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Abstract: The ultra-long stroke engine (G-type) was developed to generate greater power at lower speeds than previous designs, 

such as the super long stroke engine (S-type). The new design was intended to improve propulsion efficiency by adopting a higher 

stroke bore ratio and larger diameter propeller turning at lower speed. In recent cases, however, eco-ships have experienced problems 

with not passing quickly through the critical speed within the overall range of operating speeds. 

This study reviewed the vibration characteristics of a propulsion shafting system installed in eco-ships with G-type engines to 

determined proper measures for avoiding fatigue fracture of the shafts. Examples of propulsion shafting design for several types of 

vessels were considered based on a detailed method for shaft fatigue estimation, and the results were compared with those of existing 

simplified methods such as IACS UR M68 and optimum damper design theory.  

Keywords: Ultra-long stroke engine, Engine acceleration problem, Fatigue fracture, IACS UR M68, Optimum damper 
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1. Introduction    
Large scale low-speed diesel engines are widely used for 

marine propulsion because of their relatively high efficiency 

compared to existing alternative propulsion systems. Recently, 

engine makers have developed an ultra-long stroke (G-type) 

diesel engine with an estimated maximum stroke bore ratio of 

5.0 [1]. This type of engine can generate a greater torque than 

the previous super-long stroke (S-type) engine; yet it is also 

known to produce an increase of about 30%-40% in torsional 

exciting force [2].  Moreover, the engine power is optimized for 

specific operating conditions to improve fuel efficiency by the 

combination of engine de-rating and tuning technologies. 

This properties make it more difficult to control torsional 

vibration. Thus, torsional vibration dampers are generally 

applied on vessels equipped with the fuel efficient G-type 

engines. Previously, the torsional vibration of a vessel could be 

controlled by applying tuning and turning wheels on each side 

of an engine. In addition, the derating technology used to reduce 

fuel consumption can induce insufficient torque in the engine if 

applied excessively [3][4]. In some recent cases, operators of 

the fuel-saving G-type engines have experienced engine 

acceleration problems. This phenomenon can lead to fatigue 

fracture of its shafts when the vessel remains in a barred speed 

range for prolonged periods. Unfortunately, the existing 

simplified method recommended by the international 

association of classification societies and global shipping 

registries such as IACS, ABS, DNVGL, Lloyd and KR [5]-[9] 

does not give suitable methods for calculating the shaft fatigue 

life of propulsion shafting systems that may be exposed to 

engine acceleration problems. Therefore, an alternative method 

[10][11] has recently been developed to assess the shaft fatigue 

life based on S-N methodology. 

In this study, the fatigue strength of the propulsion shafting 

system in eco-ships was assessed to develop proper measures 

for avoiding the fatigue fracture of shafts.   

  

2. Engine acceleration problem  in Eco-ships 
Figure 1 and Figure 2 show the slow steaming [12] and de-

rating technology [13] widely used in eco-ships to reduce fuel 

consumption. However, it is difficult for the main engine to 
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achieve sufficient torque to accelerate the engine rotation speed 

at low loads if the engine de-rating ratio exceeds 30%. In the 

case of a very large ore carrier (VLOC) with excessive de-rating 

of the engine output, it took several minutes to pass barred 

speed range in the range of operating speeds. In addition, a 

large range 2 (LR2) tanker took approximately 1.5 hour to reach 

the maximum continuous rating (MCR). In order to increase the 

acceleration capacity of the engine, engine makers (MDT, MAN 

Diesel & Turbo) have recommended increasing the propeller 

rpm margin up to 10% above the previous value as shown on 

Table 1 because the shortage of propeller rpm margin causes 

this problem [14][15]. However, this recommendation is not 

appropriate because it reduces the propeller efficiency and fuel 

efficiency. If the fuel efficiency decreases, there is no point to 

using a G-type engine. Therefore, alternative methods have 

been developed to accelerate the engine rpm under low loads, 

such as the dynamic limiter function (DLF) in the second half 

of 2015 [16]. This technology is similar to the sport mode 

function in automobiles. Its purpose is to achieve sufficient 

engine torque by momentarily injecting more fuel into the 

cylinder in a low load range to accelerate the engine rpm, as 

shown in Figure 3. However, this requires precautionary 

measures because this full DLF mode increases thermal load 

and vibratory torque. 

 

 
Figure 1: Slow steaming of eco-ships 

 

Figure 2: De-rating ratio of the engine output in eco-ships 

Table 1: Propeller light running margin  

 
Former design 

point (%) 
Latest design 

point (%) 

MAN Diesel & Turbo 3-7 4-10 

WIN-GD 4-7 

Shipyard  3-5 
 

 
Figure 3: Outline of dynamic limiter function 

 

In another case, a VLOC with a G- type engine and de-rating 

technology experienced an accident. In the case of this vessel, 

the rpm acceleration was delayed due to lack of torque capacity 

in the low load range, which resulted from excessive de-rating 

of up to 36%.    

Currently two measures are used for existing ships: propeller edge 

cutting to increase the margin of the propeller rpm, and modifying the 

engine parameters below a 50% load, which increases the scavenge 

air pressure and quantity of fuel injected to increase the torque 

capacity, as shown in Figure 4. In general, propeller edge cutting is 

carried out to increase the margin of propeller rpm in aging ship. 

However, this above VLOC applied propeller edge cutting as shown 

in Figure 5 despite being a new ship because it was necessary to 

increase the margin of propeller rpm from 1 to 5%. The VLOC 

adopted both measures because only propeller edge cutting did not 

reduce the time spent in the barred speed range. With both measured, 

the time spent in the barred speed range was shortened. 

 

 
Figure 4: Modification of engine parameters at 25 ~ 30% load 

0

10

20

30

40

50

60

70

80

90

30
0K

…

30
0K

…

32
1K

…

30
0K

…

25
0K

…

20
7K

 B
ul

k

20
8K

 B
ul

k

20
8K

 B
ul

k

18
0K

 B
ul

k

18
0K

 B
ul

k

18
0K

 B
ul

k

15
0K

 B
ul

k

11
5K

…

11
5K

…

63
K

 B
ul

k

61
K

 B
ul

k

64
K

 B
ul

k

52
K

 T
an

ke
r

50
K

 T
an

ke
r

17
4K

…

17
4K

…

D
er

at
in

g 
ra

tio
 (%

) 

9.3% 6.3% 

47.8% 

134.8% 

34.6% 

Fuel Index
ECU(%)

Pmax(bar) Pcom(bar) Pscav.(bar) SFOC(g/kWh)



 
 

Yang-Gon Kimㆍ Kwon-Hae Choㆍ Ue-Kan Kim 
 
 

 
 
Journal of the Korean Society of Marine Engineering, Vol. 41, No. 5, 2017. 6                                                                                                              420 

 
Figure 5: Propeller edge cutting 

 

3. Shaft fatigue life assessment methods  
There are two approaches to assessing the shaft fatigue life. 

One includes simplified methods such as IACS UR M68, which 

use the torsional stress at the steady state; the other includes 

detailed methods based on the S-N methodology. IACS UR 

M68 is recognized as simple to use in the frequency domain; 

however, it has limited application if the time spent in the 

barred speed range exceeds 4-5 seconds. This is because this 

range is considered a transient state and not a steady state. 

Therefore, it is necessary to use the detailed method based on 

the S-N methodology to assess the shaft fatigue when the time a 

vessel spends in this range exceeds 5 seconds. Figure 6 shows 

how to estimate the shaft fatigue strength. There are three 

criteria: low, high, and transient cycles. Relevant shaft designs 

have to satisfy the low and high cycle criteria first before 

determining the accumulated number of cycles in the transient 

range. The shaft design then has to satisfy the transient cycle 

criterion. If these criteria are not satisfied, three possible options 

can be considered: redesigning the shaft, increasing the 

acceleration capacity of the engine, applying an optimum 

torsional vibration damper to reduce the stress on the shaft.  

 

 
Figure 6: Shaft fatigue assessment according to the detailed 

method based on S-N methodology 

4. Case study of shaft fatigue life assessment for 

eco-ships with engine acceleration problems 
In this study, three type of eco-ships were reviewed, and   

proper measures were evaluated for avoiding the fatigue 

fracture of shafts during the vessel life expectancy (25 

years). Table 2 presents the specifications of ships with 

acceleration problems owing to insufficient torque from the 

main engine.  These vessels had G-type engines with 

excessive de-rating; during sea trials, it took about 20 

seconds for them to pass through the barred speed range. 

This range should usually be passed rapidly (within 4-5 

seconds) for simplified methods such as IACS UR M68 to 

be applicable. However, the IACS UR M68 calculates the 

steady-state torsional vibratory stresses, while this case is a 

transient state. Therefore, shaft fatigue needed to be assessed 

with a detailed method based on the S-N methodology for 

the transient state. Table 3 presents the results of the shaft 

fatigue assessment. The torsional vibratory stress in the 

transient state was assumed be to less than the steady-state 

value by 20%, and the number of cycles in the barred speed 

range during the vessel life expectancy was assumed to be 

5,000. The allowable time to pass through the barred speed 

range was over 20 seconds. According to the shaft fatigue 

assessment with the detailed method, safe operation was 

expected throughout the vessel life even though the actual 

time needed to pass the barred speed range exceeded 4-5 

seconds. In conclusion, the shaft fatigue life should be 

assessed with the detailed method rather than IACS UR M68 

if the time for the vessel to pass through the barred speed 

range exceeds 4-5 seconds.  

 
Table 2: Ship's particulars 

 VLCC COT Bulker 

Size 300K 115K 208K 

Main engine 7G80ME 6G60ME 6G70ME 

De-rating ratio (%) 21.7 % 29.4 % 35.8 % 

Application of TV 
damper Yes No Yes 

Material of 
intermediate shaft SF600 SF600 SF600 

Actual pasting time 
in BSR (seconds) 

20 20 20 
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Table 3: Comparison of shaft fatigue assessment results under 

current design condition 

VLCC COT Bulker 
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e 

Torsional stress 
(N/mm2) 

87.6 76.7 74.7 

Allowable Stress 
(N/mm2) 

116.0 112.0 114.0 

Actual passing time 
in BSR (s) 

20 20 20 

Allowable passing 
time in BSR (s) 

Quick passing 
(4~5 seconds ) 

D
eta

ile
d 

m
eth

od
 

at 
tra

ns
ien

t s
tat

e 

Torsional stress 
(N/mm2) 

70.1 61.4 59.8 

Recommended no. 
of cycle in BSR 5,000 

Allowable passing 
time in BSR (s) 74 24 28 

In order to address this problem more actively, there are three 

possible options to increase the allowable passing time and 

number of cycles in the barred speed range by changing the 

shaft material and fillet design, as given in Table 4. The stress 

concentration factor in the shaft flange can be reduced by using 

a multi-fillet design, and the fatigue strength of its shaft can be 

increased by using alloyed steel instead of forged steel.  

The sample vessels in Table 2 were also used to examine the effect 

of each design option. The operating life was assumed to be 25 years, 

and the torsional vibratory stress in the transient state was 20% less 

than the simulated values in the steady state. Figures 7 ~ Figure 9 

show the correlation between allowable passing time and number of 

cycles in the barred speed range with each design option. The 

allowable number of cycles for existing shafts of forged steel, such as 

SF600, could be increased by changing the shaft flange design from 

single-fillet to multi-fillet. In addition, both the allowable duration and 

number of cycles in the barred speed range could be increased by 

using alloyed steel instead of forged steel with multi-fillet. Therefore, 

if a vessel is expected to have trouble with quickly passing through 

the barred speed range in the design stage, the usage of alloyed steel 

with a multi-fillet design can be considered. 

Table 4: Possible design options to cope with engine acceleration 

problems 

Option A Option B Option C 

Material of 
intermediate  shaft SF600 

Alloyed 
steel 

Alloyed 
steel 

Fillet design of shaft 
flange 

Multi Single Multi 

Figure 7: Shaft fatigue life for design options of a 300K VLCC 

Figure 8: Shaft fatigue life for design options of a 115K COT 

Figure 9: Shaft fatigue life for design options of a 208K Bulker 

Other alternatives such as torsional vibration damper 

optimization based on the optimum damper design theory 

[4] [17][18] can also be considered to eliminate the barred 

speed range in the operating speed range. Figure 10 shows 

the dynamic characteristics of an existing damper applied to 

a 300K VLCC. As shown in Figure 10, the dynamic 
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magnitude was as high as 18.4. After calculating the 

optimum stiffness and damping coefficient ratio by the 

process of optimum damper design theory, and maintaining 

the current inertia value of the damper, the results were 8.3 

MNm/rad and 0.125, respectively. This outcome is 27.8% 

and 57.6% lower than the existing design. Figure 11 shows 

the dynamic characteristics of the modified damper applying 

the optimum stiffness and damping coefficient, and 

calculated using the optimum damper design theory. The 

dynamic magnitude is about 6.5, which is 64.7% lower than 

that of the existing damper. Figure 12 shows the vibration 

characteristic of its shafting system with the modified 

damper design. The torsional vibratory stress in the 

intermediate shaft could be reduced to 61.9 N/mm2 which is 

29.2% lower than that of the existing damper design. 

Therefore, the barred speed range could be eliminated by 

reducing the torsional stress in shafts below the limit line for 

continuous operation. Consequently, the time spent passing 

through the barred speed range would no longer need to be 

considered. 

Figure 10: Vibration characteristics for the current damper 

design of a 300K VLCC 

Figure 11: Vibration characteristics for the optimum damper 

design of a 300K VLCC 

Figure 12: Seventh order torsional vibratory stress of an 

intermediate shaft in a 300K VLCC 

5. Conclusions
This study reviewed the optimum design of a propulsion 

shafting system equipped with ultra-long stroke engines in eco-

ships that have recently had engine acceleration problems. In 

order to avoid fatigue fracture of its shafting system due to 

accumulated cycles in the barred speed range, the shaft fatigue 

was assessed by using a detailed method based on S-N 

methodology instead of the IACS UR M68, which is recognized 

as simple to use in the frequency domain. To address this 

problem more actively, possible design options for increasing 

the allowable passing time and number of cycles in the barred 

speed range or even eliminating the barred speed range were 

reviewed. Measures were suggested to cope with this problem. 

The following conclusions were derived. 

(1) Fuel-saving technologies such as slow steaming and de-

rating provide ship owners opportunities to adjust to the 

global economic downturn but can lead to engine 

acceleration problems if the de-rating is excessive. 

Unfortunately the existing IACS UR M68 is not a suitable 

method for calculating the shaft fatigue life of propulsion 

shafting systems that might be exposed to engine 

acceleration problems. Therefore, an alternative method 

based on S-N methodology that assesses the shaft fatigue 

life in more detail is necessary. 

(2) In general, existing shaft designs do not adequately address 

the engine acceleration problem when the passing time in 

the barred speed range exceeds 4-5 seconds. Therefore, 

proper measures for increasing the shaft fatigue life in the 

design stage are required. A multi-fillet design for the shaft 

flange and higher-grade shaft material (e.g., alloyed steel) 
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are presently suitable measures for effectively lengthening 

the fatigue life of a shaft. 

(3) If a ship is expected to have passing time through the barred 

speed range or an excessive cumulative number of cycles in 

the barred speed range, the barred speed range can be 

eliminated from the operating speed range. It was confirmed 

that the torsional vibratory stress in shafts can be reduced 

below the limit line for continuous operation by means of 

an optimum damper based on optimum damper design 

theory. 
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