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INTRODUCTION


When asked if I thought this book any longer had value, I answered with a resounding “yes!” There are two reasons for my enthusiasm. The writing is succinct and based upon the same engineering principles and mathematical equations in use today. Furthermore, it has become a classic in its field, available (rarely) only through secondhand book dealers. It’s been out of print for over 50 years.


Anyone taking up yacht designing these days relies upon one or another computer program to grind out the once-laborious calculations, those cut-and-dry stability calculations, especially, and this saves loads of time. But the formulas remain unchanged, and this book lists nearly all of them, along with a terse description of relationships between the factors that plug into them. Skene wasn’t one to palaver long on any one theme, and he was not a particularly engaging writer. He created a reference book that’s useful partly because of its brevity. If readers need more explanation (or more entertainment), there are other sources.


L. Francis Herreshoff’s Common Sense of Yacht Design, for example, is mostly a non-technical discussion touching only lightly upon mathematics. It’s a wonderful book, but of a completely different character from this one. Norman Skene and Francis Herreshoff knew each other well, both professionally and socially. Both resided on Massachusetts’s North Shore. Skene’s book had been in print at least 40 years (it first came out in 1904) before Herreshoff wrote his. I don’t know for certain, but I suspect that Herreshoff, who considered yacht design more art than science, was motivated to write because of Skene’s book—a book whose MIT-trained author believed yacht designers should be grounded in science and mathematics. This difference in philosophy resulted in two classic reference works that should be on every yacht designer’s bookshelf.


Elements of Yacht Design may also have catalyzed Howard Chapelle to write Yacht Designing and Planning in 1936. That book’s stated purpose was to show beginners and students the practical steps in designing on the drawing board. Chapelle’s book is less readable than Herreshoff’s, and less mathematical than Skene’s. But there’s some great material between its covers, written and illustrated by one of the world’s most prolific marine draftsmen, whose drawings are nothing short of elegant.


Norman Locke Skene wrote Elements of Yacht Design the year after he graduated from college in 1901. First published in 1904, it was one of several books put out by The Rudder Publishing Company that began with the word “Elements,” and sold initially for $2.00. Skene’s little book grew in size as his career matured and his book gained acceptance. That career led him to work with W. Starling Burgess, first with Burgess’s airplane company and later with the yacht design firm of Burgess, Swasey & Paine. L. Francis Herreshoff worked there as well. Skene then worked briefly for Herreshoff who claimed that Norman Skene was about the fastest draftsman he ever knew. Later he became a partner in Paine, Belknap & Skene, designers of the America’s Cup contender Yankee and other notable yachts, where he stayed until his untimely death in 1932. His Elements book, meanwhile, continued through many editions, curiously ending up with Kennedy Brothers, publishers of The Rudder’s rival magazine Yachting. Under that aegis, the book appears to have been reborn between hard covers to go through several more editions, the last two published posthumously. Its last and sixth edition came out in 1938 and was reprinted several times.


Over twenty years later, in 1962, when the “thoroughly revised and up-to-date” edition of the Elements of Yacht Design came out it was authored by Francis S. Kinney, and bore no resemblance to what Skene had written, even though it was entitled Skene’s Elements of Yacht Design. By no means am I maligning what Kinney did; his is a wonderful treatise and I use it often. But it’s hard to figure why he or publisher Dodd, Mead & Company chose to relate Kinney’s book to Skene’s earlier work. Kinney’s is more than good enough to stand on its own. Because both Skene and Kinney approached yacht design and wrote about it differently, both of their books proved popular.


Kinney described how he designed the yachts that came out under his own name and described practices at the design offices of P.L. Rhodes and Sparkman & Stephens where he had worked. Included in Elements for the first time are two valuable scantling rules for wooden hulled yachts: the one developed by N.G. Herreshoff for the New York Yacht Club in 1927, and another by premier yacht builder Henry B. Nevins. Both rules are detailed and contain an exceptional store of information about establishing the size and proportions of the individual pieces making up a wooden yacht.


In a similar way, in this republished sixth edition of Skene’s original Elements of Yacht Design, you’ll find the chapter on racing contains the handicapping rules of the day. There were several. The Universal Rule created the letter boats like R-boats, S-boats, and J-boats. The International Rule spawned the meter boats, as in the 8, 10, and 12-meter sloops. The Scharen-Kreuzer Rule developed the square meter boats like the 22 and 30 square meters. And the Cruising Club of America (CCA) Rule resulted in the handsome ocean racing and cruising sloops and yawls of the 1930s, 40s, and 50s. Granted, that material is obsolete because those handicapping rules are no longer in effect for new designs. Nevertheless, it is of great historical interest. It explains why sailing yachts designed for racing were shaped and rigged the way they were, and the various ways in which yachts of varying size and type could compete on a level playing field.


On the powerboat front, Skene’s original (and very well handled text) was supplemented for this sixth edition by George Crouch who was a leading designer of fast racing powerboats and at one time head of Webb Institute. He authored the chapter on planing hulls entitled Hydroplanes, and discussed the various speed-giving factors that make them go.


Some of Norman Skene’s designs of catboats, launches, other watercraft, and some of his technical articles appeared in The Rudder or Forest & Stream magazines shortly after he graduated from MIT as a naval architect and marine engineer, and while he was designing under his own name. They stopped at about 1912, with a single exception. In the August 1923 issue of The Rudder, Skene wrote a piece entitled “Building Plans of Walrus, Eskimo Kayak.” Walrus was a canvas-covered version of a genuine South Greenland kayak that he had measured, then made wider for more stability. Of kayaking, he wrote, “Clad in an abbreviated bathing suit and equipped with a light double-bladed paddle, one can travel long distances without fatigue in this easily-driven craft. An occasional plunge overboard adds to the zest of kayaking.” How ironic that only a decade later, in June of 1932, Skene drowned in one of his beloved kayaks.


On his passing, The Rudder obituary called Skene one of America’s foremost yacht designers. This book is his legacy.


As you read and study this book, you should keep in mind that not all of it remains valid, as there have been countless technological improvements over the past 60 years. New materials such as synthetic sailcloth and running rigging, carbon fiber masts, and fiberglass hulls alter design parameters and expand possibilities. For this reason, Elements of Yacht Design, because of its age, no longer contains everything a designer needs to know. But you’ll find most of it here, and if supplemented by more recent books on the same subject, I think you’ll find yourself browsing through it often as one of your primary references.


Maynard Bray


Brooklin, Maine


2001









PREFACE TO SIXTH EDITION


SINCE the publication of the fifth edition of this book, in 1935, a number of changes have been made in the measurement rules for racing yachts, both here and abroad. These changes have been incorporated in Chapter XII to bring it down to date. Chapter XVI, on the hydroplane, has been entirely rewritten by Mr. George F. Crouch, the eminent naval architect who has designed many of the fastest hydroplanes built in the last twenty-five years. Considerable material has been added to Chapter XVIII and minor corrections have been made throughout the book. It is hoped that the new edition will be as helpful to the naval architect, both professional and amateur, as have the earlier ones.


CHARLES H. HALL.


PREFACE TO FIFTH EDITION

YACHT designing is a most fascinating branch of engineering and one in which a very large number of people are inter ested. The rudiments of the art are not difficult to grasp and a study of the subject is of definite advantage to anyone interested in any phase of yachting.


This book is intended to be a practical and concise presentation of some of the operations involved in designing yachts of all types. Cumbersome and impractical methods which are so often found in more pretentious works on naval architecture have been avoided. Those presented have been in everyday use by the author. The thirty-footer design used for purposes of illustration is obsolete in type, having been designed many years ago, but serves the purpose of illustrating the various operations involved in designing a yacht.


Nearly every yacht nowadays, aside from racing yachts, is equipped with power. On this account the problems of speed, power and suitable propeller exist in nearly every design and special attention is given to these matters in this edition. The illustrations as a rule have been selected to emphasize some point in the text. The designer’s name appears beneath the picture at the right and the water line length at the left. A great deal of original material has been introduced which it is hoped will make the book of definite use to naval architects of all degrees — from the boat owner who is interested only superficially in the art of design to the practicing professional.


NORMAN L. SKENE.
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CHAPTER I

GENERAL DISCUSSION

THERE is a wonderful fascination about yacht designing because of the opportunity generally afforded the designer for experiment toward improvement of type, and for the expression of his genius practically unhampered by the many considerations which closely restrict the efforts of the designer of commercial vessels.

Another element of fascination is the complexity of the problem of providing the perfect yacht for a given set of conditions. The antagonistic natures of speed, seaworthiness, large cabin accommodations and beauty, with the varying and uncertain effects of waves, change of heel and trim, cut of sails, etc., takes the problem, especially in the case of the sailing yacht, out of the category of strictly engineering problems such as those of the aeroplane, locomotive or steamship, in which results can be predicted with great exactness by mathematics based on laboratory work.


REQUISITES OF SUCCESSFUL DESIGNER

It must not be inferred that science is not an important aid in designing any kind of a yacht, for it is first in the requisites for consistent success, but with it must be blended natural genius, imagination and much practical experience in handling and building boats. It is the combination of these qualifications that enables a designer to do good work. It is not enough to be fond of boats and full of inspiration — such is distinctly the amateur; it is not enough to have had years of experience at sea and in the boat shop — some ridiculous models are produced by old sailors who keenly appreciate a good boat but cannot produce one; it is not enough to know all about resistance, displacement, stability, etc. — for the purely scientific designer may blunder on many practical considerations.

The practical designer will often drift into some particular branch of yacht architecture as a specialty, such as small racers, large power cruisers, heavy cruising type schooners, high speed motor boats, etc., for with experience in one particular line comes proficiency, reputation and increased business in that specialty. Every boat is an experiment, but in producing a special type the designer has a great advantage in stepping with confidence, born of experience, from one design to another with intelligent improvement in each succeeding boat.

This brings out the importance of studying thoroughly the performance of each boat and noting carefully any deficiencies for correction in the next boat. The designer who is engrossed only by the problem of the design and production of a yacht, and when it is done regards it as a closed book and turns all his attention to producing other inspirational designs, can never be classed as a consistently practical yacht architect.
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ORIGINALITY IMPERATIVE

Originality, based on one’s own study and experimental work, is really the keynote of success. He who does things in a certain way because others are doing it and always have done it that way contributes little to the advancement of the art. One should study constantly the work of others, but rather with an eye to discovering what not to do than what to copy.

Yacht designing, with its comparative freedom from hampering restrictions, should lead the world of marine construction in development of form for speed, seaworthiness and gracefulness. This is the case with sailing craft — witness the great improvement in fishing vessels which now closely approach yacht form.

Improvements developed in yacht work should exert greater influence on commercial sailing vessels than has hitherto been the case. It is generally believed that sailing ships are practically a thing of the past and are doomed to extinction. I do not agree to this. The wind is an unfailing source of power, while the supply and cost of fuel for mechanically propelled vessels in the years to come are matters of great uncertainty. Even today I believe that for long voyages and bulky cargoes, an improved type of sailing vessel or auxiliary could compete profitably with motor ships.
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Among the improvements which progressive naval architects may apply to sailing vessels are: Better speed to windward by means of radical improvements in form and rig and the use of centerboards or bilgeboards; economy in man power by free use of electric auxiliaries, and increased safety by utilization of automatic steerers, stabilizers and modern navigational aids such as are installed on many modern steam and motor ships. Where a portion of a voyage is necessarily through a region where head winds prevail, such as rounding Cape Horn from east to west, the matter of weatherliness is of utmost consequence.

The ocean sailing vessel of the future may possibly be of the modified fisherman form and rig, fitted with a Diesel driven electric generator plant which will supply current for the screw, windlass, pumps, winches, etc. All sheets and halliards may be of wire, each hauled by electric motor driving a drum on which all the slack is reeled. She may be equipped with gyroscopic automatic steering mechanism controlling a power rudder gear. Controls for all motors may be located at the central station where the officer of the deck can hoist, reef or trim sail and control the course, hoist anchor or centerboard, and start or stop the auxiliary screw, all from the central instrument board. In such a vessel a small crew would be required and the superior weather-liness, steadiness in steering and accuracy of navigating instruments will greatly increase the average speed and the safety, bringing the ship into competition with the power driven freighter.

Figure 1 is a suggestion for such a vessel. A study of long voyages of sailing ships shows that the low average speed is due to calms or head winds over a comparatively small portion of the voyage. In the case of one voyage of a certain clipper ship, it was found that the fuel required to boost speed to nine knots on the light weather days was only one-eighth that which would have been required by a motor ship to make the same average speed, under power alone. The fuel saving figures more than twice the overhead on the rig. The added safety and ability to make a schedule put the auxiliary ship on a par with the motor ship.
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In large power yachts designs have, curiously enough, always copied the commercial steamers of a decade or so previous. Until the advent of the Diesel yacht the large power yacht always had the clipper bow and short bowsprit, which prevailed on the best steamers of the middle of the 19th century (Fig. 2). Most Diesel and steam yachts were then built with the plumb stem and elliptical stern combination affected by commercial steamships following the clipper bow era. Progressive steamship designers have practically abandoned the elliptical knuckle stern in favor of the more buoyant and more easily constructed types of sterns shown in Figure 3. A yacht designer may be more justifiably influenced by the development of naval vessels, where sentiment has little part in the determination of hull form and proportions, these being the product of extensive scientific investigation tempered by practical experience.
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NAVAL DESIGNERS BOLDLY PROGRESSIVE

The battleship bow shown in Fig. 4 impresses one at first as a ruthless monstrosity, but on careful study it is found to be a wonderful improvement from the standpoint of efficiency over bows previously used both in above and below water form, the bulbous forefoot being a most remarkable innovation, one which could not have been devel oped without exhaustive model testing. This bow, in its above wàter form, could well be adapted to yacht work, for it is justified by improved speed and seaworthiness. Such a bow is employed in modified form in the sketch for a 115-foot water line power yacht (Fig. 5).
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It is interesting to note a tendency on the part of the best designers to return to the clipper bow type on large power yachts. This form has intrinsic beauty and seems especially suited to the luxurious pleasure vessel.





DESIGNS ARE A COMPROMISE

There are four general characteristics sought after in yacht design: seaworthiness, large cabin accommodations, beauty and high speed. These properties do not readily combine; in fact, seldom do we see a successful combination of more than two of them. The best the designer can expect to do is to embody in his design the qualities especially desired, treating the other features in such a manner as to render their deficiencies as inconspicuous as possible.

The design of a yacht is too often regarded solely as an engineering problem. There are certain conditions to be met, such and such a speed must be made, certain stresses withstood, certain accommodations provided. The skilled designer produces a craft to fulfill these conditions following methods that are well understood. After working into his design the above useful qualities he considers the matter of beauty of design, the purely architectural side of the problem, the elusive factor that crowns or damns the whole creation.
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THE AESTHETIC ASPECT OF DESIGNING

What constitutes beauty in marine design? What rules must we study and follow? Unfortunately, this side of naval architecture has received scant consideration in standard works on the subject. Every designer is practically a law unto himself in such matters, and his knowledge of what makes for beauty is largely intuitive. There is no such wealth of tradition, no such definitely developed standards of style as exist in the architecture of buildings; nor is this strange, for a vessel must fulfill many most practical considerations and the purely aesthetic features must come last. There are various architectural features, standards of days gone by, such as quarter galleries, high poops, poop lanterns, gun ports, figure heads and the clipper bow which may be classed as belonging to the aesthetic phase of naval architecture but which, for practical reasons, are now all but obsolete.

Some of these features can occasionally be used for special requirements, such as a power houseboat in which a picturesque and distinctive appearance is sought.




UTILITY, SYMMETRY AND HARMONY

Although there are no definitely formulated rules for the attainment of beauty in design, I believe the fundamental principles governing the subject may be laid down somewhat as follows:

To begin with, the keynote of the matter is utility. Every feature of the design should be an expression of some useful purpose; otherwise, it is not justified. Any innovation which constitutes a distinct improvement, however strange and repellent it may seem at first, soon becomes acceptable from the standpoint of appearance. But if it is false, added merely for looks, away with it! It cannot continue to be considered good taste for it does not fulfill the condition of utility.

The design in its entirety should be a frank, vigorous declaration of the use to which the boat is to be put. If she is a cruiser, every line should tend to give the impression of strength, seaworthiness and comfort; if a racer, the refinement of design and construction should indicate speed; if a working boat, her sturdy lineaments should proclaim her commercial employment.

Another important principle is symmetry. It has extensive application in every phase of the design. Symmetry of distribution of displacement, of distribution of weights, of the form of underbody and of top-sides, are important and any design which violates this principle must fail of success. Every vessel is necessarily symmetrical transversely — that is, both sides are exactly alike — but longitudinal symmetry is not so necessary. Still, the forebody in its general bulk or mass should not be far different from the afterbody below and above the water. The freeboard forward will naturally be greater than at the stern, but enormously high bows and low sterns are distinctly bad for a variety of reasons. If the character of the design is such as to call for a wide, flat stern, the freeboard should not be as great as with a fine, sharp stern. It has the same bulk or volume on a smaller freeboard. Deck houses and erections may be treated to carry out this idea of symmetry. An instance in point is the location of the funnel in steam yachts. This should be at, or close to mid-length to produce the best effect.

Still another principle the importance of which I wish to emphasize is harmony. A vessel is a complex creation having many features which, however perfect in themselves, must blend into a harmonious whole. Certain types of hull call for certain rigs or certain styles of deckhouses; certain types of bow belong with certain types of stern, for while each may be beautiful, considered separately, they may be utterly incongruous both for aesthetic and practical reasons when used together. The chief components of the visible entity of the boat are the bow, stern, contour of sheer, general freeboard, mass of deck erections, size and rake of spars, funnel, etc. It is impossible to lay down any test for harmony. Familiarity with this principle must come through practice and observation. A full appreciation of this subtle principle of harmony is evidenced only in the work of the most proficient designers. A man who has mastered it might be termed a naval artist.




PROGRESS IN SAILING YACHT DESIGN

Marked development in the form and rig of sailing yachts has taken place in the last thirty years. Overhanging bows, fin keels, longitudinal framing, hollow spars, crosscut sails and wire halliards are some of the great improvements and, remarkable to relate, practically all are the work of the great designer, Nathanael Greene Herreshoff.

The most marked development of form in sailing yachts which has occurred is in the shape of the bow. This is the natural outcome of racing rules which used water line length as a basis of comparison. It was found that sail-carrying power could be increased independently of water line length by increase of over all length, especially in the bow. This increasing of the stability is the principal function of overhangs, and results from an easing of sailing lines and a general shifting to leeward of the center of buoyancy when heeled. There is scarcely any limit to the increase in stability which may be secured by lengthening and flattening the overhangs. The tendency to overstep in this direction in racing yachts has, fortunately, been checked by rating rules, and in cruising yachts by the dictates of common sense.

The problem of designing a sailing yacht with speed as a foremost consideration is a most complex one. External conditions to which a yacht is subjected, such as force and direction of wind, condition of sea, etc., are constantly changing so that the attainment of a given speed may not be sought, but rather such a form as shall be easily driven at all speeds within appropriate limits. Nor is this the only consideration, for ease of form must be sacrificed to some extent for sail-carrying power. A harmonious adjustment between power and resistance should be sought. The problem of power yacht design is much more simple, as there the hull may be so designed as to be most easily driven at the desired speed, for, contrary to early theories, the hull most easily driven at one speed is not most easily driven at all speeds. Then, again, the power-driven yacht travels on an even keel, ordinarily, and the form of the yacht need be but little affected by considerations of stability.




STILL ROOM FOR IMPROVEMENT

In spite of the great advance made in yacht design in the past few decades, one need not fear that the possibilities are by any means exhausted. It should be the ambition of every designer to contribute his part to progress in the art. Eliminating from consideration the matter of improvement in marine motors, a field in which vast strides will probably be made within a few years, there are many directions in which advancement may be made — improved sails, possibly double surface sails with efficiently curved surfaces like aeroplane wings, improved spar stepping to eliminate depressing component of wind pressure, adjustable sparring for correction of balance, improved boat stowage, some simple anti-rolling device for power yachts, some method of temporarily increasing lifting surface area of hydroplanes when starting to plane, reduction of resistance of shaft supports, improved planing forms, etc.

The progressive designer will do a lot of experimental work on his own account for the accumulation of data along lines where it is scarce, such as for the determination of stresses in spars and rigging with various rigs, resistance of special forms, strengths of special light planking systems, wind pressures on sails, value of new rust-proofing processes and alloys, efficiency of bottom paints, holding power of various types of anchors, strength of turnbuckles, etc., etc.

Most of the investigations indicated may be made without expensive apparatus. Resistance, stresses, pressures and strength may be determined with sufficient accuracy to be instructive through the use of models in ways which I shall outline later. First hand information is the most valuable kind, and independent investigation in some of these fields will be of great value to the designer, directly and indirectly.










CHAPTER II

METHODS OF CALCULATION

ALARGE proportion of the calculations of the naval architect revert, to the determination of the area and position of center of gravity of a figure bounded by straight lines and a curve. Two methods are in common use for these determinations, numerical and instrumental. The planimeter measures areas alone. It is an inexpensive instrument, and is practically indispensable to the yacht designer. The integrator is a more expensive instrument, and while it is not indispensable for small work it is a practical necessity for large work where the saving of labor resulting from its use is considerable. The integrator commonly measures areas and their moments about a given axis. Some integrators have, in addition, an attachment for measuring the moment of inertia of the area. Some of the uses of the planimeter and integrator will be explained later.
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AREAS

The principal methods of obtaining areas numerically are by the use of Simpson’s first or one-third rule, and by the trapezoidal rule. Referring to Fig. 6, let the area of the figure ABCD be required. AD is a straight line, BC a fair curve, and a, b, c, d, e, are ordinates drawn perpendicular to AD at a distance, s, apart. The area of the figure is then, by Simpson’s rule:

Area = 1/3s(a+4b+2c+4d+e)

This rule may be used with any odd number of ordinates. To apply the trapezoidal rule, simply add together all the ordinates, subtract one-half of the two end ordinates and multiply the sum by the common interval. Referring to Fig. 6 the area by the trapezoidal rule is:

Area = s(1/2a+b+c+d+1/2e)

If the bounding curve started at A and ended at D, making the end ordinates zero, the area would be:

Area = s(b+c+d)

This rule may be used with any number of ordinates.

This trapezoidal rule deals with the figure as though it were bounded by a broken line — that is, in Fig. 7, the area ABFG by the trapezoidal rule is equal to the sum of the trapezoids ABCJ, JCDI, IDEH, and HEFG.
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The area between BC, CD, DE, and EF and the curve is entirely neglected. This error is unimportant if the ordinates are sufficiently numerous, or if the curve is quite flat. Where there is a reverse in the curvature the loss on the convex portion of the curve is offset partially or entirely by the gain on the concave portion. Simpson’s rule assumes the portion of the curve BCD (Fig. 7) to be an arc of a parabola passing through C and tangent to mn (drawn parallel to BD), and the area BCD is added to, or subtracted from the area of the trapezoid ABDI, according as the curve is convex or concave.
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For the purpose of comparing the two rules, let us apply them to the segment of the circle shown in Fig. 8. This curve, being entirely convex and steep at the ends, shows the trapezoidal rule at its worst. The height of the arc is four inches and the length of the chord twelve inches, making the interval 1.2 inches with eleven stations. The calculation is as follows:





	STATION
	ORDINATE
	SIMPSON’S MULTIPLIERS
	FUNCTIONS OF AREAS





	1
	0
	1
	0



	2
	1.90
	4
	7.60



	3
	2.92
	2
	5.84



	4
	3.54
	4
	14.16



	5
	3.89
	2
	7.78



	6
	4.00
	4
	16.00



	7
	3.89
	2
	7.78



	8
	3.54
	4
	14.16



	9
	2.92
	2
	5.84



	10
	1.90
	4
	7.60



	11
	0 


	1
	0 





	Sum
	28.50
	
	86.76
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Area by trapezoidal rule = 28.50×1.2 = 34.20 square inches.

Area by Simpson’s rule = 
  
 
  86.76×
   
    1.2
   3
  
  =34.70

square inches.

Knowing the radius of the arc, the correct area of the segment is readily found by direct computation to be 34.63 sq. in. The errors then amount to 1.2 per cent for the trapezoidal rule and 0.2 per cent for Simpson’s. The latter is in excess of the correct amount while the former is below it.




AREA AND CENTER OF GRAVITY

To compare these rules still further, the area and center of gravity of the curve shown in Fig. 9 have been worked out by both rules.

This is the curve of areas of a yacht having a prismatic coefficient of.51. The common interval is 4 inches. To obtain the correct area, the trapezoidal rule, with a very large number of ordinates, was used, giving 121.82 square inches. This area is, of course, still approximate but the error is almost infinitesimal and may be disregarded. The calculation is as follows:






	TRAPEZOIDAL
	SIMPSON’S
	



	STA.
	ORD.
	ARM.
	MOM.
	STA.
	ORD.
	SIMP’S. MULTS.
	FUNCS. AREAS
	ARM.
	FUNGS. MOM.





	0
	0
	5
	0
	0
	0
	1
	0
	5
	0



	1
	.48
	4
	1.92
	1
	.48
	4
	1.92
	4
	7.68



	2
	1.71
	3
	5.13
	2
	1.71
	2
	3.42
	3
	10.26



	3
	3.36
	2
	6.72
	3
	3.36
	4
	13.44
	2
	26.88



	4
	4.85
	1
	4.85
	4
	4.85 


	2
	9.70
	1
	9.70 





	
	
	
	
	
	18.62
	
	
	
	54.52



	5
	5.83
	0
	0
	5
	5.83
	4
	23.32
	0
	0



	6
	5.87
	1
	5.87
	6
	5.87
	2
	11.74
	1
	11.74



	7
	4.79
	2
	9.58
	7
	4.79
	4
	19.16
	2
	38.32



	8
	2.68
	3
	8.04
	8
	2.68
	2
	5.36
	3
	16.08



	9
	.83
	4
	3.32
	9
	.83
	4
	3.32
	4
	13.28



	10
	0 


	5
	0 


	10
	0
	1
	0 


	5
	0 





	
	30.40
	
	26.81
	
	
	
	91.38
	
	79.42



	
	
	
	18.62 


	
	
	
	
	
	54.52 





	
	
	
	8.19
	
	
	
	
	
	24.90







Area by trapezoidal rule = 30.40×4 = 121.60 square inches.

Area by Simpson’s rule = 91.38×4/3 = 121.84 square inches.

Center of gravity by trapezoidal rule =  
 
  
   
    8.19
   
    30.40
  
  ×4=1.08
 
 inches to the left of station 5.

Center of gravity by Simpson’s rule =  
 
  
   
    24.90
   
    91.38
  
  ×4=1.09
 
inches to the left of station 5.

The percentage errors in area are then, for the trapezoidal rule, .24 per cent; for Simpson’s rule, .04 per cent. The difference in the positions of the center of gravity of the figure given by the two rules amounts to but .00025 of the base.

The process by which the center of gravity is found is briefly as follows: a station is selected near the middle of the length of base, in this case station 5, and each ordinate for the trapezoidal rule, or function of areas for Simpson’s rule, is multiplied by the number of intervals between it and the station selected. These functions of moments are added separately on each side of the station about which moments are taken, the center of gravity being on the side of the larger sum. The difference of these sums divided by the sum of the ordinates for the trapezoidal rule, or by the sum of functions of areas for Simpson’s rule, multiplied by the distance between stations, gives the distance from the center of gravity to the station about which moments were taken.

The comparisons just made of the working of the trapezoidal and Simpson’s rule show the latter to be the more accurate. The trape-zoidal rule, however, is quite accurate enough if a sufficient number of stations are taken (nine or more are recommended) and will be used for all calculations in the ensuing pages. It is superior to Simpson’s rule in that it may be used with any number of stations and involves much less numerical work in its application. These considerations more than atone for its being slightly less accurate.
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Some special calculations, which are frequently used in yacht designing, will now be presented.

The area of a triangle is equal to one-half the product of its base by its altitude; thus the area of the triangle ABC (Fig. 10) is equal to 1/2 (AC×BM). The center of gravity of the triangle is at þ, the point of intersection of A0 and Cn, n and 0 being the middle points of AB and BC respectively.

The area of a quadrilateral having no two sides parallel is found by dividing the figure into two triangles and finding the area of each separately. Thus the area of ABCD (Fig. 11) is equal to 1/2 (AC×Bm)+1/2 (AC×Dn). The center of gravity is on a line connecting the centers of the component triangles. In Fig. 12, m and n are the centers of the triangles ABD and BCD, while o and þ are the centers of the triangles ABC and ACD. Draw lines mn and oþ. Their point of intersection, x, is then the center of the figure ABCD. A somewhat quicker method of finding the center of such a figure is shown in Fig. 13. Draw the diagonals AC and BD. Lay off Cn = Am. Draw Bn. Bisect Bn and Bd, o and þ being the middle points. Draw Do and nþ. Their point of intersection, x, is the center of gravity of the figure.
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It is often necessary to find the common center of two areas or weights. In Fig. 14 let W and w represent two weights having their centers of gravity at a and b. Their common center lies at c on the line ab. Taking moments about a, the distance ac is equal to



 
  
   
    w×ab
   
    W+w
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WETTED SURFACE


[image: FIG. 15]
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There are various methods employed for finding the area of wetted surface of hull. These in general consist in applying Simpson’s or the trapezoidal rule to the half girths below the water line, taken at each station. The difficulty lies in determining the correct interval, as the distance between stations on the surface of the skin is greater than at the center line, and is constantly varying. Taylor’s mean secant method is probably the most accurate method for determining wetted surface. In applying Taylor’s method, each station is divided into a number of equal spaces below the water line, as Fig. 15 where the lines MN and OP divide the stations into thirds. At a point B on station 3, the line AC is drawn normal to the station and stopping at A on 2 and C on 4. Now let us pass a plane through AC perpendicular to the plane of the paper. Fig. 16 shows this plane revolved into the plane of the paper. A′C is the projection of AC. If now we take a piece of paper and mark off on one edge of it the distance AA′ which is twice the distance between stations, and then divide this distance decimally, we have a scale for measuring normals. If with this scale we measure AC, Fig. 15,


[image: FIG. 16]
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TABLE I
NATURAL TANGENTS AND CORRESPONDING SECANTS




	TANGENT
	SECANT
	TANGENT
	SECANT
	TANGENT
	SECANT
	TANGENT
	SECANT





	.010
	1.000
	.160
	1.013
	.310
	1.047
	.460
	1.101



	.020
	1.000
	.170
	1.014
	.320
	1.050
	.470
	1.106



	.030
	1.000
	.180
	1.016
	.330
	1.053
	.480
	1.109



	.040
	1.001
	.190
	1.018
	.340
	1.056
	.490
	1.114



	.050
	1.001
	.200
	1.020
	.350
	1.060
	5.00
	1.118



	.060
	1.002
	.210
	1.022
	.360
	1.063
	.510
	1.123



	.070
	1.002
	.220
	1.024
	.370
	1.066
	.520
	1.127



	.080
	1.003
	.230
	1.026
	.380
	1.070
	.530
	1.132



	.090
	1.004
	.240
	1.028
	.390
	1.073
	.540
	1.137



	.100
	1.005
	.250
	1.031
	.400
	1.077
	.550
	1.141



	.110
	1.006
	.260
	1.033
	.410
	1.081
	.560
	1.146



	.120
	1.007
	.270
	1.036
	.420
	1.085
	.570
	1.151



	.130
	1.008
	.280
	1.038
	.430
	1.089
	.580
	1.156



	.140
	1.010
	.290
	1.041
	.440
	1.093
	.590
	1.161



	.150
	1.011
	.300
	1.044
	.450
	1.097
	.600
	1.166







(= A′C, Fig. 16) we have at once the tangent of the angle A′AC. Now in a table of natural functions find the secant corresponding to this tangent. The secant gives the distance AC in terms of AA′. Next find the distance AC in the same manner at the other points on the station and find their mean.
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