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AGENT BASED MONITORING FOR INVESTIGATION
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ABSTRACT

Agent technology has a widespread usage in most of computerized systems. In this paper
agent technology has been applied to monitor wear test for an aluminium silicon alloy which is used
in automotive parts and gears of light loads. In addition to wear test monitoring¢ porosity effect on
wear resistance has been investigated. To get a controlled amount of porosity, the specimens have
been made by powder metallurgy process with various pressures (100, 200 and 600) MPa. The aim of
this investigation is a proactive step to avoid the failure occurrence by the porosity.

A dry wear tests have been achieved by subjecting three reciprocated loads (1000, 1500 and 2000)g
for three periods (10, 45 and 90)min. The weight difference after each test is immediately measured to
find the losing weight and wear rate for each specimen. Wear test was monitored online by two
sensors, force sensor to control the applied load, find friction force and coefficient of friction. The
sensor is an acoustic emission to detect crack initiations of the worn surface by transfers the emitted
ultrasonic waves from crack initiations to electric signals. Scanning electron microscope has been
used to examine the worn surfaces. The overall results include that the effect of pores depends on pore
shapes, sizes and concentrations.

Keywords: Agent Technology, Aluminium Silicon Alloys, Monitoring Process, Acoustic
Emission Sensor, Wear, Scanning Electron Microscope and Predictive Maintenance.
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1. Introduction:

Agents could be designed to work
with uncertain and/or incomplete information
and knowledge. Hence, many tasks related to
manufacturing - from engineering design to
supply chain management - could be
conducted by agents, small and large, simple
and sophisticated, fine- and coarse-grained that
were enabled and empowered to communicate
and cooperate with each other [11]. An agent
is just something that acts (agent comes from
the Latin agere, to do). But computer agents
are expected to have other attributes that
distinguish them from mere "programs" such
as operating under autonomous control,
perceiving their environment, persisting over a
prolonged time period, adapting to change, and
being capable of taking on another's goals[14].
An abstract view of an agent is shown in Fig.1.
In this paper agent system is represented by
Universal Material Tester machine which is
shown in Fig. 2. Sensors are represented by
acoustic emission sensor and strain gage which
is involved in the load cell while the action is
represented by monitoring results of agent

Agent Based Monitoring for Investigation
process and Maintenance Improvement

Measurement of wear is one of big importance
not only in tribology research but also in
practical applications, such as engineering
surface inspection, coating failure detection,
tool wear monitoring and so on. Due to the
complexity of a wear analysis process,
measurement of wear is usually conducted
offline. Reliable online measurement or
monitoring of wear remains a challenge to
tribology research as well as to the industry
[21]. Signals of acoustic emission sensor is
useful to detect the level of degradation for the
part which is made by type of the alloy which
is subjected for the wear test by making
comparison between the signals at the work
with those come from the wear test. Agent
monitoring will give the report of the wear
resistance behavior as acoustic emission
sensor signals with a description represents by
wear track depth data. That report will be the
reference to know the state of the product
which is made from the same alloy which is
used in the test by compare the output signals
from that product with the signals of the test

environment which is the wear test by using acoustic emission sensor similar to
environment. that which is used in the test.
LGEWT
S ensnr Leotion
Input Chutpnt
EMVIFEONKENT

Fig. (1): An agent in its environment [5].
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Fig. (2): Universal Material Tester machine

2. Aluminium Silicon Alloys:

The  characteristic  property  of
aluminium alloys is relatively high tensile
strength in relation to density compared with
that of other cast alloys, such as ductile cast
iron or cast steel. The high specific tensile
strength of aluminium alloys is very strongly
influenced by their composed polyphase
microstructure. The silicon content in
standardized commercial cast aluminium
silicon alloys is in the range of 5 to 23 wt. %.
The structure of the alloys can be
hypoeutectic, hypereutectic, or eutectic, as can
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reset.

Holder of the load cell.

place.

Specimen holder.

holder of load cell up/down.

be seen on the equilibrium phase diagram
Fig.3. Aluminium-Silicon alloys are a
common choice for such applications, and
their applicability in gears and structural parts
subjected to wear is well established. A higher
amount of silicon increases hardness and wear
resistance [13] [10]. The alloy which is used in
this research contains (88.8% Al, 6% Si, 4.5%
Cu, 0.5% Mg and 0.2% Sn) this type of alloys
is used to make some of automotive parts such
as clutch housing, pistons and sliders.

and load cell manual

Data bus cable of the load cell.

The reciprocator and AE sensor

Servo motor which move the
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Fig. (3): Al-Si equilibrium diagram [10].

3. Predictive Maintenance:

Predictive maintenance attempts to
detect the onset of a degradation mechanism
with the goal of correcting that degradation
prior to significant deterioration
component or equipment based on the severity
of the condition and the consequence of
failure, it possible to determine an appropriate
priority and course of action to minimize the
risk and consequence of the pending failure
[15]. The diagnostic capabilities of predictive
maintenance technologies have increased in
recent years with advances made in sensor
technologies. A comprehensive predictive
maintenance management program uses the
most cost effective tools (e.g., Vibration
Monitoring, Thermograph, Tribology) to
obtain the actual operating condition of critical
plant systems and based on this actual data
schedules all maintenance activities on an as-

There are three basic techniques of predictive
maintenance:
1. Existing sensor — based maintenance

techniques.
2. Test sensor — based maintenance
in the techniques.
3. Test signal-based maintenance
techniques.

The first one consists of maintenance methods
that use data from existing process sensors
such as pressure sensors, thermocouples, and
resistance temperature detectors that measure
variables like temperature, pressure, level, and
flow. The second uses data from test sensors
such as accelerometers for measuring vibration
and acoustic sensors for detecting crack
initiations of materials or other sound sources
for failures caused these sounds such as leaks
in vessels. The third one represents the active
techniques while the previous are passive
techniques. One form of test signal-based

needed basis. Including predictive predictive maintenance involves injecting a
maintenance in a comprehensive maintenance signal into the equipment to measure their
management ~ program  optimizes  the performance [7]. A significant amount of work

availability of process machinery and greatly
reduces the cost of maintenance. It also
improves the product quality, productivity, and
profitability of manufacturing and production
plants.
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has been done by NASA to measure the range
when journal bearings emit ultra-sonic noise
when wear has developed [3].



4. Experimental:
4.1 Specimens Preparation:

Specimens in this research are
prepared by powder metallurgy. Powder
metallurgy provides porosity with
homogeneously distribution. The powder
which have been wused for making the
specimens pressed at (100, 200 and 600) MPa
to make a variety of porosity volume
percentages and porosity percentage for the
load subjected surface area. A Lico wax C
used as a pressing lubricant and the specimens
sintered in a tube furnace in the presence of
Nitrogen gas at 560°C for 20 minutes then
slow cooled to 480°C. The difference
compaction pressures make samples with
variable densities.

The green and sintered densities of samples
were determined according to Metal Powder
Industries Federation standard. The un-
sintered (green) density of the samples was
calculated for each sample by weighing the
samples in air (Wair) and in water ( Wwater).
The green density calculated using eq. (1)

WEIr P warar

PGreen =

(M

‘1'.-I:r _1;'."'-‘- ater

The temperature of the water was 20.6°C
while the temperature of specimens about 20°
C. The sintered density was performed by
weighing the samples in air (Wg,.) prior to
infiltrating them with ESSO-NUTO H46
hydraulic oil then weighing the samples in air
(with oil impregnation) then measuring weight
of the samples which are impregnated by the
oil in the water. Finally the sintered density is
calculated by eq. (2)

Wair * Pyater

Prinrarsd — Was— Wiea

2

The volume percentage is

calculated using eq. (3)

of porosity
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sintered density

Py =100 — 3)

theoritcal density

The results of volume percentage of porosity
are shown it table 1

Table (1) green and sintered density values

Green Sintered
Specimen Density Density
(g/emd) (g/cmd)
Pressed at 100
MPa 2.13 2.3
Pressed at 200
MPa 2.3 2.47
Pressed at 600
MPa 2.57 2.59

The theoretical density of the alloy calculated
to be 2.75 (g/cm?®) according to the rule of
mixture.

4.2 Hardness Test:

The difference of compaction
pressures for the specimens gives them a
different hardness. Measuring hardness of the
specimens before preparation have been made,
because the image analysis of the specimens
requires high quality surface, destructive
method of hardness test (Rockwell Hardness
Test) have been used. The tool used was a
diamond cone with a 60 kg load. Twelve
measurements at twelve different places were
taken for each sample to insure that any
irregularities in the surface can’t affect the
hardness value. The total penetration depth is
consisted of a plastic component and an elastic
recovery component which have been evolved
during the period of unloading. The hardness
values of the specimens are (34, 49 and 58)
HRA for the specimens (100, 200 and 600)
MPa.
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4.3 Preparation for Image Analysis:

First of all, each specimen has been
divided into three sub-specimens because nine
specimens are needed in this work, and then
put them again into a furnace to evaporate the
oil which used during cutting them. The
specimen surface should be prepared very well
with less possible number of scratches. The

reason of that, is to get an accurate
determination of the surface porosity
percentage, and then each specimen is

grounded by using 240, 320, 400 and 600 grit
SiC abrasive papers then polished by using a
billiard pad cloth, which is suitable for
Aluminium Silicon polishing, with water
contained of (1, 0.3 and 0.05) um grains of
Gamma Alumina powder. After polishing, the
specimens have been washed properly and put
in a cup of water in an ultrasonic device to
remove the residual grains of polishing powder
then the sample was subjected to a hot air to
drying them. The measured surface roughness
for the specimens (100, 200 and 600) MPa
around (1.40, 1.34 and 1.28)um respectively.

4.4 The Image Analysis:

The purpose for image analysis is to
calculate the surface porosities by using the
software Image Pro Plus. In this research, the
Metallurgical Microscope BX51 equipped
with bright-field objectives have been used to
take images at high resolution. According to
the ASTM (E 1245) standard test, 36 images
have been taken for each sample with same
magnification equal to 100x such as the
pictures in figure (22). Porosities have been
identified based on the variation of their grey-
level intensity compared to the matrix. Grey-
level threshold settings were selected to allow
autonomous detection of porosity using the
“flicker method” of switching back and forth
between porosity and the matrix. The grey-
level thresholds in addition to boundary
conditions such as(aspect ratio, minimum
radius and area) were set to avoid second
phase particles and dendrites detection
Counting method has been chosen to correct
the edge effects, so the porosity lying across
the boundary field is counted only once. For
each field the area fraction of the detected area
of porosity was measured by dividing the
detected area of porosity by the area of the
measurement field. The results of percentage
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of porosity surface area are (7.21+ 0.156, 4.6 =
.0133 and 3.2+ .011) for (100, 200 and 600)
MPa respectively.

4.5 Application of The Loads:

The loads have been applied by using
the UMT according to ASTM (G 133-5) 2010.
Dry, reciprocating test is done by utilizing the
upper ball specimen which slides against a flat
lower specimen in a linear, back and forth,
sliding motion having a stroke length of 5.03
mm. All the tests have been applied at room
temperature and relative humidity of 40-55%.
The load has been subjected downward
through the ball contour-face against a flat
specimen mounted on a reciprocating drive.
The tester allows for monitoring the dynamic
normal load, friction force and depth of the
wear track during the test. The weight of the
specimen was measured before and after each
wear test to determine individual weight loss
at selected time intervals. Three different loads
of (1000, 1500 and 2000) g have been
subjected to 10 Hz frequency or velocity
(100.6 mm/s) and three different time intervals
(10, 45 and 90) minutes. After wear tests, the
worn surfaces and cross sections of wear
tracks are examined using Scanning Electron
Microscope.

5. Results:

The results monitored by the
Universal Material Tester machine which is
used for testing the specimens which have
been discussed. The weight loss, wear rate,
coefficient of friction, wear track depth and
acoustic emission sensor results have been
monitored for wear test of the specimens.

5.1 Effect of Applied Load:

Weight loss increases by increasing of
the applied load due to high stresses leading to
the yielding and subsequent fragmentations
and oxidation during sliding, the applied load
also causes the strain hardening for the metals
depends on the property of the metal which is
under the load [8,6,5]. In the fig. 4 (a, b and c)
weight loss raised for the specimen 100MPa
from 1.9mg at the load 1000g and 60.36m
sliding distance to 3.6mg at the load 2000g
with same sliding distance this increasing
occurred for all the specimens but with
different ratios depend on the load and the



porosity volume for the specimen. Wear rate
will increase as a result of the increasing of
weight loss for example the specimen of
600MPa compaction got increasing in wear
rate from (0.00883 to 0.01472)mg/m for the
load 1000g and 2000g respectively and at
period 90min.

5.2 Effect of Porosity:

The presence of porosity clearly
effects on the abrasive wear and other wear
mechanisms due to the role of pore with its
capacity to catch the fragments or debris of the
worn surfaces. The filling of pores by the
debris or oxides will improve wear resistance
for the material according to prevent oxides
debris to take the role of abrasives also it’ll
prevent the detachment of pores edges. Pores
will reduce the micro contact between the two
mating surfaces which is leading to reduce the
friction and the wear. Shape of pore plays a
significant role in filling the pore by the debris
also in term of crack initiations and stress
concentration the circular shape it’s the best
one because it’s easier to fill and the less in
term of stress concentration [14].

In fig. 5 (a, b and c) the wear rate decreases
markedly during the increasing of sliding
distance specially at load 1000g for the highest
porosity volume which is the specimen
100MPa also at load 1500g, the value of wear
rate at the 540.24m of sliding is convergent in
spite of the difference by hardness values. At
load 2000g the effect of the porosity lowered
in term of wear rate improvement due to the
lower magnitude of hardness for a specimen
which has high porosity volume percentage. In
addition to that the scanning -electron
microscope images for debris of this load
show big size for debris of worn surfaces at
load 2000g consequently big size of debris
with small pores lower the probability of
entrapping the debris in pores so the debris of
worn surface and oxide of Al would be as
abrasives for the surface in addition to the
applied load.
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5.3 Coefficient of Friction:

Coefficient of friction increases by
increasing the applied force but it’s also
affects by the geometry of the surfaces [20].
Surface has complex effect on COF due to the
valleys and grains orientation [4]. Friction
causes energy dissipation as heating leading to
softening of the metal and thermal oxidation of
the surface. Aluminium oxide is has high
hardness and so adhesive to the surface so it
will need high load to penetrate [12]. Figures
In this research the surface finish for the
specimens is treated to be good for reducing
the effect of surface roughness. Pores presence
will increase surface roughness specially the
big sizes but when debris settle down in the
pores COF will decrease or get more stable
[11]. All the specimens in this research COF
got slight increasing by increasing the load but
specimens of 100MPa compaction got more
COF increasing than other due to lower
hardness so it’s easy to penetrate. the specimen
100MPa with load 1000g COF decreased to
the half in addition to lower wear track depth
while that didn’t appear with other loads
because 1500g and 2000g overcame the
presence of the oxide layer and strain
hardening for the specimens. COF trends for
the specimens of 200MPa are stable but with
clear increasing for loads 1500g and 2000g
due to detachment of the oxide layer which
causes adhesion with the tool and surface as
observed by naked eye exam for the tool and
SEM for the wear track. Specimens of
600MPa compaction high hardness with the
oxide layer give the stability for COF trends
except for the load 2000g a slight increasing
was observed.

5.4 AE Results:

The sources of AE sensor of sliding
test come from plastic deformation, initiation
and growth of cracks, appearance of wear
debris, of new surfaces because of wear and
energy liberation at repeated deformation or
phase hardening-weakening and damage of
surface layer. Characteristics of AE are
sensitive to the wear mode. Higher AE
intensity values are typical with abrasive wear
in comparison with adhesive and fatigue wear.
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When studying the shape of AE signals at
steady-state friction it was found that materials
damaged by adhesion and fatigue produced a
continuous signal with a small amplitude while
materials damaged by adhesion with seizure
yield a signal of explosive type. When the

abrasive wear becomes dominate the
amplitude of signals increase approximately
2-3 times [21]. Specimens which are

compacted under 100MPa have lowest AE
intensity with continues stability and little
amplitudes relatively to the others as shown in
Fig. (9). According to the trends of 200MPa
and 600MPa specimens, AE intensity is
relatively high and abrasive wear appeared
more effective than adhesive, also it is easier
to detach the surface of lower compaction
metal due to it has relatively low hardness.

5.5 Wear Track Depth:

The figures give same trend which is
the increasing of depth value by increasing the
applied load. In addition to that, the
monitoring process for the test shows the
changes of depth’s value during the test and
the differences among specimens. In figure (10
a) the changes in the trend is less than of figure
(10 b), this is because the specimen 100MPa
has more pores than 200MPa and its pores are
bigger in the size. The changes in trend of
figure (10 c) is less than of figure (10 b), here
the effect of hardness takes part to make the
test value seems more stable. There is another
explanation for depth trend changes caused by
the porosity, where debris of worn surfaces for
a specimen which has high number and big
size of pores has no effect on the depth trend
such as the specimen which has less number
and smaller size of pores, will be between the
two contacting surfaces so debris reduces the
depth then it will increase the value of the
depth when debris leave away the contact area.
SEM images show the size of debris at load
2000g and load 1000g. At 2000g size the
debris is bigger than at 1000g; this prevents
pores to be contained, so changes in trend of
depth have been noticed. The depth value of
specimen 100MPa at period 90 min is less than
of the specimen 200MPa at the same period of
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time; this is because of small size of debris
which enables the pores to entrap it.

5.6 Scanning Electron Microscope
Images:

Fig. (13 a, b, c and d ) shows the drift

of metal at the edge of wear track for each
specimen also the detached particles which
migrated due to adhesive wear or penetrated
the surface by the applied pressure and surface
softening as a result of frictional heat. Figure
14 (a, b, and c) shows the worn surface under
1000g and 90min, surface damage of the
specimens is clear for 200MPa and 600MPa
but it isn’t for one of 100MPa specimens
because of the role of porosity. Pores effect is
not enough to reduce damage of the surface for
higher loads. Surface damage for the worn
surface by load 1500g appears in figure (16 a)
which reveals micro cracks nearby pores in
spite of filling by debris while other images of
other specimens for the same conditions depict
less surface damage due to their high hardness.
Same thing repeated with the load 2000g the
specimens which are compacted by high
pressure resisted and have more wear than
others but they got more damage than
specimens which are subjected to load of
1000g as shown in figure (15) and (17).
Higher magnification of SEM images in figure
(5.30) enables us to see the effect of pore size
and shape. For 100MPa the pore is large and
contains large debris size in addition to small
size of debris while for 200MPa pore is
relatively small and contains small size debris.
Figure (5.30 c) clarifies the effect of pore
shape, that pore has sharp edges which are
considered as stress concentrations and the
place of crack initiations.
Figure (5.31) shows the effect of delamination
for some grooves of 90min period, this period
has a highest number of cycles so
delamination occurred for this period more
than others. The cracks extended from the
pores under the groove to the surface have
been observed. Also it’s observed that
specimens of 100MPa are affected by
delamination more than the others.
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Fig. (5) Wear rate vs. sliding distance for the
three loads and three types of compaction (a, b
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Fig. (9) AE 1500g 90 min (100, 200 and 600)
MPa (a, b and c) respectively.
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Fig. (12) Wear track depth 2000g 90 min (100,
200 and 600) MPa (a, b and c) respectively.
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a) 2) pore filled by
debris

2

L

¢

c) 0

Fig. (14) Wear track of 1000g after 90min f
fg. (14) Wear track of 1000g after 90min for Fig. (15) Wear track of 1500g after 45min for (100,

(100, 200 and 600)MPa. (a, b and c) respectively.
200 and 600) MPa. a, b and c respectively.
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¢)
Fig. (16) Wear track of 2000g after 45min . .
Fig. (17) Wear track of 2000g after 90min for (100,

for (100, 200 and 200 and 600) MPa .
200 and 600) MPa (a, b and c) respectively.

(a, b and c respectively).
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Delamination
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Fig. (18) Wear track of 1000g after 90min for . . . )
Fig. (19) Cross sectional image of 2000g 90min
100, 200 and 600)MPa (a, b and tively.
( and 600)MPa (a, b and c) respectively for (100, 200 and 600)MPa (a, b and c)

respectively.

1284



Number 5 Volume 17 October 2011 Journal of Engineering

,.;

10.0um

L U R A N RO O A A I | 3 - o (I A R A I RO O A A I |
10.0um S5-4700 10.0kV 12.3 %2 (M) 20.0um

[ e e B R | [ T I I I R B |

10.0um - (M) 10.0um
c) c)
Fig. (20) Debris of the specimens under 1000g Fig (21): Debris of the specimens under 2000g for 90min.

for 90min (100, 200 and 600)MPa (a, b and ¢)

respectively.

1285



Zouhair I. Ahmed
Ameer Hussein Ali

Soroor K.Hussain

oy

Ak

C

Fig. (22) Pictures for image analysis to measure

§ Lo
s otk e
& £ ’
B W .
Sy
=3
" ., ol
L, it w
%
4
R
» B
k]
3
by
j' 10qpm
-
¥
p “n
v |
N
%
?
o g
oy
.
3. ;
|
~.
-
: s g
i i
."—-:4—'
Pt

the porosity surface area percentage for (100, 200

and 600)MPa (a, b and c) respectively.

Conclusions:

L.

Wear test has a dynamic environment
represented by strain hardening of the
surface metal after load application,
softening due to heat generation
because of friction; friction changes as
a result of roughness changes in
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addition to pores presence in this
research so on line monitoring results
give a clear picture about wear test and
its dynamic changes.

Porosity has a significant effect on
wear resistance this appeared clearly
from the results of the test. Pore size
and shape play the role of porosity
effect, porous surface with a relatively
big size pores has better wear
resistance if the applied load is low
but it has worse if the load is high.
Agent technology has the flexibility to
monitor such a dynamic environment
like a dry sliding wear test and give a
brief report to the individual events
during the test.

AE results can be transferred to detect
faults for any product made by the
tested material depending on the
similarity of test conditions because it
represents on material properties and
the media of sound transfer.
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List of Symbols

Symbol

Meaning

Unit

pG:‘em

Green
Density

g/em’

Psincered

Sintered
Density

g/em’

p“‘ ater

Water
Density

g/em’

AE

Acoustic
Emission

Volt

COF

Coefficient
Of Friction

HRA

Rockwell
Hardness

Wwater

Sample
weight on
water

Wair

Sample
weight on air

Sample
weight on
water after

impregnation
with oil

Sample
weight on air
after
impregnation
with oil

Vs.

Versus

»

*(<

»

) This shape always

refers to the sliding direction on SEM images.
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