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ABSTRACT – Patrol boat play a crucial role in maritime security and law 

enforcement, where optimizing hull performance is essential to achieve both efficiency 

and stability in various sea states. This study analyzes the influence of hard chine 

variations on the resistance and stability of a patrol boat hull. Four hull models single 

and double chine with angles of 0° and 10° were evaluated using Maxsurf Resistance 

and Stability. Total resistance was calculated at service speeds of 10 and 15 knots, while 

stability was assessed based on IMO Resolution A.749(18), Chapter 3. Results show 

that at 10 knots, the single chine 10° model produced the lowest resistance, whereas at 

15 knots, the double chine 10° gave the best performance. Stability analysis indicated 

that all models met IMO criteria, with the double chine 10° achieving the highest GMt, 

maximum GZ, and angle of maximum GZ. The findings suggest that the single chine 

10° is more efficient for calm-water operations, while the double chine 10° provides 

superior stability for rough-sea conditions. 

*Corresponding Author | Achmad Mukti Raharja |   muktiraharja213@gmail.com 

INTRODUCTION 
 

This Patrol boats are widely employed for maritime security, surveillance, and law enforcement operations, 

requiring high speed and good maneuverability [3][4]. The hull form of such vessels significantly affects their 

hydrodynamic performance, particularly in terms of resistance and stability [1][2]. Resistance is a key factor 

influencing propulsion power and fuel efficiency, while stability determines the safety and operability of the vessel 

under various sea conditions [5]. 

Planing hulls with hard chines are commonly used for patrol boats due to their ability to reduce wetted surface 

area at higher speeds and to provide improved dynamic lift [7][8]. The configuration of the chine, including the 

angle and number of chines, plays a crucial role in balancing hydrodynamic resistance with transverse stability 

[10][11]. Most previous research on planing hulls emphasizes CFD simulation or experimental towing tests 

[7][9][11]. In contrast, this study explores chine angle variations through Maxsurf prediction [15], providing a 

more practical approach for early-stage design evaluation. 

This study aims to investigate the effect of hard chine planing variations on the resistance and stability of a 

patrol boat hull using Maxsurf software. Four variations were analyzed, including single chine at 0°, single chine 

at 10°, double chine at 0°, and double chine at 10°. The results provide insight into the trade-off between 

minimizing resistance and maximizing stability, contributing to more efficient hull design for patrol vessels. 

Most previous studies on planing hulls have relied on CFD simulations or experimental towing tests to evaluate 

resistance and stability characteristics. However, such approaches require significant computational resources and 

complex setups. In contrast, this study introduces a simplified evaluation of hard chine planing variations using 

the Maxsurf platform, allowing rapid prediction of hydrodynamic and stability parameters in the early design 

stage. This methodological distinction represents the novelty of the present work and provides practical insight 

for patrol vessel designers in achieving an optimal trade-off between resistance and stability. 
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METHODS 
 

This study aims to analyze the influence of hard chine planing variations on the hydrodynamic resistance and 

stability characteristics of a patrol boat hull. The object of the research is a planing-type patrol vessel designed 

for high-speed operation, characterized by its flat bottom and hard chine geometry to enhance dynamic lift. The 

hull modeling process was performed using AutoCAD, where the baseline hull was developed as the foundation 

for subsequent chine modifications. The principal dimensions of the patrol boat used in this research are 

summarized in Table 1, which defines the fundamental geometric proportions that govern displacement, hull 

volume, and overall performance potential. These parameters including the overall length, beam, depth, and draft 

serve as the fixed baseline for all design variations analyzed in this study. By maintaining the same principal 

dimensions, the comparative assessment focuses solely on the hydrodynamic and stability effects produced by 

differences in chine configuration, ensuring that the analysis isolates the geometric impact of chine design without 

interference from scale or volumetric discrepancies. 

Table 1. Table Principal Dimensions of the Patrol Boat 

Description  Value 

LOA (m) 16,70 

LPP (m) 16,00 

B (m) 3,80 

T (m) 2,20 

D (m) 0,70 

Engine Power (HP) 3 x 300 

FOT (liter) 2500 

FWT (liter) 1000 

Crew (person) 4 

Passenger (person) 8 

Vessel Speed (knots) 25 

 

The principal dimensions shown in Table 1 were derived from an existing patrol vessel operated by the 

Indonesian Marine Police. These values were slightly adjusted to maintain proportional similarity and ensure 

compatibility with the Maxsurf simulation environment. This approach ensures that the model remains 

representative of real operational conditions while allowing consistent comparison across different chine 

configurations. 

The baseline hull geometry, illustrated in Figure 1, represents a planing-type hull with a sharp entry at the bow, 

a relatively flat bottom surface, and prominent hard chines extending longitudinally from bow to stern. The 

forward section is designed with a fine shape to minimize wave-making resistance, while the midship region 

provides sufficient beam for stability and load capacity. Toward the stern, the hull transitions into a flatter form 

to enhance dynamic lift and reduce transom drag during high-speed operation. The chine lines are positioned at 

the bilge area, where changes in curvature create a flow separation boundary that contributes to spray formation 

and additional hydrodynamic lift. This geometric foundation serves as the reference model from which all chine 

variation cases single and double chines with different angles were subsequently developed. 

 

 

Figure 1. Baseline Hull Geometry of the Patrol Boat 
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In this study, the independent variables were the chine configuration (single or double) and chine angle (0° 

and 10°). The dependent variables were total resistance and stability indicators, including GMt, GZmax, and the 

angle of maximum GZ. Control parameters such as main dimensions, displacement, and service speeds (10 and 

15 knots) were kept constant throughout all simulations to ensure that the observed differences resulted solely 

from chine geometry variations. 

Hull Variations 
 

Four hull form variations were developed based on differences in chine number and inclination, namely Single 

Chine 0°, Double Chine 0°, Single Chine 10°, and Double Chine 10°. All variations were derived from the same 

baseline geometry to ensure that only chine configuration served as the variable parameter affecting performance. 

The chine was modified along the bilge area of the hull, where its angle and number influence flow separation, 

pressure distribution, and the magnitude of dynamic lift generated during forward motion. 

 

 

 

Figure 2. Cross-sectional views of Hull Variations 

Computational analysis was performed using Maxsurf software, which provides modules for both resistance 

and stability evaluation. The Maxsurf Resistance module was used to estimate calm-water resistance through 

empirical planing hull prediction methods, while the Maxsurf Stability module was employed to assess intact 

stability according to IMO Resolution A.749(18), Chapter 3. The use of these integrated tools allowed a consistent 

and comparable evaluation of hydrodynamic and stability parameters within the same design environment. 

The simulations were carried out under calm-water conditions at two service speeds of 10 and 15 knots, 

representing typical operational conditions for patrol boats. The input data for resistance analysis included hull 

geometry, displacement, and speed, while for the stability analysis, the Longitudinal Center of Gravity (LCG) and 

Vertical Center of Gravity (VCG) were used as input parameters. These values were obtained from preliminary 

weight and geometric calculations for each hull configuration to ensure accurate simulation results under realistic 

vessel loading conditions. 

The simulations were conducted under calm-water conditions with a seawater density of 1025 kg/m³, which 

represents typical coastal patrol environments. All analyses were performed assuming negligible wind and wave 

effects to isolate the influence of hull geometry on hydrodynamic performance. Maxsurf was selected as the 

primary computational tool due to its efficiency in the early-stage design process, where multiple hull variants 

can be evaluated quickly with minimal setup time. Nevertheless, it is acknowledged that Maxsurf employs semi-

empirical prediction methods that may not fully capture nonlinear flow phenomena or spray formation at high 

Froude numbers. Therefore, the results of this study are best interpreted as preliminary estimations to support 

further CFD or experimental validation. 

 

Research Procedure  
 

The research procedure was systematically arranged, beginning with hull modeling, followed by chine 

variation generation, resistance and stability simulation, and finally, comparative evaluation. The analytical 

sequence was designed to identify the correlation between chine configuration, hydrodynamic efficiency, and 

stability performance. The results of resistance and stability were then interpreted to determine the most efficient 
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hull configuration in terms of total drag reduction and compliance with international stability criteria. A schematic 

representation of the workflow process from modeling to evaluation is presented in Figure 3. 

 

Figure 3. Research Methodology Flowchart 

 

RESULTS AND DISCUSSION 
 

Images Resistance at 10 Knots 
 

The resistance prediction at a service speed of 10 knots is presented in Figure 4. Among the four hull variations, 

the single chine 10° model recorded the lowest resistance of 8145.52 N, while the double chine 0° produced the 

highest resistance of 8336.96 N. The single chine 0° and double chine 10° variations showed intermediate values 

of 8201.11 N and 8265.17 N, respectively. 

These results indicate that increasing the chine angle from 0° to 10° tends to reduce resistance, particularly for 

the single chine configuration. The effect can be attributed to reduced wetted surface area and improved flow 

separation, which lower both frictional and wave-making resistance. However, the difference between variations 

at 10 knot remains relatively small (less than 200 N), suggesting that chine geometry exerts a more limited 

influence at lower speeds. 

 

Figure 4. Total resistance of four hull variations at 10 knots: (a) Single Chine 0°, (b) Double Chine 0°, (c) 

Single Chine 10°, and (d) Double Chine 10° 
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Images Resistance at 15 Knots 
 

At a service speed of 15 knots, the differences in total resistance became more evident (Figure 5). The double 

chine 10° hull exhibited the lowest resistance, with a value of 25,156.86 N, followed closely by the single chine 

10° at 25,227.52 N. The double chine 0° recorded 25,358.75 N, while the single chine 0° produced the highest 

resistance of 25,431.54 N. 

The results at 15 knots reinforce the trend observed at 10 knots, where hulls with sharper chine angles (10°) 

generally performed better in minimizing drag. This improvement can be explained by enhanced flow deflection 

at higher speeds, which reduces wave amplitude and energy dissipation. Although the absolute differences 

between variations are modest (less than 300 N), they represent potential fuel savings during long-term operation, 

especially at higher service speeds. 

These findings are consistent with previous research indicating that sharper chine angles enhance 

hydrodynamic performance by promoting efficient spray deflection and reducing wetted surface area. Avci (2018) 

and Hou (2019) reported similar reductions in total drag in high-speed planing craft with increased chine 

sharpness, while Lotfi and Ashrafizaadeh (2015) demonstrated that geometric refinements in hull surfaces 

significantly improve flow separation and dynamic lift. The agreement between the present results and those 

reported in earlier studies reinforces the reliability of Maxsurf-based prediction for preliminary planing hull design 

evaluation. 

 

Figure 5. Total resistance of four hull variations at 15 knots: (a) Single Chine 0°, (b) Double Chine 0°, (c) 

Single Chine 10°, and (d) Double Chine 10° 

 
To further clarify the differences between hull types, a comparison was made between the single chine and 

double chine variations at 15 knots, as presented in Table 2. The results indicate that both double chine 

configurations produced lower resistance values compared to their single chine counterparts. This suggests that, 

at higher speeds, the double chine hulls demonstrate slightly better hydrodynamic performance by reducing drag. 

However, the margin of improvement remains relatively small, reflecting the subtle influence of chine 

configuration on resistance at planing speeds. 

 

Table 2. Comparison of Resistance between Single Chine and Double Chine Variations 

No 
Speed 

(knots) 

Variations 

Single 

Chine 

0° 

(N) 

Double 

Chine 

0° 

(N) 

Single 

Chine 

10° 

(N) 

Double 

Chine 

10° 

(N) 

1 3 0,287 0,305 0,284 0,300 

2 6 1,394 1,439 1,381 1,421 

3 9 5,006 5,167 4,967 5,123 

4 12 15,980 15,979 15,871 15,847 

5 15 25,432 25,359 25,228 25,157 
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Stability Analysis  

 

The intact stability of all hull variations was evaluated using Maxsurf Stability. The assessment followed the 

criteria set out in IMO Resolution A.749(18), Chapter 3, which specifies intact stability requirements including 

initial metacentric height (GMt), maximum righting arm (GZmax), the angle of maximum GZ, and the area under 

the GZ curve. The results are presented in Table 3, while supporting comparisons of specific parameters are 

illustrated in Figure 6 and Figure 7. 

According to the IMO Resolution A.749(18), Chapter 3, the intact stability of small vessels must satisfy several 

quantitative criteria. These include a minimum metacentric height (GMt) of at least 0.15 m, a maximum righting 

arm (GZmax) not less than 0.2 m occurring at a heel angle between 25° and 35°, and a sufficient area under the 

GZ curve up to a heel of 40°. Compliance with these parameters ensures that the vessel possesses adequate initial 

and overall stability under normal operational conditions. In this study, these criteria were used as the benchmark 

to evaluate the stability performance of each hull variation. 

 

Table 3. Stability Parameters of Hull Variations 

No Criteria 

Variations 

Single 

Chine 0° 

Double 

Chine 0° 

Single Chine 

10° 

Double 

Chine 10° 

1 Area 0 to 30 13,760 14,490 13,731 14,750 

2 Area 0 to 40 22,669 23,721 22,621 24,125 

3 Area 30 to 40 8,909 9,2301 8,890 9,376 

4 
Max GZ at 30 

or greater 
1,044 1,064 1,043 1,074 

5 
Angle of 

maximum GZ 
62,7 60,9 62,7 60,000 

6 Initial GMt 1,87 1,979 1,868 2,015 

      

 
Figure 6. Comparison of Angle of Maximum GZ for Hull Variations 

 
Figure 6 indicates that the angle of maximum GZ is highest for the single chine variations (0° and 10°), rather 

than for the double chine 10° configuration. This means that the single-chine hulls retain their maximum righting 

arm at a larger heel angle, whereas the double-chine hulls achieve their peak stability at slightly lower heel angles. 

This indicates that the vessel can sustain higher heel angles before reaching its maximum righting arm, which 

reflects stronger restoring capability under rough-sea conditions. Conversely, the single chine 0° variation 

demonstrated the smallest angle of maximum GZ, suggesting more limited stability margins. 
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Figure 7. Comparison of Initial GMt for Hull Variations 

 
Figure 7 shows that the double chine 10° hull also achieved the highest initial GMt, confirming superior initial 

stability at small angles of heel. The single chine 0° variation again exhibited the lowest GMt, though the value 

remained above the minimum IMO requirements. The single chine 10° and double chine 0° produced intermediate 

values, demonstrating that both chine angle and chine number influence the vessel’s stability performance. 

In summary, the stability analysis demonstrates that the double chine 10° hull provided the best overall 

performance across all parameters, supported by higher GMt, larger maximum GZ, and a greater angle of 

maximum GZ. Although all configurations satisfied the minimum criteria of IMO Resolution A.749(18), Chapter 

3, the double chine with 10° angle clearly enhanced restoring ability compared to the other variations. 

When analyzed together, the resistance and stability results demonstrate that the double chine 10° hull provides 

the best balance between hydrodynamic efficiency and safety. Although this configuration slightly increases 

resistance at lower speeds, it offers superior stability at higher speeds and rough-sea conditions. Conversely, the 

single chine 10° hull is more suitable for calm-water operations where fuel efficiency is prioritized. This synthesis 

highlights that chine geometry must be selected based on specific operational requirements rather than purely on 

drag minimization. 

 

CONCLUSION 
  

 This study investigated the effect of chine configuration on the hydrodynamic performance of a patrol boat 

hull through resistance and stability analyses. The results showed that chine geometry has a measurable influence 

on both parameters. At 10 knots, the single chine 10° variation recorded the lowest resistance, while at 15 knots 

the double chine 10° produced the most favorable resistance performance. In general, sharper chine angles 

contributed to reduced drag, confirming the role of chine geometry in enhancing hydrodynamic efficiency. At 15 

knots, the double chine 10° hull reduced total resistance by approximately 1.1% compared to the single chine 0° 

configuration and achieved a 7.7% higher GMt value, confirming its superior overall performance. 

 In terms of stability, the double chine 10° hull consistently outperformed the other variations, achieving the 

highest initial GMt, maximum GZ, and angle of maximum GZ, while still complying with the criteria of IMO 

Resolution A.749(18), Chapter 3. Overall, the findings suggest that the single chine 10° is recommended for 

operations prioritizing fuel efficiency in calm waters, whereas the double chine 10° is preferable for missions in 

rough-sea conditions where greater stability is required. 

 Nevertheless, this research was limited to numerical analysis using Maxsurf, which provides semi-empirical 

predictions of hydrodynamic behavior. Future studies are recommended to extend the chine angle variations 

beyond 10° and to validate the numerical findings through experimental towing tests or high-fidelity CFD 

simulations. Furthermore, evaluating performance across a broader range of planing speeds and sea-state 

conditions would contribute to establishing more comprehensive design guidelines for patrol vessels. 
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