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Abstract

The propeller shaft and white-metal bearings of a shaft are normally
inspected every five years by the surveyor of a ship classification society. But
this work is time-consuming to ship owners and dangerous at practice site
due to its heavy load. We have studied for years whether the analysis of lube
oil in service can be used as an alternative to the aforementioned time-based
survey.

We found that when the wear metal particles derived from propeller shaft and
bearing metal in o1l is below 30 W.P.C./ml by Ferrograph
Analysis(Ferrography) Direct Reading(DR) method, it can be clearly said
that the stern tube is in a satisfied lubricating condition and it is not necessary
to withdraw the propeller shaft for inspection. We also report some severely
damaged cases which Ferrography DR showed to be over 50 W.P.C./ml.

Our new experiences, in addition, of wear particles in oil which is in service
with plastic stern tube bearings is briefly reported as an interim report. Based
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on our experiences obtained from this study, we have set up the condemning
limits of used oil and started the Preventive Maintenance System for Oil
Lubricated Propeller Shaft(Condition-monitoring-based Survey).

1 Introduction

The stern tube shaft and bearing metal of ships are usually surveyed every
five years by a surveyor of a ship classification society. But, even a five year
inspection interval, it requires a lot of manpower, time, and cost. And, it is
reported in some cases that there is a possibility of damaging the bearing
metal running surface by reinstalling that heavy propeller shaft.

Therefore, the authors’ company developed a research project, for ships with
oil lubricated stern tubes, whether the used oil analysis can be used as an
alternative to the survey of propeller shaft and bearing metal of the stern
tube(S/T) of ships. After the research results from over 120 random surveys
and the approximately 20 vessels’ consecutive years planned surveys, we
have reached the conclusion that the condition-monitoring-based survey is
applicable instead of the time-based survey on some conditions.

2 Oil Analysis

The S/T oil in service was sampled for the following oil analyses. Four test

items were thought to be enough for the evaluation of lubricating condition.

1. Very fine metal wear particle contents(less than several micron in size) by
Inductively Coupled Plasma(ICP) Emission Spectrometer or SOAP
Analyzer, ppm

2.Relatively large metal wear particle contents(more than several micron to
approx. 150 micron in size) by Ferrography Direct Reading, W.P.C./ml

3.Base oil deterioration by Fourier Transform Infrared Spectrophotometer
(FT-IR), IR Oxidation, Abs. unit/cm

4. Water content by FT-IR, % v
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3 Random Sampling

As a first step, random 125 S/T used oil samples were landed for analysis
from the vessels which propeller-shaft and bearing metal were surveyed at
the Special Survey(five year point after the previous survey). All survey
results were classified into the four categories described in Table 1. The
percentage of each category is illustrated in Figure 1.

Table 1: Categories of Random Survey Results

Category Remarks
Condition A No damage, quite satisfied.
Condition B Very light damage, which allows refitting without
any repair work.
Condition C Light damage, which required light repair works.
(e.g. scraping with oil stone and/or scraper).
Condition D Severe damage, which required renewal of bearing
metal.
Q
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Figure I: Random Survey Results!
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Condition A and Condition B is combined in the same field as a satisfied
condition in the figure.

Regarding the oil circulation, there are two kings, one is Forced Circulation
and the other is Gravitational Circulation.

In this report, we do not consider the differences between two circulation
systems, but, Condition A and B was 83 percent in total. Condition C was 16
percent in total. And Condition D was just one case at that time and 0.8
percent.

On the other hand, the analysis results of oil samples were relatively in a
broad range, the reason supposed was that a sampling point was not
fixed(depended on the ships’ hands judgements). But as the averages, they
were summarized as shown in Table 2.

Table 2:  Averages of Oil Analysis Results
Test Items Condition A and B Condition C Condition D

Metal Elements, ppm

Fe /Ni /Cr 9 /1 /1 13 /1 /1 237/3 /5

Sn /Pb 3 /7 5 /7 90 /7

Cu /Na 12 /71 12 /67 15 /69
Ferrography,

WP.C./ml* 33 65 52
IR Oxidation @5.85 um,
Abs. unit/cm 4 4 2

IR Water, % v 0.9 3.1 0.4

* Wear Particle Concentration /ml

When we compare two categories, i.e. Condition A /B and Condition D, the
most significant differences are the wear metal particles’ contents in oil, i.e.
Ferrous(Fe) and Tin(Sn) contents and ferrography Wear Particle
Concentration.

Other items like base oil deterioration and water content had no difference,
respectively. It can be said that the oil oxidation levels of both categories are
well within the satisfactory order(below 10 Abs. unit/cm). And the water
content are also in the range of acceptable level(less than 1.0 % v). Therefore,
it is clear that the damaged case is not caused by the oil deterioration and /or
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water contamination itself. In addition, judging from the condition that the
large amount of very fine metal particles(Fe and Sn) in oil and relatively
some large amount of ferrous particles arrested by ferrography, the authors
understand that damaged case might had been proceeding for long hours but
not a short time.

4 Tentative Condemning Limits of Used Qil

The authors set up, based on the experiences mentioned above, a tentative
condemning limits for controlling lubricating oil in service for the further
experimental study; which the oil sampling point is fixed and the sample oil
is regularly landed for analysis from 20 vessels for consecutive two or three
years. The condemning limits are shown in Table 3.

5 Experimental Study on board Ships

Under the ship owners great cooperation, the authors had run the
experimental study for three years aboard 20 selected vessels which installed
oil level alarming unit and independent two sensors of bearing metal
temperature and had planned to withdraw propeller shaft for S/T survey in
the near future.

As the results, we could confirm the lubricating conditions of 11 propeller
shafts and the counterpart bearing metals.

Ten sets were Condition A or B. And one set was Condition C, which the
running surface of bearing metal was slightly scraped off for flattening.

The oil analysis results of the experimental ships are summarized in Table 4.
The deviations are less on these averages, which means the higher reliability
of numerical value itself, in comparison with the data of random samplings.
Though the whole data of oil analysis results were within the aforementioned
condemning limits(Table 3), the bearing metal condition of one ship was

judged to be refitted after repairing work by a surveyor this time. The photo!

of Condition C observed this time is shown in Figure 2.
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Table 3: Tentative Oil Condemning Limits
Test Items Upper Limits Test Methods
Fe 50 ppm SOAP
Sn 20 ppm SOAP
Pb 20 ppm SOAP
Cu 50 ppm SOAP
Ni 10 ppm SOAP
Cr 10 ppm SOAP
Na 80 ppm SOAP
Ferrography 30 W.P.C./ml Ferro. D.R.
IR Oxidation 10 Abs. unit/cm FT-IR
Free Water I %v Visual Inspection
after 24 hr settling

Table 3-B: Condemning Limits for Preventive Maintenance System

Items subject to control

Upper Limits (Alarming Point)

Bearing temperature
Wear down(Clearance)
Lube oil consumption

45 C (55 C)
0.2 mm (0.4 mm)
2  lday (4 1/day)

Therefore, the dependability of the oil condemning limits can be said to be
roughly 91 percent at this moment.

Table 4: Oil Analysis Results of Experimental Ships

Free Water

IR Oxidation @ 5.8 um

Typical Test Items Averages
Fe 5 ppm
Sn or Pb 1  ppm
Na 36 ppm
Ferrography D.R. 12 W.P.C./ml

4 Abs. unit/cm

Trace
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6 Examples of Damaged Cases

During the random sampling study, the authors faced only one damaged
case(Condition D), but while the planned sampling study was going on, we
met several damaged cases in the outside of the experimental study ships.
Since the oil analysis results of damaged cases have some meaning for R and
D in this field, all data the authors hold are summerised in Table 5 and the
typical condition of damaged case is shown in Figure 3..

7 Preventive Maintenance System for Stern Tube

Based on the experiences obtained from two studies described above, the
authors’ company judged that, the condition-monitoring-based survy by oil
analysis can be applied for the oil lubricated vessels on some conditions as
the preventive maintenance system(PMS) for S/T. For putting into practice of
PMS, the condemning limits of Table 3 and Table 3-B should be accepted
and the oil analysis at the continuous and appropreate interval sampling
should be run by ship owners.

As of May 1999, 19 ship owners have started the PMS for S/T on their fleets.

Table 5:  Oil Analysis Results of Damaged Cases

Test Items Ship Ship Ship Ship Ship
A B C D E
Metal Elements, ppm
Fe /Ni/Cr 237/3/5  10/1/0 55/2/5  45/2/1 12/1/0
Sn /Pb 90/10 15072  279/15  117/5 31/321
Cu /Na 15/69  56/44 162/290  7/646 4/288
Ferrography,
W.P.C./ml 52 60 167 431 76
IR Oxidation @5.85 um
Abs. unit/cm 2 7 8 16 23
IR Water, % v 0.43 0.28 0.74 1.88 1.35
Free Water, % v Trace  Trace  Trace Trace  Apx. 8

(W) B A F s 24 SRR 124 FE ClassNKHFSE R 2 2

ClassNIK



WA I D ST ClassNK

278 Marine Technology

8 Next Study on Plastic Bearing for Propeller Shaft

After the above experimental study, the authors have faced new questions on
the plastic bearing of S/T, which are recognised as the difficulty of judging
the lubricating condiiton by routine analysis explained in 2 Oil Analysis.

Since the ferrography D.R.,W.P.C./ml, showed to be very high, the
microscopic observation followed by X-ray observation was done on
particles arrested on a ferrogram.

Many wear particles including cutting wear debris are shown in line with the
direction of magnet field(N-S). Refer to Figure 4(Secondary electron image
by X-ray). Usually the cutting metal debris on a ferrogram means occuring
the abrasive wear on the running surfaces of propeller shaft(Fe) and
bearing(Sn/Pb).

But, the confirmation by X-ray descloses that those cutting debris observed
in this case are not metal. No iron(Fe) and tin(Sn) or lead(Pb) are shown as
the cutting figure. Refer to Figure 5(Fe-X-ray image. Sn- and Pb-X-ray
images are ommited).

Based on this new experience, the authors have commenced a membrane
filter method, as a trial, instead for a ferrography method for the plastic
bearing of S/T.

9 Conclution

In conclusion, the authors believe that;

1. The condition-monitoring-based survey by used oil analysis can be
applicable for propeller shaft and bearing.

2. It can be said that when the ferrography direct reading is less than 30
W.P.C./ml, the lubrication of that system is in the good and satisfied
condition proving other parmeters are within the condemning limits.
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Condition C
Figure 2

Condition D
Figure 3

Secondary electron
image by X-ray
Figure 4
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Fe-X-ray image
Figure 5
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