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Drifting Rescue Units 



DRU capsizing

The major sources of stability loss are: 

• the momentum change of heeling force due to changes 

in wind speed (gust risk); 

• the change in horizontal position  due to the trim and 

changes of a wave slope (heeling risk);

• distribution of survivors inside, (loading risk);

• the stability losses resulting from the movements on 

waves, (performance risk).



DRU safety modeling algorithm



DRU capsizing 
worse case scenarios



Risk function for capsizing
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where
Pr(Si) – probability of i-scenario occurrence in time 
period [0,T] with condition Si,
Pr(Lj/ Si) – probability of loading condition Li for i-
scenario with condition Si,
λ(t/Si,Lj) – risk function for i-scenario with condition Si
and loading condition Li



The safety model 
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where 
X1 – vector of DRU parameters, (shape, dimensions, weight);

X2 – vector of DRU loading parameters, (number of 
survivors, survivors deployment);
X3 – vector of sea wave parameters, (high, slope, period);
X4 – vector of wind parameters, (speed, direction, gust, 
fluctuation).
sums are taken for all possible values of vectors X2, X3, X4.



Spatial distribution of wind forces 

-100

0

100

200

300

400

500
0

15

30

45

60

75

90

105

120

135

150

165
180

195

210

225

240

255

270

285

300

315

330

345

Xsr Ysr Zsr



DRU safety states changing

where
•D1 safe state,
•D2 transitory state,
•FC capsizing,
•Fother other failure. 



DRU safety states changing

Parameters µ1, µ2, λ1, λ2 are strongly correlated with sea wave and wind 
parameters. 
The probability of DRU capsizing is a function of hydro meteorological 
parameters. 
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Markov Switching Model
Storms and weather windows 

Quantile bi-plot of exponential distribution of storm duration and weather window duration for the Baltic Sea



Markov Switching Model
Storms and weather windows 

Probability matrix of transformation of one storm category into another

Storm category I II III IV V

I 0.5 0.1 0.1 0.2 0.1

II 0.3 0.1 0.2 0.2 0.2

III 0.6 0.2 0.1 0.1 ---

IV 0.3 0.2 0.2 0.3 ---

V 0.2 0.3 0.2 0.4 ---



Markov Switching Model
Classification of weather windows



Markov Switching Model
Model description 
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where 

• bk is the vector of  model (1) parameters,

• S (t) is the state variable which changes through time. 



Markov Switching Model
Model description 

The transition matrix for the Markov chain S(t) of storm types is determined by 
tables 1 where  

pji = P (St+1 = j| St = i)



Conclusion

The most often used collective rescue systems, in all 
weather conditions, is the drifting rescue unit. 

Problems of drifting rescue units safety occurring during 
the operation have not been solved yet. 
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The two principle features that 
affect stability are static and 

dynamic forces. Stability is the 
resistance of a raft to forces 
that tend to induce heeling. 
Static forces are caused by 

placement of weight within the 
hull. Flooding a raft makes it 
susceptible to static forces, 
which may adversely affect 

stability.
Dynamic forces are caused by 
actions outside the hull such as 
wind and waves. Strong gusts 

of wind or heavy seas, may 
build up a dangerous sea 
tending to capsize a raft.

Conclusion



Conclusion

The application of simulation involves specific steps in 
order for the simulation analysis to be successful.  

Regardless of the type of problem and the objective of 

the study, the process by which the simulation is 

performed remains similar. 



Conclusion

At first the type of DRU and a region should be determined. 

Then the information about storm and weather windows classification for 

chosen region has to be collected and/or existing data should be gathered. 

The parameters of theoretical distributions of storm and weather windows 

duration must be estimated. 

After that once can start the experimentation which involves executing the 

simulation runs and statistically analyzing results to approximate the safety 

of DRU. 



Conclusion

The methods presented in this paper suggest that it seems reasonable to 

use the Markov switching model in computer simulation for estimation the 

DRU safety factor. 

The investigation focusing on the presented methods should be continued 

for other more complex models related to the multi-state DRU systems (free 

falling life boat) in variable operation processes.





DRIFTING RESCUE UNITS 
SAFETY MEASURES -

SIMULATION APPROACH
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Examination of wind pressure and water resistance forces

Research at sea



INFLUENCE OF MASS
DISTRIBUTION ON TRIM

BASIN RESEARCHES

FORCE CAUSING DEFORMATIONFORCE CAUSING DEFORMATION



Examples of pitching amplitude characteristic for the life raft

Examples of pitching angles for the life raft

TOWING TANK RESEARCHES



TESTS RESULTS

Trial 13098d1    Loading 55%    Vs = 1.0 w.
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Simulation modeling provides an effective and powerful 
approach for capturing and analyzing the life raft 

system. 

The safety analysis can be based on computer 
generated data derived from simulation. 



Safety model description and input

TheThe inputinput parametersparameters tabletable

Wave-
-param.

Wind-
-param.

Life raft--
param.

Drogue--
param. Line

H 1,5 V 20 M 855 N 25
L 25 RB DD 1,2 KK 200

Num.
surv. 10 0
X2 18 X1 1
V2 0,4 V1 0,4

D t 0,05 typ T0 0,1 T1 2,55

THE SAFETY MODEL



At the second module life raft stability parameters for static and 
dynamic cases are count using the finish element method

Critical angles (angles (ΦΦ--bottom above water,  bottom above water,  
γγ-- life raft board in water) and vertical life raft board in water) and vertical 
position of position of gravitygravity’’ss center G center G 

THE SAFETY MODEL



The third module is used to estimate the probability distribution of the life 
raft heeling, rolling, acceleration, and pitching parameters according to 

wave and wind characteristic 

Characteristic parameters 
for random generated 
wave

The life raft motion parameters (heeling, rolling, 
acceleration, pitching) – example for 10-life raft.

THE SAFETY MODEL



The fourth module is used to estimate the probability of 
occurrence of the life raft failure 

THE SAFETY MODEL
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THE SAFETY MODEL

The probability of occurrence of the life raft failure 
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THE SAFETY MODEL

The probability of occurrence of the life raft failure 
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Modified probability of contaiment

ppAA(t(t) ) –– probabilityprobability ofof
lifelife raftraft failurefailure



ESTIMATING OF PROBABILITY OF LIFE RAFT FAILURE ALOW 
TO STATE THE EVALUATION SYSTEM FOR THE EXISTING 

LIFE RAFTS

ESTIMATING OF PROBABILITY OF LIFE RAFT FAILURE ALOW 
TO PREPARE PRECISELY OPTIMISED SEARCH PLAN

ESTIMATING OF PROBABILITY OF LIFE RAFT FAILURE ALOW 
TO STATE THE EVALUATION SYSTEM FOR THE FUTURE 

SAFER CONCEPTS

Fields of applying
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The probability of occurrence of the life raft failure 
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