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This study examines the challenges of accurately reviewing and approving the main
engine power of multipurpose motorized fishing vessels. It summarizes theoretical
estimation methods and examines the impact of various power estimation techniques
through example calculations. The effective power method was used to estimate main
engine power, and the performance of the fitted equations and auditing methods was
evaluated. The results show that there are significant differences in the accuracy of the
different auditing methods, with differences as high as 45%. The error of the fitted
equation method is below 15%, while the Japanese effective horsepower estimation

method has the smallest error of about 10%.

INTRODUCTION

Ocean fishing is a significant component of China’s fishery
economy. As of the end of 2020, the total num-ber of active
fishing vessels in China was approximately 563,300, re-
maining at a high level, and the competition among ocean
fishing industries is intense.! Meanwhile, the decline in
marine fishery resources has exacerbated this situation, and
the cost of fishing continues to rise.2 To enhance their com-
petitiveness, fishermen often illegally increase the main
engine power of their vessels, which can lead to inadequate
safety equipment as re-quired by the “Fisheries Vessel In-
spection Regulations.” In the event of an emergency during
navigation, this can easily result in accidents such as cap-
sizing and loss of life.3 To protect fishery resources, control
ocean fishing intensity, and promote sustainable utilization
of fishery resources, China has implemented a fishing per-
mit sys-tem since the 1980s, setting “entry requirements”
for fishing. With the development of the times, regulations
on the construction or renovation of motorized fishing ves-
sels have been introduced. These regulations mandate
strict control over the main engine power parameters of
newly built or renovated vessels, requiring that such activi-
ties can only proceed after the dismantling of existing ves-
sels has freed up power parameter indicators. For instance,
if the available power parameter indicator is 100KW, the
main engine power of the newly built or reno-vated vessel
must not exceed 100KW. Without available power parame-
ter indicators, new vessels or renovations cannot proceed.
In this context, fishery managers need to review whether

the proposed vessel meets the required power parameter
indicators based on the plans and specifications provided
by the fishermen. On the other hand, fishermen hope to
meet the control requirements for main engine power while
also improving vessel performance to enhance their fishing
capacity, such as increasing speed. This has led to industry
issues like “over-powered but under-reported” vessels and
challenges for approval authorities in managing main en-
gine power approvals.

Based on ship test data, researchers have proposed nu-
merous methods for estimating ship power. However, due
to differences in design materials, propeller structures, and
ship shapes between these test ships and the ships to be
designed, many researchers have tested these methods for
their predictive accuracy across various types of ships. Liu,
F.% and others estimated the main engine power using the
parent ship series fitting method and the Ohkubo Miho
method under conditions of known displacement, maxi-
mum speed, and total length, verifying the effectiveness of
the estimation results through comparative analysis. Zhang
Baoji®> compared various methods for estimating power in
oil tankers, plotting graphs of effective power against
speed, and found the Ayre method to be more effective
when compared to experimental values. Deng Lili® and oth-
ers explored the adaptability of different methods for power
estimation in fishery administration vessels. Ding, S.” and
others conducted power estimation through resistance and
propulsion prediction, although the model was precise, the
calculations were complex. Tu Haiwen3 evaluated the esti-
mation accuracy of the original Admiralty coefficient for-
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Nomenclature

A Displacement

v Volumetric displacement

1/2a, Semi-entrance angle

Ag/Aq Expanded area ratio

B Beam

by Height of center of buoyancy above baseline

Bp Force coefficient

C Admiralty coefficient

Co Power coefficient

Cp Block coefficient

Cyp Standard block coefficient

Ce Admiralty coefficient of main engine power

Gt Frictional resistance coefficient

Ct200) Frictional resistance coefficient of 200-inch standard vessel

Cm Midship section coefficient

S Prismatic coefficient

C, Residuary resistance coefficient

C, Wetted surface coefficient

Cis Total resistance coefficient

C, Coefficient determined by relative velocity V' and fullness coefficient ¥
" Waterplane area coefficient

d Draft

D Depth

Eo Power coefficient

F1,F2,F3,F4 Parameter of frictional resistance coefficient

Fr Froude number

Ka Appendage resistance influence coefficient

KL Length correction factor

Ky Velocity correction factor

L Length overall

Lpp Length between perpendiculars

Lwi Length on waterline

N Rotational speed

Os00 O-value for vessel with 200-foot length between perpendiculars

Occ Calculated O-value of vessel

P Main engine power

Pp Propeller open water efficiency

Pe Effective power

Penp Effective horsepower

PenpL Effective horsepower with appendages

Ps Main engine output

Pre Propeller delivered power

Re Reynolds number

R¢ Aggregate resistance

S Wetted surface area

Ssec Surface friction correction value

t Thrust deduction factor

T Design draft
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Nomenclature

\% Design speed

V' Relative velocity

Va Propeller advance velocity

X Mumford index

Xy Longitudinal center of buoyancy

Xpe Adjusted Distance of the Center of Buoyancy from the Midship Section
y Mumford index

A1 Prismatic Coefficient Adjustment Factor

JADS Breadth-to-Draft Ratio Correction

A3 Longitudinal Center of Buoyancy Modification

VAV Waterline Length Adjustment

ACy Roughness Allowance

AE Power Correction Coefficient

No Propeller Optimal Efficiency

NR Relative Rotative Efficiency

Ns Shaft Transmission Efficiency

NH Hull Efficiency

A Vessel Length Correction Factor

v Fluid Velocity

v Kinematic Viscosity

[0) Hull Form Coefficient

W Wake Fraction

© Resistance Coefficient

©, Resistance Coefficient for Vessels with200-foot Length Between Perpendiculars
Oy Resistance Coefficient Correction For Vessels With 200-foot Length Between Perpendiculars
Che Prismatic Coefficient Correction Factor

mula based on data from container ships. An improved for-
mula was proposed, which was proven to be more accurate
than the original formula.

Meanwhile, as ships are gradually equipped with on-
board data collection systems, shipowners, operators, and
naval architects can utilize this data to improve vessels’
performance at sea. Zhang C% and Moreira et al.10 applied
machine learning to predict ship power using in-service
data, but the effectiveness of these power prediction mod-
els largely depends on the quantity and quality of training
data, and machine learning models per-form poorly in ex-
trapolation. Furthermore, machine learning models are of-
ten viewed as “black boxes,” with us-ers knowing little
about the reasons behind predictions. In this case, provid-
ing a degree of interpretability to the model can enhance
user trust.!l For example, CFD simulations validated by
model test results have traditional-ly been used to predict
ship power.12 However, these methods require substantial
time and resources, detailed ship and propeller geometry
information, and experienced users to obtain reliable re-
sults.

Since the estimation of ship main engine power is crucial
for calculating the effective power and propulsion effi-
ciency of fishing vessels,!3 and given that hull form data is

not available during fishing vessel registration, the effec-
tive power of fishing vessels cannot be determined through
ship model tests or simulation calculations to determine
resistance, but can only be roughly estimated.!4 Research-
ing fishing vessel power estimation methods and their ac-
curacy can provide reference for detecting whether the ac-
tual main engine power required by fishing vessels is
consistent with the control index requirements for main
engine power.

Numerous researchers and scholars have contributed to
the field of power estimation, yet there remains a lack of
a comprehensive summary and analysis of main engine
power estimation methods specific to fishing vessels. This
study aims to address this gap by presenting a summary,
comparison, and analysis of fishing vessel main engine
power estimation methods through example calculations.
The goal is to facilitate a solution for the compatibility
issue between approved power and actual power levels
aboard fishing vessels.
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MATERIALS AND METHODS

METHODS FOR ESTIMATING THE EFFECTIVE POWER OF
FISHING VESSELS

Fishing vessel effective power estimation is a crucial aspect
of main engine power estimation. The effective power re-
quired by a fishing vessel encompasses the power needed to
overcome resistance while sailing, which can enhance the
vessel’s resistance performance. Presently, methods em-
ployed for calculating the effective pow-er of fishing vessels
include the Navy coefficient method, the Japanese effective
horsepower estimation atlas method, The Pavmiri method,
the stern slipway trawler ship model series test, The Durst
method, TAYLOR’s esti-mation method, Aiyah method,
others. To accurately estimate main engine power, it is es-
sential to analyze the characteristics and applications of
these effective power estimation methods.

DEPARTMENT OF THE NAVY COEFFICIENT METHOD

The Department of the Navy coefficient, a pioneering drag
approximation algorithm, relies primarily on the similarity
of the inspected ship to the parent ship in terms of ship
type, main scale data, Reynolds number, and Froude num-
ber for computational accuracy. The Department of the
Navy factor is defined as:

-5 M

Where: A is the displacement in t; V' is the speed in kn; and
PE is the effective power in kW (HP).

When replaced Py by the host power P, the Admiralty

factor can be expressed as:
A3V

P 2)
The constants Cg and C in Eq. (1) and Eq. (2) have slightly
different meanings, with the former reflecting the drag per-
formance of the ship and the latter reflecting the combined
performance of drag and propulsion.

The main engine power of the inspected ship can be esti-
mated using the coefficient provided by the Department of
the Navy. The key factor is the type of mother ship, which
should have a similar number of Fu Ruide as the inspected
ship, along with similar scale and speed. By applying for-
mula (1) to the mother ship’s data, the Department of the
Navy coefficient for the inspected vessel can be determined,
thereby obtaining the main engine power of the inspected
ship.

C =

P=C-A5V (3)
To employ this formula, certain data is necessary, including
the displacement (A), the design speed (V), and the naval co-
efficient (C) of the fishing vessel.

JAPAN EFFECTIVE HORSEPOWER ESTIMATION METHOD

Jun Takagi!>16 and colleagues developed a set of charts
for calculating the effective horsepower of fishing vessels by
conducting a series of ship model tests, using a standard
95-ton wooden skipjack tuna fishing vessel as the mother
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model. Kazuo Itol7 adapted these charts in 1963 to simplify
the calculation process.
The estimation formula is:
EHP = (Ey+ AE)AVL (4)
Where: EHP for the effective power, unit horsepower (met-
ric); for the displacement A, unit t; for the length of the ship
L, unit m; for the horsepower coefficient Ey (L=30 ), accord-
ing to, V/+/Lg, V/(L/10)3, Cp» B/T, and other values ac-
cording to the chart to find; for the horsepower correction
coefficient A E, which is calculated by the formula:
AE =K x K, /VA (5)
Where K; is the length correction factor, can check the lit-
erature.!# Generally L = 30m, K; = 0 In the actual design of L
= 20 - 50m range, the error is very small, and can not be cor-
rected; Ky, for the speed correction coefficient, from Table
1.
Scope of application for this atlas:
L =10 ~ 60m;
C, = 0.55 ~ 0.75;

V60~ 14.0;

(%)’
=22~ 3.0;
F= 020~ 0.38

VoL
To employ this formula, certain data is necessary, including
the length of the column (L), the velocity (V), the width of
the ship (B), the design draft (T), displacement (A), and the
squared coefficient (Cp) of the fishing vessel.

N| t 5

THE PAVMIRI METHOD

After analyzing and organizing information from a large
number of ship models and real ships, Pavmir developed
the method for determining the effective horsepower,!8
which is expressed as follows:

Pg=A/Lyws-V3/(CA(1+ K,) V) (6)
where Pg is the effective horsepower (effective power is
Pp/1.36) including the attachment, in horsepower (metric);
A is the displacement, in t; Ly, is the waterline length,
in m; V is the speed, in kn; and Ka is a coefficient that
takes into account the effect of the attachment on the drag,
which is found in Table 2.

% is the fertility coefficient of the hull, ¢ = 108/L, Cp;
A is the correction factor for length,
A = 0.7 + 0.34/Ly/100, and the length is not corrected
if the waterline is longer than 100 m. C is the correction
factor for the Ilength by the equivalent rateV’
(V' = V+/v/Lwy) and a coefficient determined by the fer-
tilization factor ¢, which can be found in the literaturel® in
Fig.
The scope of application of the method is:
¥ =0.35 ~ 1.20;
B/T =1.5 ~ 3.5;
B/L = 0.09 ~ 0.25;
Cy, = 0.35 ~ 0.80.
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Table 1. Velocity Correction Factor Ky,

V/v/ gL 0.20 0.22 0.24 0.26 0.28 0.30 0.32 0.34 0.36 0.38
V/\/E 1.217 1.338 1.460 1.582 1.704 1.826 1.947 2.069 2191 2.313
Ky 0.029 0.038 0.048 0.061 0.075 0.091 0.110 0.130 0.153 0.177

Table 2. Coefficient of influence of appendages on
resistance

Number of
propellers

K, 0

1 2 3 4

0.05 0.075 0.100

To utilize this formula, a set of data is required, including
the waterline length (Ly,;), velocity (V), ship width (B), de-
sign draft (T), displacement (A), and squareness coefficient
(Cp) of the fishing vessel.

STERN SLIPWAY TRAWLER VESSEL MODEL SERIES TESTS

The UK published the results of a series of stern-slip trawler
ship modeling trials with drag calculation data in 1974. The
main objective of these trials was to provide useful drag in-
formation for design professionals working on the develop-
ment of stern slipway trawlers.!? The dissemination of this
test data is intended to serve as a reference for further im-
provement and optimization of the design of stern slipway
fishing trawlers.

The test vessel values are shown in Table 3.

Three ship models, 1114, 1115, and 1116, were gener-
ated using the moving cross-section method to obtain the
cross-section area curves of a series of changing ship mod-
els based on changes in the mother ship. The parameters
for these ship models are presented in Table 4.

Based on the test results, both the stern-slip and out-
board trawlers show a similar trend in the longitudinal po-
sition of the optical drag center of buoyancy. The longi-
tudinal position of the optimal center of buoyancy can be
determined using the following equation:

X, = 2 ™)
Where: The longitudinal position of the center of buoyancy
is expressed in percent of inter-length between perpen-
diculars, with negative values indicating a position behind
amidships. V,q represents the speed in knots of a stern-

Table 3. Test ship values

slip trawler with an inter-length between perpendiculars of
200 feet.
The drag coefficients are adopted from Rudolf Fu’s factor
less drag coefficients © I. e:
©= 427 1Penr ®)
A3V3
where: EHP denotes effective horsepower, measured in im-
perial horsepower; displacement is expressed in tons (with
1 metric ton equaling 1.016 tons); and the speed is mea-
sured in knots.

The effective horsepower estimation formula is ex-

pressed as follows:
2/31/73
Penp = A42‘7/.1 : ©)
where: EHP is the effective horsepower, the unit imperial
horsepower, is the displacement, the unit ton (1 metric ton
= 1.016 tons), is the speed, the unit knot.

Considering the change in drag coefficient © caused by
the change of ship width and draft, the Mumford Indices are
used to derive,201. e :

PEHP (0.8 B*TY
x and y in the above equation vary with V/+/L.

According to Eq. (10) and the principle that B and T
change assuming that the length of the ship does not
change, Eq. (9) can be written as follows, namely:

©x B*TY (11)
© is the drag coefficient in equations (7) and (8); B is the
width of the ship, in feet; T is the design draft, in feet; x and
y are the door indices and vary with V/+/L.

In the effective horsepower estimation, the © value of
the ship to be calculated is obtained as follows, I. e:

©= ) x Xpo x Cyo

B z—2/3 T y—2/3
(=) ()

where: ©is the drag coefficient of the ship’s inter-length
between perpendiculars of 200 feet, which can be obtained
according to the interpolation value in Table 5, if the inter-
length between perpendiculars is not equal to 200 feet, it
needs to be included in the correction value Sq- calculated

(10)

(12)

Design Longitudinal Stern
Length . Stern chute
Type of type Draft Stern seawater position of
between chute angle to
vessel . width amidships Longitudinal discharge floating . X
perpendiculars > width design
Inclination center waterline
Stern-
slip 40 16 - 5 imperial o 11 o
fishing 200 feet. feet feet 3feet tons 2.93%L feet 25
trawler
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Table 4. Ship model parameters

Ship Model Number 114 115 116
Length between perpendiculars Lpp, (inches) 200 200 200
Type width B (feet) 40.0 40.0 40.6
Midship draft T (feet) 16.51 16.50 16.46
Waterline Length (ft) 213.8 213.9 213.8
Displacement (imperial tons) 2013 2013 2013
Squareness factor C,, 0.534 0.534 0.534
Prismatic coefficient C,, 0.593 0.593 0.596
Waterline surface factor C,, 0.790 0.774 0.763
Longitudinal position of center of buoyancy %L (after midship) 1.53 447 5.98
Half-in angle 1/2ae 16.9 14.9 14.4
Aspect Ratio L/B 5.00 5.00 5.00
Width-to-draft ratio B/T 242 243 243
Center of Float Height from Baseline (feet) 9.98 9.75 9.73
Difference in design stern longitudinal stern draft 3
Table 5. Resistance coefficients for ships with alength  Table 6. Moenford index
of 200 feet between columns
V (knots ) X y

o S e

X,6 X6 9.5 0.96 0.49
9.0 0.740 0711 100 0.96 0.44
9.5 0.744 0719 105 0.95 0.42
100 0.759 0.745 110 0.98 043
105 0.787 0.782 115 106 0.44
110 0.823 0815 120 114 0.44
115 0.850 0.837 125 119 045
120 0.860 0.847 130 119 0.44
125 0.863 0.854 135 116 041
130 0.874 0.869 140 111 0.42
135 0.904 0.900 14.5 108 0.46
14.0 0.945 0.946 150 110 049
145 0.991 0.992 155 116 052
150 1.036 1.032 160 119 058
155 1.072 1.072
16.0 1.135 1.134

according to Eq. (13); The X, is obtained according to the
literature of Jia, F20; C,,. is obtained according to the litera-
ture of Jia, F20; B is the beam of the calculated ship, in feet;
T is the draft of the calculated ship, in feet; x and y are the
door indices and are found in Table 6.

When the length between the columns of the calculated
ship is not equal to 200 feet, a surface friction correction is
required, the correction value of which is:

Sspc = (Occ — Oap) G 417 (13)
Where: Sqr- is the surface friction correction value: O is
found from Table 7 according to the length between
columns; (s can be obtained from Eq. (14); G is obtained by
Eq. (15);

®= = 5.0699 — 0.5657C}

Lpp B
0.0217 [ == | +0.0752  —

where: Cp is the square coefficient; Lgp inter-length be-
tween perpendiculars, in feet; B is the width of the ship, in
feet; T is the design draft in feet.

D= 1.055

e

(14)

|4

Lpp
where: V is the speed, and the unit section; Lgp is the
length between the columns, and the unit is feet.

When the length of the ship’s columns differs from 200
feet, the value of ©, can be derived from Table 6. The value
of its modified version (SFC) is calculated using Eq. (13),
and then substituted into Eq. (12) to obtain the computed

(15)
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Table 7. Values of O

Length between columns (feet) The value of O
50 0.09668
100 0.08708
150 0.08266
200 0.07989
300 0.07640

ship’s drag coefficient ©. This enables the calculation of the
effective horsepower according to Eq. (9). The scope of ap-
plication is as follows:
V=9~ 17Kn;
Xy = 1.5 ~ 6%Lpp;
Cp = 0.49 ~ 0.60.
To employ this formula, certain data is necessary, including
the length of the column (L), the width of the ship (B), the
design draft (T), the velocity (V), the displacement (D), and
the squared coefficient (Cp) of the fishing vessel. The power
derived from this formula is in imperial horsepower, which
must be converted.

DURST METHOD

Doust (Doust)20 and others statistically analyzed the British
National Institute of Physics Ship Department of the first
test pool, the resistance test results of about 130 fishing
boats, selected the aspect ratio Lpp/B; width draft ratio L/B;
clock profile coefficient Cy,; prismatic coefficient Cp; longi-
tudinal position of the center of gravity Xj; full waterline
half-advancement 1/2 a, and so on, six kinds of parame-
ter constitutes the resistance function of the fishing boat,
and put the fishing boat resistance with the use of these
six kinds of parameters to produce a set of charts, divided
into four groups of parameters. The resistance of the fish-
ing vessel is divided into four groups of parameters by us-
ing these six parameters to produce a set of plots, the first
group of plots of F; by V/v/Lpp, B/T, Cp decision; the sec-
ond group of plots of F, by V//+/Lpp, LCB, C, decision; the
third group of plots of F; by V/v/Lpp, C,, 1/2 a, decision;
the fourth group of plots of F, by V/ \/L_p%, C, decision.

When calculating the effective power of the tested fish-
ing vessel, according to the main parameters of the tested
vessel, the value of the drag coefficient
Cf200) = RL/(A - V?) is calculated according to the chart
with the length of the vessel equal to the length of 200 feet
between the columns, and then the friction drag coefficient
is corrected according to the actual length of the vessel, so
that the Cy of the “calculated vessel” is:

Ct = Cfa00) + 01 (16)
51 _ 152.2 j< SSFO (17)
N

(200)

Where: Cgrg) is the drag coefficient for a ship with a
length between perpendiculars of 200 feet; §; is the correc-
tion for Cp due to the calculation of a ship with a length
between perpendiculars not equal to 200 feet, which can be
obtained from equation (17); and Sgg is the correction for

surface friction of the ship under test with a length between
perpendiculars not equal to 200 feet, which can be calcu-
lated from equation (13).

The drag coefficient Cy for the length of the ship under
survey is equivalent to 200 feet between the columns, and
the formula is as follows:

Cf(ggo) =F +F,+F;+ Fy (18)
The values of F;, F,. F3 F, were found separately from
the four sets of plots.

And then the effective horsepower of the ship to be sur-
veyed is:

CR X A X V3
325.7 x Lpp
Where: EHP is the effective horsepower in horsepower (im-
perial); Cp is the drag coefficient of the vessel under test; A
is the displacement of the vessel under test in British tons;
and Lgp is the length between the columns of the vessel un-

der test in feet.

The graph and regression equation obtained by Doust
from the statistical analysis of fishing vessel resistance data
are limited in use, and their application ranges are as fol-
lows:

Pgpp = (19)

Cp = 0.60 ~ 0.705;
B/T = 2.0 ~ 2.6;
Xy = 0 ~ 6%Lpp(aft amidships) ;
1/2a, = 5.0 ~ 30.0;
Cy =0.81~091-
To employ this formula, certain data is necessary, including
the fishing vessel’s inter-length between perpendiculars
(Lpp), width (B), design draft (T), speed (V), displacement
(&), clock profile coefficient (Cy,), prismatic coefficient (),
full-load discharge line half-entry angle (1/2 a,), and other
data, and this formula to find the power for the imperial
horsepower needs to be converted to it.

TAYLOR’S ESTIMATION METHOD

TAYLOR’s estimation method is based on TAYLOR’s stan-
dard series of ship model test results, TAYLOR’s estimation
method will be divided into residual resistance and friction
resistance are estimated separately. 1954 Gattler through
the analysis of TAYLOR’s standard group of resistance data,
in the former based on the water temperature, laminar cur-
rents, and restrictions on the channel of the influence of
the respective correction, organized a set of dimensionless
residual resistance coefficient charts, expanding the scope
of use of the method of TAYLOR’s estimate. The estimation
method is also called Tylor-Gettler method.2! The calcula-
tion process is as follows:

1)Specify the ship type parameter values of the tested
ship: B/T, C,, V/L?, and F,.

2)Get the wet area coefficient Cg

The wet area coefficient can be obtained indirectly from
the ship shape diagram. If no profile is available, it can be
approximated that the wet area of the ship under test is
equal to that of the standard ship type. According to the
given B/T value, select the two Cg graphs closest to it and
find the Cg value. Then, the Cq value of the standard ship
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Table 8. Application of the Tylo estimation method

group B/T L/B G, Cp

The first group 2.25 5.0~15 0.44~0.80 0.48~0.86
The second group 3.00 4.6~15.1 0.44~0.74 0.48~0.80
The third group 3.75 4.0~13.4 0.44~0.80 0.48~0.86

type is calculated by linear interpolation for the given para-
meter values.
3)Calculate the friction resistance coefficient Cfvalue
The value of the friction resistance coefficient Cfcan be
obtained by Sonhai’s plate formula, or by looking up the
Reynolds number table or directly calculating.

Cy = 0.4631/(Ig Re)*® (20)
Re = VLWL (21)
v

The variables are defined as follows: Re represents Reynolds
number; v represents the flow rate of the fluid; Ly; repre-
sents the waterline length; v represents the kinematic vis-
cosity coefficient. When the seawater represents 15 degrees
Celsius, v = 1.18837°.
4)Find the residual drag coefficient
According to the parameters B/T, Cp, V/L3and F, values
of the measured ship, the corresponding C, graph is se-
lected and the C, value is obtained by interpolation. If the
wet area S’ of the ship under test is known, then the wet
area coefficient C,’ of the real ship can be obtained as:
!
o=
VVL

Where: S’ is the wet area of the ship under test, unit m2; v

(22)

The volume of the vessel under test, in m3; L for Captain,
unit m.

When C; is different from the wet area coefficient C; of
the standard ship type, the residual resistance coefficient
value C, needs to be corrected, and the corrected residual
resistance coefficient C,’of the real ship is:

cr - c%
When the wet area coefficient of the ship is unknown, it can
be assumed that C,’ = C,, then:
Cl=0C, (24)
5) Find the value of total resistance and effective power.
The total resistance coefficient Cy is:
Cis=C,+Cr+ ACy (25)
Where: Cf is the friction resistance coefficient; Cf is calcu-
lated according to equation (20). ACYis the added value of
roughness, generally 0.4 x 103.
Total resistance is:

(23)

1
Ry, = Ctsgp‘ﬂsl (26)
The effective power is:
RV
= 2
¥~ 1000 27

The application scope of this method is shown in Table 8.
To employ this formula, certain data is necessary, includ-
ing the fishing vessel’s length (L), ship width (B), the design
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draft (T), the speed (V), displacement (A), square coefficient
(Cp), prismatic coefficient (Cp), and other data.

AIYAH METHOD

Aiya analyzed the results of a large number of ship models
and real ship tests, drew the curve chart for resistance esti-
mation, and then directly estimated the effective power for
the standard ship model; then corrected one by one accord-
ing to the differences between the tested ship and the stan-
dard ship model, and finally obtained the effective power
value of the tested ship.

The corresponding parameters of Aiyah law standard
ship type are:

(1) The formula for finding the standard square coeffi-
cient C.is as follows:

Single oar vessel:Cy. = 1.08 — 1.68F;

double-oared vessel: Cy. = 1.09 — 1.68F;,.

(2) Standard width-draft ratio: B/T=2.0.

(3) Longitudinal position of standard center of buoyancy

(4) Standard waterline length: Ly = 1.025L pp

The effective power Py (kW) formula of the standard ship
type of Aija method is:

A0.64V5§
B 0
Where: V for the hydrostatic test speed, the unit of knots;
A for the displacement, the unit of t, the displacement of
the index of A due to the frictional resistance with the scale
of the growth than the residual resistance with the scale of
the growth of the slower and take 0.64; C, for the length
of the displacement coefficient can be based on the length
of the L /A3 and the speed of the ratio of length of the
V /VL (or F,) can be looked up in Articles by Sheng, Z.B. to
get.21

Power estimation for non-standard ship types requires
corrections to the values in Eq. (28). Corrections are made
in four areas: squareness factor, width-to-draft ratio, lon-
gitudinal position of the center of gravity, and waterline
length.

1)Correction of square coefficient

When the square coefficient C} of the measured fishing
vessel is different from the standard square coefficient Cj,.,
Cy is corrected by adding a correction quantity A;.

When C,>Cy,..

Pg x 0.735 (28)

Ay = —3x 0, S =y (29)
Che
When Cp<Cy,.
Ay = Cy x Kpe (30)
2)Width draft ratio correction
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When the width draft ratio of the measured fishing ves-
sel is not 2.0, the correction of Cj is realized by adding an-
other correction. A\,

This A4 is:

AQ =—-10 x Cb(B/T — 2)% X (OO + Al) (31)
3)Longitudinal position correction of center of buoyancy

If the longitudinal position of the center of buoyancy of
the ship under test is not in the standard position, another
correction quantity Asneeds to be added for correction. To
confirm the value of A3, (A3), should be computed accord-
ing to Eq. (32).

(A3)g = (Co+ A1+ D) X Ky (32)
Where: K,. is the percentage reduction, which can be ob-
tained from the literature?! :

When A1<O,thenA3 = —(Ag)o;

When A;<0,and |(A3),| < Aq,then Ag = 0;

When Aq1<0,and [(As)] > Ag,then
Az = —[(A3)o] — A

4)Correction of waterline length

If the waterline length of the measured vessel Ly, is not
equal to the standard waterline length, further correction is

required. The formula for the correction value D is:
Ly — 1.025Lpp

Ay =
4 1.025Lzp (33)
X(00+A1+A2+A3)
The fully corrected coefficient

C1 = Cy+ A1+ DNg + A+ Ay The effective power of the
ship under test is:

Py = A"MV3/0; x 0.735 (34)
To employ this formula, certain data is necessary, including
the fishing vessel’s waterline length (L), length between
perpendiculars (Lpp), ship width (B), the design draft (T),
speed (V), displacement (A), square coefficient (Cp), pris-
matic coefficient (Cp), and other data.

SUMMARY

The estimation of effective power can be categorized into
two methods: one involves using empirical formulas or pa-
rameters from the main ship to directly estimate total re-
sistance or effective power, while the other method involves
analyzing a large number of ship model test series and ac-
tual ship test voyage data to establish a series of charts for
the ship model. This allows for the calculation of residual
resistance and the use of corresponding plate formulas to
calculate friction resistance, and ultimately the total effec-
tive power. The principle parameters of these methods are
detailed in Table 9.

ESTIMATION OF MAIN ENGINE POWER USING
EFFECTIVE HORSEPOWER OF FISHING VESSELS

High-quality fishing vessels must prioritize navigation
economy, low fuel consumption, and substantial towing
power to withstand adverse sea conditions.22 This necessi-
tates that the main engine of the fishing vessel can deliver
the required power to ensure safe navigation. To standard-
ize production, different legal navigation areas and oper-
ational requirements are delineated based on the fishing
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vessel’s power. Simultaneously, the number of crew mem-
bers and safety equipment are stipulated according to the
vessel’s power. Inaccurate main engine power poses a hid-
den danger to safe production, necessitating the improve-
ment of accuracy in estimating the main engine power of
fishing vessels. The propeller-driven host power of the fish-
ing boat overcomes hull resistance, and by mapping the
propeller series, the relationship between effective power
and host power can be established to estimate the host
power of the fishing boat.

PROPELLER DESIGN DIAGRAM

The propeller design atlas is a specialized compilation of
geometric parameters related to performance, derived from
open-water model tests of propellers. It provides the most
suitable propeller performance index within the range of
propeller information offered. This atlas is specifically ap-
plicable to the preliminary design of propellers for conven-
tional ship types with relatively uniform companion cur-
rents. Currently, most ship propeller matching designs are
based on series diagrams, such as B-8 series diagrams and
MAU series diagrams, which have undergone extensive
testing and refinement.23 Additionally, some research or-
ganizations have incorporated computer technology into
the calculation of propeller design atlases to achieve fast
and accurate calculations. Fu Pinsen also presents specific
methods of propeller selection through practical cases in
his work.24 Notably, the world’s leading propeller design
atlases include the B-type propeller design atlas of the
Netherlands and the AU-type propeller design atlas of
Japan.

THE INTERACTION COEFFICIENT BETWEEN PROPELLER
AND HULL IS ESTIMATED

During operation, the propeller interact with the ship’s hull
due to hydrodynamic effects, which can affect propeller ef-
ficiency and propulsion to some extent. In 1976, Kugr pro-
posed a formula for estimating companion currents of sin-
gle and double propeller cargo ships. In 1988, Schneekluth
proposed a formula for estimating companion currents of
single-propeller bulbous-tailed cargo ships. Additionally,
Heckscher, Caldwell, Telfer, Papmeh, and other researchers
have also made significant contributions in this area. Yaru
Y25 To study the effect of towed objects on the resistance
of fishing vessels under different conditions. In particu-
lar, the study investigated changes in the ship’s resistance,
rather than the additional load from the towed object; Al-
though the interaction with Kelvin waves and towed ob-
jects was also studied. The aim is to understand best prac-
tices and provide guidance on tow length. Schneekluth26
and others processed a large amount of ship model pool
experimental data to study the impact of ship parame-
ters, resulting in the development of a companion current
estimation formula through regression analysis. In 1965,
Koshiji Shigenobu proposed a formula for estimating com-
panion currents under different loading conditions of fish-
ing vessels.
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Table 9. Principal parameters of the estimation method

Estimation method ,:(Ij%nme ter g(;i, type and characteristics of the Forms and characteristics of resistance
Department of the .
Navy coefficient V, A C (;apta|n, speed, F'roude number Frictional and Attachment Resistance
method similar type of ship
Japan Effective LBTVA, Wooden skipjack tuna fishing boat e .
horsepower c with a wide hull Frictional and Attachment Resistance
estimation method p
. Ly, B, T, The outboard trz_:\wler ha.s Frictional and attachment resistance, low
The Pavmiri method undergone a series of ship X .
V,4,C, - estimate of effective horsepower
modeling tests
Stern Slipway Trqwler Lpp BTV, Stern Slipway Trawler Vessel Friction resistance and a}ttachment resistance,
Vessel Model Series . have low results for fishing vessels under 40
4,Cp Model Series Tests
Tests meters
Lpp,B, TV,
Doust method 4,Cy. Gy Various fishing boats Frictional and Attachment Resistance
1/2a,
imati Ly, BT, i i igh- i .
Tylo estimation WL Mother s.hlpfor.warshlps for high Frictional and Attachment Resistance
method V4G, C, speed skinny ships
L Lpps Fishing vessels, low and medium-
Ayre method B, T V.4 speed commercial vessels, ocean Frictional and Attachment Resistance
C, tugs

Thrust derating refers to the additional hull thrust
caused by the propeller working behind the ship, with the
thrust derating coefficient representing the ratio of thrust
derating to thrust. Determining the factors affecting the
thrust reduction factor is highly complex and is typically
determined based on ship model tests. However, it can also
be approximated by empirical formulas. Commonly used
estimation formulas include the Heckscher formula, Shang
He formula, Gotebao formula, and Holtlow formula.2” The
thrust derating coefficient is significantly influenced by
waves, and an increase in propeller load will result in a
change in the thrust derating coefficient under actual work-
ing conditions.28 Currently, most of our fishing vessels are
small to medium-sized, and Hankschel’s formula is highly
accurate for estimating the fraction of companion currents
as well as the fraction of thrust derating for such vessels.

Heckscher wake coefficient estimation formula is:

w=0.77Cp — 0.28 (35)
Where: w is the fraction of flow and Cp is the prismatic co-
efficient.

Hecksher thrust reduction coefficient estimation for-
mula is as follows:

t=0.77Cp — 0.30
Where: t is the prismatic coefficient.

(36)

ESTIMATION OF HOST POWER USING EFFECTIVE POWER

The propeller acts as a connection between the hull and the
primary engine, and its open-water efficiency is determined
by the ratio of the thrust produced by the propeller while in
motion in the water to the energy it uses. The energy used
by the propeller comes from the main engine. When the
ship travels at a consistent speed, the thrust generated by
the propeller is approximately equal to the resistance of the
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Figure 1. Power estimation diagram.

ship in the water. In simpler terms, the power produced by
the propeller, PTE, is roughly equal to the effective power
of the fishing vessel Py.

The atlas was determined based on the propeller type,
blade number, and disk area ratio, and was calculated ac-
cording to the steps outlined in Table 10. Assuming a range
of propeller speeds, the results in Table 10 were obtained
with speed N as the horizontal coordinate and Pg and Prg
as the longitudinal coordinates, respectively. The optimal
speed is determined by the horizontal coordinate of the
intersection point between the power Ppy supplied by the
propeller and the effective power Py of the fishing boat in
Figure 1. The corresponding vertical coordinate on the Pg
curve represents the estimated power of the main engine.

Where each parameter is defined as follows: ny repre-
sents is the hull efficiency; V is the ship speed, unit m/s;
V, represents the propeller feed speed, unit kn; Bp repre-
sents the force coefficient; N represents the propeller rota-
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Table 10. Power estimation table of the host

serial name unit data
number
1 Propeller diameter (given) m
9 11—t
e = 1—w
3 Va=Vx(1l—-w) kn
4 Pe(given) kW
Suppose a set of speeds N rpm N1 N2 N3 N4
Diameter coefficient
6 - 2LV 81 8, 83 84
Va
Check the B4-55 graph by & contour line with the optimal
7 efficiency curve 701 702 o3 o4
No Bp: Bps Bps Bpy
By
BV? 76
8 pp=_—r4. _ 0 kw Pp, Pp, Pp; Pp,
DT TN? 75%1.36
9 Main engine power Pg = nng kW Py Pg, Pgs Pgy
Calculate the power that the propeller can supply
10 Prg = Pp - No * NH kw PTEl PTEZ PTE3 PTE4
tional speed, unit rpm; Pp, represents the power received by
the propeller in the open water, unit kW; Pg is the power Fitting formula
of the main engine, unit kW; Py represents the calculated 1600 |
|
power that can be supplied by the propeller; 7, represents o 1400 |
- |
the transmission efficiency of the shaft system; ng repre- :E 1200 ;
sents the relative rotational efficiency; no represents the % 1000 | ® . ®
optimal efficiency of the propeller. = 800 | @ =" ¥ =0.0398x
B= i R2=0.0023
g 600 o Kl
THE FITTING FORMULA ESTIMATES THE POWER OF THE ; 400 - ;"..
MAIN ENGINE S 500 | @88
Zh01.1 Chunbm anq colleagues ‘ devised a model to predict 0 10000 20000 30000 40000
a ship’s main engine power using data from the AIS data- VLB

base and the Yangtze River ship registration database. This
method produced precise estimates owing to the robust re-
lationship between main engine power and the ship’s di-
mensions. Nonetheless, the model necessitates a substan-
tial volume of data and encompasses various undetermined
parameters.

In this paper, we introduce the following relationship
based on Fu Ruide’s resistance coefficient formula and the
connection between main engine power and total ship re-
sistance.

Psx R,V (37)

R =©n/125-1/2-p- V2. V1 (38)
V=C,-L-B-d (39)

Ps o V3(LBd)* (40)

Where the variables are defined as follows: © represents
a constant, R, represents the ship’s integrated resistance;
p represents the density of seawater, unit kg/m3; V repre-
sents the speed, unit m/s; V represents the drainage vol-
ume, unit m3; C; represents the squareness coefficient; L
represents the length of the ship, unit m; B represents the
ship’s breadth, unit m; d represents the draft, unit m.
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Figure 2. Power and Diagram

Based on the data of 33 fishing vessels (different types
of fishing vessels) in the China Marine Fishing Vessel Atlas,
a linear fitting curve was established with the main engine
power Py as the vertical coordinate and V3(LBd)?3 as the
horizontal coordinate. As shown in Fig. 2:

Then the fitting formula Pg = 0.0398 - V3(LBd)%Can be
obtained, in the process of fitting analysis, the decidable
coefficient RZ reacts to the percentage of the total variation
that can be explained by the correlation in the fitting func-
tion, and the greater the percentage of the variation ex-
plained by the fitting curve, the more reliable the fit of the
fitting function to the actual situation. From R2=0.9023 it
can be seen that this linear equation has a reliable fit and
this formula has some usability. At the same time, this for-
mula contains more parameters of the main scale of the
fishing vessel, and its results have a certain rationality.

When employing this method, the design speed Vs is
substituted for the speed of the ship (V) the length between
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Table 11. Host Power Audit Requirements Table

Length of ship <12m

12msLength of ship <24m

24<Length of ship

trawler
>0.40

Host power factor >0.32

Other fishing vessels
20.32

trawler
20.40

Other fishing vessels
20.30

perpendiculars (Lgp) is utilized instead of the ship’s length
(L), and the design draft (T) is used in place of the draft (d).
The power obtained by this formula is in metric horsepower
units, and thus requires conversion.

HOST POWER AUDIT METHOD

In 2020, Zhejiang Province issued a notice regarding the
Management of the Fishing Vessel Fishing License. The no-
tice stipulated restrictions on the use of the main engine
power coefficient for applications related to the production,
renewal, and reconstruction of main engine power for do-
mestic marine fishing vessels. This re-striction requires
that the ratio of the fishing vessel’s host engine power to
the product of its length, width, and depth must fall within
specific value ranges, detailed in Table 11.

The host power factor equation is:
P

L-B-D
The formula Eq. (41) is used to assess if the host power
meets the audit requirements, but it does not accurately
limit the main engine’s power. The parameters required for
estimating the main engine power using this method in-
clude the host power factor, length (L), width (B), depth (D),
and others. The coefficient can be calculated from the cor-
responding parameters provided by the fishing vessel to en-
sure compliance. By utilizing the vessel’s parameters, the
coefficient range can be calculated to check if it meets the
requirements. Simultaneously, it can also infer the coeffi-
cient for the main engine power of the fishing vessel. This
formula, based on actual inspection values obtained from
numerous audits, has led to the formulation of relevant
regulations in Zhejiang Province. These regulations aim to
enhance the approval process for fishing vessel main engine
power, ensuring the alignment of approved power and ac-
tual power.

Host power factor = (41)

RESULTS

This study utilizes an actual fishing vessel as a case study
for estimation. Obtaining data such as mother ship dis-
placement (A), design speed (Vy), naval coefficient (C), and
others for different fishing vessels is challenging. Addition-
ally, acquiring data for the longitudinal position of the cen-
ter of gravity of the float is difficult, making the Tailor’s
method less suitable as it is more appropriate for lean high-
speed boats, whereas fishing vessels are predominantly
low-speed boats. The research selects the Japanese fishing
boat’s effective horsepower estimation method, the
Pavmire method, the Aiyah method, and other approaches
to assess the accuracy of estimating the main engine power
of fishing boats. A comparative analysis with the fitting for-
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mula method and the main engine power audit method is
also conducted. Data from fishing vessels in a province and
the China Marine Fishing Vessel Atlas are included, as pre-
sented (Table 12).

The propeller power increases nonlinearly with rota-
tional speed, and its efficiency sharply declines after reach-
ing the peak value.30 Therefore, when utilizing the effective
horsepower estimation atlas of Japanese fishing vessels,
Pavmire’s method, and Aiyah’s method, the appropriate
range of rotational speed N in Table 10 should be consid-
ered, with the rotational speed N set at 100-300 r/min dur-
ing the calculation process. The ship’s main engine power
in (Table 12) is estimated using the fitting formula estima-
tion equation of the law of the hour and the main engine
power auditing method, with the results presented (Table
13).

Comparing the above calculations with the actual re-
sults, the degree of difference is showned (Figure 3):

The comparative analysis in (Figure 3) reveals that the
main engine estimated value obtained using the Japanese
effective horsepower estimation method closely aligns with
the actual power value. This suggests that the fishing vessel
design enterprise may be using the Japanese mother ship
model as a reference in their designs. In contrast, the values
estimated using the Ayer method and the fitting formula
method are both lower than the actual main engine power.
Furthermore, considering the fishing vessel types, the esti-
mated values of drift gillnet vessels exhibit closer proximity
to the actual values compared to those of trawlers.

Upon reviewing (Figure 4), it is evident that the Pavmire
method exhibits significant estimation error fluctuation,
while the Aiya method yields errors ranging between 20%
and 30%. The fitting formula method demonstrates a max-
imum error of approximately 15%. The host power auditing
method shows minimal power estimation errors for some
fishing vessels, although, for others, the estimated power
versus actual power error is notably high, reaching up to
46%, thereby limiting the efficacy of the host power audit-
ing for fishing vessels. In contrast, the Japanese Effective
Horsepower Estimation Method closely aligns with the ac-
tual power, with a maximum error rate of around 10%.

To more comprehensively evaluate the performance of
each method, we calculated the RMSE (Root Mean Square
Error), MAE (Mean Absolute Error), MAPE (Mean Absolute
Percentage Error), and MaxE (Maximum Error) for each
method. The results are shown in the table below.

Japan Effective Horsepower method has a root mean
square error (RMSE) of 19.13 kW, a mean absolute error
(MAE) of 11.68 kW, a mean absolute percentage error
(MAPE) of 3.21%, and a maximum error (MaxE) of 44.12
kW. This indicates excellent performance in error control,
with significantly lower MAE and MAPE compared to other
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Table 12. Fishing vessel data
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Serial
number

N L N W

Job
type

Drift
gill
net

Drift
gill
net

trawl
trawl
trawl

trawl

Master scale data for fishing vessels propellers
Total Lengt.?h Ship's Ship's design Propeller Pl.fopeller leaf blade
of ship breadth depth draught Diameter surface number (of a
length/m Model .
/m /m /m /m /m ratio leaf)
39 32.94 6.20 3.10 245 B 2.15 0.55 4
36.5 30.86 5.80 2.70 2.10 B 2.00 0.55 4
33.9 28 6.6 2.9 2.3 ka 1.818 0.55 4
39.9 34 7.2 35 2.7 19+ka 1.9 0.55 4
41.7 35 7.2 3.6 2.8 19+Ka 2 0.58 4
29 238 5 22 1.7 19A+ka 1.52 0.55 4

Design
speed /

Kn

9.20

8.50

11.50
11.00
11.08
10.50

Design
Displacement
/t

380.5

2755

256
407
434
123

Host
power/

199

145

400
426
441
176
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Table 13. Calculation results

. . Actual
. . The Pavmir Ayre Fitted formula Host Power
niir’;‘sér Jaeiiﬁnifziﬁ’;ee?ﬁgze&%er method method estimation method Audit Method ,:\j\_:r
(kw) (kw) (kw) (kW) P
(kw)
1 198.70 204.15 158.72 193.72 189.93 199
2 139.44 131.67 110.93 126.26 144.98 145
3 394.20 440.75 320.56 339.38 214.37 400
4 470.12 313.12 323.11 398.65 342.72 426
5 454,54 341.92 348.27 425.56 362.88 441
6 175.25 163.25 129.61 157.47 104.72 176
112.88 kW. The larger error distribution, particularly in
) RMSE and MaxE, suggests that this method struggles with
B Japan Effective

horsepower esti-mation
method /KW
The Pavnir method/cW

Ayre method/kKW

@Fitted formula
estimation method/kW

MY/remod aursua uepy

BHost Power Audit
Method (/KW

m Actual host power/kW

Figure 3. The difference between the host power
estimated by different methods and the actual host
power

estimation error

e===The Pavmir method

= Ayre method

== Japan Effective horsepower esti-mation method
Fitted formula estimation method

e=THost Power Audit Method

o2 oo o
[ R A

Absolute value ofthe error

Figure 4. Main engine power estimation error by
different methods and actual main engine power
estimation error

methods, showing high accuracy and consistency between
predictions and actual values.

Pavmir Method has an RMSE of 63.92 kW, an MAE of
47.32 kW, a MAPE of 13.02%, and a maximum error of
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extreme values, resulting in lower precision and consis-
tency.

Ayre Method has an RMSE of 71.20 kW, an MAE of 65.97
kW, a MAPE of 22.50%, and a maximum error of 102.89 kW.
With a MAPE of 22.50%, this method shows relatively high
relative error, making it less suitable for scenarios requiring
high accuracy.

Fitted Formula Estimation has an RMSE of 29.94 kW, an
MAE of 24.33 kW, a MAPE of 8.52%, and a maximum error
of 60.62 kW. This method strikes a balance, with error met-
rics between Japan Effective Horsepower and other meth-
ods. Its MAPE of 8.52% indicates reliable relative error con-
trol, making it a viable secondary choice.

Host Power Audit has an RMSE of 93.67 kW, an MAE
of 71.23 kW, a MAPE of 21.47%, and a maximum error of
185.63 kW. With the highest RMSE and MaxE among all
methods, it shows significant deviation in predictions, es-
pecially with extreme values, indicating lower reliability.

In summary, the Japan Effective Horsepower method
performs best across all error metrics, particularly with no-
tably lower MAE and MAPE, making it ideal for scenarios
requiring high precision. The Fitted Formula Estimation
method is a good secondary option, with slightly higher er-
rors but still maintaining good overall control. In contrast,
the Pavmir Method, Ayre Method, and Host Power Audit
have larger errors, especially in RMSE and maximum error,
making them more suitable for applications with lower sen-
sitivity to error.

DISCUSSION

This paper provides a comprehensive overview of the ex-
isting methods for estimating the effective horsepower of
fishing vessels and delves into the estimation of their main
engine power. In addressing the challenge of power esti-
mation for fishing vessels, the study considers the practi-
cal aspects of ship inspection and, in conjunction with ex-
isting calculation formulas, develops an estimation method
for the main engine power of fishing vessels. The work con-
ducted is as follows:

(1) Given the diverse array of fishing vessel types and the
substantial variation in data among them, it is imperative
to select an appropriate method for estimating main engine
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Table 14. Calculation results

method RMSE (kW) MAE (kW) MAPE (%) MaxE (kW)
Japan Effective Horsepower 19.13 11.68 3.21 44,12
Pavmir Method 63.92 47.32 13.02 112.88
Ayre Method 71.2 65.97 225 102.89
Fitted Formula Estimation 29.94 24.33 8.52 60.62
Host Power Audit 93.67 71.23 21.47 185.63

power to enhance the accuracy of estimation. This study
comprehensively summarizes estimation methods suitable
for determining the effective power of all types of fishing
vessels.

(2) Notably, the study reveals that the Japanese fishing
vessel’s effective horsepower estimation method, when
combined with the propeller mapping method, yields
greater reliability for estimating main engine power in
small and medium-sized fishing vessels compared to other
methods. Additionally, the fitting formula method demon-
strates adaptability in estimating main engine power for
different types of fishing vessels.

(3) Fishing vessel design and manufacturing enterprises
generally do not specify the mother ship type used in the
design of the fishing vessel. The mother ship type for the
fishing vessel design can be inferred by comparing the cal-
culation results and the corresponding formula. If the
power of the fishing vessel in this study’s calculation
closely resembles the results obtained by the Japanese ef-
fective horsepower estimation method, it suggests that the
mother ship type of the fishing vessel design is referenced.
Subsequently, the relationship between the main engine
power and the main scale of the hull can be studied based
on the characteristics of the mother ship type.

(4) Utilizing the findings of this study, the approval
process for fishing vessel nets can achieve improved accu-
racy in auditing main engine power. This contributes to ad-
dressing the issue of discrepancies between the actual main
scale of the fishing vessel and the approved power, provid-
ing valuable insights for mitigating the “big engine, small
scale” dilemma.

In the future, the practicality of the Japanese effective
horsepower estimation method will be further examined
with more fishing vessel data. Additionally, a regression
equation for estimating main engine power will be estab-
lished based on the current fitting formula, combined with
research on the characteristics of vessel engine-propeller
matching and more fishing vessel data. This approach aims
to achieve accurate and versatile estimation of main engine
power for fishing vessels.

Despite its contributions, this study has several limita-
tions. For example, the focus on small to medium-sized
fishing vessels limits its applicability to other vessel types,
and the reliance on data from specific regions (e.g., the
China Marine Fishing Vessel Atlas) may not reflect global
variations in vessel design and performance. Additionally,
the lack of robust statistical validation or error analysis re-
duces the reliability of the proposed methods for broader
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application, and the limited sample size may not fully rep-
resent the diversity of fishing fleets. These limitations may
affect the generalizability and precision of the findings.
However, the findings remain valuable as they provide a
foundation for improving fishing vessel power estimation
methods and offer insights for addressing industry chal-
lenges.
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