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PASSIVE SELF-LEVELING HYDROFOIL SYSTEM 

Design Review Document - Revision 2.1 

2000 kg Boat Configuration 

Anush Badii 

December 23, 2025 

EXECUTIVE SUMMARY 

Updated for 2000 kg Boat 

All calculations revised for 2000 kg boat mass (19,620 N weight). System scaled appropriately with doubled 

foil area and spring rates. 

Key Specifications 

• Boat Mass: 2000 kg (19,620 N total weight) 

• Speed Range: 15-35 knots 

• Height Accuracy: ±2.8 mm (vs ±50 mm requirement) 

• Response Time: 0.23 seconds 

• Foil Area: 0.50 m² per foil (total 1.0 m²) 

Performance Summary 
Parameter Specification Achieved Status 

Height Accuracy ±50 mm ±2.8 mm Exceeds 

Speed Range 15-35 knots 15-35 knots Meets 
Response Time ¡ 1.0 s 0.23 s Exceeds 
Operating Waves 0.5 m sig. 0.5 m sig. Meets 
Weight Capacity 2000 kg 2000 kg Meets 

1 DESIGN PRINCIPLES (UPDATED) 

1.1 Core Stability Requirement 

For constant height h with 2000 kg boat: 

620N 

Control Law: 

 
1.2 Corrected Sensing Mechanism 

Buoyancy Force: 

Fb = ρgVsubmerged = 1025 × 9.81 × Vsub 
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1.3 Mechanical Advantage 

Linkage Ratio: 3rad/m 

2 COMPONENT SPECIFICATIONS (UPDATED) 

2.1 Main Foil Assembly 
Parameter Value Unit Notes 

Section NACA 6412 – Gentle stall 

Chord 0.7 m Increased for stiffness 
Span 0.714 m Aspect ratio = 1.02 
Area per foil 0.50 m² Double previous area 

Total foil area 1.00 m² Two foils 

Hinge location 0.30c – From leading edge 
Aerodynamic center 0.25c – Standard 
Offset (d) 0.035 m Increased for stability 

Lift Characteristics: 
 CL(α) = 0.2 + 5.7α (α in radians) 

7rad−1 

2.2 Feeler/Sensor Assembly (Scaled) 

Buoyant Float: 

• Dimensions: 200 × 150 × 60 mm 

• Volume: 1.8 × 10−3 m3 

• Weight: 3.53 N 

• Buoyancy (submerged): 18.1 N 

• Net force: 14.6 N 

3 PERFORMANCE ANALYSIS (UPDATED) 

3.1 Design Operating Conditions 

Boat Parameters: 

• Mass: m = 2000kg 

• Weight: W = 19,620N 

• Design speed: Vd = 25knots = 12.86m/s 

• Number of foils: 2 (port/starboard) 

• Area per foil: A = 0.50m2 

• Total area: Atotal = 1.00m2 
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3.2 Required Lift Coefficient 

 

3.3 Required Angle of Attack 

00544rad = 0.312◦ 

3.4 Height Control Performance 

Lift sensitivity to angle: 

000N/rad 

Height stiffness: 

000N/m 

 N/m 

Height deviation: 

• For 100 N load change: ∆  069mm 

• For 1000 N load change: ∆  69mm 

• For 2000 N load change: ∆h = 1.38mm 

3.5 Response Characteristics 

Natural frequency: 

9rad/s = 4.28Hz 

Settling time (2%): 

50s 

With optimal damping: ts ≈ 0.23s 

3.6 Speed Compensation Table 

Speed (knots) Speed (m/s) Required Spring Torque 

15 7.72 0.87° -1,100 Nm 

25 12.86 0.31° -571 Nm 

35 18.00 0.16° -290 Nm 

3.7 Spring Design (Updated) 

000Nm/rad 
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4 MATHEMATICAL MODEL (UPDATED) 

4.1 Governing Equations Main 

Foil Dynamics: 

 

Moment of Inertia: 

 

4.2 Characteristic Equation 

s6 + a5s5 + a4s4 + a3s3 + a2s2 + a1s + a0 = 0 

Updated Coefficients (at 25 knots): 

a5 = 14.2 a4 = 

830.4 a3 = 2.4 

× 104 a2 = 4.2 × 

105 a1 = 3.6 × 

106 a0 = 7.2 × 

106 

5 STABILITY ANALYSIS (UPDATED) 

5.1 Gain Margin 

8dB 

5.2 Phase Margin 

¿ 50° with updated damping 

6 POWER REQUIREMENTS 

6.1 Hydraulic Damping Power 

Maximum vertical velocity: h˙ 
max = 0.2m/s 

 Pdamper = 400W 

6.2 Comparison to Propulsion 

Boat propulsion at 25 knots: Pprop ≈ 150kW 

 Pdamper 400 
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 = = 0.27% 
 Pprop 150,000 

Negligible power consumption. 

7 STRUCTURAL ANALYSIS 

7.1 Foil Loading 

Maximum lift per foil: 810N 

7.2 Bending Stress 

0MPa 

7.3 Safety Factor 

Carbon fiber ultimate strength: σult = 600MPa 

 

8 COST ANALYSIS (UPDATED) 
Component Quantity Unit Cost Total 

Carbon foil (0.5 m²) 2 $3,500 $7,000 

Strut assembly 2 $1,200 $2,400 

Hinge system 2 $1,800 $3,600 

Linkage 2 $600 $1,200 

Feeler assembly 2 $450 $900 

Springs/dampers 2 $500 $1,000 

Total per boat   $16,100 

9 WEIGHT BREAKDOWN 
Component Weight per unit (kg) Total (kg) 

Main foil 7.5 15.0 

Strut 3.0 6.0 

Hinge assembly 2.5 5.0 

Linkage 1.5 3.0 

Feeler 0.5 1.0 

Spring/damper 2.0 4.0 

Total system weight  34.0 kg 

Percentage of boat mass  1.7% 

KEY CHANGES FOR 2000 kg BOAT 

• Foil area doubled: 0.50 m² per foil (was 0.25 m²) 

• Spring rate increased: 104,000 Nm/rad (was 11,500 Nm/rad) 

• Height stiffness increased: 1.45 MN/m (was 0.363 MN/m) 
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• Natural frequency increased: 4.28 Hz (was 3.03 Hz) 

• Required reduced: 0.31° at design speed (was 2.63°) 

• Cost increased: $16,100 (was $10,900) 

DESIGN APPROVAL 
Project 
Manager:Date: Lead 
Engineer:Date: 
Quality Assurance:Date: 

Document Revision History: 

• Rev 1.0: Initial concept (1000 kg) 

• Rev 2.0: Corrected physics, buoyancy-based sensing (1000 kg) 

• Rev 2.1: Updated for 2000 kg boat, all calculations revised 

Note: All calculations verified for 2000 kg mass. System shows improved performance metrics due to better 

scaling laws. 


