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A Study on Exhaust Emission Gas and Vibration
Response Characteristics for Large 2 Stroke Marine
Diesel Engine Applying Eco-Technologies

Lee, Moon Seek

Department of Mechanical Engineering
Graduate School of Korea Maritime and Ocean University
(Supervisor : Prof. Kim Ue Kan)

Abstract

Propulsion shafting vibration and exhaust emission gas derived from
marine diesel engine are main subjects after development by Rudolf Diesel
in 1893 until a recent date. Looking backward above two thesis are
separately managed based on individual focused interesting without each
other association because generally exhaust emission gas is focused on
combustion process optimization.

It was came true quite a change for both high speed vessel and large
vessel because of the change of global ocean market and worldwide ship
transportation volume increasing. As a consequence marine diesel engine
was changed with long stroke and fuel economic type and then both
emission air pollution and vibration issue were keep in front not mechanical
performance but environmental development subject.

Recently as appearance of electric control diesel engine, it was developed
advantage marine diesel engine with eco friendly, fuel saving, low vibration,
low noise and finally low exhaust emission gas comparing conventional marine

_Xi_

Collection @ kmou



diesel engine during up to recent. Special regarding latest competed ocean
market for propulsion ship and recognition change for global environmental
issue, high efficient propulsion ship including marine diesel engine was
appeared due to forced international legislation for the prevention of air
pollution from ship like MARPOL 73/78 and US EPA. In the results both
bigger propulsion ship and bigger marine diesel engine were designed and
constructed to satisfy for environmental requirement and to get better fuel
efficiency .

Therefore the new vessel main engine or retrofitted main engine of
operating vessel are required applicable internal or external application
strategies where former is increasing firing pressure, miller cycle like
optimal combustion and latter is after treatment like using catalytic or
particle filters. Within recent 10 years, retrofitted trend for main engine of
operating vessel specially adopted slow steaming to reach both better fuel
efficiency and environmental development through internal application like
de-rating, low load tuning, turbocharger cut-off, dynamic cylinder cut-out,
alternating firing deactivate and above applications mixture.

Eco friendly large marine diesel engine targeted better fuel efficiency via
applicable internal measures has often big vibration influence at propulsion
shafting system or large construction like gas receiver or wheel house due
to increasing cylinder compression and firing pressure in the low load
operating range. In case of direct coupled 2 stroke marine diesel engine
operating whole range it was difficult to arrange propulsion shafting system
due to large barred range relatively, limited performance of torsional
vibration damper and coupling or misfiring.

In this paper, Nitrogen Oxides and vibration response characteristic for
large 2 stroke marine diesel engine applying eco technologies for operating
vessel in 4 different cases due to recently ultra-high oil price have been
reviewed and are summarized as below.

First, exhaust NOx characteristic from operating vessel main engine
adopted eco friendly technologies according to international legislation is
reviewed trade off common relationship between fuel consumption and NOx

- Xii -
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increasing with difference at load condition through NOx Technical Code
2008.

Second, torsional excitation change from main engine using emulsion fuel
including 30% water comparing conventional HFO is reviewed. Used
excitation from HFO determined applying for torsional vibration calculation
because the excitation changes are disregard or lower.

Third, de-rating main engine adopted reducing cylinder number and
increasing cylinder bore is reviewed for narrow barred speed range, higher
torsional vibration level relatively. Specially the performance for torsional
vibration damper within normal operating range is examined and suggested
for function change.

Fourth, torsional vibration influence for conventional main engine adopted
automatic exhaust valve closing adjustment with turbocharger cut-off is
examined due to high torsional excitation and then reverse calculated
torsional vibration for the propulsion shafting system.

Fifth, recently a respected turbocharger cut-off of the most effective
methods in the slow steaming strategies for the operating vessel was
presented a studying for vibration response characteristic at propulsion
shafting system and then engine body, large construction like gas receiver
and hull vibration response characteristic by second excitation through
propulsion torsional vibration.

KEY WORDS: ; Turbocharger cut-off #}F7] x}¢; Torsional vibration Hl & ¥ % 5,
Nitrogen oxides & 44Fs}&; Emulsion fuel o2 5 Slow steaming 7H&-<3
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2.2 AMte 28 TAFHE daEEe] 54

2 o= Adube tiE 284 dAdoA TAE= tf7|ghd e 87l
b S AastE vty B A AAE 8 Astd AW 848
I} wjETfAlel TS NTC 2008 22]a ALAMSE HA wAYS dishy
ZHeFe] 71 & s

2.2.1 MO A&ASE wiETA

TARALZ] Tl A T EI FAAagEE R e AL Y EE T AI
(Marine Environment Protection Committee, MEPC)W] MARPOL ANNEX VIe]
TAES A 53] AdiqtstE W@ #dsiA= g 139 AEke Az
A7l B AAS A e T wiEdd tid AXE Festa o AR
Ao 2= Tier I, Tier I 283 Tier & FE3t3 Yt} o]E9 F8 Y&
AR ol et Ho

Tier Ie sldstE %= 2000d 1€ 1¢ o]FHE 2010d 1€ 1¥ o]Zq
Azxzd Ao "AE A sigsiH, 18 BAS Mol wep ol

°

de= FAS T Uk

2

D 130 rpm m]FEe] A MRS 17.0 g/kWh
2) 130 rpm == 2000 rpm w]gke] i A AR & 45072 g/kWh

3) 2000 rpm o]/ A 9.8 g/kWh

Tier ol al@dste= 29+ 20108 1€ 19 o]|Fo HdxdE duto g@Ad
dAdRe sigeie], Do) AAHS wel ool v} Q= e 74

skal gt
D 130rpm m¥re] B AA-2 14.4 g/kWh
2) 130 rpm ==& 2000 rpm || ¥Fe] Tl A A 7S 4400 g/kWh
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3) 2000 rpm o]/ A 7.7 g/kWh

Tier Mo sFstes 495 2016@ 1€ 1¢ o|Fo Azxd Addd g@Ad
O sfgst, 1o ZAJ A weEt ofgfol vt A= BREE A
st ok &, o] Alute] wjr|7}x wlETFAl Al eHA 9 (Emission Control
Area, ECA) WolA 38 wimt H &= 1 99 A& Tier 19 78l
w2

D 130rpm m¥re] HjAA-S 3.4 g/kWh
2) 130 rpm T 2000 rpm ©]gke] T KL 9en 02 g/kWh
3) 2000 rpm °o]/¢e] yAMZL 2.0 g/kWh

Fig. 2.2.19 %+71¢] Tier 1, Tier II Z18]al Tier € XRIt}.
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Fig. 2.2.1 IMO NOx emission limits
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Table 2.2.1 Test cycle for Propeller-law-operated application

Speed 100% 91% 80% 63%
Test cycle
Power 100% 75% 50% 2%
type E3
Weighting factor 0.2 0.5 0.15 0.15
- 13 -
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Table 2.2.2 Interference effect with gas analyser

Ci{lgr%k Response limit Remarks
CO
interfere | CO, interference < 1% full scale NTC 2008
check
Cc A
Eco, = [1_((0 A)— (D B) ” 100
A = undiluted CO, conc meas with NDIR in % by
CO, vol
quench B = diluted CO, conc meas with NDIR in by vol NTC 2008
¢ = diluted NO conc meas with (H)CLD in ppm
D = undiluted NO conc meas with (H)CLD in ppm
CO; quench < 2% full scale
D,—C H,
Eyso = 100- D, ) ( H)
Water D, = is the expected diluted NO conc in ppm
C = is the diluted NO conc in ppm NTC 2008
quench . ) .
H, = 1s the maximum water vapour conc in %
H = is the actual water vapour conc in %
Water quench < 3% full scale
Percent O, deviation due to interference
0, 100% CO, : -0.623% PMD
, 100% CO : -0.354%
interfere 100% NO : +44.49% analyser
100% NO, : +28.7%
Cal. Check on at least 6 calibration points
curve Values < +2% nominal value, £0.3% full scale
Eyo, = (1+ Z:Z)' 100
= NOx conc at NOx mode
b = NOx conc at NOx mode
NOx (Deactivation of the ozonator)
converter | . = NO conc at NO mode
d = NO conc at NO mode (Activation of the
ozonator)
Eyo, =90% efficiency
Leakage | Max. allowable leakage rate on vacuum side <0.5%

_']4_
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Table 2.2.3 Permissible deviations and calibration periods of instruments for
engine related parameters

Calibration
No %ﬁgiﬁé&%ﬁ? Permissible deviation \i)aé;%%'
(months)
1 Engine speed +2% of engine’s maximum value 12
2 Torque +5% of engine’s maximum value 12
3 gl%\gglﬂrgghgi?%cﬂy) +5% of engine’s maximum value 12
4 Fuel consumption +4% of engine’s maximum value 12
5 Air consumption +5% of engine’s maximum value 12
6 Exhaust gas flow +5% of engine’s maximum value 12

Table 2.2.4 Permissible deviations and calibration periods of instruments for
other essential parameters

Calibration
No %ﬁgiﬁé&%ﬁ? Permissible deviation \i)aé;%%'
(months)
1 | Temperature <327C +2°C absolute 12
2 | Temperature =327C +15C absolute 12
3 | Exhaust gas pressure +5% of engine’s maximum value 12
4 | Charge air pressure +5% of engine’s maximum value 12
5 | Atmospheric pressure +0.5% of reading 12
6 | Other pressures +5% of reading 12
7 | Relative humidity +3% absolute 6

Collection @ kmou
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Table 2.2.5 Engine parameters to be measured and recorded

Symbol Parameter Dimension
H Absolute humidity (mass of engine intake air water Ik
a content related to mass of dry air) gikg
Ny Engine speed (at the :'" mode during the cycle) min™!
| Turbocharger speed @f applicable) (at the i mode -1
"urbi | dquring the cycle) fmin
p Total barometric pressure (n ISO 3046-1, KPa
b 1995: p,= Px = site ambient total pressure)
P.. Charge air pressure after the charge air cooler (at KPa
Gi | the " mode during the cycle)
P, Brake power (at the ' mode during the cycle) kW
4y | Fuel oil flow (at the " mode during the cycle) kg/h
N Fuel rack position (of each cylinder, if applicable) (at
i the i'" mode during the cycle)
Intake air temperature at air inlet (n ISO 3046-1,
T, 1995: Ty = TTx = site ambient thermodynamic air K
temperature)
T Charge air temperature after the charge air cooler K
SCi | (if applicable) (at the ' mode during the cycle)
wain | Charge air cooler, coolant inlet temperature T
weowt | Charge air cooler, coolant outlet temperature T
7. |Exhaust gas temperature at the sampling point (at C
Ezhi | the i** mode during the cycle)
Toyer Fuel oil temperature before the engine C
Ty, Seawater temperature T

_16_
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Lower Heating Value ,Hu (MJ/kg)

120 Hydrogen ——e
100 e
80 Methan ‘,—”"
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0
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Stoichiometric air requirement, Lst (kg/kgB)

Fig. 2.2.2 Lower calorific value for stoichiometric air requirement
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F,= F secd

Fy= Ftand = FAsinf/ v1—\’sin®0

o] Zarel 3 F.& ZAaW Co dolA AAY B2 Yehid

Fy= F,sin (0 +6)
Fol 93 ga839 AED Qe 4(2.12)¢ 2o At

Q= F;r = Fr(sinf + cosftand)

= Frsinf (1 + Acosf/ vV1—\sin?0)

A5 T4 OdA E=e WY Fe= 42133 2o,

=Q/z
Z: J=ERlA ayA5e FH7A Y A

2.9)

(2.10)

2121

(2.11)

(2.12)

(2.13)

o] ¥& F2E Ho| A Poll A&t Feobe v gFoz A8 2
o 22100914 tand~ Asinft B3 A Fee 21(2.14)9} Zo] Hrh

Fy= X (nD?/4)P,(0)sind +m, rw?(1/2) (A\sind — sin20 — Asin36) (2.14)
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Fy=f,+ Y, f,sin (k0 + 5,) (2.15)
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Fig. 23204 X H RE X9 7P o2 A&st= kxke 713

2HE
My = 2215)% olgstd Helshd 42167 o] Atk

My, = LEsin {(k(@ + ;) + 8, } (2.16)
o, ABAAZ, F kake] SHel 9

2.17)
2) X 2t IFY 7|ARHE
Fig. 232014 X 2= 7% 7d8os 83t k3o FARAE M =
2(2.15F °l&ste Aestd 22183 2] At
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N N
My= Y My, = F, Y Lsin{(k(@ + ,)+5,}
i=1 i=1

(2.19)
= FL,Vs*+¢ sin(ko+3,)
A714 X RE ZIARRIES] JZ2 222003 o] Hot.
My=F, L, Vs+c (2.20)

N N
s= Y lsinka;, c= Y lcoska,
i=1 i=1

Ly: AR AL, | = L/Ly a;= (n,—1). 2r/N, N: 498 =
i AEUY HE, o A AUE Y] 23k
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Fig. 2.3.1 Guide force of crankshaft and connecting rod
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Fig. 2.3.2 X-moment for diesel engine
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Fig. 2.3.3 Tangential force of crankshaft
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Table 3.2.1 Specification of the emulsion fuel test engine

Parameter Specification

Type 12RT-flex96C-B
Cylinder bore x stroke 960 x 2500 mm

Engine
Power at CMCR 68,640 kKW x 102 rpm
No. of cylinder 12 ea
Type Geislinger D 260/28
Outer inertia 9,760 kgm?®
Inner inertia 1522 kgm?

Damper
Torsional stiffness 5.7E+07 Nm/rad
Damping coefficient 240,000 Nms/rad
Max. elastic torque 653 kNm
Type MET83SEII
Diffuser 3J37D

T/C

Compressor GV3J
Nozzle ring 85K3

_34_
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Table 3.2.2 Fuel specification comparison for HFO and emulsion fuel

Parameter Unit HFO Emulsion fuel
Carbon mass fraction (mass %) 86.39 61.70
Hydrogen mass fraction (mass %) 10.48 9.60
Nitrogen mass fraction (mass %) 0.57 0.69
Sulphur mass fraction (mass %) 2.42 1.93
Oxygen mass fraction (mass %) 0.48 26.1
Sum of above (mass %) 100.34 100.02
Net calorific value MIJ/kg) 40.41 26.12
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Table 3.2.3 Injection parameters for LFO, HFO and emulsion fuel

Fuel type Load Fuel command scaling
75 49.3
50 49.3
LFO
25 49.3
10 49.3
75 48.6
50 48.6
HFO
25 48.6
10 48.6
75 65
50 65
Emulsion fuel
25 65
10 65
- 38 -
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Fig. 3.2.1 NOx and smoke measurement at exhaust gas line
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Fig. 3.2.2 Smoke measurement layout at exhaust gas line
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Table 3.3.1 Specification

of the rating and de-rating engine

Rating De-rating

Type 14RT-flex96C-B 14RT-flex96C-B
Cylinder bore x| 960 x 2500 mm 960 x 2500 mm

Engine 80,080 kW 72,072 kKW
Power at CMCR x 102 rpm X 98.6 rpm
No. of cylinder 14 ea 14 ea
Pme 18.6 bar 17.3 bar
Type Geislinger D 300/11 | Geislinger D 300/11
Outer inertia 28,600 kgm® 28,600 kgm?
Inner inertia 1640 kgm? 1640 kgm?

Damper
Torsional stiffness | 5.0E+07 Nm/rad 5.0E+07 Nm/rad
Damping coefficient | 400,000 Nms/rad 400,000 Nms/rad
Max. elastic torque | 796 kNm 796 kNm
Type ABB TPL85 ABB TPL85
Diffuser CA15 CA15

T/C
Compressor CV1l CV1l
Nozzle ring TA16 TA15
Tuning IMO Delta IMO Delta
Optimized
Heat recovery WHRS WHRS
- 51 -
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Table 3.3.2 Actual BSFC between rating and de-rating engine

Fuel consumption (ISO reference, g/kWh)

Load (%) 25 50 75 100
Rating 178.74 1724 170.19 180.95
De-rating 175.69 172.36 169.24 175.56

Fuel saving 3.05 0.04 0.95 5.39

Table 3.3.3 Actual NOx between rating and de-rating engine

NOx values (g/kWh)

Engine power (%) 25 50 75 100 IMO NOx
Rating NOx specific 21.38 18.23 15.56 9.97 14.54
De-rating NOx specific | 23.86 19.12 16.52 11.87 15.85
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Table 3.3.4 Specification of the 12RTA84C-UG

Parameter Specification
type 12RTA84C-UG
Number of cylinders 12
MCR 48600 kW
Nominal speed 102 rpm
T/C type MET 83SD

Propeller specification

Type Fixed Pitch Propeller
Diameter 8300 (mm)
Pitch at 0.7 r/R 8740 (mm)
Number of blades 6
Blade-to-disc area ratio 0.8225
Skew angle 26.4 (°)
Mass 66150 (kg)
- 54 -
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Table 3.3.5 Specification of the 5RT-flex58T-D

Parameter Specification

Type SRT-flex58T-D

Cylinder bore x stroke 580 x 2416 mm

CMCR / speed 8050 kW / 89 rpm
Engine

Firing order 1-4-3-2-5

Conn. Rod ratio 0.539

Osc. mass 4575 kg

Type D260/38/VIM

Outer inertia 13900 kgm®

Inner inertia 428 kgm?®

Torsional Stiffness 16 MNm/rad
Damper Linear viscous damping 240000 Nms/rad

Total mass 12900 kg

Permissible elastic torque 497 kKNm

Permissible damping torque | 114 kNm/bar

Type Fixed pitch propeller

Number of blades 5
Propeller Diameter 6.7 m

wnen o e (1 G 0

Archer damping 25
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Table 3.4.1 Specification of the 12RTA96C-B

Parameter

Specification

Type

12RTA96C-B

Cylinder bore x stroke

960 x 2500 mm

CMCR [/ speed

68640 kW / 102 rpm

Engine
Firing order

1-9-11-4-3-8-10-6-2-7-12-5

No. of cylinder 12 ea
Pme 18.6 bar
Type D260/22/1
Outer inertia 9760 kgm?®
Inner inertia 607 kgm?®

Damper Torsional Stiffness

5.7E+07 Nm/rad

Damping coefficient

240000 Nms/rad

Permissible elastic torque

653 kNm

Permissible damping torque

92.4 kKNm/bar

Propeller Diameter

Type Fixed pitch propeller
Number of blades 6
8.9 m

Moment of inertia

507,460 kgm® (in water)

Archer damping

28.1
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25

B Exhaust v/v adjust off
20

Exhaust v/v adjust on

15

10

BSNOXx (g/kWh)

11 26 a8
M/E relative load (%)

Fig. 3.4.1 BSNOx values for exhaust valve adjustment operating condition

Table 3.4.2 BSFC values for exhaust valve adjustment operating condition

Load 11% Load 26% Load 48%

(g/kWh) (g/kWh) (g/kWh)
Exhaust
v/v adjust 202.7 187.4 179.7
Off
Exhaust
v/v adjust 200.9 188.2 177
On
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Alt. tors. stress in the Crankshaft Dia= 990/400 mm

+-N/mm2
35
IACS/WinGD LIMIT: 31.1 N/MM2
# SYNTH.
301 v
/
#
/
,/
*
,//
251
/
i
20
15
41
10
7<J&¥\,>sew/;
54 7 -4
)
O T T T T T T T
20 30 40 50 60 70 80 90 100 110 120

CMCR speed / power % rpm
102 rpm / 68640 kW

Fig. 3.4.4 Vibratory stress at crank shaft for 12RTA96C-B
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Fig. 3.4.5 Elastic torque at Geislinger damper for 12RTA96C-B
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Fig. 3.4.6 Angular amplitude at Geislinger damper for 12RTA96C-B
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Table 3.4.3 Cyl. pressure for exhaust valve adjustment operating condition

Load 11% Load 26% Load 48%
Pcomp Pcomb Pcomp Pcomb Pcomp Pcomb
(bar) (bar) (bar) (bar) (bar) (bar)
Exhaust
v/v adjust 46.4 51.0 60.3 69.8 97.9 102.5
Off
Exhaust
v/v adjust 50.6 55.4 72.0 78.6 116.8 129.3
On
1.4
—e—1st order == 2nd order == 3rd order
12 —e—{th order ——=5th order ==— Gth order
—e—7th order == 8th order =—e—9th order
§ 1 =——10th order — =—e=—11th order  =—e=12th order
£
5
";’ 0.8
% 0.6
2

0.4

0.2

7.5

pmi (bar)

Fig. 3.4.7 Harmonics for exhaust valve adjustment operating condition
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Fig. 3.4.8 Harmonics for normal operating condition
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Alt. tors. stress in the Crankshaft Dia= 990/400 mm
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Fig. 3.4.9 Vibratory stress at crank shaft for 12RTA96C-B
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Elastic torque in spring damper GEISLINGER D 260/22/1
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Fig. 3.4.10 Elastic torque at Geislinger damper for 12RTA96C-B
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Fig. 3.4.11 Angular amplitude at Geislinger damper for 12RTA96C-B
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Table 4.2.1 Specification of the 14RT-flex96C-B

Parameter Specification

Type 14RT-flex96C-B
Cylinder bore x stroke 960 x 2500 mm

Engine Power at CMCR 80,080 kW x 102 rpm
No. of cylinder 14 ea
Pme 18.6 bar
Type Geislinger D 290/9/1
Outer inertia 18,700 kgm?
Inner inertia 1,590 kgm?

Damper Torsional stiffness 1.06E+08 Nm/rad
Damping coefficient 530,000 Nms/rad
Max. elastic torque 1050 kNm
Max. damping torque 142 kNm/bar
Type MET83MB
No. of T/C 4 ea

T/IC

Diffuser FU3K20K
Nozzle ring 35JA
Type Fixed pitch propeller
No. of blade 6 ea

Propeller Diameter 91 m
Moment of inertia 618,325 kgm? (in water)
Archer’ s damping factor 25.9
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Table 4.2.2 Expected NOx values for TCCO configuration depend on M/E load

Relative load Relative load Estli\]%e;(ted Allowance
% of gecrated % of rating | @rwny) | +10 % -10%
25 23.5 20.3 22.3 18.3
50 47.0 17.9 19.7 16.1
75 70.5 14.5 14.5 14.5
100 94.0 10.3 10.3 10.3
IMO weighted NOx values 14.0 14.3 13.6

Table 4.2.3 IMO NOx values for TCCO configuration depend on M/E load

Relative load step No. of T/Cs in operation at 25% load
Unit
(%) 2 3
25 g/kWh 19.996 21.036
50 g/kWh 18.577 18.577
75() g/kWh 14.5 14.5
100(a) g/kWh 10.3 10.3
IMO NOx values g/kWh 13.71 13.76

(a) Expected values
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Table 4.2.4 Specification of the 7RTA84C-U

Parameter

Specification

Type

7TRTA84C-U

Cylinder bore x stroke

840 x 2400 mm

Engine Power at CMCR 28,350 kW x 102 rpm

No. of cylinder 7 ea

Pme 17.9 bar

Type TPL80-B12

No. of T/C 2 ea

TIC
Diffuser CA17
Nozzle ring TA26

Table 4.2.5 BSFC and NOx values for 25% load using SSUK on/off

s S |
Off 206.89 16.01
On 195.63 17.853

Difference 11.26 1.843
-9y -
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Table 4.2.6 Specification of the 8RT-flex68D

Parameter

Specification

Type

8RT-flex68D

Cylinder bore x stroke

680 x 2720 mm

Engine Power at CMCR 25,040 kW x 95.0 rpm
No. of cylinder 8 ea (1-8-3-4-7-2-5-6)
Pme 20.0 bar
Type Geislinger D 220/22
Outer inertia 4,390 kgm?
Inner nertia 511 kgm®

Damper Torsional stiffness 5.5E+07 Nm/rad
Damping coefficient 90,000 Nms/rad
Max. elastic torque 369 kNm
Max. damping torque 28.3 kNm/bar
Type MET83MB

T/C No. of T/C 2 ea

Nozzle ring 35JA
Type Fixed pitch propeller
No. of blade 5 ea

Propeller Diameter 7.5 m
Mometn of inertia 223,984 kgm? (in water)
Archer’ s damping factor 21.1

- 93 -
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Table 4.2.7 BSFC and Dry NOx based on TCCO operating condition

10%

25%

36%

SSUK BSFC Dry NOx BSFC Dry NOx BSFC Dry NOx
(g/kWh) (ppm) (g/kWh) (ppm) (g/kWh) (ppm)
Off 215.2 1400.21 199.2 1988.25 210.5 1732.96
On 213.3 2013.29 189.5 2045.37 200.2 2235.76
Difference 1.9 613.1 9.7 57.12 10.3 502.8
94 -
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Alt. tors. stress in the Crankshaft Dia= 828/400 mm
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Fig. 4.3.5 Vibratory stress at crank shaft on normal operating condition for
8RT-flex68D
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Alt. tors. stress in the Intermediate Shaft (Ck=1.00) Dia = 590.0 mm
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Fig. 4.3.6 Vibratory stress at intermediate shaft on normal operating
condition for 8RT-flex68D
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Alt. tors. stress in the Crankshaft Dia= 828/400 mm
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Alt. tors. stress in the Intermediate Shaft (Ck=1.00) Dia = 590.0 mm
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Table 4.4.1 Specification of the 12RTA96C-B

Parameter

Specification

Type

12RTA96C-B

Cylinder bore x stroke

960 x 2500 mm

Engine Power at CMCR 68,640 kW x 102 rpm
No. of cylinder 12 ea
Pme 18.6 bar
Type Geislinger D 260/28
Outer nertia 9,760 kgm?®
Inner inertia 522 kgm®

Damper | Torsional stiffness 5.7E+07 Nm/rad
Damping coefficient 240,000 Nms/rad
Max. elastic torque 653 kNm
Max. damping torque 92.4 kNm/bar
Type MET83MB

T/C No. of T/C 4 ea

Nozzle ring 35JA
Type Fixed pitch propeller
No. of blade 6 ea

Propeller Diameter 8.8 m
Moment of inertia 481,100 kgm? (in water)
Archer’ s damping factor 28.1
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Alt. tors. stress in the Crankshaft Dia= 990/400 mm
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Fig. 4.4.3 Vibratory stress at intermediate shaft on normal operating
condition for 12RTA96C-B
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Elastic torque in spring damper Geislinger D260/28
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Fig. 4.4.4 Elastic torque at Geislinger damper on normal operating condition
for 12RTA96C-B
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Angular amplitude of Flywheel / Flange
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Fig. 4.4.5 Angular amplitude at flywheel on normal operating condition for
12RTA96C-B
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Alt. tors. stress in the Crankshaft Dia= 990/400 mm
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Fig. 4.4.7 Vibratory stress at intermediate shaft on TCCO operating
condition for 12RTA96C-B
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Fig. 4.4.12 Vibration velocity at engine block driving end on normal
operating condition for 12RTA96C-B
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Fig. 4.4.13 Vibration velocity at engine block free end on normal operating
condition for 12RTA96C-B
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Fig. 4.4.16 Vibration velocity at engine block driving end on TCCO
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Fig. 4.4.17 Vibration velocity at engine block free end on TCCO operating
condition for 12RTA96C-B
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Fig. 4.4.18 Vibration velocity at exhaust receiver flexible joint driving end
on TCCO operating condition for 12RTA96C-B
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TCCO operating condition for 12RTA96C-B
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Table 4.5.1 Specification of the de-rated 14RT-flex96C-B

Parameter

Specification

Type

14RT-flex96C-B

Cylinder bore x stroke

960 x 2500 mm

Engine Power at CMCR 75,275 kW x 100 rpm
No. of cylinder 14 ea
Pme 17.3 bar
Type Geislinger D 290/9/1
Outer inertia 18,700 kgm?
Inner inertia 1,590 kgm?

Damper Torsional stiffness 1.06E+08 Nm/rad
Damping coefficient 530,000 Nms/rad
Max. elastic torque 1050 kNm
Max. damping torque 142 kNm/bar
Type Fixed pitch propeller
No. of blade 5 ea

Propeller Diameter 94 m

Moment of inertia

392,225 kgm® (in water)

Archer’ s damping factor

25.9

EnergoProFin

1,769 kgm? (in water)
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Fig. 4.5.1 Equivalent mass elastic system for de-rated 14RT-flex96C-B
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Fig. 4.5.2 Mode shape for de-rated 14RT-flex96C-B
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Alt. tors. stress in the Crankshaft of M/E Dia= 990/400 mm
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Fig. 4.5.3 Vibratory stress at crank shaft on normal operating condition for
14RT-flex96C-B
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Alt. torque in the Propeller Shaft
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Fig. 4.5.4 Alternating torque at propeller shaft on normal operating
condition for 14RT-flex96C-B
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condition for 14RT-flex96C-B
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4.5.6 Harmonics for normal operating condition for 14RT-flex96C-B
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4.5.7 Harmonics for 1 TCCO and 2 TCCO operating condition for
14RT-flex96C-B
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Alt. tors. stress in the Crankshaft of M/E Dia= 990/400 mm
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Fig. 4.5.8 Vibratory stress at crank shaft on 1 TCCO and 2 TCCO
operating condition for 14RT-flex96C-B
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Alt. torque in the Propeller Shaft
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Fig. 4.5.9 Alternating torque at propeller shaft on 1 TCCO and 2 TCCO
operating condition for 14RT-flex96C-B
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Fig. 4.5.10 Angular amplitude at Geislinger damper on 1 TCCO and 2

TCCO operating condition for 14RT-flex96C-B
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Fig. 4.5.11 Longitudinal vibration velocity at Nav. Bridge center line on 1
TCCO and 2 TCCO operating condition for 14RT-flex96C-B
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Fig. 4.5.12 Torsional angle amplitude at free end side on 1 TCCO operating
condition for 14RT-flex96C-B
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Fig. 4.5.13 Torsional angle amplitude at free end side on 2 TCCO operating
condition for 14RT-flex96C-B
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Fig. 4.5.14 Longitudinal vibration velocity at engine block free end side on
1 TCCO operating condition for 14RT-flex96C-B
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Fig. 4.5.15 Longitudinal vibration velocity at engine block free end side on
2 TCCO operating condition for 14RT-flex96C-B
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Fig. 4.5.16 Transversal vibration velocity at engine block free end side on
1 TCCO operating condition for 14RT-flex96C-B
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Fig. 4.5.17 Transversal vibration velocity at engine block free end side on
2 TCCO operating condition for 14RT-flex96C-B
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Fig. 4.5.18 Longitudinal vibration velocity at engine block driving end side
on 1 TCCO operating condition for 14RT-flex96C-B
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Fig. 4.5.19 Longitudinal vibration velocity at engine block driving end side
on 2 TCCO operating condition for 14RT-flex96C-B
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Fig. 4.5.20 Transversal vibration velocity at engine block free end side on
1 TCCO operating condition for 14RT-flex96C-B
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Fig. 4.5.21 Transversal vibration velocity at engine block free end side on
2 TCCO operating condition for 14RT-flex96C-B
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Fig. 4.5.22 Longitudinal vibration velocity at Nav. Bridge center line on 1
TCCO operating condition for 14RT-flex96C-B
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Fig. 4.5.23 Longitudinal vibration velocity at Nav. Bridge center line on 2
TCCO operating condition for 14RT-flex96C-B
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Fig. 4.5.24 Contour diagram at Nav. Bridge center line on 1 TCCO
operating condition for 14RT-flex96C-B
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Fig. 4.5.25 Contour diagram at Nav. Bridge center line on 2 TCCO
operating condition for 14RT-flex96C-B
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