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1  INTRODUCTION

The present knowledge about the ice loads of propulsion machinery and
the phenomena connected with propeller-ice interaction is rather
incomplete. In the dimensioning of propulsion machinery ice loads are
usually approximated only roughly and the uncertainty in calculations
is compensated by using high values for safety factors. To improve
the dimensioning methods more accurate knowledge about ice loads is
needed.

The ice loads of a propulsion machinery have a clear statistical
nature. Due to varying ice conditions and influence of several
parameters, such as ship speed, propeller pitch and power, variations
in ice loads are quite extensive. The magnitudes and distributions of
ice load peaks can best be studied through long-term measurements.
Short-term measurements are conducted to study the basic phenomena
associated with the ice loads.

An automatic data gathering system was installed on board the
icebreaking product tanker Sotka in autumn 1982 by VTT Ship Taboratory
to achieve long-term data of the behaviour of the propulsion machinery
when navigating in ice. The measuring system and the results of the
long-term measurements carried out on Sotka during winters 1983 and
1984 are described in this report together with the results of the
short term measurements conducted in March 1983.

Firstly in this report main characteristics of the studied ship and
propulsion machinery are presented. Then the measuring system and
results of the short and Tong-term measurements are described.
Finally the long-term results are analysed applying some statistical
methods and long-term estimates for the measured quantities are
evaluated.
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2  SHIP PARTICULARS

2.1 Main characteristics

The measurements were carried out on an ice-breaking product tanker
Sotka (Fig. 1) owned by the Finnish oil company Neste Oy. Sotka 1is
the second ship in the series of four tankers known as the '
Lunni-class. She operates mainly along the Finnish coast distributing
0i1 products from refineries to stores in coastal ports. The main
characteristics of the ship are listed in Table 1.
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Fig. 1. Lunni-class product tanker.

The Lunni-class tankers have been specially designed for operating
without icebreaker assistance in normal ice conditions throughout the
Baltic. These ice-breaking requirements have above all had an effect
on the hull form and strength, and on design of the propulsion system.
The Finnish-Swedish ice class of the Lunni-class ships is 1 A Super.




Table 1. Main characteristics /2/.

Length, o.a. 164.45 m
Length, b.p. 150.00 m
Breadth moulded (wl) 21.50 m
Breadth moulded (main deck) 22.20 m

Depth moulded 12.00 m
Draft, summer 9.50 m
Deadweight 15 995 tonnes
Gross Register 10 975 tons
Net Register 5 951 tdns
Propulsion 2xMaK 12M551AK
Output 2 x 5740 kW at 425 rev/min
Speed 14.5 knots

2.2 Propulsion machinery

The propulsion machinery of the Sotka consists of two main engines,

which drive one controllable pitch propeller through a reduction gear.

In ice-free and in light ice conditions only one engine is required,
but in heavier ice conditions, when more power is required both
engines are driven simultaneously. The main components of the

propulsion machinery can be seen in Fig. 2.
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Fig. 2. Propulsion machinery /1/.
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Ice-strengthened CP-propeller, KaMeWa: 4 blades, diameter Dp =
5450 mm, design pitch ratio P/D = 1.077, nominal rotational speed
n =120 r/min

Propeller shaft, KaMeWa: outside diameter varies between 616 -
500 mm, inside diameter 180 mm.

Reduction gear, Lohmann & Stolterfoht Navilus GVQ 2050: reduction
ratio i = 3.5102:1.

Clutch coupling, Pneumaster KUG 370.

Flexible coupling, Geislinger BC 90/20/13.

Main engine, MaK 12 M 55 1 AK: 12-cylinders, four-stroke
V-engine, power P = 5740 kW, nominal speed n = 425 r/min

Flexible coupling, Geislinger BE 72/15/13.

Clutch coupling, Airflex 38 VC 1200.

Step-up drive gear, Lohmann & Stolterfoht Motilus GAA 560.
Transmission ratio 1:2.344

Flexible coupling, Lohmann & Stolterfoht Spiroflex KJR 220 M.
Shaft alternator, AEG PKL 712/06 (3500 kVA, 6 kV, 50 Hz):

nominal speed n = 1000 r/min. (Only one of the shaft alternators

is used at a time).




2.3 Dynamic properties of the propulsion machinery

The study is concentrated on torsional vibrations because they have
caused major dynamical difficulties in our previous investigations.
The dynamical properties of the shafting of the Lunni type tanker were
studied in two stages. The first stage was an undamped free vibration
analysis where the lowest natural frequencies and corresponding
vibration modes were solved. The second one was a forced vibration
analysis where the total damping and the transient propeller
excitation were taken into the consideration. The needed inertia and
stiffness values for the lumped mass model were obtained from the
document of torsional vibration calculations, delivered by the engine
manufacturer (MaK). Natural frequencies and corresponding mode vectors
are presented in Table 2 and in figures 3 and 4.

Table 2. Natural frequencies

Mode Natural frequencies (Hz)

number one engine two engines
1 2.56 (2.61) 2.49 (2.49)
2 6.15 (6.25) 5.51 (5.62)
3 8.89 (9.55) 6.21 (6.32)
4 11.20 (11.64) 9.68 (9.95)
5 52.35 (52.69) 11.23  (11.31)
6 16.46  (16.47)
7 52.34

Natural frequencies and modes are calculated for the system where the
stiffnesses of the couplings are supposed to be constant. In reality
they are related to the vibration frequency. When this effect on the
stiffness of the main flexible couplings is included in the .
calculations, the natural frequencies of the Towest modes will be

somewhat higher as shown by the numbers in parenthesis in Table 2.
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Natural frequencies and the shape of the corresponding modes will give
information about possible vibration resonances and the effectiveness
of the excitation. In this case the frequencies of the main
excitations are

- propeller shaft speed 2 Hz (121 1/min)

- blade frequency 8.1 Hz (4x121 1/min)
- engine speed 7.1 Hz (425 1/min)

- first order of engine excitation 3.5 Hz (%x425 1/min)
- first main order of engine excitation 21.3 Hz (3x425 1/min)
- shaft generator speed | 16.7 Hz (1000 1/min)

The most significant excitation source in ice conditions is the
propeller. Although the engine speed and the blade frequency are
rather close, it does not normally cause major difficulties because
the level of engine excitation is low comparing to transient propeller
excitation due to the ice.

It can be seen from the mode shapes (figures 3 and 4) that the
torsional amplitude of the propeller is significant in the modes with
natural frequencies under 11 Hz. This means that resonances with these
frequencies will cause considerable vibratory loads at the point of
the propeller shaft, where the torque measuring devices are installed.
Furthermore it can be concluded from the previous results that the
propeller ice loads will excite modes 3 and 4 (f=6.32 Hz and 9.95 Hz)
with twin engine run and modes 2 and 3 (f=6.25 Hz and 9.55 Hz) with
one engine run.

In order to get information from the responses of the measuring point,
the transient forced vibration calculations were made for both twin
engine and single engine engaged. The used idealized ice load
excitations with two different frequencies correspond a short milling

situation. The results of these calculations are given in Fig. 5.
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10

The form of response signal is greatly influenced by the relation
between the natural and excitation frequencies. As a conclusion from
\ the calculated results it can be noted that the torque amplitude is
| mainly the sum of the neighbouring vibration modes. The dominating
| mode is certainly the nearest one. For example the excitation
l frequency (f=8 Hz) is almost the arithmetic mean of the natural
\ frequencies of third and forth modes (f=6.21 Hz and 9.68 Hz) when two
‘ engines are running together. The response in this case differs much
from the case where only one engine is running, because in the Tatter
case the excitation frequency is rather near the third natural
frequency (f=8.89 Hz).

In practice durations of ice load sequences are normally rather short
| and greatly influenced by ice conditions and the size of the ship.

2 : This means that ice floes can induce free vibration responses which
differ from the hlade frequency. Another reason for this kind of
deviation can be the orientation of the incoming ice floes and the
entraining of smaller floes with propeller.

It has to be noted here that the lowest and thus the most significant
natural frequencies are strongly influenced by the stiffness of
‘ flexible couplings, which is, in several cases, rather poorly known
‘ and can even be changed with time. On this ground the actual
frequencies can differ considerably from calculated ones.

| On the basis of calculations it can be said that dynamical properties
of the shafting have a great influence on the measured results. If

there are not any natural frequencies in the close vicinity of the

blade frequency, the inertia of the propeller can reduce considerably
1 the amplitude of the measured torque fluctuation. If on the contrary
\ the shafting is near the resonance condition with the excitation the

measured torque can be considerably magnified.
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3 MEASURING SYSTEM

3.1 Measuring pick-ups

A block diagram of the measuring system is presented in Fig. 6.

The measurements included the following pick-ups.
- propeller thrust (T) and torque (Q)

- propeller shaft speed

- power on the propeller shaft

- propeller pitch

- ship speed

- rudder angle and torque (RQ)

Thrust and torque were measured with strain gauges attached on the
propeller shaft and on the shaft between flexible coupling and
reduction gear. Their location can be seen in Fig. 7. Strain gauges
Q3 and Q4 were used only in short term measurements. The strain

gauges received their power through a wireless power supply system (Q3
and Q4 from a voltage battery) and the signals were transmitted from
the rotating shaft with telemetric devices.
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Thrust and torque (only Q2) signals were divided into four frequency
bands. The filtration was carried out to distinguish the oscillatory
ice loads from the slower changes of the mean load. Another goal was
to separate some of the machinery excitations from the typical ice
load frequencies. The limits of these bands are drawn in the typical
frequency spectra in ice conditions shown in Fig. 8. The lowest |
frequency band (DC-0.5 Hz) was used to find out the mean torque and
thrust during short term measurements. The mean torque was also
needed for evaluation of power on the propeller shaft.

The zero point of the thrust signal was continuously drifting due to
temperature variations. In short-term measurements the creep of the
zero-point could be compensated by regular zero-value checkings. In
long-term measurements this kind of checkings weren't possible and
therefore nominal thrust values cannot be obtained from long-term
recordings. In winter 1983 the thrust strain gauge was also slightly
dispositioned, what caused to the thrust signal an irrelevant

-vibration (2 Hz) coming from shaft rotation. The thrust strain gauge

was changed in 1984,

Shaft rotation speed was obtained with a frequency/voltage converter
from a pulse signal coming once in a cycle from the propeller shaft.
Power was obtained from measured shaft revolutions and mean torque

(Q2).

Ship speed was measured with a doppler radar specially designed for
ice going vessels. In ice-free conditions at open sea the signals of

the doppler radar is inaccurate, because there are no solid surfaces
to reflect back the radar signals. Ship speed was measured only in
short-term measurements.

tn
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Propeller pitch was measured with a linear potentiometer from a pitch
control device in the engine room. The measured signal was calibrated

'by comparing it with the meter reading of the control device.

A linear potentiometer was also used for the measuring of rudder
angle. Rudder torque was measured with a strain gauge bridge from

“rudder stock. In long-term measurements rudder torque was given a

positive sign when sailing forward and a negative sign when sailing
astern.

3.2 Recording devices

In long-term measurements the data was collected with microprocessor
controlled recording unit designed and constructed by VIT. The
recording unit took 200 samples/s from each measuring channel and
converted them into digital form. The digitized samples were
distributed according to their magnitude into classes from -31 to +31.
The processor formed from the samples for each channel both signal
level and amplitude distributions. The formation principles of these
distributions are shown in Fig. 9. The distributions were recorded
automatically every 24 hours simultaneously on a data tape cassette
and on printer paper.

During short-term measurements the measured analog signals were

recorded in an analog form on a 21 channel tape recorder. Part of
them were simultaneously recorded with a Visicorder Oscillograph.
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4 MEASUREMENTS

4.1 Long-term measurements

The long-term measurements were carried out during winters 1983 and
1984. In the first winter the mesurements were done in the period of
22.1 - 24.3.1983, during which the data gathering system operated in
total 49 days. In the second winter the measuring period was 4.2 -
20.4,1984, during which the data gathering system operated in total 46
days. Approximately one third of the measured data was left
unrecorded due to a defect in power supply system, which occasionally
disconnected the recording unit. Furthermore some recorded
distributions hgd to be rejected due to disturbances.

Table 3 gives the channels connected to the microprocessor during the
long-term measurements. The schedules of Sotka during the measuring
periods are shown in Tables 5 and 6 on pages 52 ... 55. The noting
east/west in the remarks-column indicates whether the ship has used
the inner coastal route (east) or sailed via Ahvenanmeri (west) when
passing the Ahvenanmaa-archipelago.

The development of ice conditions in the ship's normal operating area
can be seen from the ice charts in Appendix 2. Winter 1983 was as a
whole milder than an average one, but winter 1984 was close to the
average.
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Table 3. Channels used in long-term measurements.

Winter 1983

Winter 1984

Sampling|Signal Signal description Signal Signal descriptibn
channel
00 Q(0-20) |[torque in range 0-20 Hz |Q(0-20) torque in range 0-20 Hz
01 Q(0.02-5) " 0.02-5 Hz{Q(0.02-5) " 0.02-5 Hz
02 Q(5-12) " 5-12 Hz |Q(5-12) " 5-12 Hz
03 Q(12-20) " 12-20 Hz 0(12-20) " 12-20 Hz
04 T(0-20) |thrust in range 0-20 Hz [T(0-20) thrust in range 0-20 Hz
05 T(0.02-5) " 0.02-5 Hz{T(0.02-5) " 0.02-5 Hz
06 T(5-9) " 5-9 Hz T(5-9) " 5-9 Hz
07 T(9-20) " 9-20 Hz [T(9-20) " 9-20 Hz
08 RA rudder angle RA rudder angle
09 RQ rudder stock torque RQ rudder stock torque
10 P/D pitch ratio setting RPM number of shaft revolut.
11 Power shaft power Power shaft power
12 - - P/D pitch ratio setting

4.2 Short-term measurements

The short-term measurements were carried out during a ship's normal

voyage from Kemi to Porvoo on 17 - 19.3.1983.

The purpose of these

measurements was to improve the knowledge of the propeller-ice -
interaction and to find out the characteristics of ice loads and

jce-induced shaft vibrations especially for this installation.

Also

the effects of some parameters, such as ship speed and pitch ratio,

were subjects of interest.
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The measurements were recorded with a 21 channel tape recorder and
partly also with a Visicorder oscillograph. These recordings covered

" almost 20 hours of measurements in various ice conditions. Table 4

gives the measured channels,

Table 4. The channels used in short-term measurements.

TEAC Visicorder| Signal Signal description
channel |channel |
1 ) ship speed
2 2 Tl thrust .
3 - Q2 (0.02-9 Hz) torque in range 0.02-9 Hz
4 8 Q2 torque
5 - Q2 (5-12 Hz) torque in range 5-12 Hz
6 7 Q3 torque
7 - Q2 (12-20 Hz) torque in range 12-20 Hz
8 6 Q4 torque
9 - T1-4 (0.02-5 Hz) | thrust in range 0.02-5 Hz
10 - T1-6 (5-9 Hz) thrust in range 5-9 Hz
11 - - tape servo
12 - T1-7 (9-20 Hz) thrust in range 9-20 Hz
13 3 RA rudder angle
14 1 RQ | rudder stock torque
15 4 P/D pitch ratio setting
16 5 PWR shaft power
17 - RPM number of shaft revolutions
18 - Q2-5 (DC-0.5 Hz) | torque in range DC-0.5 Hz
19 - T1-5 (DC-0.5 Hz) | thrust in range DC-0.5 Hz
20 - pulse shaft revolution pulse
21 - - memo




The ship's route during the voyage is drawn on the ice chart shown in

Fig. 10.
aft draught was 6.6 m.
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During the voyage the ship was in ballast condition and her
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5 RESULTS OF THE MEASUREMENTS

- 5.1 Results of the short-term measurements

5.1.1 Analysis of the results

The short-term measurements were examined using visicorder
oscillograph and a spectrum analyzer. Some examples of the measured
signals in typical open water and ice conditions are shown in Figs.
l1a and 12a. The respective frequency spectra of thrust and torque
signals are shown in Figs. 11b and 12b. It should be noted thatvthe
strong vibration component of 2 Hz in thrust signals is caused by
inadequate attachement of the thrust strain gauge. More examples of
signals and spectra from different ice conditions are presented in
Figs. 13 ... 18. It should be noted about the frequency spectra that
their amplitudes are mean values of the sampling periods, and
therefore they do not give peak magnitudes of vibration amplitudes in
transient ice load situations.

Samples of ice impact series were manually picked up from the
recorded signals as shown in Fig. 19. The selected variables were
then plotted in order to find out the mutual dependencies between
them. Examples of these plots are shown in Figs. 20 ... 25. The
regression Tines drawn to clarify the tendencies in diagrams were
calculated so that the sum of the squared distance values reached
minimum.
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When studying the diagrams one should keep in mind the following

aspects, which may have twisted the tendencies appearing in the
diagrams. Firstly some of the measured factors do not distribute
uniformly to their whole range, but are concentrated in several groups
accord1ng to changes in ice conditions and ship operations (e.gq. F1g
22a: ship in heavy and light ice conditions with one or two engines).
Secondly all samples are picked up from such ice Toad situations,
where there is one dominating vibrafion component in torque signals.
Situations, in which no clear v1brat1on frequency could be set apart,
were not included. Thirdly the mean values of thrust can sometimes be
a bit inaccurate due to the drift of zero-point. Sometimes also low
frequency vibrations make it d1ff1cu1t to find the exact mean values
of thrust and torque. !

5.1.2 Discussion of the results

The time histories of the measured signals reveal the influence of ice

conditions on the occurence intensity of propeller ice loads. In heavy .

ice clogged channel and in ridged or rafted ice there are continuously
ice impacts on propeller blades. In level ice or in pack-ice
propeller ice loads occur more occasionally and there are often long
periods without any significant ice impacts.

Propeller ice loads seem to be mostly caused by loose ice blocks
causing short series (normally 3-12) of successive responce
oscillation. The frequencies of iCé induced torque peaks are mostly
in the range 6.0 - 7.5 Hz, while the blade frequency is about 8 Hz.

It has to be noted that one of the natura] frequencies of the shaft1ng
system is inside that range. This means that short impact loads will
excite the corresponding natural mode and its effect will be seen from
the measured signals. Another explanation for lower response
frequénqy mqy’be the possibility that the smaller ice floes will
entrain the propeller. The tendency of decreasing response frequenqy
with 1ncrea51ng pitch may be in connection with changes of added mass




the pitch. In the short-term measurements the only milling situations

~In thrust the strongest ice-induced vibrations appeared in the range

—
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of the propeller and sthonger rotation of ice pieces as a function of

clearly in blade frequency were measured, when the ship was going
astern.

The torque strain gauges Q3 and Q4 placed on opposite sides of the
reduction gear showed, that vibrations in frequency band 5-15 Hz, e.g.
vibrations induced by ice loads, propeller blades and engine speed,
passes the gear and clutch coupling nearly undamped. On the other
hand vibrations in frequencies over and under that band, e.g.
vibrations induced by engine torque and prbpe]]er shaft speed, were
absorped quite efficiently. Comparison between torque signals Q2 and
Q3 showed no significant differencies in torque in different parts of
the propeller shaft. This is in good accordance with the fact that
there are no major mass consentrations between these two measuring
points.

14-16 Hz and sometimes also in frequencies about 8 Hz. Vibrations in
the area 14-16 Hz are apparently caused by one or more natural
frequencies in the area. The natural frequencies of longitudinal
vibrations have not, however, been calculated. When the ship was
backing thrust vibrations were relatively weak. This resulted most
likely from small longitudinal component of ice impacts due to
convenient angle of attack between propeller blades and ice blocks.

Rotational speed of the propulsion machinery maintained its nominal
value quite well in ice conditions. During short-term measurements
the maximum decrease of the nominal rpm was with one engine about 15 %
and with two engines about 8 %. The load control system operated
quite efficiently and deviations were in all cases corrected in less
than five seconds. After greater deviations the rotational speed
often temporarily exceeded the nominal value. The exceedings were 5 %
in maximum.
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A big scatter exists in the measured torque and thrust peaks as shown
in Figs. 20 ... 25. Some general tendencies can, however be seen in
“the plotted re1at1onsh1ps. The 1ncrease of the torque amp11tudes as a
‘function of the pitch ratio is more pronounced than the increase of
thrust amplitudes (see Fig. 21b and 21f). The ratio of maximum torque
per mean torque is slightly decreasiug with increasing mean torque

- (see Fig. 23b). This effect is much stronger for the thrust
amplitudes as can be seen in Fig. 24. Fig. 25 111ustrates the clear
corre]at1on in the measured thrust and torque amp11tudes.

5.2 Results of the long-term measurements

5;2.1 Analysis of the results

The results of the long-term measurements are presented in form of
distribution Histograms. Torque 0(0420 Hz) and propeller shaft power
are presented in Tevel distributions. Thrust and torque frequenqy
band channels and rudder torque are presented in amplitude
distributions. The histograms covering the measurements of both
winters are shown in Fig. 26. (The. d1str1but10n histogram of thrust
frequency band T(0.02-5 Hz) includes only the measurements of winter
1984). The h1stograms for both winters separately and some examples
of daily histograms are shown in Appendix 3. In rudder torque
histograms the marking forward/astern indicates whether the amplitudes
were measured when the ship was going‘forward or when she was
backing.

In thrust h1stograms the pos1t1ve sign means increase of thrust and

negatlve sign decrease of thrust.
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Fig. 27. Rudder torque RQ (87 days, 1258.5 h at sea).

The daily maximum values together with the schedule of Sotka are
presented in Tables 5 and 6. The maximum measured values of both
winters have been encircled. The noting east/west in the remarks
column indicates from which side Sotka has passed the
Ahvenanmaa-archipelago.

5.2.2 Discussion of the results

The maximum measured torque values were about twice the maximum

mean torque (about 850 kNm). The maxima of the dynamic part of
torque, which were registered in the middle frequency band Q(5-12 Hz),
were about 80 % of the maximum mean torque. Considerable vibrations
appeared in two lower frequency bands, whereas the vibrations in the

highest band were quite insignificant.
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In thrust signal considerable vibrations appeared in all three
frequency bands. The maximum values were measured in the highest
frequency band where there is an apparent natural frequency somewhere
in the area 14-16 Hz. Compared to the bollard pull thrust value

1320 kN (an estimate from the model tests) the dynamic part was about
65 %.

The power measurements show, that the ship operates mainly with one
engine also during the winter seasons. Only approximately 15 % of the
measured time at sea both engines were used. As could be expected,
two engines were used primarily when operating in northern part of the
Gulf of Bothnia. The average power level was in general a bit Tower
in 1983 than in 1984.

The maximum rudder torque values were measured when the ship was going
astern. The measured maximum was about 1340 kNm. The maxima measured
when the ship was going ahead were about half of the maxima of backing
situations. '

The influence of draught on ice loads was also one subject of
interest. In the results of the long-term measurements there was a
slight tendency that in ballast condition (draught about 6.6 m) there
were a little more and higher ice loads than in loaded condition
(draught about 9.5 m). Due to changing ice conditions the results
were, however, a bit inconsistent and therefore no firm conclusions
can be drawn.

The distribution of the measured maxima according to the ship's
operational area met quite well the expectations. The highest ice
load values were measured in the northern part of the Gulf of Bothnia,
but also in the Gulf of Finland, above all in the eastern part of it,

the measured maxima were nearly as high. Furthermore it should be

noted, that some of maximum of the long-term measurements were
measured during ice trials, during which the operation of the ship was

a bit exceptional.
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5.3 Extrapo]ation of extreme values

Due to changing ice conditions and casual nature of ice loads,
measurements do not usually yield the real maximum ice load values.
Maximum values can, however, be evaluated even from a relatively short
period of measurements by means of extreme value statistics. In this
study the extrapolated extreme values were obtained by applying the
Gumbel asymptotic method, the cumulative distribution functions of

which are as follows:

v -cly,-u)
Hly,) = e© Type I
b-y k
-(-_—"t”)
H(yn) = e Yn < b, v<b Type III

Parameters c, u, b, v and k were calculated from a distribution of the

measured daily maximum values.

In the extrapolation was primarily used type III function, which
includes a prediction of the absolute maximum (upper 1imit b). In
those cases, where type III function could not be fitted to the
measured data due to the great range of variations, type I function
was used instead. Return period values were obtained by formula

The daily maxima distributions formed the basic set of samples, to
which the cumulative distribution functions were fitted. The maxima
distributions included the results from both winters, except the
distribution of thrust frequency band (0.02-5 Hz), in which only the
1984 maxima were included. The extreme distributions of rudder torque
were calculated separately for forward and astern maxima
distributions, and also for a united maxima distribution, to which
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the absolute daily maximum values were picked up disregarding whether
they were from forward or astern measurements.

The results of the extreme value calculations are shown in Figs. 27

. 29. In the upper parts are presented the maxima distribution and
in the lower parts are drawn the extreme value curves as a function of
return period. 1In Table 7 the extreme values are presented also in a
numerical form. When studying the extrapolated results it must be
remembered that they are based on the measured results from two quite

mild winters.

Table 7. Extrapolated extreme values

Channel Extrapolated extreme values|Measured
Return period [ days] max i mum
10 100 1000 b values
Q (0-20 Hz) kNm]f1230 1700 2070 3440 1650
Q (0.02-5 Hz) [kNm]| 340 520 700 2730 530
Q (5-12 Hz) kNm]f 330 530 710 - 640
Q (12-20 Hz) [kNm 50 80 110 - 80
T (0.02-5 Hz) [kN 610 650 655 660 590
T (5-9 Hz) kN 320 500 670 4000 440
T (9-20 Hz) kN 580 900 1170 3440 830
RQ kNm{| 780 1200 1580 - 1340
RQ forward- kNm|| 630 770 840 920 710
RQ astern kNm} 760 1250 1730 - 1340

The extrapolated ice load values of the propeller shaft torque can be
compared to the maximum torque calculated according to the
Finnish-Swedish ice rules. The maximum torque of the rules is
obtained by adding the calculated ice torque (M = meD2, m = 2,15, D =
5.45 m) to the maximum mean torque (~ 850 kNm). The ice torque gets
the value of 630 kNm and thus the maximum torque is about

1480 kNm. From the extreme value curve of Fig. 27a can be seen that
for product tanker Sotka approximately 35 days of navigation in winter
time is required to reach that value. Consequently a torque peak
having the order of magnitude given by the ice rules occurs some 3 - 4

times during one winter.
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6 CONCLUSIONS

The measurements succeeded in general well despite some difficulties
with the power supply of the recording system. Only major drawback
was that due to zero-level temperature drift of the thrust strain
gauges, reliable mean values of thrust signal could be obtained only
during the short-term measurements.

The frequencies of the measured ice induced torque amplitudes were
mostly in the range of 6.0 - 7.5 Hz i.e. slightly below the blade
frequency 8 Hz. In thrust signal the strongest ice-induced vibrations
appeared in the range of 14 - 16 Hz.

The maximum measured torque value was about twice the maximum mean
torque having the value of 1650 kNm. The dynamic part of torque
signal occurring near the blade frequency was about 80 % of the
maximum mean torque. The dynamic part of thrust was at maximum 830 kN
which is about 65 % of the estimated bollard pull thrust value. The
maxima of rudder torque were measured in situations, where the ship
was backing. The maximum was 1340 kNm which was about twice as big as
the maximum of ahead condition.

The maximum ice loads that product tanker Sotka is expected to
encounter in a longer run, were predicted using Gumbel asymptotic
distributions. The Gumbel distributions fit mostly fairly well on the
measured daily maxima. The extrapolation indicates that the design
ice torque level on the propeller shaft given by Finnish-Swedish ice
rules is reached about 3 - 4 times during one winter.

The measured power distribution indicates, that the ship operates
mainly with one engine also during winters. Two engines are used
primarily when sailig in northern parts of the Gulf of Bothnia.
During the measurements two engines were used about 15 % of the total
measuring time. '
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The big scatter on the measured results and the difficulties in
evaluation of a reliable mathematical model at the present stage of
knowledge to describe the dynamic behaviour of the propulsion
machinery comp1icated the analysis of the phenomena associated with
propeller-ice interaction. The results of these full scale
measurements are hoped to give, howevér, valuable data for future work
in this field, A proper mathematical modelling of the propeller-ice
interaction and of the behaviour of the machinery are required
together with field measurements to improve the present state of
knowledge.
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THE INERTIA AND STIFFNESS VALUES OF THE PROPULSION MACHINERY
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ICE CONDITIONS DURING THE LONG-TERM MEASUREMENTS
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APPENDIX III (12 pages)
DISTRIBUTION HISTOGRAMS OF THE LONG-TERM MEASUREMENTS

page
; Power 1
i Q (0-20 Hz) 5
| RQ 9
|

i Examples of daily distributions:

- 23.2.1984 (open sea)
at sea 24 h
j draught 9.80 m .
| Dep. 22.2.1984 2020 Porvoo - Arr. 25.2.1984 1210 Gdteborg

- 3.3.1984
’ at sea 19 h 45 min, in harbour 4 h 15 min
draught 9.70 m
Dep. 3.3.1984 0415 Porvoo - Arr. 5.3.1984 0905 Kemi

- 10.3.1984
at sea 18 h 50 min, engines stopped at sea 5 h 10 min
draught 9.70 m
Dep. 8.3.1984 0840 Naantali - Arr. 13.3.1984 0500 Kemi
Ice trials in the Gulf of Bothnia 9.- 12.3.1984

- 20.3.1984
at sea 12 h 30 min, in harbour 11 h 30 min
draught 6.65 m
Dep. 20.3.1984 1130 Pori - Arr. 21.3.1984 1900 Porvoo

- 24.3.1984
at sea 16 h 5 min, in harbour 7 h 55 min
draught 9.70 m
Dep. 22.3.1984 0830 Porvoo - Arr. 24.3.1984 1605 Oulu
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