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(a) Boundary 1 (b) Boundary 2

Figure 6.47: Fixed edges for Boundary 1 and Boundary 2.

using fixed boundary conditions for the free edges of the deformable model is a
good assumption. In reality, the boundary conditions will be somewhere between
Boundary 1 and Boundary 2. The reason that there is such a small difference
between the two cases is that the platform deforms very little during the collision,
giving a very similar impact geometry for both cases.

[9)]
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Figure 6.48: Comparison of force displacement curves for Boundary 1 and Bound-
ary 2.
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6.7 Conclusion

Different collision scenarios are analyzed in this chapter. All of the chosen scenarios
are analyzed with an integrated analysis, and an analysis where the problem is
decoupled into external dynamics and internal mechanics. The results from the
two analysis are compared.

When the collision problem is decoupled, the energy dissipation must be calcu-
lated using simplified methods. Comparing the energy dissipation estimated by
the 6 DOF method to the energy dissipation in the analyses, it is seen that the
energy dissipation is estimated within 10 % for all cases with an exception of one.
For the collision in ballast with a 45 degree impact angle, the 6 DOF method
underestimated the energy dissipation with 25 %.

The force deformation curves for the bow of the ship are generally steeper for
large deformations in the simplified analyses where the problem is decoupled, than
it is in the integrated analysis. This results in a generally larger deformation of
the Octopus if the problem is decoupled. The deformation of the ship estimated
decoupling the problem is very close to the deformation of the ship in the integrated
analysis. If the 6 DOF estimate is used, the largest difference in deformation is an
overestimation of 5.9 %.

The damaged area is similar for all cases analyzed with an exception of the head
on collision in full load. Here the damage occurs over a larger vertical area in the
integrated analysis, than it does in the simplified analysis. The damage is however
smaller, so as long as the strength of the platforms side does not change vertically,
the results should be conservative. The damaged area for the ship is similar for all
cases.

Based on the analyses, it is seen that the decoupling of the problem into internal
mechanics and external dynamics gives reasonable results for impact angles that
are 30 degrees and less. The energy dissipation is estimated fairly accurately for
all cases except for the impact with a 45 degree impact angle. The deformation
of the ship is also accurately estimated for all cases but tends to be smaller than
the deformation in the integrated analyses. The deformation of the Octopus is
however overestimated in the decoupled analyses since the force deformation curve
is steeper for the ship for large deformations. The results from the decoupled
analyses are therefore slightly conservative if the platform is of interest, and slightly
non-conservative if the ship is of interest.



Chapter 7

Conclusion

In this thesis literature review of collisions with FSI is performed. Both cases with
internal and external FSI interaction are included.

Modeling fluids and fluid structure interaction in LS-DYNA has been learned.
Analyses where the a floating structure floats with an almost constant draft is
successfully performed.

Using parameters that gave the most correct buoyance, analyses were performed to
investigate the how large the added mass is in LS-DYNA. Added mass coefficients
were calculated for a number of periods, and compared to added mass coefficients
calculated in Wadam. The comparison showed that the added mass is not included
properly using the modeling parameters used in this thesis. For small periods
the added mass coefficients were reasonable, but they were completely wrong for
periods over 10 seconds. More work should therefore be performed to find more
adequate parameters for ALE modeling.

Collision analyses on a simple case including internal fluid structure interaction is
performed. The results show that including ballast water in the impacted ballast
tank has a clear effect on both the contact force and energy dissipation. The effect
is small for the smallest velocity before the water reaches the ceiling of the tank.
For the two larger velocities the presence of water inside the tank strengthens the
tank throughout the analysis. Since the water strengthens the ballast tank, it is
concluded that it is non-conservative for the empty structure and conservative for
the water filled structure to neglect the effect of ballast water in the analyses.

Realistic collisions between a shuttle tanker and Moss Maritimes Octopus were ana-
lyzed using NLFEA. Both an integrated analysis and an analysis where the problem
is decoupled, were performed for each case. The results were compared. Attempts
were made to perform collision analyses with external FSI, but this proved to be
too difficult and was not performed.

Decoupling the problem into external dynamics and internal mechanics gave results
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similar to the integrated analyses for most of the scenarios. The energy dissipation
estimated was accurate for all cases with an exception of a 45 degree impact.
The damage of the platform was typically too large, and the damage in the ship
too small in the decoupled analyses. The difference in damage was however not
very large. There was however a difference in where the damage occurred on the
platform for one of the cases.

The results show that the energy dissipation can be estimated for impact angles
up to 30 degrees. The results from the decoupled analyses are typically non-
conservative for the ship and conservative for the platform.



Chapter 8

Further work

Validate simple model tests with internal FSI simulations
A small model of a tank can be created in rammed with an indenter with different

filling levels. The results can be used to see how accurate the simulations run in
LS-DYNA with internal FSI are.

Realistic collision with internal FSI

Perform realistic collisions between a ship and a real ballast tank including internal
FSIL

Check energy dissipation estimates
Compare the energy dissipation from more integrated analyses with the 6 DOF
energy dissipation estimate to determine its validity range. Compare also the

velocities of the colliding structures after the collision with the estimates from the
6 DOF method.

Collision analysis with external FSI

Continue working on collision analyses with external FSI. Investigate the added
mass contribution in LS-DYNA for large periods.
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Appendix A

Deforamations for glancing
impact. 45 deg, ship in ballast

i

(a) Ballast45S 54 MJ (b) Ballast45S 47 MJ

Figure A.1: Deformations for glancing impact.45 deg, ship in Ballast.



APPENDIX A. DEFORAMATIONS FOR GLANCING IMPACT. 45 DEG,
ii SHIP IN BALLAST

(a) Octopus Ballast45S 654MJ (b) Octopus Ballast45S 47 MJ

(c) Ship Ballast45S 54 MJ (d) Ship Ballast45S 47 MJ

Figure A.2: Plastic strains for glancing impact.45 deg, ship in Ballast.



Appendix B

Deforamation area for head on
impact, ship in full load

(a) Fullo (b) FulloS 132 MJ

(c) FullOR

Figure B.1: Plastic strains in bow for head on collision in full load.
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Appendix C

Dissipated Energy, Matlab
code
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——————————————— Subroutine for 3D external mechanics
by Dr. Z.Liu, March,2013

[tt,ttm,dvv,ve_af,ve_bf, flag,miu,massl,mass2]=
stronge3d (Massl,Mass2,Am, Bm, Amr, Bmr, Ra, Rb, alpha, gama, betap,
cp_a,cp_b,res,miul, ve_a, ve_b)

INPUT PARAMETERS

(3x1)
(3x1)

Massl mass of object a, no added mass included [kg]

Mass2 mass of object b, no added mass included [kg]

Am translational added mass of object a under body frame of
object a

Bm translational added mass of object b under body frame of
object b

Amr rotational added mass of object a under body frame of
object a

Bmr rotational added mass of object b under body frame of
object b

Ra inertia radius square of object a under body frame of
object a

[m2]

Rb inertia radius square of object a under body frame of

object b
[m2]

alpha waterline angle [deq]

gama angle between body frame of object a and b [deg]

betap normal frame angle [deg]

cp_a collision point under body frame of object a, array (3x1)

cp_b collision point under body frame of object b,array (3x1)

ve_a velocity of object a under body frame of object a,array

ve_b velocity of object b under body frame of object b,array
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27 % res : restitution factor, res=0 (fully plastic), res=1 (fully
elastic)

28 % miu0 : the static friction

20 S

30 % OUTPUT PARAMETERS

31 % tt : total dissipated energy [J]

32 % ttm : an array for dissipated energy in each direction [J]

33 % dvv : relative velocity increase under the local frame nln2n3

34 % ve_af : velocity after impact of object a under body frame of
object a

35 % ve_bf : velocity after impact of object b under body frame of
object b

36 % flag : stick (1) or slide (2)

37 % miu : static friction factor between object a and b

38 % massl : mass matrix for object a

39 % mass2 : mass matrix for object b

40 3

4l T

42 massl=[1+Am(1) 0 0; 0 14+Am(2) 0; 0 O 1+Am(3)]*Massl; % mass matrix
for object a

43 mass2=[1+Bm (1) 0 0; O 1+Bm(2) 0; 0 O 1+Bm(3)]*Mass2; % mass matrix
for object b

44 rxa=Ra(l); % gyration radius square for a

45 rya=Ra(2); % gyration radius square for a

46 rza=Ra(3); % gyration radius square for a

47 rxb=Rb(1l); % gyration radius square for b

48 ryb=Rb(2); % gyration radius square for b

49 rzb=Rb(3); % gyration radius square for b

50 Itrxl=[(l+Amr(l))+*rxa 0 0;0 (l+Amr(2))*rya 0; 0 O
(1+Amr (3) ) *rzal]*Massl; % Inertia matrix for a

51 Itrx2=[(14Bmr(l))*rxb 0 0;0 (1+Bmr(2))*ryb 0; 0 O
(1+Bmr (3) ) xrzb]+xMass2; % Inertia matrix for b

52 oba_g=[0 0 0]'; % gravity center of a under body frame of object a

53 obb_g=[0 0 0]'; % gravity center of b under body frame of object b

54 alpha=alpha/180%pi; S%wanterline angle

55 gama =gama/180xpi; % angle between body frame a and b

56 betap=betap/180+pi;

57 % calculate the relative impact vector under body frame a and b

58 radla=cp_a-oba_g;

50 rad2b=cp_b-obb_g;

60 % trasnformation matrix between body frame a and b

61 Mab=[cos (gama) sin(gama) 0;

62 —-sin(gama) cos(gama) 0;

63 00 171;

64 % transformation matrix between local and global system for a

65 l=sin (alpha) xcos (betap);

66 m=cos (alpha) xcos (betap) ;

67 n=-sin (betap);

68 Mlg=[cos (alpha) -sin(alpha) 0;

69 —-sin (alpha) *sin (betap) -cos(alpha) *sin(betap) -cos (betap);

70 1 m nj;

71 % transformation matrix between local and global system for b

72 Mtr2=MlgxMab;

73 % calculate the transformed inertia matrix

74 Rtrxl=inv (Mlg*Itrxl*inv(Mlg));

75 Rtrx2=inv (Mtr2+Itrx2+inv (Mtr2));

76

masslf=inv (Mlg*massl*inv (Mlg));
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mass2f=inv (Mtr2+mass2+inv (Mtr2));
% calculate the impact vector under local frame
radl=Mlgxradla;
rad2=Mtr2+rad2b;
% calculate the relative velocity under local system
rvl=Mlg*ve_a-Mtr2xve_b;
% Input the reversed mass matrix
mll=(masslf(1l,1)+radl(2)"2+xRtrxl (3,3)-2+xradl (2)+radl (3)
*Rtrxl (2,3)+radl (3) "2*Rtrxl(2,2))+ (mass2f(1,1)+rad2(2)"2
*Rtrx2(3,3)-2*xrad2(2) xrad2 (3) *Rtrx2 (2, 3)+rad2 (3) "2+xRtrx2 (2,2));
ml2=(masslf (1l,2)+mass2f(1,2))+ (radl (1) +radl (3)*Rtrxl(2,3)-
radl (3) "2xRtrx1(2,1)-radl (1) xradl (2) *Rtrxl (3, 3)+radl (2)
*radl (3) *Rtrx1(3,1))+(rad2 (1) *rad2 (3) *Rtrx2 (2, 3)-rad2(3) "2
*Rtrx2(2,1)-rad2 (1) xrad2 (2) *Rtrx2 (3, 3) +rad2 (2) rrad2 (3) *xRtrx2 (3, 1)) ;
ml3=(masslf(l,3)+mass2f(1,3))+(radl (1) *radl (2)*Rtrxl(3,2)—...
radl (2) *2*xRtrx1(3,1)-radl (1) xradl (3) *Rtrxl (2,2)+radl (2) *
radl (3) *Rtrx1(2,1))+(rad2 (1) xrad2 (2) *Rtrx2 (3,2)-rad2(2) "2x*
Rtrx2(3,1)-rad2(1l)+xrad2 (3) *Rtrx2 (2, 2) +rad2 (2) rrad2 (3) *Rtrx2 (2, 1)) ;
m22=(masslf (2,2)+radl (1) "2+xRtrx1(3,3)-2+radl (1)+*radl (3)*Rtrx1l(1,3)
+radl (3) "2+«Rtrx1(1,1))+(mass2f(2,2)+rad2 (1) "2«Rtrx2(3,3)-2x*
rad2 (1) xrad2 (3) *Rtrx2 (1, 3) +rad2 (3) "2xRtrx2(1,1));
m23=(masslf (2,3)+mass2f (2,3))+ (radl (3) *radl (1) *Rtrx1(1,2)-radl (3)
*radl (2) *Rtrx1(1,1)-radl (1) "2+«Rtrxl (3,2)+radl (1) +radl (2) *
Rtrx1(3,1))+(rad2(3)+*rad2 (1) «*Rtrx2(1,2)-rad2(3)+rad2 (2) %
Rtrx2(1,1)-rad2 (1) *2+xRtrx2(3,2)+rad2 (1) xrad2 (2) xRtrx2(3,1));
m33=(masslf (3,3)+radl (1) "2+xRtrx1(2,2)-2+radl (1)+*radl (2)*Rtrx1(1,2)
+radl (2) "2+«Rtrx1(1,1))+(mass2f(3,3)+rad2 (1) "2«Rtrx2(2,2)-2x*
rad2 (1) xrad2 (2) *Rtrx2 (1, 2)+rad2 (2) "2xRtrx2(1,1));
m21=ml2;
m31=ml3;
m32=m23;
m=[mll, ml2,ml13;ml2,m22,m23;ml3,m23,m33];
$syms dvl dv2 dv3 dpl dp2 dp3
rm=1inv (m) ;
% calculate the extreme case for stick together get the critical
value miu
dvl=-rvl(1l);
dv2=-rvl (2);
dv3=-rvl (3)* (1-res);
dpl=subs (rm(l,1) *dvli+rm(1l,2)+dv2+rm(1l, 3)*dv3, {dvl,dv2,dv3},
{-rv1(1l),-rvl(2),-rvl(3)*(l-res)});
dp2=subs (rm (2, 1) xdvl+rm(2,2) xdv2+rm (2, 3) »dv3, {dvl,dv2,dv3},
{-rvl(l),-xrvl(2),-xrv1l(3)*(l-res)});
dp3=subs (rm(3, 1) xdvl+rm(3,2) xdv2+rm (3, 3) »dv3, {dvl,dv2,dv3},
{-rv1(l),-rvl(2),-rvl(3)*(l-res)});
miu=sign (dpl) *sqrt (dpl”2+dp2°2) /dp3;
miu2=dp2/dpl;
% friction matrix
flag='Stick';
if miu==
sml=Inf;
else
sml=mll+ml2+miu2+ml3*sqgrt (l+miu2+miu2) /miu;
if miu2==
sm2=Inf;
else
sm2=m21/miu2+m22+m23*sqrt (1+miu2*miu2) /miu/miu2;
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133 end

134 end

135 sm3=m3lsmiu/sqrt (1+miu2+miu2)+m32+miuxrmiu2/sqrt (1+miu2+miu2) +m33;
136 1f abs(miu)>miul0 % sliding case

137 flag='Slide';

138 dv3=-rvl (3) x (l-res);

139 fai=atan (miu2);

140 if dp2==

141 fai=0/180%pi;

142 end

143 if miuO==

144 sml=Inf;

145 else

146 sml=mll+ml2+miu2+ml3*sqgrt (1+miu2+miu2) /miul;
147 if miu2==

148 sm2=Inf;

149 else

150 sm2=m21/miu2+m22+m23+sqgrt (1+miu2+miu2) /miu0/miu2;
151 end

152 end

153 sm3=m31+miul/sqgrt (1+miu2+miu2) +m32+miul+miu2/sqrt (1+miu2+miu2) +m33;
154 AA=[miuO+cos (fai)*1le06 -rm(1l,1) -rm(1,2);

155 miuO+sin(fai)+1le06 -rm(2,1) -rm(2,2);

156 1e06 -rm(3,1) -rm(3,2)]1;

157 BB=[rm(1l,3)*dv3 rm(2,3)*dv3 rm(3,3)*dv3]"';

158 CC=AA\BB;

159 dp3=CC(1,1) x1e06;

160 dvl=CC(2,1);

161 dv2=CC(3,1);

162 dpl=miuO*cos (fai) xdp3;

163 dp2=miuO*sin (fai) xdp3;

164 end

165 %dpp=sqgrt (dpl”2+dp2°2+dp3"2);
166 % energy on direction 1
$El=abs (dpl/2.x (dv1+2xrv1(1)));
168 El=abs (1/sml/2+dvlx (dvl+2+rv1(1l)));
169 % energy on direction 2

171 E2=0;

172 else

173 $E2=abs (dp2/2.* (dv2+2xrv1(2)));

174 E2=abs (1/sm2/2xdv2«* (dv2+2xrv1(2)));
175 end

176 %$E3=abs (dp3/2.* (dv3+2xrv1(3)));

177 E3=abs (1/sm3/2+*dv3x* (dv3+2*xrvl1 (3)));

178 % velocity change vector

179 dvv=[dvl;dv2;dv3]; % this is in local frame

180 % total energy

181 % do control to output if NaN, usually a result of Infx0
182 1if isnan (El)==

183 E1=0;

184 elseif isnan (E2)==1

185 E2=0;

186 elseif isnan (E3)==

187 E3=0;

188 end

180 tt=E1+E3+E2;




ix

190
191
192

194
195

196

197

ttm=[El,E2,E3];

%% compute the velocity after impact at body frame a and b

FF=massl+mass2xinv (Mtr2) «Mlg;

SS=masslxve_a+mass2*ve_Db;

QQ=mass2*inv (Mtr2) x (rvl+dvv) ;

ve_af=inv (FF) » (SS+QQ) ; % velocity of body a after
impact under body frame a

ve_bf=inv (Mtr2)x (Mlgxve_af- (rvl+dvv)); % velocity of body b after
impact under body frame b

end




	
	
	
	

	
	
	
	

	

	
	
	
	
	

	
	


	
	
	
	
	
	
	

	
	
	

	

	
	
	
	
	
	


	
	
	
	
	
	
	

	
	
	

	
	
	
	
	

	

	
	
	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	

	

	
	
	
	
	

