MARIN

BETTER SHIPS, BLUE OCEANS

Cooperative Research Navies
Introduction
Pepijn de Jong / Eelco Harmsen




Cooperative Research Navies

MARINE
NATIONALE

Dynamic stability research




History

Established in 1989, to:
Study mechanism of capsize
Develop guidelines for safe ship design and operation at sea
Including extreme conditions
Develop, validate, apply and maintain tools for the above purposes (e.g. FREDYN)

Members:
Canadian Navy (DMSS, Ottawa and DRDC-Atlantic, Dartmouth)
French Ministry of Defence (DGA, Val de Reuil)
Royal Australian Navy (DST, Melbourne and Department of Defence, Sydney)
Royal Netherlands Navy (DMO, Utrecht)
Royal UK Navy (UK MoD, Bristol and QinetiQ, Haslar)
U.S. Coast Guard (Engineering Logistics Center, Baltimore)
U.S. Navy (NSWCCD, Washington DC)
MARIN

Associate members:
Ecole Navale (Brest, France)
Qinetiq (Gosport, UK)



Progress

Until Phase 9:
FREDYN development, transition from FORTRAN to XMF
Capsize methodology development
Intact criterion developed (‘0.38 mrad’)
Focus on frigates

Phase 9/10:
Increased focus on other ship types
FREDYN development:
Widening applicability range (hydrodynamics)
Code modernization and benchmarking
Phase 11/12:

‘Small’ surface combatants
Damaged stability
Capsize methodology revisited



LORELEI: PCAP simulations
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2018-07-16 - 08:20:09 - INFO - 'Convergence is NOK. Added 4 to Node _8.40. 2.50_{m]_shipspeed_
412 _[m.s~-1]_heading_060.0_[deg].

g ‘Convergence is NOK. Added 4 si
4.12_[m.s~-1]_heading_030.0_{deg].
2018-07-16 - 08:19:58 - INFO - ‘Convergence is NOK. Added 4 si
412 [m.s~-1]_heading_090.0_(deg].
1] 2018-07-16 - 08:19:52 -
4.12_[m.s~-1] heading_150.0_(deg].’
2018-07-16 - 08:19:46 - INFO - ‘Convergence is NOK. Added 4 si

1
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to Node_; |_8.40_fsec]_. _3.50_{m]_shipspeed_

to Node s t_2.50_[m]_shipspeed_

1112.60_fsecl

INFO - ‘Convergence is NOK. Added 4 si

to Node s _13.90_fsec] s :_2.50_{m]_shipspeed_

to Node_s _13.90_fsec] s _4.50_{m1_shipspeed_
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2018-07-16 - 08:19:40 - INFO - ‘Starting with: 'Probability Calculation Visitor"

2018-07-16 - 08:19:40 - INFO - "inished with: ‘Cluster submit Visitor”

2018-07-16 - 08:18:08 - INFO - ‘Submitted job 8548565 -
Jprojects/P29342.207/Lorelei/Case_GM027_TO/Rundir/T1_13.9_secfHs_02.5_m/Vs_04.1_m.s*-1/Hdg_090.0_deg/B7_seed_866258 - Remaining: 0 - Full slots: 19, (Total: 19)°
2018-07-16 - 08:18:08 - INFO - ‘Submitted job 8548564 -
Jprojects/P29342.207/Lorelei/Case_GM027_TO/Rundir/T1_13.9_secfHs_02.5_m/Vs_04.1_m.s*-1/Hdg_090.0_deq/B6_seed_646916 - Remaining: 1 - Full slots:
2018-07-16 - 08:18:07 - INFO - ‘Submitted job 8548563 -
Jprojects/P29342.207/Lorelei/Case_GM027_TO/Rundir/T1_13.9_sec/Hs_02.5_m/Vs_04.1_m.s™
2018-07-16 - 08:18:05 - INFO - ‘Submitted job 8548562 -

Jprojects/P29342. zo7/|.me4e¢Case GM027_TO/Rundir/T1_13.9_sec/Hs_02.5_m/Vs_04.1_m.s*-1/Hdg_090.0_deg/B4_seed_127857 - Remaining: 3 - Full slats: 16, (Total: 19)'
2018-07-16 - 08: - ‘Submitted job 8548561 -

Jprojects/P29342. 207/Lmele1l€ase GM027_TO/Rundir/T1_13.9_sec/Hs_03.5_m/Vs_04.1_m.s*-1/Hdg_120.0_deg/87_seed_866258 - Remaining: 4 - Full slats: 15, (Total: 19)'
2018-07-16 - 08:18:02 - INFO - ‘Submitted job 8548560 -
Iprojects/P29342.207/Lorelei/Case_GM027_TO/Rundir/T1_13.9_sec/Hs_03.5_m/Vs_04.1_m.s~-1/Hdg_120.0_deq/B6_seed_646916 - Remaining: 4 - Full slots: 14, (Ttal: 18)"
2018-07-16 - 08:18:00 - INFO - ‘Submitted job 8548550 -
Jprojects/P29342.207/Lorelei/Case_GM027_TO/Rundir/T1_13.9_sec/Hs_03.5_m/Vs_04.1_m.s~-1/Hdg_120.0_deg/B5_seed_145766 - Remaining: 2 - Full slots:
2018-07-16 - 08:17:58 - INFO - 'Submitted job 8548558 -

| Iprojects(P29342.207/Lorelei/Case_GM027_TO/Rundir/T1_13.9_sec/Hs_03.5_m/Vs_04.1 m.s*-1/Hdg_120.0_deg/84_seed_127857 - Remaining: 3 - Ful slts: 12, (Total: 15)°
2018-07-16 - 08:
2018-07-16 - 08:1
2018-07-16 - 08:17:18 -
2018-07-16 - 08:17:18 -

8, (otal: 19)'

~1/Hdg_090.0_deg/B5_seed_145766 - Remaining: 2 - Full slots:

7, (otal: 19)°

3, (Total: 15)'

*Starting with: ‘Cluster submit Visitor"

:30 - INFO -
0 “Finished with: File populating Visitor”

- INFO -

or'
INFO - ‘Finished with: "Update directory structure Visitor'"

2018-07-16 - 08:17:18 - INFO - ‘Created 8 directories, 13060 directories already existed.’
2018-07-16 - 08:17:15 - INFO - ‘Starting wi
2018-07-16 - 08:17:15 - INFO - ‘Finished with: ‘Refresh XML & Data structure Visitor"
2018-07-16 - 08:17:12 - INFO - 'Starting with: 'Refresh XML & Data structure Visitor”

“Update directory structure Visitor”

T T
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Cycles []
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T 2018-07-16 - 08:16:47 - INFO - ‘Finished with:
2018-07-16 - 08:16:47 - INFO - 'Required: 13068, Ready: 13048 {Runs to be completed: 20)'
2018-07-16 - 08:14:37 - INFO - 'Starting with: 'Collect progress visitor"

2018-07-16 - 08:14:37 - INFO - 'Ainished with: "Collect resuilts visitor"

2018-07-16 - 08:14:34 - INFO - ‘Starting with: 'Collect results visitor"

2018-07-16 - 08:14:34 -

‘Collect progress visitor"

~
- INFO - Finished with: ‘Collect results visitor
2018-07-16 - 08: -mro ‘Starting with: 'Collect resuits visitor'
2018-07-16 - 08:20:24 - INFO - inished with: ‘Probability Calculation Visitor”
2018-07-16 - 08:20:22 - INFO - 'Convergence is NOK. Added 4 to Node_ iod_5.80_{sec]_» _3.50_{m]_shipspeed_
412 [m.s~-1]_heading_030.0_{deg].
2018-07-16 - 08: INFO - ‘Convergence is NOK. Added 4 si to Node_; iod_7.50_{secl_s _2.50_{m]_shipspeed_
212 [m.s*-1]_heading_060.0._{deg].
05 18-07-16 - 08:20:13 - INFO - 'C is OK for Node_ iod_8.40_[sec] ight_2.50, [m) |shipspeed_ 4.12 [m.s~-1]_heading 150.0_(degl. *
~
v

INFO -

“Finished with: "Probability Calculation Visitor"



LORELEI: peak-over-threshold and GPD FIT
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waveperiod: 9.50 [sec], waveheight: 4.50 [m], shipspeed: 4.12 [m.s"-1], heading: 030.0 [deg]

(Threshold: 8.96 [deg], Scale: 7.89e-01 [deg], Shape: 5.70e-02 [-], Err: 1.35e+00 [-], Efficient Runs: 68 [-])
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Pcap: 2.189e-10 [-], Pcap.hr: 1.248e-08 [-], Conv.: OK
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Large surface combatants Intact Criterion

Results of many simulations with Lorelei
Good correlation with area under GZ-curve until 70 degrees
‘Acceptable risk’ leads to 0.38 mrad
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