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Abstract As greenhouse-gas regulations for ships become increasingly stringent, the integrated
operation of multiple power sources and power management systems (PMS) has become important for
improving ship energy efficiency. This study analyzed 219 hourly operational samples collected from a
320K-class very large crude carrier (VLCC) from 6 to 15 July 2024, of which 199 complete samples were
used for SG-related analyses. Shaft-generator (SG) operation was identified in 185 samples; the
main-engine speed ranged from 36.7 to 51.1 RPM (45.2+5.3 RPM), while the mean SG power and load
ratio were 692.3%135.0 kW and 47.7+9.3%, respectively. The G1+SG and G2+SG combinations
accounted for 81.4% of the valid samples, and the SG power-sharing ratio for single-AG-SG parallel
operation, including G3+SG, was 49.8+0.8%. Representative operating states and load-change
magnitudes obtained from ship data were combined with SG control-boundary conditions to develop
seven PMS HILS validation scenarios covering normal parallel operation, SG-only operation, load
variation, power-source transition, low- and high-speed limits, and SG disconnection. Each scenario
was defined in terms of input conditions, triggers, expected PMS responses, and evaluation items. The
scope of this study is limited to scenario development and does not include PMS performance testing
in a HILS environment.

Key Words : Shaft Generator, Power Management System, Ship Operational Data, Load Sharing, Hybrid
Ship, HILS
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(Table 1) Comparison with related studies

Ref. Method Foous | oSG s
data
N ) Hybrid ship

[2]-[5] Review EMS No No

[6]-[9] Simulation Ship EMS No No
101, 1111 HILS Ship PMS No Yes

[12] HW test Hybrid EMS No Yes
[171, 18] Analysis Shaft generator No No

This Data analysis SG/A.G Yes Scenario

study operation
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(Table 2) Main power sources of the target vessel

Power source | Rated capacity Quantity Remarks

Gl Dual-Fuel | 4 155 1y 1 e SWBD signal
Generator)

G2 (Generator) 1,450 kW 1 ea SWBD signal

G3 (Generator) 1,450 kW 1 ea SWBD signal
SG (Shaft 1.450 KW 1 ea Main-engine
Generator) coupled

320K VLCC (Owner : MARAN, Yard : SHI)

Dual Fuel Generator 1,450KW ¢ 1ea

Generator 1,450KW 2 ea

Shaft Generator 1,450KW ¢ 1ea

Main Engine MAN ES7G80 ME-GITier |11 {Dual-Fuel LNG)

[Fig. 1] Representative vessel of the same series and
main specifications of the target vessel
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[Fig. 2] Shaft generator monitoring and control
interface implemented in the PEMS
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[Fig. 3] Shaft generator capacity and control points
according to main engine speed
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(Table 3> Data collection and preprocessing

criteria
Item Description
Vessel 320K-class VLCC
Period Jul. 6-15, 2024
Sampling 1 h; 219 samples
Variables ME speed, G1-G3 power, SG power, total power
Missing data 20 SG samples excluded without interpolation
Operating state Power > 50 kW
Valid samples 199 for SG/mode analysl_s; 219 for total-power
variation
Outliers IQR outliers retained after operating-mode

review

Note: Total-power variation was calculated from 218 consecutive 1-h
intervals using all 219 total-power samples.
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[Fig. 4] Time-series of main engine speed and power
generation during the analysis period
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SG &3 W4 692.3+135.0 kW, SU% 654.5 kW=
e oH, AARRRS} ABARE e 42 615.7
kWet 731.0 kWolth. Bt Fohe2 47 749.3%, ]

Fol&2 78.6%A oM, 71 ¢ B 45.2+
5.3 RPMO.2 EAE ]},

(Table 4> Descriptive statistics for SG operating
samples (n=185)

. Mean )

Variable +SD Median Q1-Q3 Range
ME speed 45.2 240 40.9- 36.7-

(RPM) 53 ' 50.0 51.1
SG power 692.3 6545 615.7- 390.4-
(kW) +1356.0 ) 731.0 1,139.1

SG load ratio 47.7 251 42.5- 26.9-
(%) 9.3 ' 50.4 78.6
Total power 1,297.7 12972 1,214.8- 872.8-
(kwW) +152.1 B 1,436.7 1,768.3

Note: SD, standard deviation; Q1 and Q3, first and third quartiles;
range, minimum-maximum.
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(Table 5)

SG output characteristics by main-engine
speed range

MER;?/T)Ed n SG(IE)\X/V)VG" Loag%);atio Main combination
3BINAO | 41 e 50.6 | GI+SG / G2+SG
40<N45 | 52 jrage 451 | G1+SG / G2+SG
a5<NG0 | 23 ;1825"77 491 | G2+SG / SG only
B0<NG5 | 69 3237%?7 476 | G2+SG / SG only

Note: 2V, main—-engine speed; SG power,
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1400

1200

SG Normal Operating Range (35-65 RPM) 5‘
1000 ® G2+SG (n=116)
G1+5G (n=46) A
4 SGOnly (n=17)
G3+5G (n=4)
X Two AGs+SG (n=2)
800  --- SG Available Power Limit (1,450 kW)
3

SG Power [kW]

o S !r
600 il ? ‘
X
400 x

35.0 37.5 40.0 425 45.0 475 50.0 52.5
Main Engine Speed [RPM]

[Fig. 5] SG power versus main-engine speed by
operating combination
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o} 5 2o AA SaRE 81.4%S AXASIT.
G3+SG 47} HE-S EFSH AG 1H-SG HE2H2
Z 16671(83.4%)=, EA717He] i 2AFEHA. o]
Qo] SG TEH2 177H(8.5%), G2+G3 HEZZ
1470(7.0%), B AG-SG ¥E2H2 270(1.0%)=
2574=
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(Table 6) Load-sharing characteristics by operating

combination
- n Total power | SG power | SG share
Combination %) M) W) )
G2+SG 116 (58.3) [1,292.3£123.2|  643.7 49.8
G1+SG 46 (23.1) [1,420.8+114.7| 708.3 49.8
4
G3+SG 2.0 1,115.6457.3 543.5 48.7
SG only 17 (8.5) | 1,050.0£38.8 | 1,048.9 99.9
G2+G3 14 (7.0) |1,115.8£113.4 0.7 0.1
Two AGs+SG (120) 1,255.2+93.3 412.9 32.9
Total 199 (100) - - -

Note: Total power is presented as meantSD; SG power and SG share
are sample means. Operating states were classified using a
50-kW threshold. Recorded values below the threshold were
retained in the calculations; the SG was classified as
non-operating in G2+G3.
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{Table 7> PMS HILS validation scenarios

Scenario Basis Input Check
S1 Parallel Ship data AG+SG Load sharing
S2 SG-only Ship data SG only Supply stability
S3 Load change Ship data  [£120 / +360 kW Load response
S4 Transition Data / function AG-SG Load transfer
3 WAlarm / AG start
S5 Low-speed Data / spec. | 35—32 RPM /'SG limit
. Plarm / AG start
S6 High-speed SG spec. 65—70 RPM /SG limit
S7 SG trip Abnormal case SG trip AG takeqver/
protection

Note: Detailed conditions and expected responses are described in
Section 4.2.
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