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Ab t t Motion ResponsesAbstract Motion ResponsesAbstract Motion Responses
I h i bi i d l ff h i d l b ll dIn recent years, there is a great ambition to develop offshore wind energy globally due to green-In recent years, there is a great ambition to develop offshore wind energy globally due to green

h ff t d i i G t ff t h b d t d t d l li bl fl ti ff hhouse effect and energy crisis. Great efforts have been devoted to develop a reliable floating offshore gy p g
wind energy technology in order to take advantage of the large amount of wind energy resources thatwind energy technology in order to take advantage of the large amount of wind energy resources that gy gy g g gy
exist in deep water In this paper a novel concept of a floating offshore wind turbine (FOWT) nameexist in deep water. In this paper, a novel concept of a floating offshore wind turbine (FOWT), name-
ly the modified V-shaped Semi with a heave plate is proposed and its hydrodynamic characteristicsly the modified V-shaped Semi  with a heave plate is proposed and its hydrodynamic characteristics 
are studied. A numerical model based on ANSYS/AQWA is used to investigate the dynamic motion,are studied. A numerical model based on ANSYS/AQWA is used to investigate the dynamic motion, 

h i i d i f f h M hresponse characteristics and mooring performance of the new concept. Moreover, the response am-p g p p , p
lit d t (RAO ) f diff t titi l l b t d A ti t d fplitude operators (RAOs) of different response quantities are also elaborated. A comparative study of p p ( ) p q p y

the dynamic response of different response quantities of the modified V shape and original V shapedthe dynamic response of different response quantities of the modified V-shape and original V-shaped 
Semi is carried out for operational environmental conditions It is founded that the modified V-Semi is carried out for operational  environmental conditions. It is founded that the modified V-
shape Semi shows relatively better performance in platform motion and mooring line responseshape Semi shows relatively better performance in platform motion and mooring line response. 

K dK d Offshore wind; Floating foundation; Heave plate; wave-wind inducedKeywordKeyword Offshore wind; Floating foundation; Heave plate; wave wind inducedKeywordKeywordy

M i R Concept of Two Platforms Theory Mooring Responses Concept of Two Platforms Theory Mooring Responses
H d d i l d l l t d b Li t ti l th

p y g p
Hydrodynamic loads are calculated by Linear potential theo-y y y p

ry method;ry method;
M i li f l l t d b l d th dMooring line forces are calculated by lumped mass method; g y p ;
Aerodynamic loads are calculated by force-speed curve;Aerodynamic loads are calculated by force-speed curve; 
Heave plate is modeled as panel element a viscous dampingHeave plate is modeled as panel element a viscous damping 

l t 8% f th iti l d i i h ti i dd d tequal to 8% of the critical damping in heave motion is added to q p g
i l t th d i ff t f h l tsimulate the damping effect of heave platep g p

E i d L d C Examined Load CasesExamined Load Cases 
Load cases U (m/s) H (m) T (s) NotesLoad cases Uw(m/s) Hs(m) Tp(s) Notes

LC1 (wave-only) 3 10 Irregular waveLC1 (wave only) 3 10 Irregular wave
LC2 (wind+wave) 11.4 5 12 Constant wind, Irregular waveLC2 (wind wave) 11.4 5 12 Constant wind, Irregular wave
LC3 (wind+wave) 17 5 12 Constant wind, Irregular wave( ) , g
LC4 ( i d+ ) 49 14 1 13 3 C t t i d I lLC4 (wind+wave) 49 14.1 13.3 Constant wind, Irregular wave( ) g

 Restoring Force vs Displacement ConclusionsRestoring Force vs Displacement Conclusions g p
In this paper the dynamic responses of motion and mooring line loads for modified V shapedIn this paper, the dynamic responses of motion and mooring line loads for modified V-shaped 

semi and V-shaped semi FOWT under wave-wind induced loads are simulated Based on the numeri-semi and V-shaped semi FOWT under wave-wind induced loads are simulated. Based on the numeri-
cal results, we obtain the following conclusions:cal results, we obtain the following conclusions: 

1 M difi d V h d i h b i f h V h d i I i f d h   1. Modified V-shaped semi shows better motion performance than V-shaped semi. It is found that p p p
th t l tf f it ll d i l i d d l d Th ti t tithe two platforms perform quite well during several wind and wave load cases. The motion statis-p p q g
tics are quite acceptable with consideration of the chosen significant wave height Modified Vtics are quite acceptable with consideration of the chosen significant wave height. Modified V-
shaped semi shows better performance than V shaped semi For instance compared with V shapedb shaped semi shows better performance than V-shaped semi. For instance, compared with V-shaped a b c

semi the Heave motion ranges of Modified V-shaped semi are reduced by 20% while the pitchsemi, the Heave motion ranges of Modified V shaped semi are reduced by 20%, while the pitch 
i d d b 46% d i d i d d di imotion ranges are reduced by 46% under extreme wind-wave induced condition.motion ranges are reduced by 46% under extreme wind wave induced condition. 

2 Th i f f difi d V h d i i li htl b tt th V h d i   2. The mooring performance of modified V-shaped semi is slightly better than V-shaped semi. g p p g y p
The standard deviation value of ML 2 and ML 3 force are reduced by 18% under LC 4 whichThe standard deviation value of ML 2 and ML 3 force are reduced by 18% under LC 4, which y
means less fatigue load to reduce the chance of break in mooring line And it also can be concludedmeans less fatigue load to reduce the chance of break in mooring line. And it also can be concluded 
that the spectra of mooring line force is not only effected by surge motion but also pitch motion that the spectra of mooring line force is not only effected by surge motion but also pitch motion.  

3. Due to the asymmetry of the V-shaped semi, its platform displacement in heave and roll lead to pitchd e f   3.  Due to the asymmetry of the V shaped semi, its platform displacement in heave and roll lead to pitch 
i ll Thi h h i li b h ll d i h i Th i hWhen the platform have a surge displacement the mooring restoring load exert restoring as well. This shows the motion coupling between heave, roll and pitch motion. That is theWhen the platform have a surge displacement, the mooring restoring load exert- restoring as well. This shows the motion coupling between heave, roll and pitch motion. That is the 

i h th it h ti b i i i d h th h l t tt h d t i bing on the platform increases quickly in V-shaped semi as shown above Due to the main reason why the pitch motion can be minimized when the heave plate are attached to semisub-ing on the platform increases quickly in V shaped semi as shown above. Due to the 
t h t i ti i it h di ti th it h it h tiff f th V h d y p p

ibl l f ’ l b
asymmetry characteristic in pitch direction, the pitch-pitch stiffness of the V-shaped 

mersible platform’s column base
y y p p p p

semi is not symmetry with respect to positive and negative pitch displacements In p
4 I h f h h f i lif f i li h ld b id d f h i i di

semi is not symmetry with respect to positive and negative pitch displacements. In 
dditi d t th t f th V h d i it l tf di l t i   4. In the future, the short-term fatigue life of mooring lines should be considered for that it is di-addition, due to the asymmetry of the V-shaped semi, its platform displacement in , g g

tl l t d t t A d th f ll l d l i h ld l b d t d t id th f
y y p p p

heave and roll lead to pitch restoring as well This shows the motion coupling be- rectly related to costs. And the fully coupled analysis should also be conducted to consider the ef-heave and roll lead to pitch restoring as well. This shows the motion coupling be
t th d

y y p y
fect of turbulence wind and aerodynamic loadtween those modes. fect of turbulence wind and aerodynamic load.  

 RAO of two Platforms ReferenceRAO of two Platforms Reference O
For a linear system when a periodical excitation of a certain frequency is given [1] Zhang L Shi W Karimirad M Ning D Proc of the 17th (2018) ISOPE Pacific/Asia OffshoreFor a linear system, when a periodical excitation of a certain frequency is given, [1]  Zhang L, Shi W, Karimirad M, Ning D. Proc. of the 17th (2018) ISOPE Pacific/Asia Offshore for instance, under a regular condition, the response would also be periodical with the

Mechanics Symposium(Jeju)
for instance, under a regular condition, the response would also be periodical with the 
same frequency Normally this is how the response amplitude operators (RAOs) are              Mechanics Symposium(Jeju)  

[2] Shi W T X G Z d M T 2016 J C ld R i S i & T h l 123 121 139
same frequency. Normally, this is how the response amplitude operators (RAOs) are 

    [2]  Shi W, Tan X, Gao Z and Moan, T 2016 J. Cold Regions Science & Technology 123 121-139 defined and calculated, which generally represent the system’s natural attributes ver- [ ] , , , g gy
[3] K i i d M d Mi h ilid C 2016 J f R bl d S t i bl E 8 89 144

defined and calculated, which generally represent the system s natural attributes ver
sus the wave frequency The calculation is made by AQWA line with a series of regu     [3]  Karimirad M and Michailides C 2016 J. of Renewable and Sustainable Energy 8 89-144 sus the wave frequency. The calculation is made by AQWA-line with a series of regu- [ ] f gy

[4] Jiang Z and Karimirad M and Moan T 2013 J of Offshore and Polar Engineering (IJOPE) 23lar waves ranging from 0.1 rad/s to 2rad/s, which is set as 0.05 rad/s, 0.1 rad/s, 0.15
              [4]  Jiang Z and Karimirad M and Moan T 2013 J. of Offshore and Polar Engineering (IJOPE) 23 lar waves ranging from 0.1 rad/s to 2rad/s, which is set as 0.05 rad/s, 0.1 rad/s, 0.15 

rad/s 2 rad/s The calculation is carried out in free floating state by frequency do [ ] g f ff g g ( )rad/s…2 rad/s. The calculation is carried out in free floating state by frequency do-
120-128

g y y
main analysis The RAO of motions in Surge Heave and Pitch motions for the waves              120 128  main analysis. The RAO of motions in Surge, Heave and Pitch motions for the waves 
from ero degrees are sho ed belo :from zero degrees are showed below: 


