3 Validation Procedures
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5.2 Validation Process for Overall Value

The 10 cases of overall vibration signal are used in testing the overall value on
time-domain. It comprises of five cases from historical record and 5 cases of present
data. The historical data is the data before the motors were diagnosed in the past and
the result of machine are already known. On the other hand, present data is the data
from the machine that waiting for failure diagnosis; the status and failure symptom are
not known yet. So, the result from the expert system have to be proven in the future,

5.2.1 an example of overall value

The example of data taken from cement plant for validation process is shown

in table 5.1. '

Machine Datef“Current (A): Vibration (mm/s)
AR DE _NDE

Code |Description| | R | S [T |V |H| A |V |H

INIMO053 Sepol 22/03/ | 367 | 369 | 365 | 2.3 57 |58 1.7 | 69
Seperator 98 |
: 21/06/! 4000 | 400 | 400 T30 169 | 10.9 1.8 12.0
08 i

2806/ 364 364 3647 | 3.4 6.1 ¥6.2 29 |53
98 | |

| N1919877230eiNAel |

e ] AT - —_———de = = &

Table 5.1 Overall Data for Validation process.

Please note that R, S, and T are symbol of three-phase current. For vibration
symbol, V is for the vertical plane, H is for the horizontal plane, and A is for the axial

plane.
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The motor ‘IN1MO053’ is used for driving the Sepol Seperator in Cement Mill
Plant, The Sepol Seperator is used for classifying the size of cement dust before send
to packing process. The motor itself has rated power at 500 kW. It was installed

horizontally with coupling.

At date 22/03/98, machine can be operated normally. The vibration shows
normal value

At date 21/06/98, technician found that the vibration value is too high.
However, the machine can not be stopped.

At date 28/06/98, technician top up the lubrication of the bearing. The

vibration level decreased; however, it is still in the high value.

5.2.2 the ESMVD’s Output
After starting the ESMVD, technician selected velocity push button. Then, fill
in the machine rating power and type of mounting. The velocity value will be required

in the inquiry display. Figure 5.4 show the inquiry display of overall value.
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CURRENT V¢

vertical drive

axial drive

The normal value is left with zero since it does not appear in historical record.
Also, the axial value at non-drive end is left with zero since it can not be measured.

Then, the machine status is presented in figure 5.5,
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|

IMACHINE STATUS

B ——

ne: unsatisfactory

' T —

Figure 5.5 Machine Status

The severity of motor in horizontal plane is unacceptable, showing in red,
Whilst, the severity level in vertical and horizontal plane are satisfactory and

unsatisfactory, showing in blue and yellow respectively.

ESMVD tell that the motor has only bearing defect symptom. The
unacceptable level in horizontal plane help in confirming the bearing defect. Figure

5.6 will show ESMVD's recommendations,
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RECCOMENDATIONS

Use frequency analyser to find whether machine have failure
frequency of bearing. Also, check the lubricant of bearing. If failure is
confirmed, lubricant analysis should he employed in order to prevent the same
defect in the future.

Figure 5.6 ESMVD's recommendations

The ESMVD recommend technician to use frequency analyzer to confirm the

defect. However, the frequency analyzer is not available in cement plant.

5.2.3 Comparison between the ESMVD’s Output and the Actual Data

The historical actual data is given that the vibration level decrease when
lubricant is topped up. It means that vibration signal come from lubricant deficiency.
However, the level of severity did not come down to satisfactory level or good level.
Such data point out to the defect of bearing. It is the same as what the ESMVD
concluded and recommended. Therefore, the validation of the ESMVD in this case is

satisfied.
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$.2.4 The Other Overall Cases

The rest of the cases for validation process are from four historical records and

five present values. All ten cases are taken from cement plant. They are show in tabie
5.2 and table 5.3,

Filer Fan »
10521 (11 [23 21 |19
[IMIN753 | Compressor ' 84 113 [75 |- 102 | 7.1
16;'93;‘;18.{'5_5»}‘:8.4% 0 e [ [51es
MI02 | Belt Conveyer | 2570 242 (266 (249 |18 (16 |12 |15 |13
Tﬂé 2611 | 253 | 267 | 25.1 | _;é“: 17 [09 |16 |15
=4 — —1 1 1 _")
- - . =
4y {

Table 5.2 Historical Record of Overall Value
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Table 5.3 Present Overali Value
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5.2.5 Comparison of the Result =

\"/. N :.\J
In the same validation procedures, the ESMVD's output has to be compared

with the actual data. The comparison result can be seen as follows.

5.2.5.1 the ESMVD’s output and the result in historical record
With the machine data in historical record, the ESMVD can process and give

the conclusion from the vibration data. The comparison result is shown in table 5.4.
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Table 5.4 Comparison between the ESMVD’s output and historical records.
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5.2.5.2 the ESMVD’s output and the result of present data
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vibration leve] decreased. source of looseness.

IMIM305 | Motor has high temperature on its | Unacceptable level in both
casing, It is inspected and found horizontal and axial plane show
that connection of power supply the symptom of bearing defect.
line is loosed and nearly melt. Itis | Motor should be stopped and
fixed and tightened.. The vibration | inspected.

values are in good level in no-load
test.. However, it is high when test
on load. The inspection found that

bearing at load side is damaged.

Table 5.5 comparison between the ESMVD’s output and present data

5,2.5.3 Result of Comparison

In time domain, ESMVD can give the reliable diagnosis result. It can show the
level of severity of machine. For the suspected symptom that provide in the machine
status display, It successfully proves with eight cases from both historical record and
present data. The possible symptoms of failure, such as misalignment, looseness, were
proved altogether with the bearing defect in unsatisfactory or unacceptable level.
Whilst, another two cases present the limitation of the ESMVD in overall value

analysis,
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In case of motor IN1M100, the small vibration values give cause the ESMVD
to give the wrong conclusion: motor is normal. Whilst, the actual present data show
that the motor breakdown from locked rotor. The ESMVD can not point to the

symptom of failure from load side.

In case of motor IN1M305, the ESMVD give the conclusion that bearing of
the motor may be defected. On the contrary, the present data show that the motor has
very high temperature on casing. The inspection found loose conmection in the power
box. Moreover, high level of vibration in the load side is found as well. It is the
limitation of the ESMVD that can not give the comect conclusion if the supply
connection is loosened. To identify such a symptom, frequency analyzer has t;J be

employed.

On the other hand, 2 actual cases are proved only the bearing defect status.
When the high vibration level was found high, motors were sent to workshop for
overhaul work. Bearings were changed before the motors were reinstalled. The

measurement were taken again, The result is vibration level is significantly decreased.

The rest 2 cases of historical data are proved that the high vibration level come
from more than one sources. When the validation was taken, the expert system give a
symptom of bearing defect was suspected. Due to the shutdown schedule, the
machines were un-reluctant sent to workshop for overhaul. Bearings were changed and
machines are reinstalled again. Vibration measurement was taken. The amplitude was
lower than before overhaul, but the level of amplitude still indicate the problem in

machine. After inspection and testing again, the machines were found that high
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vibration level came from load side, which were water pump. The bearing of water

pump were also defect. So, it sent vibration signal through the coupling. In such cases,

the expert system can provide only bearing defect.

5.3 Validation Pracess for Spectrum Analysis

By the same procedures, the user starts the ESMVD for spectrum validation
process. Technicians will bring the spectrum from both historical record and present

spectrum.

5.3.1 Example of spectrum in validation process

Hereunder are the spectrums used for validation process.

EIRGLE SPECTRUM PLOT 153050
ET: K?79S3 IVYPE: FFI DATE: @9-JUN-97 10:13:18
INT ID: K7733/MOT ~BH DESC:
INDOM: HANNING LINES: 400 AVER: 4 FREG: @ - 2008 Hx
ETECT: RME RPM: 3904 THRESHOLD: @.09900 UNITIS! mwmeco
FREG: 30.00 AMP: 31.64 ORDER: 1.000 DEG: ===
50 ;
43 4
40 -
3%y
3047 - Once per revolution vibration
23 -
IB'E
15-;
1@
5-1
L bl e ar o vy r r o Eakadt
a 400 290 1200 1600 2960
FREQUENCY H=

Figure 5.7 High 1X running speed

Source: Steven [27]
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In figure 5.7, the vibration data of the motor of an overhung fan assembly
indicated the worst recorded once per revolution vibration to be at the motor drive end

horizontal direction with amplitude of 30 mm/s rms

With the same process as overall value, the ESMVD asked technician to fiil
basic data before series of question were asked. It start with ‘Does this machine have

coupling?’ as shown in figure 5.8.

£

CONSULTANT

Check the machine
whether it connected to the

lnad side via coupling.

No, motar connect directly to load side.

= ———— ST —— e

Figure 5.8 Interactive display in Spectrum Analysis

Since the motor connected directly to the overhung fan, the answer for

coupling is no. Next, the series of questions will be asked as shown in figure 5.9,
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ESMVD : “Is there dominant Peak 1X of actual speed in radial axis?”

User: “Yes”

ESMVD : “Is there dominant peak 2X of actual speed in radial axis?”

User: “No*

ESMYVD : “Are there three or more synchronous low band?”

User: “Less than three or not have”

ESMVD : “Are there any accompanying harmonics 3X to 6X in radia] plane?”

User: “No”

Figure 5.9 Series of question

Then, the conclusion from the ESMVD come out as show in figure

5.10.
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The motor has a symptom of imbalance.

If motor is new or rebuilt, imbalance symptom is rarely found.
However, it is possible that rotor is damaged from improper transportation.

If motor have irregular m in its casing, the imbalance may
ome from thermal expansion j //

1 and tnm balance the rotor.

e —

M*Mermofdatatomm

shaﬂasshuwnmﬁg&esu N4
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EINGCLE SPECTRUM PLOT 19:43:348
ET: K7735 TVYPE: FFT DATE: 108-JUN-97 11:17:50
INT ID: K7753/MOT -BH DESC:

INDOM: HAMNING LINES: 400 AVER: 4 FREQ: O - 20080 Hz
DETECT: RM$ RPM: 3000 THRESHOLD: O.0000 UMITE: mn/se0

FREQ: 50.00 AMP: 1.3032 ORDER: 1.Q00 pEG: -
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Figure 5.11 Spectrum after balancing shaft [27]

The ESMVD is proved successfully to give a reliable an accuracy conclusion.
The peak of 1X running speed is significantly deceased after balancing motor’s shaft.

It can be concluded that motor’s shaft is imbalance as ESMVD gave a conclusion.

5.3.2 Another case for validation process.
By the same process as show in 5.3.1, the cases in figure 5.12 can validate the

ESMVD,
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TINGLE SPECTRUM FLOT 16:15:439
EET: P99L7 SHOP TYPE: FFT DATE: -19-0CT-95 14!03:50
POINT ID: P9917 Ba MTR DESC: SHOP
HINDOM: HAMMING LINES: 409 AVER: 4 FREQ: @ - 2000 Hsz
DETECT: RME RPH: 2965 THRESHOLD: O.0000 UNITE: mersen
153.00 @, 3859 : 3.137 -—
1.5 7

L.38 4
1.3
1.03 -
8.9 -
.73 5
9.6 -
.43 5
2.3+
8.:13 7

mg outer race | : g
Motor rotational _d!E:?%nuﬁlnnﬂhd Alﬂfz::::::?::fﬂ
frequency 49.4 Hr 155Hz :

Figure 5.12 bearing outer race defect [27]

ESMVD give a conclusion that the outer race of the bearing defect since the
BPFO (155Hz) is shown. It is proved by the flaw on the outer race of the bearing as

shown in figure 5.13.

Figure 5.13 Flaw on the outer race of the bearing [27]
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3.3.3 conclusion for spectrum validation

The two historical cases successfully .va]idated the ESMVD. The expert system
show the capability of providing the accurately answer and recommendation. There
are another cases for validation the spectrum analysis. The data is kept in the
maintenance database of the paper manufacturing plant. The validation process is
conducted on site, Unfortunately, output of the frequency analyzer was not allowed to
print. The cases are SCR failure and inner race defect, Both are the present data at the

paper manufacturing plant,

In the case of SCR fault, the 75 kW motor that drives paper scattering shows
dominant peak in its spectrum: high frequency at SCR firing frequency. The ESMVD,
again, ask the series of question from user before give the conclusion. Then, the motor
was stopped and its speed controller was inspected. One of the SCRS was found
failure. The failure SCR was replaced with the new one. After that, the motor is

measured again; peak at SCR firing frequency disappears.

In another case, the 11 kW motor driving belt conveyor shows small peak at
BPFI frequency on its vibration ‘spectrum. It is not dominant. However, the
responsible engineer orders technician to shorten the maintenance period. In this case,

the ESMVD give a conclusion that motor is normal: no failure symptom is shown.

Unfortunately, the motor is sent to overhaul during the plant’s shutdown period
without any exists of obvious failure signal. Because the motors run almost
continuously, when there is a chance to maintenance motor during plant shutdown

period, it will be sent to inspect and overhaul without waiting for signal of failure.
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This is the good example to show the limitation of condition based maintenance which

rely heavily on vibration analysis.

5.4 Concluasion for Validation

From the validation process, the ESMVD can give the effective and reliable
conclusion, both in overall value and vibration spectrum, It satisfies user with the
given explanation in each display and multi color technique. Moreover, the conclusion
come out quite correctly when compare with the actual data. However, the limitations
of the ESMVD are found in validation process. They are show as below.

1. The ESMVD can not analyze the vibration signal from load side.

2. The ESMVD can not forecast the possibly failure time since it does not

contain trend analysis function.

The two limitations can be eliminated by further improvement. Analyze
vibration from load side can be done if the knowledge base is added with new
knowledge of motor load. In doing so, the scope of the expert system should be
carefully considered because there are many different types of load using in different
manufacturing plant. Further development of the expert system should be done in
specific manufacturing plant to prevent oversize of rule based; the oversize will

consume more time and more step to give the conclusion,

However, more limitations may be found later if the cases for validation
process are more available. The maintenance policy of the two studied manufacturing

plant is still preventive maintenance-not predictive maintenance nor condition based
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monitoring. Therefore, they would not take a risk to let the motor operate nearly
breakdown status. Earlier taking action is always employed; the case that can prove

assumption of the expert system is scarce.

In addition, comments from technician are the ESMVD does not support Thai
font. It may be difficult for some technician to understand the comments and

recommendations presented in the ESMVD.
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