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Abstract: A new metal particle monitoring instrument was developed by improving the traditional direct reading ferrog-
raphy. The precipitation behaviors of sub-magnetic particles, magnetic particles, and the mixture of these particles were

examined with the instrument. The results show that the precipitation behavior of sub- magnetic metal particles of copper

and aluminum is not random as it was believed previously. The sub-magnetic particles show a distribution in the precipita-

tor tube, almost the same as the deposition curves as the magnetic particles have. The deposition amount of particles is in-

creased in the oil which consists of several different kinds of particles. On the base of these experiments, a new index used

for the total quantity of wear was redefined.
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1 INTRODUCTION

It is nearly thirty years since the first direct
reading( DR) ferrography was developed. This simple
instrument is suitable for use at plant or depot level as
a regular test for oil condition analysis. It can quickly
get the results, and can automatically measure the
density of deposited large particles compared with
those of small ones. The oil sample is siphoned into a
transparent precipitator tube that is placed between
the poles of a magnet. The magnetic particles con-
tained within the sample are deposited in the tube and
measured at two specific locations. The equation of
the motion of a particle in the tube is a complex func
tion of its size, shape, magnetic susceptibility, densi
ty and the viscosity. However, the magnetic attrac
tion force acting on the particle is approximately pro-
portional to its volume and magnetic susceptibility.
This makes the larger particles (those greater than
5 Pm) deposit near the entrance of the tube while the
smaller ones and sub-magnetic particles deposit fur
ther along the tube. With the two monitoring points
of the DR ferrography, only two parameters are ob-
tained, namely D;which represents the reading of the
larger particles greater than 5 Hm in size, and D,
which represents the reading of the smaller particles
up to 5 Hm in size. Both D; and D¢ mainly relate to
the magnetic particles, not to the sub-magnetic or
norr magnetic particles!' >, In some cases, the infor
mation of the sub-magnetic particles is very helpful to
predict the faults. However, it cannot be gotten by
the simple DR ferrography. In view of this draw-
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back, efforts were made to improve the DR ferrogra-
phy. Additional four monitoring points are added to
form the metal particles monitoring instrument( M P-
MI). The aim is to measure the sub-magnetic parti
cles or non-magnetic particles with the four additional
points. T herefore, a wider scope of deposition can be
detected, and more information of particles can be ob-
tained! 7.

contains more sub-magnetic particles than that from a

For example, oil from an engine may

gear box, which contains more magnetic particles.
The experiment results show that MPMI is very use
ful. The distribution of sub-magnetic particles of cop-
per and aluminum is not random when deposited in
the precipitator tube.

In this paper, a magnetic particle means that the
value of the susceptibility is very large, while a sub-
magnetic particle means that the value of the suscepti
bility is smaller. For example, the susceptibility of
iron oxide (FeO) is 7200 x 10” °( CGS) when the
temperature is 293 K. The particles of iron oxide are
magnetic. T he susceptibility value for aluminum in an
ordinary condition is 12 x 10~ ®(CGS), and for cop-
per is 5.46 x 10” °(CGS) at 296 K'®. The particles of

aluminum and copper are sub-magnetic.
2 EXPERIMENTAL

2.1 Experiments of single particle

The experiments of magnetic particles were first-
ly done in order to compare with that of the sub-mag-
netic particles. These particles, including the follow-
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ing particles used, were especially ordered from an in-
stitute in Beijing. Their size in length was less than
20 Hm. The oil used in the experiment was hydraulic
oil of No. 32. The concentration of particles was 100
mg magnetic particles per 100 mL oil.

Firstly, oil sample nearly 50 mL was prepared,
next 1 mL oil out of the sample was drawn, and then
was put into a small tube where it was diluted evenly
with 1 mL CyCly. Finally, the oil used for experi
ment was ready!'!, and the concentration of particle
might be called 1 mL volume of magnetic particle
(VMP). The following experimental steps are similar
to those of DR ferrography. The same procedure was
repeated three to five times.

Besides, the sample of 1 mL VMP and three
other samples with different concentrations of parti-
cles, i.e. 0.5, 0.25 and 0. 1 mL VMP, were also
experimented respectively. The results can be seen
from Fig. 1, where AV is voltage difference, V is
voltage reference. Fer Ut stands for ferrography u-
nit. Mid is regular position where oil sample is put.

120
A —1.00mL Fe
1o ® —(0.50mL Fe
¢ —0.25mL Fe
80 r w —0.10 mL Fe

60

AV
% /Fer Ut

40 1

207

Points

Fig. 1 Deposition curves of magnetic particle

According to the above procedures, the sub-
magnetic particles of aluminum and copper were also
tested. Four concentrations were used for the experi
ments. They were 1.0, 0.5, 0.25 and 0. 1 mL vol-
ume of sub-magnetic particle ( VSP), respectively.
For each concentration, the measurement was repeat-
ed three times. Figs.2 and 3 show the experimental
readings. Compared with Fig. 1, the figures show al-
most the same shape. There is much difference of
susceptibility between these particles. T herefore, it
can be assumed that the sub-magnetic particles do not
deposit randomly as believed before. There is a cer
tain amount of chance that sub-magnetic particles de-
posit both at the entrance of tube and along the direc
tion of fluid oil. At the entrance, the chance of
particle s deposition is much larger, while along the
direction ahead the chance is smaller. The distribu-
tion approximately conforms to the magnetic parti
cles.
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Fig. 2 Deposition curves of sub- magnetic particle
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Fig. 3 Deposition curves of sub-magnetic particle

2.2 Experiments of blended particles

Apart from single particle experiments, multr
particles experiments were also done in this study.
The main purpose is to observe the results for blended
particles. The experimental conditions are the same
as above. 0.5 mL magnetic oil as base oil was used,
and then different volumes of sub-magnetic oil of cop-
per were added to form the blended oil samples. The
added volume was 1.0, 0.5 and 0. 25 mL, respec
tively. Therefore three different concentrations of oil
sample were prepared. Fig. 4 illustrates the experi-
mental results. The results for oil samples of different
concentrations of aluminum particles can be seen from
Fig. 5. These figures show that the values of each
point are much higher than those of single particles
whether they are magnetic or sub-magnetic. Howev-
er, the shape of the curves in Fig. 4 is similar to that
in Figs. 17 3.

Oil samples of different concentrations of three
particles were also studied. Different volumes of cop-
per particles and aluminum particles were added. The
experimental results are illustrated in Fig. 6. The
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250 —5— multrparticles oil is larger than that of single particles
oil. In short, the same conclusion as above is drawn.
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507 sum of D;and D,. D;is the value of the first monr
toring point and D is the second ™', Q. is used to
0 stand for this sum. Compared with Qs, Q,is used to
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Fig. 4 Deposition curves of magnetic
and sub-magnetic particle
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Fig. 5 Deposition curves of magnetic
and sub-magnetic particle
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Fig. 6 Deposition curves of compound particle

shape of deposition curves is almost the same as the
above figures. The figures show that the values of
each point are much bigger than any other figures no
matter whether they are single particles or multi-par-
ticles. That is to say, the chance of deposition for

stand for the total quantity of wear in MPMI. In
fact, Q,is the sum of readings of all the six points.
Obviously, (., is greater than Q. For sub-magnetic
particles and magnetic particles, the values of Q di-
vided by Q, are listed in Table 1. In Table 1, Q,
stands for the sum of the last three monitoring
points, which may be defined as sub-magnetic
particles total quantity of wear. Experimental data of
magnetic particles mixed with sub-magnetic particles
in different concentrations are listed in T able 2.

Tablel Experimental data of magnetic particles
and sub-magnetic particles( volumn fraction, %)

Fe Al
Samples
0./ Qa Q4 Qs QJQa Qul Q.
0. 25mL( mid) 85 6 59 25
0. 5mL( mid) 88 5 72 16
1. OmL( mid) 87 5 76 12
0. 25mL( hig) 81 11 59 23
0. 5mL(hig) 86 6 67 20
1. OmL( hig) 87 6 76 12
Average(sum) 86 6.5 68 18

Table 2 Experimental data of magnetic particles
mixed with sub-magnetic particles
(volumn fraction, %)

Sample( mid) Qs Qa Aver Q. Q. Aver
0.25mlFe+ 0.25mlAl s 30 LY 11
: o 83 10
73 14
0.25mlFe+ 0.25mlAl 71 74 14 14
75 15
0.5mlFe+ 0. 5mlAl 77 76 12 13
Average(sum, above) 76 13
Sample( mid) QJ Q. Aver Q./ Q, Aver
0.5mlFe+ 0.25ml 77 77 13 13
Cu+ 0.25mlAl 77 12
0.5mlFe+ 0.5ml 68 18
Cu+ 0.5mlAl 69 & 17 13
Average( sum) " 72 16

In the tables, mid and hig are the different posi-
tions where the oil samples are placed. The value of
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hig is one and a half larger than that of mid.

According to the tables, different concentrations
of oil samples, particles and positions lead to different
results. The values of Q/ Q, change as well. To the
magnetic particles, the values of s/ Q, vary between
81% and 88%, with an average of 86% . That is to
say, the traditional total quantity of wear( Q) is only
a part of the real total quantity of wear( (.), with an
ratio of about 86% . To the sub-magnetic particles of
Al, the values of Q. Q. vary between 59% and
76% , with an average of 68% , and the values are
smaller.

The experiments of the mixture of magnetic and
sub-magnetic particles show the same result, as
shown in Table 2. To the mixed oil samples of Fe and
Al, the values of Q4 Q. vary between 73% and
83% , with an average of 76% . To the most compli
cated oil samples of Fe, Al and Cu, the values of Q/
Q. vary between 68% and 77% , with an average of
72% . To sum up, it is assumed that the difference
between Q) and Q, will be enlarged as sub-magnetic
particles increasing in the oil samples. In other
words, the traditional total quantity of wear( Q) is
incomplete. The values of Q can reflect only part of
the practical situations. All things considered, the re-
defined total quantity of wear( Q,) is more accept-

able.
5 CONCLUSIONS

1) A new particle monitoring instrument MPM1
was developed, which is helpful to monitor the mag-
netic particles as well as the sub-magnetic particles.

2) Both sub-magnetic particles( copper and alu-
minum) and magnetic particles do not deposit ran-
domly in the precipitator tube. Their deposition

curves are approximately similar. That is they are hy-

perbolic curves, though there is a different value of
each point among the curves. The chance of particles
deposition is increased for the oils with different kinds
of particles.

3) On the base of these experiments, a new in-
dex used for wear was redefined, i. e. the total quanti-
ty of wear( Q,) .
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