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Theme name Place text here

Goal for today

To evaluate the benefit of simulating damage control actions on a battle damaged ship.

« Simulation of battle damage from naval shells or anti-ship missiles

« Evaluation of crew capabilities to control the damage

« Determine lean crew size that meets the requirements of the command aim
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® ® ® ® ®
1926 1946/47 1961 1970 1980

FOUNDATION FOUNDATION INFRARED GAS-DETECTING TNO
RVO-TNO CAMERA EQUIPMENT ACT
Physics Laboratory The National Defence One of the first infrared cameras A kit to detect poison gas The defence research
Organisation TNO (RVO-TNO). in the world. The camera with which has been used for years at TNO and the RDO (Council
in-house-developed indium by Defence. The kit, including for Defence Research) is
Defence laboratories in antimonide sensor, optics and pump, test tubes and detection enshrined in the TNO Act.
RVO-TNO open. electronics, facilitates image paper, makes detection easy
e ey e—p] registration based on heat. using colour reactions.

Infrared cameras are still m innovation

indispensable for operating at
night.
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®
1981

WALRUS
MOCK-UP

A 1:1 wooden mock-up of the
Walrus-class submarine is
being built to optimise the

ergonomics and layout. The

construction of the mock-up

also highlights errorsin the
technical design.

¥ e £ "

24 October 2024 | Simulation of damage control for lean manned warships

®
1995

ACTIVE PHASED
ARRAY RADAR

The knowledge about phased
array radars accumulated
since the 1960s is used in

the development of the APAR

for the Air Defence and
Commando Frigate (LCF).
With four active antennae,
the APAR can track low-flying
goals and guide air missiles.

®
2007

DESDEMONA

Design and construction of
the most advanced 3D motion
simulator in the world, which
combines the possibilities of a
hexapod and a centrifuge and
therefore provides a hyper-
realistic simulation of flying,
driving and sailing.

®
2016

3D PRINT ENERGETIC
MATERIALS

3D printing makes it possible to
produce gunpowder, rocket
propellant and warhead
cargoes on site. By using smart
shapes and material
combinations, it is possible to
improve the performance.

®
2018

TESTING
HIGH ENERGY LASER

Testing interactions between
laser and target and expanding
insight into the materials which

protect from laser weapon
systems.
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Smart Sensor Solutions

TNO Naval activities Radar, EW, ESM, Sonar
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Moskva

« Hit 13 April 2022, sank 14 April 2022
 Allegedly hit by two R-360 Neptune anti-ship missiles

* Russia reported that the ship had sunk in stormy seas
after the fire reached munitions onboard and they
exploded

« 37 crew members reported killed

« 118 injured

6 x AK-630|

close in weapo
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HMNZS Manawanui

October 5, 2024

Royal New Zealand Navy HMNZS Manawanui (AQ9)
support vessel runs aground off of Samoa and then
later burns and sinks.
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Operational state

A

Primary Damage

Function

Secondary Damage on Recovery

Damage Control

A 4
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PIAS Modelling
(stability) gndscape

RAPPORT
(RCS)

L —_—

SHIPMATE
(RHINO)

. iy

 FIDES
(concept-
tual)

FEM
(structural)
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File Edit Mode View Bookmarks Tools Import/Export Help

RESIST & IRM

# 1 o it 2 9] [ B  C1-+ smmcrec

= ¥Crew

¥Console_Operators
= ¥DC Crew

+Invest1_elec_mechiso_fwd_w_ffe
*invest1_mechiso_access_fwd_w_ffe
+invest3_mechiso_fwd_w_ffe

£l

Blln 5 lincllall@laslael

T )

“invest4_elec_mechiso_boundary_fwd_w|
“invest4_mechiso_boundary_fwd_w_ffe . T .
“*invest5_mechiso_rescue_ff_fwd_w_scba o
° 3 “invest7_mechiso_ff_fwd_w_ffe | |
Rule-based approach (i.e. not scripted) et e, e, 53 | | [] |
“investd_mechiso_boundary_fwd |
“mechiso_boundary_cic | IE. /I |
° on e ° “mechiso_boundary_code_rm
ll f dl b l t “*mechiso_boundary_comm_rm TS = .
q ows or en ess possl I I Ies “*mechiso_boundary_fwd : P . *
“*mechiso_boundary_plths
E3 Rresist - a X
File  Tools Theme About
& | 3D view X Panels 2 X Scenario's & X
g
.~ | Descripti... = Orientation Material WY s el
1 None vz FeE355 &
Blast
2 None Y-Z FeE355 .
Fire
3 None Y-Z FeE355
Fragmentation
>4 None Vi=Z FeE355
5 None Y-Z FeE355 v
Panels  Doors/Hatches  Components  Syste < >
Panel properties £ X Scenario properties £ X
Length z-direction 2.696 [m] - “
Threat ASM | 50 v
Length y-direction 4.105 [m]
Azimuth 90 [deq]
Material FeE355 v
Elevation 0 [deg]
Thickness 5 [mm]
3Dview  2Dview  2.5D view Velocity 300 [m/s]
z-direction v v
Simulation control £ X
Scenario Anti-ship missile v
Output location C\Users\walrvd\OneDrive - TNO\Submappen\Documents\TNO\Resist\Studies\Duchateau class\Output Browse
Use fixed random seed
Simulate Damage

Extra log files

C\Users\walrvd\OneDrive - TNO\T96122 Ship drawings and models\Work\Duchateau\RESIST\202410090PV.mdb

EVALUATION
SOLUTIONS, LLC
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Case study — Damage ©entrol aboard Corvette
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Case study — Damage Control aboard Corvette

Goal: validate Integrated Recoverability Model (IRM)
« IRM integrated in TNO toolchain
* RNLN platforms and doctrines

« Validation based on DC exercises

Simulate and time the damage control after anti-ship missile hit:
- Time at which fire is attacked by fire picket
« Time at which boundary management is established

e Time to muster non-DC crew

1 “Modelling of damage control in battle conditions” - Rogier van der Wal, Derek Skahen
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Duchateau study object

Unrestricted ship for publication/communication
« Low level of automatization

« 39 pax

- 2 fire attack crews (4 pax)

* 4 boundary management crews (2 pax)

« Incident command team (4 pax)

i :
I I
= T
1 m =
; e
[ ]
" ®® (| [-----oeond
L I
— i I B
‘| e |— [ LA -
- m:u:;u || ‘Iw.a%-%‘wv' i
. ror * @ ]
. . e o® ®e o
= _J o o s
h _ L - : e ] =
O~ | o0 LL
s e o o e ° )
: - [=] =] T
B - - : [ B
] m O L] I - I
=
=]
=0 -
- =l =] -

24 October 2024 | Simulation of damage control for lean manned warships

14

m innovation
for life



Damage control organisation

Command and control
1. Establish smoke boundary between bulkheads

2. Decide on fire attack route/boundary
management priorities

24 October 2024 | Simulation of damage control for lean manned warships

........

Incident command HQ

| T
[ | Y | o
a o )
| B |I ! LX) [ SR
[ | |
::l—».».—.». s E—
1 | -nl
i || paannRn_ | ) . o
° e ) | B
°° .‘.... M
T i * o : q\
= . e o o g : ‘ 5
B HJ - e = 7 = =
TR | — 1 * o o o ’ﬂ—/
— : e e @ @ ’
. i a [=] =] —_——
o i ”
- =m [0 ] I = I - D = ] >
ol =]
=] ] &
Gl [F1 L

m innovation
for life

15



Damage control organisation - Attack crew

N . T T ;
Attack crew, AP3 and AP4 i ; '“E , Section posts
1. Attack changes into full firefighting ensemble
at section post 1 [ R E—
| ] | o
2. Time is written near the section post 5 S S Do P
IR |
3. Relieved by next attack crew S
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Damage control organisation

Boundary management crew (BM)
1. Informed at Command & Control on priorities

2. Establish fire boundary
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Damage control organisation

Unassigned crew

1. Muster at forward or aft weatherdeck
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Scenario - Anti-ship missile hit

Fragmentation of the warhead

Blown out decks and bulkheads

Fire spread by remaining fuel/compartment combustibles

Spread of the fragments Structural failure
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Scenario - Anti-ship missile hit

Damage status known T S s L
. et WO 'ﬂ
* Fire USSR R i . S |

« Collapsed decks = o [ e
L L

_| ------------------------ “| I :I: ;—‘ CLoH L T "f,L
Im.-umu =}
— e —— ] W

R = T _T:B>
n - . T

T | . ] | E ED :
[ 1 . ) s

/f/: _'___-_\E.. — TT“‘—— B

24 October 2024 | Simulation of damage control for lean manned warships

innovation
m for life 20




""""""""" i -
I ® _|;
@)
a..z-w i
1
IRM simulations P T |
[ — m
(= IS T
| =
y= il .
— " " ee|n
I I
: LN I_ ool
1 3,
i o SRCUI _| ——
]
; caxl X 1B Tee " °
'g oD = nl‘ ‘I' »
£l
&
[ L I
= ¢
m [ Ca— EJ1!!' . I (= I
'\. . L *
24 October ZWUOI for ILan manned wayship 2
. [} ﬂ i} N

innovation
for life

21



Timeline

01:19
00:18 00:34 00:49 01:05 Fire extinguished
AP3 relief AP relief AP3 relief AP4 relief .,

\

un-;‘m ~~_00:23 00:39 00:54 01:00
: AP3 refiﬂedh_hhﬁ AP4 refilled AP3 refilled 01:30
| 00:03 T~
11. 00:01  AP3 extinguishing Tt~
\ BM instructed o
II}LD:DD . 00 00:04 00:06 ~=-_
Fire boundary established ' AP3 atTW  AFTboundary managed — ~~._
! AP3 at TW -

00:01 00: 00:p3 00: 00:05 00:06 00:07 00:08 00:09
00:00 00:02 00:10

AP3 in FFE pp-03

AP4din FFE 00:04
FWD boundary managed
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Conclusion

« Powerful tool for evaluating organisation of damage control
* NE is able to limit distribution of sensitive material to a national level
* Battle damage and battle damage repair can be included

« Capability to quantify required crew size for damage control and battle
damage repair

« When crew size is a given: capability
structural capabilities.

Outlook-

* Availability of un\y
« Crew incapacitatio |

 Automatization
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