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In response to the evolving nature of future naval warfare, the Navy is pursuing a strategic plan to enhance its existing manned

forces and secure a range of unmanned surface vehicle (USV) assets designed for mission—specific operations, This initiative
aims to strengthen operational capabilities and establish maritime superiority in future battlefields through the integration of
manned and unmanned forces, USV is expected to operate independently in harsh maritime environments or conduct joint

missions in coordination with manned ships, thereby expanding the Navy s operational flexibility and effectiveness in
multi—domain maritime operations, Under such circumstances, USV is expected to be at a disadvantage in terms of seakeeping

performance compared to larger and more capable manned ships, Therefore, greater attention should be directed toward the

design and improvement of seakeeping performance during the development phase, Consequently, a preliminary examination of

methods for establishing seakeeping performance criteria—which serve as the foundation for seakeeping—oriented design of USV
is considered necessary. This paper aims to propose a method for establishing seakeeping performance criteria for USV to
ensure their effective operation in harsh maritime environments, The main content includes a comparative and analytical review

of seakeeping performance data for various vessels, including manned ships, to develop a procedure suitable for USV, As a
case study, a 7-meter—class USV was used to establish preliminary seakeeping criteria and to validate them through model

tests

Keywords : Unmanned surface vessel(RQ14~A7), Seakeekping performance(LigAds), Design criteria(AA| 7|2), Optimal heading

(Z/& 212), Naval ship(&%), Model test(2& A[R)
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Table 1 Loss of Russia naval ship(as of March 2025)

Weapon Damage Sinking Total
7 5
usv (2FF, 2PCC, 1LST, | (2PCC, 1LST, 12
1MLS, 1LCM) IMLS
2 1
A (2PB) (1LCM) 3
11 3
Missile | (2FF, 1PCC, 6LST, | (1CG, 1PCC, 14
1SS, 1AGS) 1LST)
2
Other 1 (pec, 1Lem) - 2
Total 22 9 31
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Table 2 General operability limiting criteria for ships

Item Naval vessels |Fast small craft
Vert. acc. RMS, FP 0.275 ¢ 0.650 g
Vert. acc. RMS, bridge 0.200 g 0.275 g
Lat. acc. RMS, bridge 0.100 ¢ 0.100 g
Roll RMS 4.0 deg 4.0 deg
Slamming, crit. prob. 0.03 0.03
Deck wetn., crit. prob. 0.05 0.05

Table 3 Points of view considered in the criteria

. Personnel
e | ity | oerton | satey | 2 &
efficiency
Vert. acc. FP o (o]
Vert. acc.,
bridge ° o
Lat. acc.,
bridge ° ° °
Roll o o o
Slamming o
Deck wetness o
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Table 4 Categorization of seakeeping performance assessment
criteria(ROK Navy, 2022)

Categorizatio . Effects on the performance
Unit .
n of Naval Ship

* Decrease in crew work efficiency
and personnel injuries

» Decrease in the ship’s
operational capability

Roll deg

* Decrease in crew work efficiency
and personnel injuries

» Decrease in the ship’s
operational capability

Pitch deg

Crew fatigue and reduction in
Vertical work productivity

acceleration » Decrease in the ship’s functional

capability

e Crew fatigue and reduction in
Longitudinal work productivity

acceleration Decrease in the ship’s functional
capability

Relative velocity to the aircraft
Inability to safely take off and

Vertical .
veelrotlgi? m/sec land the aircraft
y * Damage to the aircraft and
landing gear
¢ Reduced functionality of
Frequency }
of slamming | No. /s mast—-mounted equipment
9 ’ e Damage to the forward bottom of
events
the hull
Frequency e Crew injuries and drowning
of deck incidents
No./s )

wetness ¢ Damage to equipment on the

events forecastle deck

Frequency

of sonar ¢ Reduced functionality of the

No./s
dome sonar system
exposure

Frequency | No./ Degradation of the propulsion
of propeller | 100 system
exposure | pitch Increase in ship speed loss
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Table 5 Classification and considerations by seakeeping
performance evaluation factors (ROK Navy, 2024)

Evaluation factors Considerations
(Unit) (Influence on ship performance)

» Degradation of the ship’s

Roll / Pitch (deg) mission performance capability

Degradation of the ship’s
mission functions

Vertical / Longitudinal
acceleration (g)

Vertical velocity Degradation of the ship’s
(m/s) mission functions

[Notes]

For phenomena such as slamming, deck wetness, and the
exposure of the sonar dome or propeller, reference may
be made to the guidelines for establishing seakeeping
criteria as necessary.
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Table 6 Classification of USV by lightweight displacement
(ROK Navy, 2024)

Item Il_|ghtvve|ght Remarks
displacement
Small USV 10 Ton or less Lenght overall
about 10 m or less
. More than 10 ton ~ Lenght overall
Medium USV 100 Ton or less about 10 ~ 30 m
More than 100 ton ~ Lenght overall
Large USV 500 Ton or less about 30 m or more
[Notes]

More than 500 Ton : Unmanned surfac combatant
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Table 7 Sea state (ROK Navy, 2022)

Significant wave| Wind speed Wave period
Sea height (m) (kts) (sec)
state Range |Mean |Range|Mean| Range prg/lt?;ktjle
0~10~01]005/0~6]| 3.0 - -
2 |01~05/0.30|7~10| 85 |51~149] 6.3
3 105~1.25 0.88|11~16/13.5|5.3 ~ 16.1 7.5
4 [1.25~251.88|17~21{19.0|6.1 ~17.2| 8.8
5 25 ~4 1325(22~27124.5(7.7~178| 9.7
6 4~6 |5001(28~47/37.5(100~187| 12.4
7 6~9 | 7.50|48~55/51.5({11.7~198] 15.0
8 9~14 |11.50|56 ~63|59.5|145~215| 16.4
> 8 > 14 > 14| >63 |> 63|164~225| 20.0
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Table 9 Seakeeping performance criteria for 7m class USV
ltem Contents

Transit to destination under
Sea State 3 through
autonomous navigation and
remote control

Seakeeping performance

Significant wave
height

Heading course

0.88 m

Condition Optimal heading

Ship speed 10 / 20 kts
Roll 5.10 deg
Pitch 3.92 deg

Vertical
Evaluation| acceleration
factors (CG)

0.20 g

Longitudinal
acceleration
(CG)

0.08 g
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@ Main frame

@ Y-axis rail unit
® Sub carriage
@ Yaw table

® Truss

® Cabin

@ Control box
Wave maker
© Wave absorber

Fig. 1 Ocean Engmeermg Basin

Polar Plot of Roll RMS (10 kts / 20 kts)

180°
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120° e 4 240°

90° 270°
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L
. .
. .
..........
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|—e—10 ks —o— 20 kis
Fig. 2 Roll (deg)

Polar Plot of Pitch RMS (10 kts / 20 kts)
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150° 6 210°

120° --‘.,._.---""" ........ Criteria 240°
270°

90°

60° 300°
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Fig. 3 Pitch (deg)
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Polar Plot of Vertical Acc. RMS (10 kts / 20 kts)
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Fig. 4 Vertical acceleration (g)

Polar Plot of Longitudinal Acc. RMS (10 kts / 20 kts)
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Fig. 5 Longitudinal acceleration (g)
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