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ABSTRACT

Ship builder’s requirement for a higher power output rating has lead to the development of super large two stroke low speed

diesel engines. Usually a large-sized bore ranging from

- 14 cylinders, this engine group is capable of delivering power output of

more than 100,000 bhp at maximum continuous rating. Other positive aspects of this engine type include higher thermal efficiency,
reliability, durability and mobility. This all play a vital role in meeting the propulsion requirement of vessels, specifically for large
container ships, of which speed is a primary concern to become more competitive. Consequently, this also resulted in the
modification of engine parameters and new component designs to meet the consequential higher mean effective pressure and higher
maximum combustion pressure. Even though the fundamental excitation mechanmism unchanged, torsional vibration stresses in the

propulsion shafting are subsequently perceived to be higher.

As such, one important viewllgoint in the initial engine design is the resulting vibration characteristic expected to prevail on the

propulsion shafting system (PSS).

his paper investigated the torsional vibration characteristics of these super large engines. For the

two node torsional vibration with a nodal point on the crankshaft, a tuning damper is necessary to reduce the torsional stresses on the
crankshaft. Hence, the tuning torsional vibration damper design and compatibility to the shafting system was similarly reviewed and

analyzed.

Nomenclatures

* Angular velocity

0]
i * Number of lumped masses
m . Total number of cylinders

n . Total number of lumped masses
. .th .

B, > The 1~ torsional angle

Aﬁi : ﬁi - ﬂi+| A

1, : The ™" moment of inertia

k, . Torsional stiffness of the i'h Tumped
mass

T, . Excitation torque to each cylinder

a : Explosion phase angle of the i
cylinder

R(: [d/l) : Ratio of inertia moments

a;uz(: k/]) . Natural angular frequency of

the PSS

k(= kd/]d) : Natural angular frequency of

the damper

¥ (: w/wo) Ratio of excitation

frequency to natural angular frequency of PSS
v(: a)d/a)o) Ratio of damper natural
angular {requency to PSS

6, (=7,/k) Static angle displacement of
the PSS

c.(=21,0w,) ° Critical damping coefficient
y(=c/c.) Ratio of damping

coefficients
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1. Introduction

Two stroke low speed diesel engine
has shown significant developments since its
initial conception. From then, increased mean
effective pressures and higher thermal
efficiency has been the designer’ s continued
priorities. Some recent advancement affirmed
the efforts with the introduction of engines
capable of deliverin% power output above the
100,000 bhp mark.'"” These developments,
however, also resulted in increased exciting
torques and stresses resulting to several
complicated vibration problems,

One of these vibration phenomena is
the torsional vibration which demands a
thorough understanding of its effect on the
system. This vibration affects all rotating
machinery and  must be investigated
thoroughly as it has a significant influence on
the engine, hull and shafting system. Torsional
analysis of the propulsion shafting system
should be given considerations in the early

desigr} stage, thereby __identifying the
significant resonance conditions.”” Torsional
vibration is defined as the inertias’ or rigid

bodies’ oscillations about the centre axis of
the shaft line, or simply as the twist and its
resonance caused by the explosion ({(gas)
pressure and the inertia forces of cylinder and
pistpn i(q) reciprocating internal combustion
engines.”

For the large—sized bore of 8~12, and
14 cylinders, the torsional vibration stresses
and vibratory torque at the two node torsional
vibration with a nodal point located at the
crankshaft was emphasized.""” Two twelve
(12) cylinder engines with a 9830 mm and 960
mm bore were employed as case study models.
This study investigated the  dynamic
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characteristics of torsional vibrations of super
large two stroke low speed engines with
tuning damper. Onboard measurements were
carried out to confirm the theoretical
calculated value of the torsional vibration
stresses of the PSS. Likewise, the angular
velocities of the turning wheel were measured
and the function of the Geislinger tuning
damper was confirmed through its monitoring
system.

2. Tuning damper basic theory for

optimum design'®”

The ship’ s propulsion shafting and damping
system is actually regarded as a multi-degree
of freedom system. However, it can be replaced
by an equivalent inertia and stiffness forced
vibration system, as can be seen in Figure 1,
for calculation simplicity. For the case of
damper design, an equivalent inertia moment

I of the corresponding systems is iIﬂf
i=1

and the equivalent stiffness k isz" k(ap2)-
The resultant vector of engine g);linder' S
excitation torgue isi BT, cos(ws+a ) but

for a two lumped massif'system application when
the phase lag is neglected it becomesT, cos wt -

T(t)y=T,cosmt

]
W k,

o,

Figure 1 Two mass
torsional tuning damper

system model for

A resonance will occur in the damper if the

natural angular f{requency of main vibration
system ,00( /k/,) is equal to the

damper ,, ANIRE It can be noted that for
a system under free vibration conditions. that

is without a exciting torque T=0 |,
S Jw'0 =0 will be attained if @ is the

natural frequency.m
When the damping coefficient of dash-pot ¢

and the damper stiffness kd and inertia mass

moment [, are attached to the main vibration
system, and the corresponding angle amplitude
are 6, and 6, respectively, then kinetic

energy (T), elastic energy (U) and viscous
energy (F) can be presented in the following
equation:

27 = 16} +1,6} (D
2U = k6! +k,(0,-6,) (2)
2F =clg, -6, (3)

When excitation torque T, cos wt 1s applied

to an equivalent inertia moment [/ , the
equations of motion of the two masses can be
given as

Iél+k9,“kd(ﬁz—0|)~c(92—9.|):T0c05wz (4)
Id§2+k,,(92—6’,)+c(92—6'?l)=0 (5)

In order to solve the forced vibration
problems, only the real part of the solution
is considered and 6,,6,,6, , and @, will be
obtained. The steady state solution of
Equations (4) and (5) will be obtained as

iox 2 .
gl = Re| > 7;)8 2[(kd -ldaz) )+lax] > 2 (6)
[k - 10 Yk, - 1,0°)- Ik, [+ ik - 10”1 ,00°)

T (k, +iac)
(x - 10* Yk, - 1,@*)- 1k, |+ioclk - 10° - 1,0

0, R[ ](7)

The absolute values of 6, and tand, in
Equation (6) and (7) becomes
%eimldwz

N (8)
92 0‘ R{I.(k - Ifl)zxk,f - 1,10)2)_ Idk‘/wzj-*-iar(k - lwl - ]"wz):i

q :|: (kd _]da})l +(0E)2
lke—1e2Ye,~1,63 )1 ke e f e lfe—re ~1,3f

tand, = u{l”wz)z
k- 10)k, - 1,0)- 1k k, - 1,0) + (e k- 107~ 1,07)
Equations (6) - (10) can be rearranged to
Equations (11) to (16). Hence, the magnitudes,
A, and A4, , can be expressed as

T fcokar-g) %)

}(10)

6,/6, = A cos(wr - 3)

A :[ (vz_/lzf+(2yl)z ¢ D
LR -0+ R)EF - 2N - 2)- R 2|
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6, =tan” 27/{(’“4)
' -2l - 2)-m2 v - 2)+ P -0+ R)7)

} (12)

6,/6, = A, cos(wr - 5,)

+ 22y | 2 (13)
-2 2)-rz }}

S — tan” (271)13(1—11) (14)
o=t [vz -2) - 2)-ri 2+ 2y - +W}]

Tuning dampers are usually employed for the
purpose of enhancing the damping effect by
enlarging the relative motion, that is, 6,
which 1s induced by resonance between damper
and the main shafting systems. Hence,

{(w) P~ (1+ R) ,1~}

(02 - 91)/0w =4, cos(a}t - 512)
2 (15)

[(27,1)2 i-0+R2T +{1- 2Y7 - 2)- R} j/z
G enf-a+rn} 17 (16)

-4 )%2— 2)-RvZAT|
Equation (11) shows that the amplitude of

Ay =

6, = tan

vibration of the main system A = w/w, 1s a
function of R, v, Aand 7.
16 . :
......... tambda = 0 ] i
lambda = 0.1 :
M5 - lambda = 0.24 I ! l 1
lambda = inf l, ! \
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Figure 2 Effect of vibration damper on the
vibratory system response

Figure 2 shows the graph of the variation
in magnification factor A, for different
damper damping coefficients and, where R=1/20
and the ratio of the natural {requency
v =1are taken.

It will be noted that even if different
damping coefficients of damper are given, the
response curves will pass through a common
point P and Q. The points P and Q can be
located by substituting the extreme values of
y=0 andy =00 into Equation (11) to give:

vi- A2
A4) = (17)
( l)y—() FJ,T ) 2/12
[ (18)
(4w S+R)/12
The optimum design criterion requires that
the heights of P and Q be equal so

that (Al )y:O (P)=—(4, )ym Q) The negative
sign on the @ point indicates the 180 degrees
phase difference between P and Q points around
the resonance condition. Hence, the resulting
equation gives:

Q+RA —22(1+v + RV )+ 2P =0 (19)

In addition, 4, at P and Q points for
y = corresponds to Egquation (18) from

which Equation (20) can be obtained and is
rearranged to give Equation (21).

! - I (20)
1-(+ R 1-(+ R)A,
2
/1;+A;=1+R_ 2D

li +—ﬂé in Equation (21) is equivalent to
the sum of two solutions of Equation (19) for
A% and Equation (22) can be derived.

2 24y e Ry?) (22)
1+R 2+R

Therefore, the condition of natural
frequency ratio being equal at the same height
of P and Q points corresponds to Equation (23).
A damper which satisfies this condition can
then be termed as a tuned vibration damper.'?

v | (23)
1+ R
However, Equation (23) does not indicate

the optimal value of damping ratioy and the
corresponding value of 4 . As such, Equation
(23) can be substituted into Equation (11).
The condition of amplitudes of P and Q points
being maximum values can be then calculated as
follows:

04, /64 = 0

L 8(1+R)3[3 \/E)’ (24)
7o = 8(1+R)3[ \/:;)

Referring to Equation {(23), the optimum
ratio of the damping coefficients at P and Q
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points takes different values but taking the
average values will not cause much difference
in the 4, values. Hence the convenient optimal

value of y?can be given by Equation (25).
3R

_ R (25)
8(1+R)’

2
Ve optimal

For the optimal value of 4, A,andA, can
be reduced using Equations (19) and (23) to
give Equation (26). Thereby, A, becomes
Equation (27).

1 1

+ / R (26)
1+R 1+RV2+R
|4, = ,’l + 2 (27)
oprimat R

Furthermore, the principle of an actual
ship design requires that the angular natural

frequency of damper wd(J}:;7zr) be slightly
lower than @, which corresponds to the

natural frequency of main engine before
dampers are installed. In this case, resonance
will occur between inner and outer rings of
the entire system and the relative angular
velocity increases, thus the damping effect
can be increased as well. Besides the optimum
design criterion for dampers described
previously, some other aspects of damper
design also needs to be considered. This
includes durability for which the damper
spring member should be able to withstand the
range of allowable vibration torque. Secondly,
since the suggested allowable torsional
vibration curves/values differs in each
classification society, an economical design
can be considered to suit its requirement.
Lastly, the appropriate adjustment of P and Q
points should also be paid with attention. Two
adjusting metheds can be done - 1.e.
adjusting the P point lower the Q point higher
than the maximum continuous revolution while
the other method is adjusting both P and §
points to be lower than the maximum continuous
revolution. For the case of two node torsional
vibration with one nodal point located on the
crankshaft, 1t is recommended to locate the P
and Q points at the same height following the
torsional vibration allowable curve of the
classification society.

2,2 =

3. Torsional vibration analysis and
measurement of super large two
stroke low speed engines

For the two node torsional vibration with
nodal point located 1n the crankshaft, a

damper is implemented in order to reduce the
torsional vibration stresses. Similarly, a
damper is necessary if resonance occurs around
the maximum continuous revolution and a barred
operation zone (critical speed) can not be
assigned. For the purpose of this study, a
12K98MC and a 12RT-flex 96C-B engine were used
as case models. Likewise, with the damping
coefficient becoming larger in the second node
vibration than the one node vibration system,
a Geislinger type damper was installed to
control the second node vibration.

In a multi-lumped mass system, the propeller,
engine and damper will show complex dynamic
behaviours. On the other hand, 1n the actual
design process, damper size, stiffness, and
opt imum damping coefficient are evaluated, and
the damper and shafting torsional vibration
torque can then be calculated and kept within
the manufacturer’ s acceptable levels.

For the two node vibration, the excitation
order to be considered 1s higher than that of
a one node vibration. Thus the excitation
force (harmonic coefficient) inducing the
actual torsional vibration is smaller and the
nodal point will be located on the crankshaft.
Equally, the equivalent mass of the engine is
smaller when compared to the one node
vibration system as well as the torsional
angle of the propeller. Therefore the effect
of the equivalent mass of the propeller on the
equivalent mass of the propulsion shaft is
negligible. Lastly, the phase vector of the
excitation force is not .equal and for this
reason, vibration can be controlled by a
relatively small damper compared to the engine
size.

Torsional vibration stresses and angular
velocities were measured at the intermediate
shaft and turning wheel to confirm the
torsional stresses of the PSS and the function
of the Geislinger tuning damper. The torsional
vibration stress measurement was acquired on
both the normal firing condition and one
cylinder misfiring condition of the engine. A
tele-metering system was installed at the
intermediate shaft for the measurement of the
torsional vibration stresses. The angular
velocity was measured by Onosokki F-V
converter 1300 and the gap sensor AEC PU-30
which was installed close to the turning wheel.
Signal outputs were stored in a Sony 208A tape
recorder while the FFT analyzer DI 2200 was
used to analyze the acquired data.
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Table 2 Natural frequencies calculation (o

Sirain (Telemetering System)
HEM MG plus
> From intermediate shaft
Angular Velacty l tape Re
AEC PU30+ 0 1300 e
> From turning whee!
Axiai Disptacement
Axial Monitoring System
> Froim crankshaft free cnd FFY Analyzer
2200
Laptap
Sumsung Sens2X10

Figure 3 Schematic diagram for torsional
vibration measurement

3.1 12K98MC-Mk6 engine with chain drive
Table 1 Specification for 12K98MC-Mk6

Type 12K98MC Mk6
Max. Cont inuous
output 93,360 bhp
Max. Cont 1nuous 94.0 rpm
speed
) Cylinder bore 980.0 mm
Engine Stroke 2660.0 mm
Number of cylinder | 12
Mean indicated
pressure 19.5 bar
Ratio of
connect ing rod 0.413
Reciprocating mass | 18149 kg/cyl
Firing Order %6?5}%:?:?1?6
Gerslinger
Type D280/11
Inner Inertia 1410 kgm
QOuter Inertia 13000 kgm”
Torsional
Stiffness 68 MNm/rad
. 300 kN-
. Damping m - s/rad
amper Permissible
Elastic Torque 703 khm
Permissible
Damping Torque 101 kNm/bar
Permissible
Thermal Load 200 Kw
Required 011l . -
Quant ity 220 liter/min
Type FPP
Moment of Inertia | 0.6385E+06
in water kem® (mr?)
Propeller [Number of blades 6
Diameter 9100 mm
Weight 105 ton

Node ég}ﬁgdgggﬁg Measured Value (CPM)

1 164.92 About 165 (5.2 Hz)

2 628.71 About 660-670(11.1Hz)

3 765.94 About 740 (12.3 Hz)
As previously stated in this paper,
torsional vibration stresses for the super

large two stroke low speed diesel engine are
said to exist and to be higher on the two node
torsional vibration with a nodal point located
in the crankshaft. The schematic diagram of
mass system for 12K98MC engine is shown in
Figure 4.

Propalier

Figure 4 Schematic diagram of mass system
for 12K98MC engine
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Figure 5 Mode shapes of torsional
vibrations for 12K98MC engine

Figure 5 represents the vibration mode of
second and third node torsional vibration. It
indicates the torsional stress of crankshaft
for the 12K98MC engine, a nodal point at two
node torsional vibrations is located between
cylinder No. 6 and the chain drive. The
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calculated natural frequency at the two node
torsional vibration of the PSS is 73.61rad/s
before the damper was instailed. Equivalent
inertia moment and stgffness were also
calculated as 317,428 kgm" and 173 MN-m/rad.

The ratio of inertia moments (s, /) is about
R=1/25.

Figure 6 shows the calculation of torsional
stresses of the PSS and the system’ s response

with the damper installed. gpe calculated
torsiogal stresses were &8.5N/mm° at 73RPM and
39N/mm“ at 78RPM with damper and without
damper respectively.
50-... a —u— with damper
g TAL -~ without damper
45| A - 4-- RuletauC
ey
40 Toal
Toa . a
& 354 e
= -1 =
7] oo ES
T 20+ P ’
5 ;o
104 ,’/ ‘\\\
5 w
0 _?—7—}‘ T T M T T T
30 40 50 60 70 80 90
Engine Speed (RPM)
Figure 6 Torsional vibration stress of
crankshaft for the 12K98MC engine
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Figure 7 Vibratory torque of D280/11 damper
for 12K98MC engine

Figure 7 1llustrates the Damper D280/11
design for permissible elastic torque which is
703kN-m. The vibratory torque at the 9" order
was measured to be around 430kN-m.

Figures 8 and 9 compare the theoretical and
measured angular velocities at the outer and

6

inner damper. At Figure 8, theoretical data
indicated the damper’ s angular velocity peak
value at 74 RPM to be 468mrad/sec. However,
actual measurements revealed higher angular
velocities value at the outer damper nearing
the engine’ s MCR. At 84RPM, the calculated
outer damper angular velocity indicates a
reducing slope whereas the measured angular
velocity had a little change in its value. A
difference can be seen at the engine’ s MCR of
98RPM wherein the calculated and measured
angular velocity were established at around
125 and 280mrad/sec and this condition within
this range may be attributed to measurement
errors at the Geislinger damper monitoring
system.

500

—»— Angular Velocity - Calculated
—e— Angular Velocity - Measured

400 +

300

200 4

100

D280/11 Quter Angular Velocity (mrad/sec)

o

Engige Speed (RPM)

Figure 8 The 9'" order angular velocity of
outer damper for 12K98MC engine
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140+  —s— Angular Velocity -Measured

120 4

100
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204

D280/11 inner Angular Velocity (mrad/sec)
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Figure 9 The 9'" order angular velocity of
inner damper for 12K98MC engine

For the inner angular velocity, Figure 9
indicates the same pattern with that of the
outer angular velocity. The measured and
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calculated values were confirmed at around
106mrad/sec and 141lmrad/sec respectively at
MCR.

The 9" order torsional vibration stress of
the intermediate shaft 1s seen on Figure 10.
The calculated torsional stress 1s around
1.5N/mm’. Measured values, however, indicated
the torsional stress at 1.1IN/mm2 at resonance
peak 74 RPM.

3.2

12RT-f lex 96C-B engine with gear drive

A 12RT-flex 96(C-B engine having a shaft
power of .around 93,360 SHP at 102RPM was used
as the second study model

likewise focused on the two node torsional
vibration of the PSS.

and emphasis was

Table 3 Specification for 12RT-flex96C-B Engine
8 l —a— 9th Order Torsional Stress - Calculated ‘ Type , 12RT—f lex 96C~B
518 - # - 9th Order Torsional Stress - Measured MHX . Cont 1nuous 93 360 0 bh
t output ’ . P
£ 144 Max . Cont inuous 102.0 rom
512_ speed VTP
= ) Cylinder bore 960.0 mm
5 104 Engine Stroke 2500.0 mm
2 Number of
@ 081 cylinder 12
£ 06+ Mean indicated 19 89 bar
g .ol pressure :
5 Ratio of 0434
3 02 connect ing rod :
. Reciprocating 17834 0 k
- — . p—— . .0 kg/cyl
o0 40 50 60 70 80 90 mass 1_9— 1 1—4—3-—8—
Engine Speed (RPM) Fl T ing Order 10—-6*247—12—5
Geislinger
| Type D260/28
Figure 10 The 9'" order torsional vibration Inner Inertia 540 kgm’
stress of intermediate shaft for 12K98MC engine guter Inelert ia 9760 kem
orsiona
Stiffness . 57 Mim/rad
ot o s AVl s Relative Damping | 940 jo¥-m - s/rad
0 Damper Permissible
2 120 Elastic Torque 653 khm
£ Permissible
£
§1m_ Thermal Load 160 k¥
g Oil Flow 160 Titer/min
< 801 Type FPP
s ] Moment of 2
= ® Inertia in air 0.310E+06 kgm
3 40 Propeller | Moment of 2
< 7 Inertia In water 0.422E+06 kem
m{m.m.nv- s Number of blades |6
0 Diameter 9700 mm
40
Engine Speed (RPM) . .
snespes Table 4 Natural frequencies calculation an
Node Calculated Value Measured Value

Figure 11 The 9" order angular velocity
of turning wheel for 12K98MC engine

The 9'"" order angular velocity of the turning
wheel was measured to be 82mrad/s at a
resonance peak of 74 RPM (Figure 11) compared
to the calculated value of 14lmrad/s.

(CPM) (CP\D

196.81 (3.28 Hz) | About 196(3.27 Hz)

652.94 (10.88 Hz) [ About 684(11.4 Hz)

R L] =

790.84 (13.18 Hz) | About 780(13.0 Hz)
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Propetier

Figure 12 Schematic diagram of mass system
for 12RT-flex 96C-B engine
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Figure 13 Mode shapes of torsional
vibrations for 12RT-flex 96C-B engine

From Figure 13, the two node torsional
vibration calculation located one nodal point
between engine cylinder number 7 and cylinder
number 6. The natural frequency before the
damper was installed is 74.73rad/s. Equivalent
inertia moment and stiffness were also
calculated as 283,708 kem’ and 159 MN-m/rad.
The ratio of inertia moments (7, /1) 1s about
R =1/30.

Figure 14 shows the calculated torsional
stresses to be 35N/mm° at 78RPM and 7.8N/mm’
at 73RPM for without damper and with damper
system respectively. In addition, it can be
seen that for the undamped mass system, the
torsional stress limit was barely exceeded.
Hence, the use of a smaller damper size can be
employed.

507 & " —m— with damper
4 " --¢ - without damper
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Figure 14 Torsional vibration stress of
crankshaft for the 12RT-flex 96C-B engine

Figure 15 shows the vibratory torque at the
9" order to be around 357kN-m at 76 RPM and
the 653kN-m permissible elastic torque limit.
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Figure 15 Vibratory torque of D260/28
damper for 12RT-flex 96C-B engine

Figure 16 and 17 shows the behaviour of the
RT-flex engine’ s inner and outer damper. On
Figure 16, the outer damper peak resonance at
76 RPM has an angular velocity of 5llmrad/s
for its calculated value while the actual
measurements revealed the peak value to be
around 400mrad/s at 81 RPM. A noticeable
deviation on the outer damper angular velocity
nearing the MCR can be attributed again to
measuring errors. Yet again, the measured data
is evidently higher than the theoretical
calculation.
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Figure 16 The 9" order angular velocity
of outer damper for 12RT-flex 96C-B engine

For the inner damper, it exhibited a near
identical value for the measured and
calculated angular velocity (Figure 17). The
peak amplitude at 76RPM shows a 159mrad/s and
165mrad/s angular velocity with the measured
value a bit higher. Consequently, the

calculated and measured angular velocity at
MCR (102RPM) is 50mrad/s and

66m r ad / s
180
I —=— Angutar Velocity - Calculated
160 JL_®~ Angular Velocity - Meabured
! A\N
b A
5 1404 i 3
m ;
E | .
120 4 | |
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5 60 / \‘
[+ E I |
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Figure 17 The 9'" order angular velocity
of inner damper for 12RT-flex 96C-B engine

The 9" order torsional vibration stress of
the intermediate shaft was measured to be 1.8
N/mm’ at a resonance peak of 75 RPM (Figure
18). Additionally, the 9" order angular
velocity of the fly wheel was measured to be
135mrad/s at a resonance peak of 74 RPM
(Figure 19) compared to the calculated value
of 160mrad/s.
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- e - 9th Order Torsional Stress - Measured
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Figure 18 The 9" order torsional vibration
stress of intermediate shaft for 12RT-flex 96C-B
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Figure 19 The 9" order angular velocity
of flywheel for 12RT-flex 96C-B

4. Conclusion

For super large two stroke low speed diesel
engines, the significant resonances and
torsional stresses were exhibited at the 9'"
order of the two node torsional vibration with
a nodal point located at the crankshaft of
12KO8MC and 12RT-flex 96C-B. Hence, a tuning
torsional vibration damper was designed and
installed in these engines and i1nvestigated
the dynamic characteristis of torsional
vibration. The results are summarized as
follows:

1. For optimum tuning damper
multi-lumped mass
substituted with a

design, the
system can be
two mass system for
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theoretical calculation. This method can
be applied conveniently to tuning damper
design.

2. Four torsional vibration measuring points
of the 12K98MC and 12RT-flex 96C-B engines
were compared and evaluated. The
calculated and measured torsional stresses
of the crankshaft and intermediate shaft,
and the outer damper angular velocity of
both engines have shown proportional
pattern. For 12K98MC engine with
chaindrive and 12RT-flex 96C-B with gear
drive, theoretical calculation of
torsional vibration stresses at the
crankshaft were reduced by 80 percent with
the damper employed. In addition, measured
torsional stresses and outer damper
angular velocities is about 70 per cent of
the theoretical calculations. Hence, the
actual response of the PSS and the damping
system can be predicted and referred for
new designs.

3. The vibration monitoring system of angular
velocities at inner and outer has shown
inaccuracies on the measurement values.
Hence the data provided by the vibration
monitoring system can check the damper
function but will not provide precise data
for the torsional vibration analysis of
the propulsion shafting system.

4. The dynamic response of 12RT-flex 96C-B
engine’ s calculated and measured inner
damper angular velocities was found to be

almost equal, though this can not be
attributed solely on measurement errors,
this circumstance necessitates further
study.
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