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ABSTRACT

Procedure proposed to insure planning powerboat stability and safety at preliminary design stage, following international standards and practice of small craft operation. Simple method for stability diagram prediction using dimensions of the boat is developed. Problems of stability in dynamic condition are touched upon. 

Introduction

Boatbuilding is rapidly growing industry in South East Asia, but sometimes this sacrifices boats’ safety. In some countries regulations for boat building are rudimental or even missing; introduction of international standards is slow. Many boats are constructed and sold without engineering background and technical documentation.

Hence, for small planning craft the development of methods to ensure their safety is urgent. The author was aimed to provide method of planning craft stability estimation at design stage, capable to be used for express-analysis in small boat building companies and by boating authorities. Similar simplified methods exist for ships, such as Prof. V.G.Vlasov’s method [6]. Another method was introduced for sailboats by the author [5], but all these are not applicable for sharp-chine hulls. 

Planning craft safety requirements

The analysis of hazards and accidents indicated main problems of safety to be concerned for small planning craft:

· stability;

· emergency flotation;

· overpowering.

Two last are directly controlled by regulations, while first one requires calculation of stability diagram for the boat.

In scope of up-to date regulations initial stability is restricted with offset load test –  moving crew aside in most unfavorable position. Heel angle during offset load test (O , residual freeboard and downflooding condition are controlled [2]: 
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where
LH – hull length according to ISO 8666 [3].

Static stability estimation

Method proposed allows to estimate sharp chine powerboat stability diagram in initial heel range. Series of calculations with systematically variable hull parameters have been performed, results are presented on Fig.1 where BWL – beam of waterline, m; TC – canoe body draught, m; LF – lever of form stability from keel line, m. These diagrams refer to sharp chine boats with simple V-bottom sections with ratio BWL/TC=2…8 and deadrise angles (=0…25(.

Using Fig.1 for given heel angles (=5(, 10( and 20( the righting lever GZ( is supposed to be calculated as follows: 
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where
zG – height of center of gravity above keel line for offset load condition, m;

To illustrate the application of method proposed, sample results of calculation of for ‘C1390’ design are given. Actual stability curve is calculated using 3D-model software. Predicted stability curve is estimated using author’s method. As one can see, the results are quite close and safety margin is provided for estimation. Method proposed can also be applied for more complicated hull sections shape provided deadrise angle ( is defined according to ISO8666.

The diagram gained is to be used to consider downflooding condition and offset load test heel (Fig.2). For heel angles (<60( downflooding angle (D can be estimated as [2]:
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where
zD – vertical distance of downflooding point from waterplane;


yD – horizontal distance of downflooding point from centerpane.

Lever of heeling moment h from offset load of n crew can be generally estimated as:
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where 
DSPL – boat’s displacement in offset load test condition, kg;


mi, (yi – mass and transverse offset of i-th crew;

Detailed methods and worksheets for offset load test procedure are given in standard ISO 12217 [2], provided stability diagram is estimated. 

Dynamic factors of stability

Other interesting features to be considered for safety are dynamic factors of stability. Unlike displacement boats [4], initial stability of planning craft when underway generally increases to compare with static approach. For most of craft, propeller caused and trim tab caused heeling moments, stability at circulation, wind and wave heeling moments, etc. are negligible with lifting surface stability of bottom wetted area [1]. Also, dynamic stability factors are indirectly controlled by maximum permissible outboard power regulations.

Planning surface stability can be considered at design stage by applying ‘safe planning beam’ introduced by V.V.Veynberg [7]. According to [7], range of safe beam of boat’s bottom depends on deadrise angle ( and displacement DSPL, considering somewhat practical zG values. 

Author’s calculations using statistical data form [7] show that condition of ‘safe planning beam’ is generally less than one deriving form offset load test in accordance with ISO [2]. 

Conclusion

Thus, while offset load test is conducted not under way, it validly assumes that stability of craft when planning is higher than in static condition. Method proposed by the author provides reliable express-analysis of initial static stability; this method is perspective for use in boating industry.
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Fig.1 – Lever of form stability to waterline beam ratio LF/BWL
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Fig.2 – Lines plan and stability diagrams for ‘C1390’ powerboat
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