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Curve squeal from the subway line at Brattlikollen, Oslo, has led to severe noise complaints through the years.
Two important steps have been taken to reduce the problem. An automatic rail lubrication system has been
installed on the critical spot, and Oslo's old subway trains (1300 series) are being replaced. One of the new trains
(MX) has also been fitted with wheel dampers. Continuous measurements during 16 days and nights with 2238
train passages have been analyzed to verify the effectiveness of these steps to reduce noise.

The main results can be summarized in short as follows:
1300 series trains without rail lubrication give severe curve squeal during 18% of the train passages.
1300 series trains with rail lubrication give severe curve squeal during less than 1% of the train passages. MX
trains give substantially less curve squeal than 1300 series trains, with or without lubrication. The MX trains
with wheel dampers give no curve squeal, even without lubrication.

e The whole system is on ballast track, so it doesn’t
have much of the structure-borne noise problem.

1 Introduction

For these reasons the relative importance of curve squeal is
greater than would normally be expected from a railway or

Curve squeal has been a persistent problem for residences a tram line.

alogn the subway line at Brattlikollen, Oslo. A procedure
for manual lubrication of the rails has been in use for some
years. The effect has been hard to document. Finally in
august 2007 an automatic lubrication system was installed
on the outbound track. This system distributes a controlled
amount of a friction modifier after each passing train. At
the same time a new type of subway trains was introduced.
The old type is called the 1300 series, the new type is called
MX 3000. The measurements were made in order to find

3  Measurement setup

The measurement setup was quite simple. An outdoor
microphone along the track was connected to a Norsonic
121 analyzer. The clock of the analyzer was synchronized

out whether the introduction of a lubrication system and
new trains would solve the problem of curve squeal.

For the purpose of the analysis of the measurements, curve

with the system clock of the control center for the subways.
Every time a subway train drives past a sensor in the track,
the time of passage and the identity of the train is recorded

squeal was defined as follows: by the control center.

On the outbound track, trains giving an Lmax in the 3,15
kHz 1/3-octave band of more than 80 dB were considered
to give curve squeal
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e It runs at low to moderate speeds, 70 km/h
maximum, in many places much slower, so
aerodynamic noise is not much of an issue

Figure 1 Sample of records from the control center of trains
passing the microphone

e The power supply is from a rail running parallel to
the track, thus there’s no noise from an overhead
power line.
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The analyzer was set to measure Leq and Lmax, FAST, in
1/3-octave bands and A-weighted every second. The choice
of one second intervals was made from practical
considerations. The use of a finer time resolution would
lead to a possible loss of maximal levels. With a coarser
time resolution, the passage of a train might be missed.

The values during a passage were analyzed as follows: The
SEL level of a passage is the sum of 1-second Leq’s, the
MAX level of a passage is the highest level in each
individual band. The A-weighted maximal level from the
subways will usually be lower that the A-weighted sum of
maximal levels in 1/3-octave bands, as the events giving the
highest level in each band do not occur at the same time.
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Figure 2 Sample of the output file from the analyzer after
removing the periods without trains passing

A passage of a subway train has a duration of 5-6 seconds.
The measured data were scanned manually to look for
possible passages. If a possible train passage was found, the
time was checked against the records of the control center.

A total of 2238 events were accepted as valid passages of
subway trains.

At the time of the measurements, the Norsonic 121 used
was not set up to make sound recording during train
passages. The measurement was expected to go on for a
couple of weeks, so continuous recording was not possible
either due to insufficient data storage capacity. It’s thus not
possible to make any finer frequency resolution than the
1/3-octave bands reported in this paper.

The microphone was placed 1,2 meters above the railhead
on a bridge with ordinary ballast track. It was mounted at a
horizontal distance of 1,8 meters from the nearest rail, 2,7
meters from the centre line of the outbound track. It was 6,7
meters away from the centre line of the inbound track.

A standard Norsonic microphone was used with the
Norsonic outdoor microphone protetction.

4  Train types

There are two types of trains constituting the great majority
of trains running on Oslo’s subways. The 1300 series have
been around for up to 40 years, they’re worn, and the cars
do not run in fixed train sets.
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Figure 3, 1300 series train
Taken from Wikipedia
© 2005 J. P. Fagerback

The MX 3000 trains, on the other hand, are brand new,
some of them practically unused. They always run the same
3 cars in fixed sets, and with the number of passages
recorded it was possible to evaluate the noise from each set.
One of the MX 3000 sets had wheel dampers.
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Figure 4, MX 3000 train

Taken from Wikipedia, Photo: Kjetil Ree (Creative
Commons Attribution Sharealike 3.0)”
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Curve squeal with lubrication, outbound tracks
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The automatic lubrication system on the outbound track
was supplied by Kelsan. The inbound track is lubricated
manually.
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Fig.6 Curve squeal, 4 highest levels with lubrication system
running.

There’s only one train passage that gave the 3,15 kHz peak

so typical of the critical curves of Oslo’s subway network.
This was an old 1300 series train.

6.2 Outbound track, without lubrication

The maximal level spectra of the 5 trains giving the highest
LA ,max levels are shown below.

Curve squeal without lubrication, outbound tracks
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Fig.5 Lubrication system and the curve which has led to
noise problems.

Fig.7 Curve squeal, 5 highest levels without lubrication
system running.

6  Effect of lubrication, all types of

train The peak in the 3,15 kHz 1/3-octave band is very
pronounced for the noisiest trains. The A-weighted
maximal levels are extremely high, above 100 dB, and the

Analysis was performed separately for three cases: squeal is a severe problem even indoors.

1. Outbound track, lubrication system running (468 trains, 4
with curve squeal)

2. Outbound track, lubrication system not running (657
trains, 119 with curve squeal)

3. Inbound track (1113 trains, 27 with curve squeal).

6.1 Outbound track, with automatic
lubrication

The maximal level spectra of the 4 trains giving the highest
LA,max levels are shown below.
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6.3 Inbound track

The inbound track is lubricated manually. The maximal
level spectra of the 5 trains having the highest LA,max
level are shown below.
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Fig. 8 Curve squeal, 5 highest levels with on inbound track.

It seems that the routines for manual lubrication
occasionally fail, so that extremely noisy events occur.
Note the peak at 3,15 kHz.

7  Effect of lubrication, comparison
between train types

The amount of data allowed us to compare the different
train types on the outbound track. In table 1 below the
energy average of A-weighted SEL and MAX levels

Train type LAmax (dB) SEL,A (dB)
MX 3000 with 81,5 86,5
lubrication

MX 3000 89,0 92,9
without

lubrication

1300 series with 85,1 88,0
lubrication

1300 series 94,6 96,8
without

lubrication

Table 1, effect of lubrication

So, the MX 3000 series is quieter both with and without
lubrication than the 1300 series. Actually curve squeal was
not observed from any of the MX 3000 passages with
lubrication.

8 Variation between train sets

The 1300 series do not run in fixed train sets, so we haven’t
tried to analyze the noise from individual cars. For the MX
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trains it was actually possible to check for differences
between the train sets. The set named 3002 was fitted with
wheel dampers, and it was an important question whether
the wheel dampers had any positive effect on noise.

MX series, effect of lubrication

O Lubr. ON B Lubr. OFF

75 <H>

70

3001 3002 3003 3004 3005 3006 3007 3008 3009 3010 3011 3012 3013 3014 3015
Train no.

Figure 9, effect of lubrication for MX trains

Figure 9 shows the difference between measured values for
LA,max with and without lubrication. The individual trains
run on different parts of the subway from day to day. Thus
not all of the MX trains have been measured with and
without lubrication.

The 3002 train set had wheel dampers fitted. It seems that
lubrication has little effect on this train. On the other trains,
it’s obvious that lubrication of the rails has a substantial
effect.
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9 Conclusion

Curve squeal has been a severe problem at certain locations
in Oslo’s subway network. Maximal levels of up to 90 dB
in the 3,15 kHz 1/3-octave band have occurred at the facade
of some residences.

The proportion of curve squeal events have been reduced
from 18% of the trains to less than 1% of the trains with the
automatic lubrication system running.

The automatic lubrication system reduces maximal sound
levels in the 3,15 kHz 1/3-octave band by about 10 dB.

The MX 3000 trains give substantially less curve squeal
than the older T1300 series. No MX 3000 train has given
rise to curve squeal with the automatic lubrication system
running.

The MX 3000 train set 3002 with wheel dampers has not
given rise to curve squeal, even without rail lubrication.

The MX 3000 series trains are quieter than the T1300
series, with or without lubrication, with or without wheel
dampers.
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