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DRAFTING SHIP PLANS
IN
CAD
A Basic INTRODUCTION

By
WATHNE KEMPSON



I ntroduction

A model ship, well built and amartly rigged, appeds to the heart, mind and soul of some of us.
Perhaps you have paused to admire the lines of the hull as you imagined how the ship would have moved
through the water. Or you may have lingered in consideration of how the vessel’ s body would have served
her purpose for war or commerce. Indeed, if you have ever looked at amodel ship and felt a bit of wonder
fill your heart, then you can appreciate why we think amodel ship something beyond treasure. The well-
done ship model sends her builder down paths of history and science, thereby linking the humanities and
the hard sciencesin asingle endeavor. For those who think of such things, a well-built ship model can be
an endeavor of the spirit transcending the mundane by lifting the soul’ s sails on imagined winds.

Kits

My entry into building model ships came by way of kits. Today, it iscommon to decry the kit
built ship. For reasons of economics and profit, kits often contain noticeable compromises and
inaccuracies. But without akit, | would not have learned bow from stern. Much can be learned from books
and articles, but thereisakind of knowledge that comes only from using on€ s own hands. For that task a
kit isnot abad placeto gart.

I like to think of model kits as teaching tools. Supposedly, research work has been done, plans
drawn up, materials gathered and so forth by the kit manufacturer. Thekit designer has made alot of the
decisions for the new builder so that time and energy can concentrate on the physical task of construction.

The time comes, however, when you want to build a ship for which thereis no kit. Or you may
have discovered that the kit maker has not produced a model as accurate as you want to make. And it just
may be the case that you want to delve deeper into the hobby.

For whatever reason, you have decided that you want to work directly from a set of plans beyond
the limited sheets found even in the best kits.

Plans

There are many sources for ship plans, but there may be only one source for a plan of the ship you
want to build. Decide to build the USF Constitution or HMS Victory and your problem is choosing which
set of plansto employ. On the other hand, choose (as | have done) a ship such as HMS Foudroyant and
you will discover thereis only one source. For some ships, the original builder’ s plans are available; for
othersyou must rely on someone€ s reconstruction.

The point is that the plan for the ship you wish to build must be obtained. | think the procedure |
outline here will even take a one page plan in a book an make it useful for building amodel, | know it will
work for a set of builder’ splans.

| must leave it to you to find your basic plan. Y ou will need the profile plan, the half breadth plan
and the body plan. With thesein hand your task then isto trandate your paper plan into awooden hull.

Drafting

| remember reading books and magazine articles on how to draft out ship’ s frames from aplan. |
thought | understood the theory of the process, but | also knew | lacked the skill and equipment. By the
time | might have purchased a proper drafting table, a set of curves (actualy, two sets), splines, a T-square,
triangles, protractor, lettering sets, mylar and several thousand erasers, my personal budget would have
been way overspent. | tried lofting frameswith aruler and a cheap compass. | quickly concluded |
couldn’t” manage.

It has been said that there is not subgtitute for sitting at a table with pen and paper drawing out a
ship’ slines. | aminclined to agree, particularly if oneis designing ahull from the keel up. On the other
hand, the lore of the model ship isthe cdl to a pleasant time of fulfilling creativity. | am under noillusion
that | could ever design aship. But | do want to be able to trandate a set of ship’ s plansinto a collection of
keel and frames.

By now you know that | am no draftsman, nor would | dream of claiming to be. My training in
the field islimited to high school geometry. For that matter, | should confess that | have no training in the



use of computers either. But if you will bear with mealittle, | think we can come to a method of lofting
out a ship's members from a set of plansthat will be both accurate and rewarding.

Computer sand Software

A computer isatool far more expensive than a proper setup of drafting equipment. But | have a
computer for reasons other than ship model building. Sincethisinstrument aready sits on my desk, | do
not count its cost as an expense of modeling.

The computer can aid mein drawing out my plans. In fact, software that doesthisisreferred to as
“Computer Aided Drawing” or “Computer Aided Drafting” or “Computer Aided Design.” Thus, the“D”
in CAD can have several meanings depending on exactly what you are doing. For my part, | am not
designing aship. | am drafting frames and drawing them out. The software | useis CAD, at any rate.

For many years, articles have been written on using computers in drafting and lofting frames.
Almost always they have lost me & the cost of the software, normally in the thousands of dollars. Because
| did not know any better, some years ago | purchased an inexpensive program that could draw linesand
circles. | didn’t know it at thetime, but it was a smple CAD program. Later, | found an updated version
of the same program, but now it had bells and whistles at every mouse click. It turnsout to be sufficient for
the process of lofting out frames.

In what follows, | have avoided reference to any particular software package. | have done so
because | think the basic principles are more important that a step by step procedure based on only one
CAD program. Moreover, no two people quite agree asto which CAD program is best. Much of it hasto
do with your purposes, what you are used to, and how much you want to spend.

While writing what follows, | obtained a very expensive industry level CAD program as a 30-day
trial. 1t could draw rings around my little inexpensive program. | was gratified, though, to find that in my
free 30 days | managed to draw out an entire set of linesfor aship. (It didn’t take 30 days, just my spare
time spread out over 30 days.) | have returned to my little program because | am used toit. | say thisjust
to indicate that you do not have to spend agreat deal of money for a CAD program that will get the job
done. My inexpensive program cost me $50, and can be found for less than $20 if you look around. If you
want to spend top dollar, go ahead. The method | describe will work just fine.

CAD Advantages

Cost isjust one apped of using CAD for drawing out a set of plans.

Space is another. Drawing out plans on paper means drawing out plans on very large pieces of
paper. Thereisaphysical challenge just to keep everythingin place. Moreover, | can carry my CAD work
just about anywhere on alaptop computer. | find the work relaxing and so | found it enjoyable to draw out
frames while at the beach. | suspect it would have been a bit more difficult to get al the pen and ink
equipment to the seashore.

Time dso entersin. With my files loaded on my computer, | have been able to spend the odd
moment of time on my plans. My employment use of the computer is mostly word processing with just a
tiny amount of spreadsheet work. It has been easy to plicein ten or fifteen minutes on my plans with just
amouse click to get in and out. In short, the computer |ets you pay attention to your plans at your
convenience and with aminimum of fuss.

Perhaps the biggest advantage to using CAD isthat without the computer | smply would not do it.
CAD lets me combine two things | enjoy in one endeavor. | don’t think | would use pen and ink. If | am
ever to produce my own drawings, it will have to be through the computer, and that means using CAD.

Some Background

| cannot claim any originality to what follows. People have been drafting ship plansfor centuries,
and others have been using the computer to do so for decades. What | do claim is that the observations
contained herein will produce an adequate representation of a ship. Aswith any set of human thoughts,
there ought to be improvements made as time goes by.

The procedure | have used was devel oped while using plans for HMS Foudroyant, an 80 gun ship
built in 1798. | used the origina designer’ s plans and have been gratified to see theresult in aset of frames
resting on the keel.



But in writing out what | had done, | thought it best to repeat the process with anew set of plans.
Almost on awhim | choose HMS Boreas, a smaller frigate of 28 guns launched in 1774. Y ou will see
references to both vessdls, but most of the illustrations were created from Boreas. A few, it will be noted,
are of Foudroyant.

WEéll, then, find your plansand lets begin. After a brief overview of what your paper plans

contain, | will described how to get your plansinto your computer, then how to fair them up, and finally
how to loft out the frames.




Under standing the Plan

The lines of a ship arerepresented by three drawings on the plans. The side view of the ship is
seen in the profile plan (also called the sheer plan). Thetop view is seen in the half-breadth plan (also
called the waterlines plan). The end view is seen in the body plan. When taken together, these three views
of the ship provide the information for producing the three dimensional form of the hull.

Slicing the L oaf

A loaf of bread might help depict the relationship of the three drawings. | prefer French bread for
this exercise. Anyway, suppose you want to put down on paper a set of drawings that would enable your
shipwright (breadwright?) to reproduce the shape of the loaf of bread in awood carving. Y ou might draw a
picture of theloaf and hope your compatriot could guess the shape from that. On the other hand, you area
finicky baker and insist that the new loaf ook exactly like the original. Thus, you approach the problem
from a mathematical point of view.

Y ou begin by placing the loaf on atable. Then, from one side of the loaf, you draw out the exact
side shape of the loaf resting on aline that represents the top of the table. Thiswould be a profile of the
loaf on paper and, since you do not have time to think of a better name, you call it the profile plan of the
loaf. Your breadwright now can carve out this shape, but he knows nothing more about the final shape.

To help him our, you make dlices in the loaf that are exactly one inch thick. Just so no one gets
confused, you also draw vertical lines on the profile plan that are one inch apart to show where you cut the
dices. For convenience you labd them “dice 1,” “dice 2” and so forth. Now you can trace the shape of
the dlices so your breadwright will know the shape of the loaf at each “diceline” Asan efficient baker,
you decide to put all the dlice tracings on one drawing. Y ou draw aline representing the table top and a
line straight up from the table line to show the middle of the loaf. Now each dlice tracing can be located,
one on top of the other, to show the way the slices change shape from one dlice to the other.

Unfortunately, however, theresult is ajumbled mess of lines because there are so many dlices.
Being a clever fellow, you notice that each dliceis perfectly symmetrical. This inspiresyou to put only half
of each dlice tracing on the drawing since the other half will be amirror image. Now you find the biggest
diceand usethat asareference. You decideto call thisthe “extreme dlice” and you make sureto label it
also on your profile drawing. The dlicesto theright of the extreme dlice on the profile drawing you place
on theright side of the dices drawing, and the dices to the left of the extreme dice on theleft side.

Now your breadwright can figure out the shape of a dice and hewill know aso wherethat diceis
located on the loaf. For some reason, you name the dlice drawing the body plan, mostly because you think
it would have pleased you high school geometry teacher. In deference to your need to be neat and tidy, you
now place your body plan beside your profile plan and use just one straight line to represent the table top.

Slicing and tracing has been so much fun that you wonder what would happen if you diced the
loaf in a different direction and traced those new slices. So you glue your loaf back together (you are a
redly, realy good chef and know how to do this) and then you dlice theloaf with the knife blade parallel to
the top of thetable. Each dliceisoneinch thick. Again, just soyou don’t forget what you have done, you
draw in lines on the profile plan parallel to the table line one inch apart where you made your slices. Each
of theselinesyou labd “table 1,” “table 2” and so forth.

Once more you trace each of these table dices (so called because they were cut parallel to the table
top) and put them al on adrawing. Astute fellow that you are, you again note the symmetry of the table
slices s0 you know you only have to draw in half the dice (the other half being amirror image). This
drawing you could call a“tablelines” drawing, but because it shows just half the loaf and because each
table dlice shows the width (or breadth) of the loaf at any given points, you call it the half breadth drawing.
You placeit just under the profile drawing.

From these three drawings, the profile, the body and the half breadth, your breadwright can carve
out aloaf exactly like the one with which you began.

Supposg, for the sake of argument, that we did not use aloaf of French bread. Instead we used a
loaf of bread shaped precisely likea ship’ shull. The profile plan would show the hull from aside
perspective. The body plan indicates the outlines of the hull at designated places (called stations) alone the
length of the ship. And the half breadth plan portrays the shape of the hull at the water line and at other
places parallel to the waterline (hence the dternate name of waterlines plan).



Y ou might have noted that there is athird way to dicethe loaf of bread. Oncethe loaf is put back
together, you could dice it down its length with the blade of the knife held straight up and down rather than
paralle to thetable. Again make these dlices an inch thick and mark their location on the profile plan.

Ah, ther€ stherub. These new dices cannot be indicated with straight lines marked an inch apart
on the profile plan. They can beindicated as straight lines on the body plan and, for that matter, on the half
breadth plan. On the profile plan, however, the new dices will show up as the tracings of the outer edges
of the dices, that is, asa set of curved lines.

Thisleadsto akey observation. Each of the three plans can show the shape of only one kind of
dice. The profile plan can show alongitudina dice, but the body and half breadth dlices appear as straight
lines. The body plan shows the station slices (our “normal” dlices of bread) but the other slices appear only
as straight lines. The half breadth plan can show us the dices parallel to the table top, but the other dlices
also appear only as straight lines. Moreover, the straight line dices on each plan create agrid very much
similar to the old graph paper you may have used in school.

Now it is apparent that each of the three planswill consist of three kinds of lines (even asthere are
three kinds of dices). Therewill be vertical lines, horizontal lines, and a set of curved lines. Thevertica
and horizontal lines will indicate the placement of two kinds of dices, whilethe curved line will indicate
the shape of one kind of dice.

There you haveit. You have drawn up a set of plans for your loaf of bread that your breadwright
can useto carveit out. A little butter and jam just might compl ete this pleasant endeavor.

A Cartesian Explanation

A physical object such as a ship’ shull can be described in athree dimensional system of
coordinates. A piece of paper isin essence atwo dimensional system. On a ship’ s plan, each of thelines
drawings shows two dimensions as a grid upon which the third dimension is projected. Aslong asthethree
drawingsretain a uniform point of reference, the plans can be used to infer the projection of any given
dimension on the basis of the other two dimensions.

Thisisthe essential nature of drafting and lofting out a ship’ splans. Because the dimensions are
orthogonal to one another, employing orthogonal lines of reference (construction lines) facilitates the
projection of dimensons from one plan drawing to another.

In the above exercise, each kind of dlice represented dlicing through the three dimensional object
along the axis of one dimension. So, let us assign the x-axis to the length aspect of the ship, the y-axis to
the height aspect of the ship, and the z-axis to the breadth of the ship. Then the profile plan shows the x
and y-axes, the body plan the y and z-axes, and the half breadth plan the z and x-axes. Simple logic shows
that any two drawingswill contain all three axes and, hence, be sufficient to construct the third drawing.

Now you know why | preferred using aloaf of bread to explain the drawings.

The Profile Plan

o, letsroll out our ship’ s plans and examine the profile plan. This part of the drawing often
contains awealth of information for configuring the ship.

The foundation for both the ship and the ship’ splansisthe keel. If you were designing your own
ship, you would begin by drawing a straight horizontal line on your piece of paper. Thisline would
eventually become the ked and for that | reason | will refer to it asthe kedl line. (In point of fact, thisline
is the upper edge of the rabbet, the groove cut into the keel to receive the edge of the lowest plank of the
hull.) Itisfrom the kedl linethat al other linesin one way or another are drawn.

At the bow and stern you should find on your plan a straight vertical line. Inthat these are
perpendicular to the keel line, they are called the forward and after perpendicular lines. The distance
between these two lines is the length of the ship (more or less) for the purposes of design. Thislength is
the “Length Between Perpendiculars’ or LBP. Obvioudly, thereis quite a bit of ship extending beyond the
perpendiculars. The distance from the extreme end of the ship at the stern to the extreme end at the bow is
the “Length OverAll” or LOA. In our work to produce a CAD drawing of our vessdl, it isthe length
between the perpendicularsthat will most concern us. There are afew other ways of talking about the
length of a ship, but they also should not bog us down.



Perpendicular

Thegrid work of horizontal and vertical lines depict the waterlines and the station lines. A
dicethrough the hull of our ship that is made parald to the surface of the water will show up asa
horizontal line on the profile plan. For obvious reasons these are called waterlines. A vertica dice through
the hull that is at right angles to the keel appear as vertica lines. These are cdled stations lines.

Someti mes these stations correspond to the position of a ship’ sframe, sometimes they do not. It is best to
maintain a distinction between station lines and frames since the former is a design reference and the latter
isaphysica member of the ship.

Other information on the profile plan should beintuitive. Thelocation of various decks and
furniture is often indicated. | must take it for granted that you will recognize what you seein thisregard. If
not, | suggest aquick look at some good reference books to orient yourself to the nature of a ship’ sinterior.

The buttock lines may be seen on the profile plan. They arethe lines that represent our third kind
of dicethrough the loaf, the vertical dices parallel to the keel. If present, they are the curved lines laid out
over the grid work of the water and station lines. We will not concern ourselves with the buttock lines until
abit later on. Hold your desire to use them off for just a bit.

The Half Breadth Plan

Y ou need to understand the half breadth plan as the lines resulting from drawing out the
waterlines. Normally only half of the hull is depicted since the lines are symmetrical on either side of the
center line. It isnot uncommon for waterlines to run quite close to one another, particularly so at the mid-
ship area. For thisreason, some planswill place the lower waterlines on one side of the centerline and the
upper waterlines on the other side. Study your plan to understand how thelines are laid out on your plan.

Thegrid lines on ahalf breadth plan will represent the station lines and the buttock lines. The
station lineswill run vertically at right angles to the centerline of the hull. The buttock lineswill be
horizontal linesrunning parallel to the keel. Again, we do not need to be overly concerned about buttock
lines quite yet, they will come into play at alater stagein our drawing. In fact, the buttock lines can be
omitted from the half breadth plan without ill effect, asisthe case on a set of plans| am looking at now.

Theisone other kind of line you might see on ahalf breadth plan. They are called diagonal
lines. It isamatter of opinion, but | feel we can ignore them for our purposesin drawing out aplan in
CAD. For the moment it is sufficient to say that they are used by shipwrights to yield a more accurate
lofting of the frames. The accuracy of the computer obviates the use of diagonalsand so | will ignore
them.



Unfortunately, if they are on your half breadth plan they can muddy up the plan right quickly.
Fortunately, we can skip using the half breadth plan atogether if welike, and asit turns out | will.

This half breadth plan includes both
waterlines and diagonals. Telling
them apart is rather tedious.

Diagond Lines

The Body Plan

The body plan lets us view the shape of the hull asif viewed from the bow or stern. Often, the
body plan is placed to the left of the profile plan with both drawings resting on acommon ked line. This,
by the way, will be our approach in this treatise. On the other hand, do not be surprised to find the body
plan place in other locations.

Thekee as always is the foundation for the drawing. Y ou will recall that the kedl line rests on the
top of the rabbet, that groove cut into the keel to receive the edge of the lowest planking of the hull. The
keel itself, of course, isamassive timber and on the drawing will appear in cross section on the body plan.

On either side of the body plan there may be a verticd line. Theselines mark out the breadth of
the ship at itswidest part. There aretwo ways of expressing the breadth of the ship. Oneisto refer to the
extreme breadth which is the width of the ship including the outer planking. Thisinformation isimportant
if you every want to squeeze your compl eted ship through a canal. The other referenceis to the moulded
breadth and describes the width of the ship to the outside of the frames but with the planking removed.
Thisinformation is more important to us as we loft out frames for our ship.

The station lines that were straight on the profile and half breadth plansare curved lines on the
body plan. Many of the station lines begin at the ked line. Some station lines appear to intersect aline
drawn up from the side of the keel cross section.  This happens at the forward and after extremes of the
hull.

The waterlines on the body plan may appear as a series of almost horizontal linesthat are, in fact,
very gentle curves. In our exercise with dicing bread we made our horizontal slices parallel to the table top
and, therefore, parallel to one another. In point of fact, there are other ways to establish the waterlineson a
ship that are not too confusing so much as atad bit more ornate. For now, note the placement of the
waterlines on your body plan, note that they are (more or less) horizontal, and console yourself with the
knowledge that we will draw in our own waterlines when the time comes.



Other lines on the body plan are important for the shipwright, but not for our purposes. The
diagonal lines appear as (you guessed it) diagona lines on the body plan. Their purposeis to provide
further points of reference to the shipwright in lofting out the framing. We will not need them for our CAD
drawing. There may be a plethora of other lines on your body plan shaped like boxes with a sweeping
alignment of corners. These are vital to the naval architect, but completely unnecessary for us. They were
used to determine the sweep of the various segments of the hull during the design of the ship.

The placement of the wales is sometimes included on the body plan. Also, you may see some
representation of the stern construction. Do your best to visualize theimport of these lines since you may
refer to them when building your mode.

Station Lines

Waterlines—

| “—Diagonals
= K eel




L oading the Plan

Before we can use our plansin CAD, we must find away for the computer to interact with them. |
suppose some government agency has a super powerful computer that would accomplish this task
automaticdly. | know there are tracing programs on the market that might simplify the task, but at what
cost? On the other hand, and thisismy choice, | can be the interface between computer and paper plans.

In other words, | am going to trace my plansinto the computer.

Thisrequires loading an image of the paper plan into the computer in aformat that CAD can
recognize. Thisisnot as esoteric asit first sounds. All we are going to dois take a photograph of the plans
and create a computer file of the photograph. Many people have long become accustomed to putting
picturesinto their machines, so alot of thiswill probably be old hat for you.

Creating the File

Scanner s can be found in many home computer systems. Y our printer may have oneincluded. If
your plan is small enough to fit you could just scan the plan in. This may be the caseif you are usng a
plan out of a book or if you have purchased a photograph of a plan (as you can from some museums).
Once the scanned image is loaded into your computer, saveit asa picturefile for further manipulation.

On the other hand, you may have purchased alarge sheet of plans far beyond the capacity of a
home scanner. In this case you may let a professional shop supply you with an image file. A far more
atractive alternative isto use adigital camera. If you don’t have adigital camera, chances are that you
have a friend who does. If you do not have any friends| can’t help you. Go buy one (a camera, not a
friend).

A digital camera produces a computer usableimage. Along with the camerawill come the
appropriate cables and software to put theimage into your computer. The more difficult thing to do isto
take a picture of your plan that you can load onto the drawing area of your CAD program. My camera, for
example, will produce pictures in both aJJPG and TIFF format. If these letters mean nothing to you, don’ t
let that stop you. Just think of them as different languages like Spanish or German. In the end, we need a
language that is a so spoken by your CAD program. There are anumber of picture languages, but the more
common are JPG’ s, TIFF s, GIF sand BMP s. The better CAD programs will read these and ahost of
othersaswell. My little CAD can’t do better than understand BMP sand | have had no problem in loading
plansin. | am using the assumption that, if my inexpensive little system can do it, so can yours.

Just so you don’t worry, your computer probably has an image program in it that allows you to
look at pictures. It may be an expensive photographic manipulation program, or it may be the simple
drawing program that came out of the box with your machine. In that program you will most likely find a
“Save As’ option for saving the picture you arelooking at. Under that option you can choose the format
(picture language) you want. Thus, if | load a JPG into my machine and look at it, | can then saveit asa
BMPimage. It skind of like trandating the image from German into English. My CAD speaks English
(can recognize BMP images) so it ishappy. Thisisrealy so basic | almost did not mention it.

S0, just take a picture of your plan and load it into the computer. | wish it were that simple.

Taking the picture turns out to be a bit of a challenge. If you aretaking a picture of asmall plan
(such as | have done out of a book), then you just point and shoot. The original plan in my case was no
bigger than a few inches long so the camera was able to produce a serviceable photograph without any
problems. The down side of this, however, isthat the original planis so small that important details may be
missing. Also, when relying on asmall plan the accuracy of the plan may be questionable. (In my case,
the plan had some atrocious problemsin it.)

Still, if you are using asmall plan, | might make a suggestion about what you point at before
shooting. Remember that there are three basic plans for a ship: the profile, the half breadth and the body
plan. Each of these can be traced separately. For thisreason, each of these three can be photographed
separately. We will combinethem later on. The profile and half breadth plans are such that they can be
included in one photograph with good results. However, by photographing the body plan separately you
end up with a better close up of the plan. Y ou have no idea how thankful you will be for thisincreased
accuracy during the tracing process.



It ismore likely that your plansarein alarger scale. At 1:48 scale, aship’ splans can exceed four
feet in length. Placing this entire length on one photograph creates something of a problem.

Firg, thereis the physical problem of taking the picture. Y our could have four children hold the
plan up while you step back in order to take the picture (something | have not tried and would not
recommend). Or your could tape the plan to awall and back up until you could get the whole plan in the
picture (something | have tried with middling results). Or you could lay the plan out on the floor and take
the picture from an elevated position, such as on a step ladder (something | have tried with better results).
If you can get high enough to be far enough away from the plan, you might get the whole plan onto one
photograph. But this generates the second problem.

If you take a picture of a straight line, you will notice that the photograph actually shows the line
ashaving adight curve to it. Thisresults from the curvature of thelens. A photograph of a ship’ splan
will show a curved kedl that should be straight. When reducing alarge paper plan to a photograph, this
distortion can be quite annoying if not down right disastrous. No doubt, NASA has a computer that can
compensate for this, but | don’t. | had to find away around this problem.

My answer was to photograph the plan in two or three sections. | could then movein closer to
each section than | could if | tried to take the whole plan a once. Also, the distortion as a percentage of the
dimensions of the planis lessened. For thisreason, | took one picture of the bow, one amidships, and one
at the stern. | did this for both the profile and half breadth plan resulting in six photographs. The body plan
was taken in just one photograph. In the end | had seven photographsto cover a plan that was about six
feet long and two feet wide. On asmaller vesse | used just two photographs for the profile plan. 1f you
choose to follow this method, make sure your photographs have some overlap to them so they can be
rejoined later on.

HM SBoreas— Photographed in three sectionsfor clarity.

For readers who might wonder why | suggest putting distance between the camera and the plan, let
me say that | am only trying to save you some frustration. When | photographed my paper plansfrom a
few feet away | ran into a severe distortion problem. With the plans on the tabletop, | stood over the plan
and snapped away. The resulting images were so distorted asto be frightening. Thisiswhy | suggested
placing the plan on the floor and moving to araised position. The extra distance between the lens and plan
lessened the curvature of straight lines on theimage. My camera has a zoom feature (which | should think
is very common to digital cameras) that allowed me to take a dose up picture from thisincreased distance.
The images showed minimal distortion as a result.

Some people have more sophisticated photography programsin their computers. For them it
might be fun to stitch the seven photographs back into one. | have neither the programs nor the inclination
todo so. Looking ahead, | will suggest that the sections of the plan be rejoined after they have been traced.
Your CAD program will take care of thislittle detail without any trouble.

For the record, when | refer to the “photograph” or “picture” in the singular, it may bethat we are
including a series of photographs in the process.

L oading the Photogr aph

Now we need to get the photograph from the camerainto the computer and then onto the CAD
drawing area.

Putting the photograph into your computer isamatter of following the directions that
accompany the digital camera. Once you have put the picture file in, the next sep isto saveit in aformat
your CAD program will understand.



| suspect your CAD has a menu option called “Insert” that allows you to place a picturefile onto
your drawing area. Read your documentation or help topics to see what formats are accepted by your CAD
program. For example, most cameras will take JPG pictures and many CAD programs will &l so accept
them. My smaller CAD won’t, so | convert my JPG picturesto BMP picturesthat can be read by my CAD.
My understanding is that BMP files are about as poor a choice as possible for this kind of work. | don’t
know about that. | do know that BMP pictures work just finefor me.

There are several kinds of BMP (bitmap) formats, a least four that | know of. | had to experiment
with them to find the one that worked best on my computer. For me it was a 24-bit bitmap. I’ m sure you
can determine which picture format you need for your CAD program. Just keep experimenting until you
get agood image on your drawing area.

The god isto have a picture (or pictures) on the drawing area of your computer. How you get to
that point will depend in some part on the particular hardware (camera, scanner) and software (CAD,
imaging program) that you have.

The basic steps, then, are: a) photograph your paper plan, b) load the picture into your computer,
and c) be sure you save the picture filesin a format your CAD can use (by either selecting that format in
the camera or by converting it indde the computer).

Once you have your plan in an appropriate format, open your CAD program and create anew
drawing. Insert your photograph into the drawing area. If you have chosen to use multiple photographs,
load them al in. The entirety of your profile, half breadth and body plans mugt be visible on your drawing
area.

Y ou may want to take a few minutes zooming in and out on these photographs. My little CAD
allows me to zoom in on a photograph about 400% before turning ablank gray. A later version of the same
program allows about a 2000% zoom. Y et another CAD program allows me to zoom into my heart’ s
content. Redlly, though, after afew thousand times of magnification thereis not muchto see. Asfar asl
can tell a 400% enlargement is quite adequate for thetask at hand. Different picture formatswill behave
differently, but whenever alineis enlarged (you zoom in) the line will become a fuzzy blur after awhile at
any rate. | say thisto point out that even an inexpensive program will get the job done.

Your plan isnow ready for tracing. If you have a powerful, professional grade CAD program,
you just might have an automatic tracing capability. But why loose out on al the fun? Moreto the point,
tracing your plan in CAD will put theinformation contained in the plan into your computer and, frankly, |
donr’ t think | would entirely trust atracing program to do the job. Besides, if you have atracing program
and know how to use it you probably have enough expertise to produce your plans without this little
missive anyway.

Looking Ahead

The observations about tracing that follow are based on having just one photograph for each of the
three ship plans. When using two or three photographs for the profile and half breadth plans, some
adjustment to the process must be made. Each plan section can be traced following the general guidedines|
suggest. After thetracing isfinished we will join the sectionstogether in the CAD drawing area.

I know having the photograph separated out like this might make some people uneasy. But to
address a possible concern, CAD will allow us to put the sections together by scaling them to the same
scale and then attaching them a a common index point. 1’1l describe the steps in this process after tracing
the plan photograph.



Tracing the Plan

With the paper plans loaded into the drawing area, the lines on the plan can now be traced. After
thistracing, the underlying plan picture will be removed, thus leaving a drawing that can be mani pulated
into its fina form. We start with the profile plan.

Here isagood spot to think about the basi ¢ technique of tracing with CAD. Your plan isloaded
into the computer as a photograph and, for that reason, will have alimited degree of resolution. Whether
high or low, your plan will eventually turn into a collection of fuzzy patches as you zoom in. In actuality,
the lines on your plan are a few hundredths of an inch thick. In traditiona drafting, the human eye would
accept a pencil or pin prick anywhere within the width of the line. Thus, atraditiona draftsman isn’ t too
exercised about where he traces the line aslong as heisin that width called the line. For CAD purposes,
the lines you draw with the computer have no width at al. That iswhy your CAD line remains razor thin
no matter how far you zoom in on it or, for that matter, how much you zoom out. As you trace the plan,
your new lines should fall ingde the width of your plan line. Just sight the CAD linein the approximate
middle of the photographed line (which isawider blur after zooming in) and trust that you are probably
more accurate at this point than any manual draftsman could be anyway

The Profile Plan

It isimportant to know which lines are significant for tracing. Of course, al linesrelated to the
ked, stem and stern must be traced. Also, the cap rail must be traced sincethat isthe line that gives basic
definition to the height of the frames. Thelines of the wales will be helpful as will the deck lines. The
headwork addsto the overall effect of the drawing as do the stern and quarter galleries. Gun ports and
other apertures (entry ways, oar ports, ballast ports) should be represented. The perpendiculars forward and
aft arevital to giving the drawing its proper dimension.

Y our drawing may not have all the elements mentioned above, but whatever information your plan
offers, traceit onto the drawing. Y ou can erase unnecessary lineslater, but it will be difficult to add aline
from the paper plan once the photograph isremoved. So, when in doubt about aline at this point, trace it.
The exceptionsto thisrule, oddly enough, are the waterlines and the buttock lines. Wewill draw them in
for ourselves.

Begin with thekeel. Thefirst lineto trace isthetop of therabbet. Thiswill become the
foundational reference line for everything you do from here on. On most plans, the top of the rabbet runs
along the top of the ked. (On some ships, the top of therabbet is set below the top of the ked, but since
the frames will align with the rabbet, thisisthe moreimportant line to trace.) Usethelinetodl to tracethe
keel line. Begin at the forward end and click on theline. Usually, thisline extends beyond the kedl at the
forward end. If so, click on the forward most end of theline. Stretch the CAD lineto the after end of the
ship to where the kedl line terminates and click again.

At this point it may be interesting to examine the middle of the line you have just drawn. If you
have used a camerato photograph your plan for insertion into CAD, you may see that your new linefailsto
lie on top of the ked line at this mid-point. Thisis caused by the curvature of the cameralens, resulting in
the photographed line actually being somewhat curved. Thisis nothing to worry about since you will end
up using the CAD line, which is perfectly straight. If you scanned your plan into your computer, you
probably will not see this distortion.

(A more expensive CAD program will allow you to rotate your image. Thereis some advantage
to making the keel line you just drew level (horizontal) with the drawing area. If your program alows you
to rotate an image, read ahead on leveling the drawing and do so now before adding any other lines. This
simply permits you to use certain orthogonal tools in lieu of perpendicular tools. The outcome is the same
whether you level the drawing now or later, however.)

With the top rabbet line traced, note how it isintersected on your plan by a curved line at the stem.
Thisisthe continuation of the rabbet and should also be traced. There may be something of a double line
on your paper plan. Itistheinsde line that we want to trace.
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HM SBoreas— Establishing the Keel and Perpendicular Lines.

For this you will use a spline. Make sure you use the spline feature in your CAD program in
which the curve passes through the control points you set down. Thisiscaled aBezier and is a specia
case of splinesin general. (Other possibilities are curves that are “attracted” to the control point but do not
pass through them. The distance from the curve to the control point can be altered, in effect. A Bezier is
the special case where the distance between the control points and the curveis zero.) Your CAD program
may use varying terminology, but you must use the spline curve that passes through the control points.
Understand that when | use the term “spline” | am actually referencing a specific kind of spline, a Bezier.

Beginning at the point of intersection, initiate the spline on the rabbet line. Be surethe spline
curve begins on this keel line. Then continue setting points along the curve until it terminates just below
the top of the stem piece. Again, zoom in as much as possible on your plan photograph and place the
pointsin the middle of theresulting blurred line. Eventually you will want the entire rabbet at the stem
drawn in, but for now the after part of the rabbet is the more important lineto trace.

At the stern, trace the position of the stern post. While the entire sternpost may not be indicated
on the profile plan, the after part will be clear. Another lineto includeisthelinethat represents the
junction of the planking and the sternpost. In effect, thisis Smilar to the rabbet line in that it definesthe
disposition of the planking. Thelinetool is used for thesetracings. Be sure these linesrest on the keel
line.

To compl ete the ked, trace the bottom line of the keel. Place the starting point in at the after end
and gretch theline to the forward part of the keel. At the very bottom of the keel you should see yet
another line representing the false ked. Tracethislinein aswell using thelinetool. Now, using the spline
toal, trace the bow of the ship. Y ou will follow a graceful curve on the old men-of-war ships. Do your best
to include as much as you can. At the forefoot of the ship you may see a collection of lines representing the
boxing joint of the keel and stempost. Trace these in for future guidancein sketching out thisjoint. The
linetool is best for tracing the boxing joint.

By now you are noticing how the splinetool is very useful to trace curves. Wherethelineyou are
tracing is gently curved, just a few points will define the curve pretty well. Where the curveis more severe,
you will find it necessary to use a good number of points. Just keep an eye on the resulting curve as you
place your points.



Trace the cap rail while you are tracing the profile. Eventually, each frame will come up to the
bottom of the cap rail. When tracing therail, you will want to use the spline tool since therail isnot a
straight line but a gentle curve. In places where therail has a more acute curve to it, smply be sure to use
more location points. The entirerail cannot be donein one curve since there are junctions of 90 degrees (at
thewaist, for example). At these places, end the one line, and begin anew line with a beginning point at
the end of the previousline.

The caprail is, asitsnameimplies, therail that caps off the frames. There may be a higher open
rail above the caprail. Traceit too, if you like, but remember that it isthe cap rail that definesthe height of
frames. Wdll, sort of. In actual practice some of the frames extended above the cap rail with the timber
heads forming strong attachment points for rigging. Thisisvery often the case at the forecastle. If you
plan to go to all the trouble of building your cap rail around these timber heads, then you must indicate
them on you tracing. On amaodel, it may serve the notion of a relaxation rather than a choreif you add faux
timber heads after installing the cap rail. The choiceis yours.

With the cap rail traced, now outline the stern profile. If nothing else, this will make you drawing
more appealing. For the same reason you may want to trace all the head work on your drawing as well.
Again, the basic maxim &t this point isthis: when in doubt, traceiit.

Remember, at this point you are basically loading information into your CAD program for later
use. The draftsman of old would have taken measurements off the plan and listed them &l on paper. Such
a“Table of Offsats” is confusing enough to read today and, most likely, too confusing to create for the
recreational model builder.

One of the great advantages of CAD isthe ability to use color. Asyou might imagine, the final
planswill have amyriad of linesrunning next to each other, crossing one another, and then crossing back.
If you havelooked at ahalf breadth plan that has a dozen waterlines or so, you have seen how difficult it
can beto follow an individual line. Aswe devel op the drawing in CAD, we can choose different colors for
the various lines, thus making identification easier.

Tracing the lines into your computer fixes the data on your plansin your machinein avisua form.
You may, or even may not, use the information later to produce your final drawing. But if you omit
information at the tracing stage, you will find it difficult to extract the information from the plan for your
CAD drawing later on. Oncethetracing islifted off the photograph, transferring information from the
paper plan to the CAD drawing will require measurements with dividers and keyboard data entry. Thisis
not as fearsome as it may sound, for | have doneit without great heartache. But now is the time for getting
all theinformation possible off the paper plan through tracing.

Now for the deck linesand wales. The upper and lower lines of the wales should be clear on
your plans and thus are easily traced using the splinetool. Just a few points for the spline should be needed
sincethe wales follow a long and graceful sweep.

Y our plan may have the level of the decks indicated by a dotted line or by a series of either two or
threelines. Inthe latter case, the upper deck line isthe height of the deck amidships and the lower lineis
the height of the deck at the side of the hull. Trace both lines, again with the splinetool. Be sureto follow
these deck lines all the way to the rabbet lines you traced earlier at both the bow and the stern. As aresullt,
you have the decks marked on your tracing.

The gun ports can be traced at this point. Using the polyline tool, each port isoutlined. Later, you
will either set the final height of the deck in relationship to the height of the ports, or you will set the height
of the portsin relationship to the height of the deck. For now, include both on your tracing.

The al important perpendiculars are next. Two lines must now be drawn just as carefully as
possible. The forward perpendicular isalinerising at aright angle from the keel line (the top rabbet linein
our case) and passing through the intersection of the deck and theinside rabbet line at the bow. The after
perpendicular rises from the keel line at aright angle and intersects the junction of the deck and inside
rabbet line on the stern post. Which deck? Well, that all depends on how long you want to argue the issue.
On your paper plan, however, you should seejust such aline. Depending on the ship, the deck intersected
by the perpendicular may be the lower deck (with or without guns), the gun deck (with another full deck
bel ow), or the lower gun deck (on the larger ships of theline). The good news isthat you don’t haveto
figurethat out. Just reproduce the perpendiculars as they appear on your plan.



Also, look at how the length of the ship is described on your plan. Common descriptions are
“Length of the gun deck,” “Length the lower deck” and just plan “Length.” Where a specific deck is
named you will find the plan’ s perpendiculars intersecting that deck and the rabbet line.

To draw your perpendiculars, you may need to extend the keel line beyond the forward part of the
ship. For now, just extend the line out until it extends beyond the forward part of the ship. Actualy, your
paper plan should have thiskeel line extended anyway, and if you traced it for its full length, this step of
extending the keel line may not have been necessary.
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HM SBoreas- Finding the After Perpendicular Line.

The perpendiculars are thefirst lines you will draw that do not trace the existing plan. Thereason
is simple; the perpendiculars on your paper plan are not perpendicular. Thisisnot from lack of trying.
Plans deform over time as paper submitsto the dynamics of the environment. Moreover, the plan isitself
subject to a certain degree of human error (which, thankfully, is greatly reduced by CAD). Thus, we will
use the plan’ s perpendicular to show us where our perpendicular should intersect the deck and rabbet. But
wewill not be concerned about setting our perpendicular exactly on top of the plan’ sline. But don’t be
misled. The accurate placement of the perpendiculars will determine how well you end up with a well
scaled drawing.

Now, to draw in the forward perpendicular line, we are going to use the (surprise!) perpendicular
features of CAD. Oneof my CAD programs has a perpendicular linetool. The other program
accomplishesthe same goa with a graight line and a perpendicular snap mode. Y our CAD program may
vary, but the process will look alot like what follows. With the appropriate settings selected, click next to
the keel line. You will notice that aline now extends from the kedl line to the cursor. Asyou movethe
mouse the linewill travel left and right with itslength stretching to match the position of the cursor. This
is, | think, fun to watch, but there smoreto do. Now, zoom in just as much as you possibly can to the part
of your plan where the appropriate deck and the rabbet intersect at the bow. Y ou should see the paper
plan’ s perpendicular line a so passing through this point. Just as accurately as you can, place the cursor on
top of the intersection and click. 1f you zoom out at this point, which | recommend, you will seethe
perpendicular line no longer travels right or left, but will still stretch its length to the cursor’ sheight. You
have just fixed the perpendicular so it is at the proper place vis-a-visthe keel line. Extend thelin€ sheight
to a point well above the ship and click again. Y ou have just drawn the forward perpendicular.



Do your best to become adept at zooming in and out of your drawing. This can be done from the
pull down menus, but awhed mouse is much more efficient. With alittle practice you will be zooming in
on your drawing so that nothing but a couple of lines shows on the drawing area. The next moment you
will have backed out to take in the entire drawing, thereby giving a sense of vertigo to the person watching
over your shoulder. Thisis one great advantage of CAD and will be even more useful as we proceed into
lofting out frames.

The after perpendicular is drawn in exactly the same manner at the stern. The only differenceis
that you may not have to extend the ked line. Again, be sure to extend the after perpendicular to a point
well above the ship.

The station lines indicate the position of the body plan profiles along the keel. They appear on
your profile plan as straight vertical lines. They should be evenly spaced along the length of the hull with,
perhaps, an extra station at the bow and stern for added definition. Without the gtation lines it will be
virtualy impossible to reproduce the shape of the hull accurately. For this reason, we want to trace them
in.

On many ships, the stations are perpendicular to the keel. [If that isthe case for your ship, trace
them in amanner similar to what you used for the forward and after perpendiculars with the kedl line asthe
base reference line. It ishighly unlikely that on your paper plansthe station line is at a perfect right angle
to your traced keel line. For now, set the position of the perpendicular station line by clicking on the
station line at a spot about half way up. Then stretch the line to a point just above the cap rail (sheer line).
Thiswill give you a gation line that approximates the paper plan. Y ou can repeat this process for each
station line and then you will have a serviceable set of lines.

If your ship sets deep at the gern and is so indicated by the plan, you should smply trace the
stations with thelinetool. Aslong as you arereasonably close in your tracing you will end up in good
shape for fairing the body plan with the half breadth plan later on. For our purposes, however, | assume
that the keel line on the paper plan isleve and that the gation lines are at aright angel to the keel line.

The important thing to keep in mind is that each station line will have a matching station line on
the body plan. To the extent that you set your traced station lines at the correct place, the process of fairing
the body and half breadth plans later on will be easier.

How accur ate do you have to be? Well, remember that these things have been done for
hundreds of years with pen, ink and paper. Thetools of drafting in themselvesinvite a certain amount of
variance. The mutability of paper adds another dimension of error. Plus, nobody | know is perfect. In
CAD you are probably going to be within a few hundredths of an inch of thelineyou aretracing. Bdieve
it or not, that is going to be close enough for producing an accurate model

The buttock lines, if they appear on your plan, will not be traced. We will insert buttock lines a
alater timein our fina drawing since they help define the lowest part of the underwater shape of the hull.
Tracing them now, however, will not add sufficient information to merit their inclusion.

Asfor thewaterlines, | debated whether to add them in at this point or to wait until later. Inthe
end | think we can draw the waterlinesin later since our approach to the question of waterlineswill be
somewhat different from that of a ship’ sarchitect. On your original plan the waterlines can be drawn in
with severa different approaches. For example, if you take aglance at the body plan you may seethe
waterlines (the near horizontal lines) as slight curves rather than as straight lines. (This happens because a
ship often sits deeper in the water at the stern.) | want to have evenly spaced straight waterlines that are
parallel to the kel line. Thiswon’t necessarily happen if | trace the waterlines onto the profile plan now.

Our waterlines can be added later, as you can tell, because their placement relates directly to the
ked line. At any time we could add a series of parallel lines (to the ked) to create our waterlines.
Eventually, the profile plan will need waterlines and, when we insert them, we will mimic the spacing on
our original plan. This comes later, however, so we can move ahead without further ado.

At this point, you have traced just about the entire profile plan. Among cther things, you have
established the line of the keel and have drawn the forward and after perpendiculars. The half-breadth plan
awaits.



The Half Breadth Plan

In point of fact, we can probably skip tracing the half breadth plan at thistime. Later on, we wil
draw in new waterlines based on the body plan. If you like, you can go directly to tracing the body plan
without ill effect. However, keep in mind that the half breadth plan islurking in the background. During
the fairing process we will construct our own half breadth plan. It will be important at that time that we
have a good imitation of your paper plan. If you do choose to trace the waterlines, you will have gained a
good first hand understanding of the shape of your hull in the horizontal plane. You will aso haveavisible
point of reference with which to compare your own waterlines. I’ m not sure it is worth the effort since you
can make that kind of judgment directly by comparing the paper plan to your drawing. The choiceis yours,
but | want you to know that the following suggestions on tracing the half breadth plan may, in the end, be
somewhat superfluous.

The half breadth plan requires the same approach as the profile plan. We establish the position of
the kedl and then trace just about everything in sight. Whereas the profile plan includes much detail
beyond that needed for framing the ship, the half breadth plan contains the waterlines, each of which tells
an important story about the shape of the hull.

Some plans have only a few waterlines depicted. Other plans have so many that the lines cannot
be untangled from one ancther. This iswherethe zoom feature of CAD gives us the advantage of a
powerful magnifying glass. Especialy for us who have astigmatism, we may till find it virtually
impossible to follow just one line through ajungle of other lines. Not to worry, just do the best you can
sincethetraced lineswill be brought into proper aignment later on during the fairing process.

A word of caution may be needed here. A half breadth plan sometimes also contains diagonal
lines. A diagona line on the half breadth plan looks very much like awaterline, but the two are not the
same and must never be confused. The placement of the diagonal lines may be on a side of the plan
opposite the waterlines. Or, diagonals may be superimposed on the waterlines. Some plans do not indicate
diagonals at all. Unfortunately, right now | am looking at a plan that has the diagonal s drawn in on top of
the waterlines. Itisal very confusing but not totally undecipherable.

The good news is that we will end up drawing all new water lines anyway when we fair up the
plans. Tracing the half breadth plan gives usa genera guidelinefor our own waterlines. In fact, we
probably could skip this part of tracing as long as we had a kedl line and the perpendiculars.

Establish thekedl. The straight lines representing the keel aretraced just in the same way as on
the profile plan. Y our plan may show just one linefor the kedl. If o, this line represents the center of the
keel. Thewaterlineswill terminate off this oneline at a distance representing the side of the kesl.
Sometimes, the side of the ked isdrawn in, especially at the bow and stern where the waterlines intersect
the kedl. At the bow, the keel may have an even broader Sding. Thisrepresents the manner in which the
stem widened at its head in order to join with the hawser pieces. Don’t worry about this right now, just
trace the waterlines to the spot wherethey end (usualy forming a“notch” at the bow and sometimes at the
stern as well; this notch represents the rabbet).

The important thing isto have a straight line that lines up with the keel. Using thelinetoal, click
on the after end of the keel line. Then run the cursor to the forward end of the keel and click. Y ou now
have a straight line in the computer, even if photography has distorted or curved the line on your paper
plan. Thislineisthe centerline of the ship.

If your plan included lines indicating the side of the keel, they can be traced in using the linetool.
Thisfalsunder the notion of having too much rather than too little information on your drawing.

Tracethewaterlines. Each of the waterlines should now be traced using the splinetool. Again,
the location points should be placed by sight in the middle of the paper plan’ slines. Thereis no need for
great consternation here. Essentially, these waterlineswill be used primarily for reference purposes. The
beginning and ending points should connect to the side of the kedl (if represented). The intervening points
are placed on the paper plan’sline.

These traced waterlineswill be used as a guide for judging the final waterlines on our drawing. If
the original waterlines on your paper plan are paralld to the keel, there will be a close correspondence
between the traced and final lines. On the other hand, if the origina waterlines are not parallel to the keel



(which iswhat causesthem to appear as dight curves on the body plan), then your final lineswill mimic
the traced lines, but will not match them exactly.

The half breadth plan isredly nothing but waterlines. Trace away, and in so doing you will start
to get afed for the way the hull would have dipped through the water. Just be advised that your tracings
will not belong in existence.

The perpendicular s may or may not extend to your plan’ shalf breadth plan. If your plan does
show the perpendiculars here, they will guide you. If your plan lacks them for the half breadth plan, you
will simply have to work around thislittle omission later on.

If you have them, draw in the forward and after perpendicularsin the same manner as you did for
the profile plan. Using the perpendicular tool, click on the kedl center line. Then click on the spot where
the paper plan’ s perpendicul ar intersects the ked (which may also be on the center ling). Then, extend this
perpendicular lineto a spot beyond the widest water line. Do this forward and aft and you will have
completed tracing the half breadth plan.

Y ou have completed tracing the profile and half breadth plans. It should have been a pleasant
few hours getting to know your ship. We are more than half done with the tracing process and, by now,
you should fedl pretty good about your skill in tracing alines. If, as| did, you gavein to the temptation to
skip the half breadth plan you have avoided a bit of extrawork.

The Body Plan

Thelines on the body plan show the shape of the hull cut across the keel like slices of bread on a
loaf. The body lineswill define much of the shape of the hull. We will also use the traced lines of the
body plan to create our own waterlines on the half breadth plan. For thisreason, it isimportant to be as
precise as possible.

Each station line on the body plan should be matched on your paper plan with a station line.
There are various ways in which the profil e station lines are indicated with numbers, letters, or a
combination thereof. For simplicity’ s sake, use the system found on your plan. Thiswill make cross
referencing between your CAD drawing and the paper plan alot easier asyou go along.

Theked lines are set down first of all. You will remember that we used the top of the rabbet as
our basic ked line when tracing the profile plan. We will duplicate that procedure now.

But first, we need to establish the midline of the plan. This should be indicated on your paper plan
as avertica linein the middle of the body plan. Interestingly, midlinestend to be in the middle of things.
Anyway, trace the midline with the line tool. By now you have become adept at tracing lines from your
plan so tracing the midline here should be a matter of course.

Now, we need to create alinethat is perpendicular to the midline and that rests on the top of the
rabbet. This line may be on your paper plan, but you don’t exactly want to trace it. The lines on your
paper plan are seldom perfectly trueto aright angle. Also, the process of loading the plan into your
computer has encountered so many opportunities for distortion (however dight) that you will want to rely
on the computer’ sunerring ability to draw perpendicular lines.

Using the appropriate settings for drawing a perpendicular ling, click on the midline. To set the
proper position of the new ling, click on a point even with the top of the rabbet determined by your paper
plan. If thereisaline on the paper plan, use the point were the paper plan’ shorizontal line intersects your
midline. After clicking on this point, extend the line to a point beyond the widest part of the body plan. In
a perfect universe, your new line should set on top of theline on your paper plan. In reality you will be
dlightly off. Don’t betoo concerned about that for the present.

This second line represents the height of therabbet. Thisline correspondsto the keel lineyou
drew first of al on the profile plan. For thisreason, | will refer to it asthe keel line. 1t must now be
extended to the other side of the body plan. Your CAD program will have a method for extending the
length of aline. It may be “Line Length” or “Line Extend,” which makes consulting your help topics a
useful thing to do.

At the bottom of the body plan you should see arectangular shape depicting the keel in cross
section. We need to trace the sides of the kedl, but only by half. It isimportant that the width of the keel



on you CAD plan is equidistant on either side of the kedl midline. To accomplish this, we construct aline
parald to the midline that rests on top of the side of the kedl.

Body Station Lines

The Keel Line
HM SBoreas— The Body Plan

Now we need to set a parald line the same distance from the midline on the other sde. Wecan't
just click it into place since the paper plan may not be entirely accurate and the chance of actually sighting
theline into theright placeis pretty dim. Instead, select the sde line with the select tool. Find and click
on mirror copy. Thistool will copy the item selected around an axis that must now be indicated. Our axis
isthe keel midline. A normal procedureisto select the sideline (the line to be copied), select “Mirror
Copy,” define the axis with two points placed on the midline, and (if necessary) tell the computer to leave
the original line. Thistellsthe computer to draw a copy of thefirst sideline asamirror image. Now we
have three parallel lines representing the sides and the middl e of the keel. With abit of luck and a
reasonably accurate paper plan, your second side line should lie on top of the paper plan’ ssdeline. Don’t
worry if it is off dlightly.

Tracing in the bottom of the keel is completely optional, but it will give a sense of completion to
the kedl elements. Tracing in the notch of the rabbet is a noble thing to do, but is al so optional.

Defining the width of the hull occupies our attention now. At this point you should have a base
lineand amidline for the body plan. Thenext step is to indicate the width of the body plan with two lines
perpendicular to the keel line that intersect the body plan at its widest points. Again, these lines may be on
your paper plan, and again do not trace them.

Using the same procedure as we used for the forward and after perpendicular lines on the profile
plan, click on the ked line. Then set the cursor on the widest point of the body plan and click. Thelast
step isto extend the line to a point above the body plan. By repeating this process on the opposite side of
the body plan you will have defined the width of the hull.

If your conscienceis clear and your heart is pure, the two width lines you have drawnin are
exactly the same distance from the midline. This, however, seems unlikely to me for many reasons both
philosophical and theological. However, if your paper plan is close to accurate, your tracing will be
accurate enough. | mention this only to let you know that | know that you might wonder about it.



Eventually, we will resize thetracing in order to make the starboard and port dimensions equally spaced off
the midline.

Tracing the body linesisastraight forward and process. Just use the splinetoal to trace these
graceful lines of the hull. See, wasn’ t that smple.

On the other hand, there are ahogt of problems that can leap up in thislittle exercise. For one, if
you have alarge number of body lines, say two or three dozen, the lineswill tend to run into each other in
several places such as at the keel and at the outside edges. Trying to read these lines for tracing can only
make your optometrist happy. The good news is that, if you have three dozen lines, you probably only
need a dozen and a half of them any way.

For example, at the widest part of the hull, the lines run together because the hull is curved very
little. Just look at the mid-ship areaon the half breadth plan and you will note how the waterlines are
amog straight.  Obviously, we don’t need ten points to define the curves at this point; three or four would
actually do quite nicely.

So, here swhat we can do with al those body station lines that are running together. We can
probably be well enough off by tracing every other line. Or, if you prefer, trace all the linesthat you can
trace with confidence. If aparticular lineis too unclear, you can try to trace it but keep in mind that you
may not need it any way. Traced linesthat are too full of guesswork can be changed to a different color to
indicate that they arelessreliable.

These lines are
unclear. I can only
guess at their tracing.

This line can
be traced with
confidence._ —

HM SBoreas— Problems Tracing the Body Plan.

At the ked we run into asimilar problem. The outside line must be traced and, fortunately, is the
easiest lineto discern. Other body lines at the ked may have different levels of clarity. Again, trace what
you can. Sometimes you just have to make do with what you’ ve got. Asamatter of fact, | am looking at
an admiralty plan where some of the lines begin clearly in the underwater part of the hull, but disappear
entirely in the upper works. While this is somewhat frustrating, | really only need the clear parts more than
the missing parts anyway.

Normally, | begin aline at the keel and trace it up to the cap rail. | don’t know it makes any
difference, however. Many of the body lineswill begin a the intersection of the keel line (top of the
rabbet) and thekedl sideline. When thisisthe case, usethisintersection to begin the line. If the body line



you are tracing isfar enough forward or aft, it will begin at a point higher up aong the ked sideline. In
these cases begin at a point on the side of the kedl.

Begin tracing aline a the point where it comes away from the keel. Then trace the body line with
a series of points placed on top of the paper plan line. Remember, where the line has a sharp curve you will
need more points; where the curve is less severe fewer points will suffice. Simply keep an eye on how the
splineisfaling on top of theline being traced.

With the keel linesindicated and the body station lines traced we are close to done, but not quite.

A few extralinesremain. Depending on your particular plan, you may see the outlines of the
stern drawnin. These may be traced if you like.

What about the waterlines? On most body plans the waterlines are indicated as a series of near
horizontal lines. Often the water linesare not straight and do not meet at the keel midline. | think | can
explain why this happens, but | also think it won’ t advance our cause very much. When we start fairing up
the plans, we will want to create our own waterlines at any rate. The waterlines we insert in the profile will
be extended to cover the body plan during the fairing process. | would not trace in the waterlines on the
body plan in theinterest of simplicity.

If you have aredly good paper plan, the body plan will include aton of other lines, ticks and
sweeps. It is sufficient to say that these additional lines and marks were used by the naval architect to
design the ship. We are not designing the ship so we do not need to reproduce more than the basic lines.

HM SBoreas- Body Plan Traced

The diagonal lines can be very important for producing an accurate drawing. Essentialy, the
diagonal lines provide a more precise way to locate points for determining the shape of the hull. If you are
interested, it has to do with the margin of error introduced into finding the intersection of two lines that
come together at arather acute angle. Your CAD program will find an intersection point without error.
Thus, the diagonals are not as necessary as they would be for amanual drafting process. They could be
used to some advantage in CAD, but at this point in the learning curve the diagonals would only introduce
an added level of complication far exceeding any benefit that might be gained. If you want to use them, go
ahead. For my part | will not mention them again.



That’sit for the body plan. It may surprise you how quickly this part of the tracing was
compl eted, especially as you started to get the knack of recreating a curve with the splinetool. It is not
very difficult to do if you just keep your wits about you. Try to understand what each line would represent
on the actual ship. Thiswill keep you properly oriented while you are tracing.

HM SBoreas— Forward Profile Plan Traced

Summary

So far you have traced onto your computer drawing areathe lines depicting your ship. Whilethe
work has been fairly basic, you have noticed your confidence growing. If you were to delete the paper plan
photograph from underneath your tracings, you would see just your CAD lines forming arecognizable set
of ship plans. | think you aso would be impressed with your work. In fact, you might want to try that now
(but save your working file first!).

Think of this tracing process as a data entry endeavor. Y ou have been putting information about
the shape of your ship into the computer. You could have recorded the information as a series of
measurements. Instead, CAD dlows you to enter the information as a series of lines and curves. A picture
isworth alot more than athousand words in this case.

In subsequent steps we will use thisinformation to redraw almost every line you have traced thus
far. Wewill cross reference information on the body plan with the half breadth plan and profile plan. We
will end up with a set of lines that arein perfect harmony with one another in all three plans.



Scaling the Plan

| prefer drawing out the plan in CAD at a1:1 scale. Because CAD givesus avirtually unlimited
drawing area, we can draw a picture of our ship that is, as far asthe computer knows, the same size asthe
actual vessd. So, for example, if the ship’ slength between perpendiculars should be 124 feet, the CAD
drawing will show that distance aswell.

There are several advantagesto drawing the plan at full scae. Thereference books will tell usthe
size of the various parts of the ship in real world measurements. If | were drawing my plan on paper |
would have to convert each one of these measurementsto scale dimensions using the appropriate scaar.
Thisleadsto alot of calculations with the attendant opportunities for error. At full scalel simply use the
red world dimensionsin the CAD drawing. For example, if my keel should be 19 inchesacross and | am
drawing at 1:64 scale (3/16thsinch to afoot), | need a CAD keel that is.296875 inches across. Some
people might enjoy all those decimal places, but | find it easier to draw the 19 inches. When the entire
drawing isfinished it can be re-scaled with just one operation.

Wewill level our tracings, scale them up to full size, and then orient them properly with respect to
one another. |f you loaded your plansin with multiple photographs of the profile and half breadth plans,
thisisthe time to take the extra step of putting the tracings together.

Putting Plans Together (Part One)

In the event you have entered your paper plan onto the drawing area as one photograph, you can
skip this section. The following relates to the use of multipleimages for the profile and half breadth plans.

Y ou have traced the plan sections on top of the respective photographs. The profile plan, for
example, might have three parts. In the tracing process, you should have reproduced al of thelines on that
section: keel, caprail, station lines, etc. In order to join these sections together we need one more thing.

Because the section photographs overlap we can find aline on each section that isidentical to the
section beside it. For example, my mid-ship section extends forward to include the fourth gun port and my
forward section extends aft to include the fifth gun port. Therefore, aline that lies between the fourth and
fifth gun ports will occur on both sections. | can use this line as an index to size and join the two sections.
Hereishow.

Firg, | want to draw a perpendicular linethat begins at the kedl line and extends upward. The key
isto terminatethisline at a clearly identified point on the photograph. We could use the intersection of one
of the station lineswith the cap rail (assuming | was careful to trace the cap rail in the same manner for
both sections). After placing thisline on, say, the forward section, | must repesat this process on the mid-
ship section. Again, | draw a perpendicular that begins at the kedl line and terminates on exactly the same
point as | chose for the forward section. In this case, the word ¢ exactly’ meansjust that. Whatever part of
the fuzzy blur you used when you zoomed in for the forward section, use that precise same part of the fuzzy
blur in the mid-ship section. The fate of the universe depends on your accuracy at this point. Bejust as
precise as possible.

When we join the two sections together, we will re-size one of the sections so that these two index
lines (one on each section) are the same length. The process we use will re-size the entire section
proportionately. Theresult will be two sections that match in scale. Joining them together will be a simple
matter.

Wherever sections overlap we need to indicate a set of index lines. In the case of using three
photographs, there will be one on the forward section, two on the mid-ship section (forward and aft) and
one on the stern section.

For the half breadth plan, the process isrepeated (if you traced it). Theindex lineswill begin at
the kedl line and terminate on aclearly identifiable point on the photograph. It may be theintersection of a
station line with awaterline, for example. The key thing is for the terminal points of the index linesto fall
on exactly the same point on the photograph.

We don’ t join the sections together yet. They must be leveled first.
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HMSBoreas— Thelndex Lines
Leveling

Y ou may have the option of leveling your photograph along with your drawn lines. My
inexpensive CAD program will not rotate photographs and so | have waited until now to level off my
drawing. Earlier, just after tracing in the kedl line on the profile plan | suggested that it could be leveled at
that point on some CAD programs. If you have skipped ahead to this point while tracing, the following
method will do the leveling, but do not delete the photograph when performing the leveling operation.
Oncetheimageis levd, return to thetracing process. The advantageisthat you will be able to use
orthogonal features to create your perpendicular and parallel linesif you wish.

So far, my inexpensive CAD program and | have not worried about the orientation of the
photograph with respect to the drawing area. Whether it was up, down or sideways, the procedure | have
outlined will work just fine. Yet, CAD will behave even better for usif we can take advantage of the
orthogonal tools in the program. CAD will automatically draw linesin perfectly horizontal and perfectly
vertical directions. By leveling our tracing in line with the horizontal we arein a position to use these
orthogonal capahilities. The process of leveling the tracings is the same for each of the three plan
perspectives. a) measure the angle made by the keel line and ahorizontal line, b) seect the plan under
consideration, c) rotate the plan by the angle previously measured, d) admire our clever work.

You areexcused if you skip to the last paragraph in this section and read about an aternate
method of leveling. | used the following method before realizing how much simpler the process could be,
s0 | include both approaches. Both work just fine, but on balance the alternate method is smpler.

Say goodbye to the photogr aphs since they are no longer needed. We have extracted all the
information from them possible. Simply delete them from your drawing area so that only your traced lines
remain. (Of course, you are saving the progress of your work in separate files.) From now on, unless
otherwise indicated, all references to the profile, half breadth and body plans refer to your CAD drawings,
no longer to the photographs.

A small excursus on layers might bein order here. Some may prefer putting the photographs on
one layer, tracing on another layer, and then fairing on yet athird layer. Thereis some advantageto using
layersin thisway in that you can add and subtract components of your work from the drawing area asthe



situation demands. | have not chosen to use layers for no reason save that of simplicity. Wel, cost may be
another reason. My inexpensive little CAD program will not rotate photographs, something you would
have to do in order to have all the layers orthogonal to the drawing area. Better CAD programs will rotate
the photographs. If yourswill, and you so desire, then have at it. The process | am outlining here will
work without layers.

Confessionis good for the soul, and so | will make asmall admission here. If your CAD program
allows you to rotate the photographs, you could have leveled the picture immediately after drawing in the
keel line. Doing so would give you the advantage of using orthogonal features of your program in lieu of
the perpendicular features. Computer drawing gets to be fun as you discover there are often several ways
to accomplish the same end.

| present in this essay afairly blunt approach to the question of lofting out ship plansin CAD. |
do so using an inexpensive program. The principles and approaches | suggest should work in better CAD
programs wheress, had | employed the advanced features of the more expensive programs, those readers
using the less expensive programs might have thought themselves precluded from the attempt.
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The traced lines with
the photographs
removed.

The profile plan can be leveled quite easily. To do so we return to the first line we drew, the ked
line (running along the top of the rabbet). We need to know the angle of the keel line to the horizontal.
This can be found by setting a horizontal construction line so that the keel line and the construction line
intersect at some point. Since this angle may be quite small, having the construction line intersect one end
point of the ked line will help mattersalong. Then, use your measurement tool to determine the angle
these two linesform. | would suggest you measure to an accuracy of .0001 inch. | say this because my
CAD program uses a default precision of four decimal places for internal calculations. This has proven to
be more than adequate, so | chose to mimic the computer’ slevel of accuracy in al my measurements.
Somewhere in your program you should have the option of setting your preferences. Consult your
reference manual or help topics to see how thisis done. The construction line can now be erased.

There are several waysto rotate objectsin CAD programs. Indeed, like most computer
applications, there are amost always more than one way to accomplish any given task. For example, tools
can be selected through the menu bar or by icon; line lengths can be set with the mouse or through the
keyboard; snap modes can be chosen by icon, menu bar, or keystroke. | will trust you to gain some
proficiency with your own program so that you can follow the steps | am indicating. Rotating the profile
plan isagood example of choosing the best method for you to accomplish thetask. A redly, really good



person could rotate the plan by eye. | can’t so | entered the degree of rotation through the keyboard.
Unless a certain Mr. M. Mouse designed your CAD, you will have the option of typing in the angle of
rotation.

Select your profile plan. In the manner indicated by your program documentation, enter the
previously measured angle for rotating the selection. After you enter the angle of rotation you should see
the keel line become a perfectly straight line on the horizontal plane. Remember, depending on the way
your photograph was inserted into the drawing area, your tracingswill rotatein either a positive or negative
direction. If you enter the angle of rotation and the keel line only gets worse, you probably need to rotatein
the opposite direction.

Just to be clear about all this, you are rotating the entire profile plan, not just the kedl line. Itisthe
kel line that must be perfectly horizontal so you measure the angle of the kedl line. But the whole plan
must rotate in concert with the keel line.

You will asorecal that we did not trace the perpendiculars. Instead, we were careful to draw in
linesthat were at precise right angles to the keel line. It now should be evident why we did this. With the
keel line set on the horizontal, the perpendiculars are now set perfectly on the vertical. These threelines,
the ked line, the forward and the after perpendicular, are the foundation for the ship’ sdimensions.

The half breadth plan would be leveled in exactly the same manner as the profile plan. The
angle of the kedl line is measured with respect to ahorizontal construction line. The whole plan isthen
selected and rotated in the appropriate direction by the angle measured. The perpendiculars are now
vertical, the keel line horizontal, and al isright with the world.

If you eected to skip tracing the half breadth plan, just be patient. Wewill establish aked line
and perpendicularsfor the half breadth in just a moment.
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Select the whole drawing
Place the reference pomt here

;
Mirror copy this line
on the other side of a
horizontal construction line.

A simpler alternate method
for
The keel line now sets on ' leveling a drawing

the horizontal construction line.
Erase the construction line and
the copied line.

The body plan isaso leveled by measuring the angle of the ked line (running along the top of the
rabbet), selecting the whole plan, and rotating in the appropriate direction by the angle measured. Inthis
instance, the lines at the sdes of the body plan are now vertical. Thisiswhy we did not trace them but
constructed them at aright angle to the keel line.

An alter nate method for leveling the plansis simpler in that it does not require measurement of
the angle of the kedl line. Firgt, set down ahorizontal construction line so that it intersects the end of the



keel line. Select the keel line and make amirror copy with the construction line as the axis of copying.
Thiswill put a copy of the keel line on the opposite side of the construction line. Now select the entire
drawing to berotated. Place or move thereference (base) point to the intersection of the keel line and the
construction line. Now rotate the drawing until the rotation arm (which is horizontal by default) rests on
the copied kedl line. The original keel line obviously now rests on the horizontal congtruction line. Erase
the construction line and the copy of the kedl line and you have aleveled drawing.

Putting Plans Together (Part Two)

If need be, we can join our sections together now that each section of the plans has been leveled.
The index lines that we drew earlier will make this fairly straight forward.

The sizes of the sections need to match. The photographs you took of your plan will not be the
same scales. Humanity being what it is, one will be larger than the other. The distance between the keel
and cap rail (for example) on one section will not be the same as on the other section. We will resize one
of the sections o the distances match. Then we can join them up.

We begin by measuring both index lines. Call one of thelines N1 (N for index) and the other N2.
Record their lengths to four decimal places. Mathematically, their relationship will be N1 = N2 x S where
N1 and N2 are the lengths of the index lines and Sisascalar (number) that expresses the rdationship of the
two index lines. N2 denotes the index line on the section we are going to resize. The value of SisN1/N2.
So, on your calculator (which some CAD programsinclude) divide N1 by N2. Write this number down to
at least four decimal places. (Y ou may have to adjust your unit default settings. Consult your reference
manual and help topics to see how thisis donein your program.)

Now, select the section that contained N2. Y our CAD offers you the opportunity to set the scale
of theX and Y axes. Typeinthevaue of Sfor both the X and Y scales. This procedure will resize the
section in both the horizontal and vertical directions by thevalue of S. As aresult, the sections now match
in scale. You can double check this fact by measuring both index lines again. They should now be the
same length.

For example, if N1is2.8430 and N2 is 2.8298 then the value of Sis 2.8430/2.8298 or 1.0047.
The section with N2 must be scaled by 1.0047 on both the X and Y -axes.

My expensive CAD program performs this operation a bit differently, but the principleis the
same. Expressed simply, we areresizing one drawing so that it has the same size and scale (based on the
index line) asthe other drawing. Read up on scaling in your help topics for more information.

Joining the sectionsis just a matter of moving oneindex line on top of the other. Select one of
the sections. Move the reference point to the intersection of theindex line and the keel line. (The
intersection snap mode makes this, well, asnap.) Grab thereference point and move it to the intersection
of theindex and keel lines on the other section. The two sections are now joined. The two keel lines
should now appear asasingle straight line. Because we first resized the sections, al the traced lines should
fall virtualy on top of one another. They won’t exactly because our tracing was a human endeavor. On the
other hand, | should think the lines will be close enough together that you will take some pride in theresult.
Aslong asthey are close we are in business.

This process of resizing and moving is repeated for the remaining section. Start from the very
beginning with measuring theindex line on the new composite section. Measure the index line on the third
section and calculatethe value of S. Scale the third section and move its index to theindex on the
composite section. Thereyou haveit. Your tracing in three partsis now one.

Some cleanup may be needed. Because thetraced lines are not exactly the samein the overlap
regions of our drawing, we may want to eiminate the confusion. Thisisnot too hard to do. We Il just split
the difference.

Actualy, | would guess that your traced lines are no more than a pencil line width apart where
they overlap (lessthan .02 inches). Thus, when you redraw the lines and “split the difference,” you realy
aren’ t generating too much variance from your original tracing

For example, the waleswould look alot better as one single curve rather than astwo or three. Just
trace anew wale on top of the other tracings. Where the lines are not the same, place your points at your
best estimate of the correct location. Most of the new curve will fall on top of the original tracings anyway



(use a“nearest on graphic” snap mode for that). Once you have traced in anew curve, go back and delete
the original traced lines. Now the curve of the wale is one graceful line. This can be repeated for the cap
rail and deck linesas well.

The kedl linerealy should be one linein fact, not just in appearance. Right now the ked is
actually two or three lines on top of each other. We could draw aline on top of these three, but that would
just give us four linesto deal with. The perpendiculars can help us out here. If you created the
perpendiculars as beginning at the keel line, the lower end of the perpendicular lines also define the keel.
Thus, we can erase the three lines on the keel line. For a moment we have nothing to show for the keel
line, but as soon as we draw a straight line between the lower end points of the perpendiculars we once
again have asngleked line. CAD dlows usto lengthen thisline if welike. A similar procedure can be
used on both the profile and half breadth plans.

The waterlines on the half breadth plan will also show some variation (if you traced them). Inthe
fairing process we are going to redraw the waterlines anyway, so these traced lines can remain asthey are.
We will use them for reference purposes, but they do not need to be reworked in the same way we redrew
the wales, for example.

The plan we had separated into two or three photographs is now appropriately rejoined. When
you think about it, it was just a matter of using an index line to size the sectionsto the same scae, then
joining the sections. CAD gives us the tools we need to accomplish thistask fairly easily.

Scaling

While the actual size of your computer screen is limited, the “size” of your drawing is virtually
unlimited. Thisisagreat advantage over a paper drawing in that we will usereal life dimensions the way
the shipwright would in cutting out the various members of the ship. Our next procedure, then, will enlarge
our traced lines to indicate the full scale of the ship.

Somewhere you have obtained the length of the ship between the perpendiculars. On the plan this
may have been labeled “Length of Gun Deck” or some such description. With this knowledge in hand we
arein aposition to scale up our plan.

Measur e the plan’ slength. A horizontal construction line can be placed so that it crosses both
the forward and after perpendiculars. Take the measurement of the distance between the points where this
construction line intersects the perpendiculars. It isthis distance that we want to match the red world
length of the ship. The mathematical relationship of the two distancesisL1 =L2 x SwhereL1listhe
length of therea world ship, L2 isthe measured length of the CAD drawing, and Sis the scalar defining
the relationship between thetwo. Thevalueof SisL1/L2.

Measure this distance
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Rescale the drawing by selecting the plan. Then enter in the value of Sfor the scaling of both the
X and Y-axes. If you were to repeat the above process of measuring the distance between the
perpendiculars you should find it now equals thereal world length of your ship.

For example, my traced drawing measures 14.6438 inches between the perpendiculars. | know
that thereal dimension is 124 feet or 124 x 12 = 1488 inches. Thus, S= 1488/ 14.6438 or 101.6130. After
selecting the plan in the drawing area, | scale the X and Y-axes by 101.6130. This gives me adrawing with
adimension of 1488 inches (124 feet) between the perpendiculars.



This process is used for both the profile and half breadth plans (if traced).

The body plan offersa different set of challenges. In essence, the process is the same except that
the width of the ship is used in place of the length. The challenge comesin that we must be sure thetracing
isfirg adjusted properly.

Y ou will remember the two perpendicular lines coming up from the keel line that defined the
width of the body plan. In theory, these two lineswill each be the same distance from the vertical
centerline of the keel. In actuality, your linesare probably dightly off. To correct this, we can usethe
mirror copy toal.

Select one of the perpendicular lines. Then perform amirror copy operation using the centerline
of theked asthe axis of copying. Thiswill place aline on the opposite side of the plan at the exact
distance of the selected line. In a perfect world, thisnew line would fall on top of the other perpendicular
you traced earlier. Inredity it will be off by some amount. Now, repeat these steps with the other traced
perpendicular line. Now each side of the body plan has two lines, the original line and the mirror copy of
the opposite side line.

On one side one of the lineswill fall inside the bodylines. On the other side one of the lines will
fal outside the bodylines. It isthis side of the plan that we want to adjust. Select the bodylines on this
“thin” side of the plan. (You are selecting only half of the bodylines, and do not select the any of the keel
lines.) Then, drag the outboard side of the selection box to coincide with the outside perpendicular line (the
nearest on graphic tool makesthis possible). In effect, we are stretching the “thin” side of the plan to the
same width asthe “thick” sde of the plan. Even on areally distorted plan the amount of adjustment
probably is not more than atenth of an inch or so. On a decent plan the adjustment may not even be
discernible. The extralinesthat fall inside the body plan should now be deleted.

This adjustment process gives us a symmetrical body plan. All of this, of course, isbased on the
assumption that the body plan has the dead flat line as the outside line on both sides. Thisisusually the
case. Nonetheless, | think you see theidea. We need a body plan where the outside lines on each side
represent the same place on the hull and where both sides are equidistant from the centerline.

Near the middle of the hull there will be a section where anumber of the frames will have the
same size and shape. There may be almost a half dozen frames that show no appreciable bevel on them.
Thisisthe dead flat area, so named for obvious reasons. In point of fact, the forward side of the body plan
may end at the forward part of this section. The after side of the body plan may end at the after side of the
dead flat area. This meansthat the outside lines on the body plan may actually represent two different
stations or frames. But, since they are both a part of the dead flat area, they will share the same breadth
from the ked. For thisreason, the process here suggested will work out just fine.

Now the body plan can be scaled up using the same process as for the profile and half breadth
plans. We need to know the width of the ship. Thisis expressed as either the moulded breadth or the
extreme breadth. Sometimes both are given. The extreme breadth is the width of the ship included the
planking of the hull. With this planking removed, the moulded breadth is the width of the ship at the outer
sides of the dead flat frame (amidships). Because we areinterested in defining the shape of the framing, we
need the moulded breadth. If thisis given as such, then all well and good. If only the extreme breadth is
given then you must subtract twice the thickness of a plank. For ingtance, my plan indicates 33 feet 6
inches for the extreme breadth. | subtract 6 inches for the thickness of two planks (one on each side). The
result is 33 feet even for the moulded breadth. Thisisthe distance | need to show between the side
perpendiculars on the body plan. | just happen to know that thisis correct, but you will need to look up the
thickness of planking for your ship before doing a similar calculation. The moulded breadth really should
be given on your plan as was the case on the plan | used for this example.

So, with the whole body plan selected the value of Sis entered for scaling the X and Y-axes. To
continue the exampl e above, the body plan on the drawing area measures 7.2205 inches. Therea world
shipis 33 feet or (33 x 12) inches or 396 inches. The value of Sis396/ 7.2205 or 54.8438. Entering this
number for scaling the X and Y -axes gives us theright dimensions for the body plan.

The basic principlein scaling up thetraced plansin CAD isto cal culate the relationship of the
plan to thereal world (which, by the way, is the true scale of the tracing) and then multiply the plan by its
own scale. Thisyields a drawing with full size dimensions. Believeit or not, we will not be addressing
matters of scale for quite awhile as we turn our attention to fairing up the plans with one another.



A Finishing Touch

We have been tregting the half breadth plan like an orphan child. Every time| have mentioned the
waterlines | have a so indicated how unnecessary it wasto trace them. Now we can construct the
beginnings of our final half breadth plan.

We need a keel and two perpendicular lines. In your drawing area, set down a horizontd line
that exceeds the length of the ship. Now that you have scaled up your tracings, you can draw thisline
bel ow the profile plan at a distance sufficient to allow water linesto be added. A vertical construction line
should then be placed on top of the forward and after perpendiculars of the profile plan. Now draw a
straight line that begins at the intersection of the new keel line with the construction line and rises to a point
bel ow the profile plan. This perpendicular line must end on the construction line, that is, it must be
perpendicular to the kedl line of the half breadth plan we are creating. Repeat this process for both the
forward and after perpendiculars. Remove the construction lines.

It is important that the perpendicul ars on the profile and half breadth plansline up (hence the
construction ling). But it isaso important that the two plans can be separated easily for later operations
(hence the separate line).

Laying out the Half Breadth Plan !
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Construct station lines

/LDraw the Keel Line

The half breadth plan needs station linesthat match the profile plan. Y ou will remember that
we did not trace the profile station lines. Rather, we drew lines perpendicul ar to the keel at the places
indicated on the paper plan. Now you will see why.

For each station line on the profile plan, follow the same procedure as you did for drawing the
perpendiculars. Asaresult, your half breadth plan now consists of akeel line, the forward and after
perpendicular lines, and a series of station lines. Thisisall we need to fair up our plan.



Fairing the Plan

Fairing is the process of making sure the three plans all describe the same hull. The original plan
should have been faired up so that our adjustments should be minor. On the other hand, an original plan
can be agood hit off for ahost of reasons. In this case, the faring process will require some attention.

Part science and part art, fairing our plan will demand judgment and sensitivity.

Preparation

Our CAD drawing has been separated from the origina plan and is now an entity unto itself. We
have leve ed the various parts of the drawing and scaled them up to reflect real world dimensions. Before
going further, we want to align the plans with one another.

A typical plan shows the profile and half breadth plans above and below one ancther. More than
just convention invites us to follow this practice. With the two plans aligned with one another in such a
fashion, we can cross reference from one plan to the other with ease. Additionally, the body plan can be
placed to the side of the profile plan, a position that al so makes it easier to cross reference.

CAD makesthisa simple procedure. Place avertica construction line on top of the forward and
after perpendiculars on the profile plan. Then sdect the half breadth plan and move it so that the forward
perpendicular on the half breadth plan is on the forward construction line. Now the perpendiculars on the
profile and half breadth plans aign. (Y ou can delete the two construction linesnow.) This step is skipped
if you did not trace your half breadth plan but constructed the appropriate lines during the scaling process.

Aligning the body plan takes the same course. Thistime, place a horizontal construction line on
top of the keel line of the profile plan. Select the body plan and move it so that the keel line of the body
plan rests on the construction line at a position to the left of the profile plan. (Delete the construction line.)
Now the two kedl lines arein aignment with one another.

Y our drawing should now show the three plans with the profile plan above the half breadth plan
and the body plan to theleft of the profile plan. Thisisafairly typical arrangement and will prove to be
quite serviceable.
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A typical arrangemmnt
of the plans

Waterlinesfor the profile plan should be drawn in next. We have delayed drawing themin for a
long time, but thereis no further profit in waiting. On the profile plan, the waterlines will be a series of
lines parallel to the keel and equidistant from one another. The number of water lines isamatter of
judgment. A lot of lineswill make the drawing more accurate, but will also confuse matters somewhat. |
would settle for something of a compromise.

| begin by drawing a series of lines parallel to the keel spaced two or three feet apart (remember, |
am using rea world measurements on my drawing now). A distance of two feet serves a smaller vessel
better. Threefeet is good for alarger ship of the line. | continue this pattern up to a point just about even
with thewales. From this point upward, | double the number of waterlines so that they are now spaced
every one to one and ahalf feet. These extralines provide more reference pointsfor creating tumble home.
If the vessel you are working on has no tumble home, then fewer waterlinesin the upper body will work



out fine. The highest waterline can fall somewhere below thelevd of the cep rail at thewaist. The paralle
linetool in CAD makes al of thisarather simple procedure.

Now it istimeto employ the line length tool. CAD allows usto grab one end of aline and extend
it to adesired point. Asaways, consult your reference manual and hdp topicsif you need to know how
your particular program does this.

We want to extend the waterlines on the profile plan so that they cross over the body plan to the
left. Grab the after end of awaterline and pull it across the body plan. Do thisfor each of your waterlines.
The body plan now has akeel line and a series of waterlines that exactly match the profile plan. These
references lines are permanent fixtures and must never be moved or atered.

A helpful but unusual step occupies us next. Right now, we can project information directly
from the profile plan to the half breadth plan using construction lines (aswe did when we dropped the
profile station lines down to the half breadth plan). We can do the same between the profile and body plans
(as we did with the waterline extensions). But we cannot project information directly between the body
and haf breadth plans. Our task will be greatly simplified if we could, and CAD makesit simple.

Placing an exact copy of the half breadth plan below the body plan solvesthe problem. Place a
congtruction line on top of the midline of the body plan. Next, select both the profile and half breadth plans
(that’ sright, both). Then use the copy command to create a copy of the two plansin the drawing area.
Rotate this copy 90 degrees so that it runs up and down with the bow at thetop. Finaly, select and move
the copy of the profile and half breadth plans so that the kedl line of the half breadth plan falls on the
construction line (which is afterward del eted).

The station linesthat you placed on the half breadth plan need to be extended so that they lie on
both sides of the central kedl line. The simplest way to do thisisto select all the station lines on the half
breadth plan and then use mirror copy to place a symmetrical set of lines on the opposite side of the keel
line. (Of course, you used the keel line to establish the axis of copying.)
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Now, we need to project the side keel lines from the body plan down to the half breadth plan. We
could use vertical construction lines set on the body plan’ s side keel lines and draw aline on top of these
construction linesfor a length equal to the keel line. Asaresult, the half breadth plan would have three
lines depicting the width and center of the keel.



But let me complicate thingsjust ahit. If | were to caculate the actual width of the kedl from the
various formulae available, | would want my side ked linesto match the real world width, not the traced
lines| drew in earlier. For example, for an 80 gun ship of theline with a beam of 49 feet 9 inches, my keel
width is calculated as 18.65625 inches. In point of fact the plan | have of just such a ship has a keel that
measures 19 inches. So, | might prefer drawing the sides of the keel 19 inches apart (or 9.5 inches from the
centerline). However, when | build my model, | may find it more convenient to cut the keel out of stock
that is a standard thickness such as 1/8 or 3/16 or %inches. By using an 18 inch dimension on my drawing,
my model will be a bit simpler when | scale the plans since and 18 inch kedl would be 3/16 inches at 1:96
scale.

To take another example, alittle ship with a beam of 33 feet has an indicated ked width of 13.41
inches. However, if | choose a keel width of 12 inches, | will find my cutting of the keel a bit easier when |
scale the drawing for amodel. So, | would choose a 12 inch keel or kedl side 6 inches on either side of the
centerline. Naturaly, if you plan to dimension your model wood to precise tolerances, certainly use the 13
inch width. The principle involved here is one of looking ahead to how you will use the plan.

All of thisisto say, place two lines on your half breadth plan below the body plan to indicate the
width of the kedl. Y ou can do so using the parallel line or offset tool to establish the sidelines parallel to
the centerline,

We now have away for thethree plansto interact directly with either one of the other two plans.

Y our drawing has grown quite large, something that would be undeniably cumbersome for a traditi onal
drawing. Butin CAD it has been a smple matter with guaranteed identicd drawings to the right of and
bel ow the body plan. With thislayout on the drawing areawe can begin fairing the lines.

Keep in mind that a perfect tracing of a perfect drawing will mean no fairing is needed.
However, many plans contain distortions and inaccuracies. Whether we were using pen and ink or CAD,
some final correction of the original plan would be necessary before we could use the plansfor building a
model.

The Waterlines

The dirty little secret isthat we had no real need for tracing the origina half breadth plan. If you
traced it, you may be wondering why | let you go ahead with it. All | can say isthat it builds character and
ennobles the heart. But all you redly need isakedl line, the perpendiculars and a set of station lines
matched to the profile plan. Thus prepared we are ready to start drawing our own waterlines on the half
breadth plan.

Waterlines tend to run together in a confusing way, especially at the extreme breadth of the hull.
Using different colors will help distinguish one from another. 'Y ou might use one color for the lowest four
or five lines (for somereason | like sienna). These waterlinesrarely cross over one another. Asyou move
upward, use a different color for each line. | like to use colorsin the same family (such as various shades
of blue) for the lines above the wales. Later, when reading a particular waterline you will be able to pick it
out from aforest of lines more easily. Be sure to change to the same color of a waterline on al the plans.
This way the waterline will have the same color whether on the profile, body or half breadth plan

The half breadth outline below the body plan will be the venue for drawing waterlines. You
have drawn waterlines across the body plan’ sstation lines. Y ou have also drawn station lines across the
half breadth plan. To put matters smply, wherever a body station line intersects a waterline there should
be a corresponding intersection of the same station and waterline on the half breadth plan.

For example, | can place avertical construction line on the body plan at the intersection of station
line“A” and the third waterline (W3). If | follow this construction line down to station line*“A” on the half
breadth plan, | know that the third waterline (W3) will pass through the intersection of the construction line
and gation line“A.” | can repeat this process for every place where a station line intersects the third
waterline. Joining all these pointsin sequence on the half breadth plan will give me the complete first
waterline

Our method will be to drop a vertical construction line down from the intersections of body station
lines and waterlines to the half breadth plan underneath. The line connecting the intersections of station
lines and the construction lines on the half breadth plan will define the waterline.
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Let us begin with the lowest water line (closest to the keel). On the body plan, place a vertica
construction line wherever the lowest water line crosses a station line. Do this for both sides of the plan.

Then move to the profile plan lying below the body plan. We made a copy of the praofile plan
along with the half breadth plan so we could project the beginning and ending points of the waterlinesto
the half breadth plan. Find the intersection of the lowest water line with the rabbet line at the bow (the after
part of the rabbet as a matter of fact). Place ahorizontal construction line at thisintersection. Do the same
thing for the intersection of the waterline and the rabbet line at the stern. These two horizontal construction
lines project the length of the waterline to the half breadth plan.

A plethora of construction lines are cutting across your drawing. Each one defines a point on the
waterline we are drawing.

We need a system for connecting the dots. A typical body plan has the forward station lines on
theright and the after station lines on the left. | am going to draw my waterline on the right side of the half
breadth plan below the body plan. Thereisno particular reason for this; it could just aswell be done on the
left side.

As you examine the half breadth plan, you notice the construction lines indicating the intersection
of the waterline and the after station linesare al on the left side of the half breadth plan. The forward
intersections have construction lineson theright. Thisisagood thing. If al the construction lines were on
just one side of the plan then we would have total mayhem. The division of thelines allows usto work
more comfortably in plotting the new waterline.

Let’ sbegin with the after part of the line (on the left). Eventualy, the waterline will be drawn in
with the splinetool. At this point, however, | only need to project the points of intersection in the after
(Ieft) part of the drawing to theright side. There are several waysto do this, but the method | suggest here
isassimpleas any.

The polyline tool will connect the intersection points with a series of straight lines, and that is
what | want to do now. With the intersection snap mode on, begin at the point where the after horizontal
construction lineintersects the side of the keel. Thiswill be the point where the waterline terminates at the
stern. Then, move up to the nearest station line and its corresponding vertical construction line.
(Remember, the after perpendicular isnot a gation line and will not have an intersection point.) Going
from station to station, connect the points of intersection. Thiswill continue until you reach the mid-ship



areg, that is, the outside station line of theleft side of the body plan. At this point, pull your polyline away
from the plan to any point lying outside the plan and finish your polyline. Y ou will see the polyline

A Polyline connects

the points and 1s

|
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mirror coppied to
the nigth side of the
plan. Most construction
lines have been omitted

for clarity.

depicting something like the after part
of thewaterline with atail shooting
out amidships.

What you have just drawn is
for reference purposesonly. The
polyline indicates the place on each
station where the waterline crosses.
The tail we added will be useful in
erasing the polyline after it isno
longer needed to draw the waterline.

Projecting the after
intersection points to the right side of
the plan will place both the forward
intersections (by way of the
construction lines) and the after
intersections (by way of the polyline)
on theright side of the plan. The
mirror tool accomplishesthis task.
Select the polyline (thetail isthe
easiest part to click on) and then
mirror copy it using the centerline of
the ked asthe axis of copying. You

will now see the mirror image of the

polyline on theright side of the plan.
The final waterlineis drawn

using the spline toal. 1t should be

apparent that a spline that connects all the points of intersection will give us the graceful curve of the

waterline.
With the spline tool (and the intersection snap mode), begin at the bow where the horizontal

construction lineintersects theright side of the kedl. Connect this point to each successive intersection of a

station line and the appropriate
construction line. When you
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reach the last construction line
(at the mid-ship area) then your
next intersection point will be
defined by the polyline.

The spline follows J |
the construction line N)
intersections forward,

then connects with the
polyline intersections afi.

f x‘ topics should tell you how.

Continue along the polyline until
you reach the keel at the stern.
Finish the spline and your
waterlineis done.

All the construction
lines and both polylines can now
be deleted. Thetailsof the
polylines make them easier to

select for erasing. You should be
able to erase all the construction
linesin one operation. Your help

This process may seem
a bit elaborate thefirst time you
go through it. By the second
waterline you will be moving

along pretty well. By thethird
your mind will begin to



daydream about other things, it isjust that easy.

All the waterlines are drawn using this procedure. Drop vertical construction lines down from
the body plan, insert horizontal construction lines from the profile plan, mark the after intersection points
with a polyline (that isthen mirror copied to the right side of the plan), and draw a spline al ong the series of
intersection points. Learn thistechnique of using a polyline to mark intersection points. We will useit
constantly later on when we begin to loft out the frames of the ship.

In a perfect world you will have no problems drawing each waterline. In thereal world you may
have the following problem.

When we were tracing the body plan, | indicated that you may have trouble seeing the lines at the
outer edges of the plan. The hull at this juncture is so little curved that the station linesrun quite close
together. | aso suggested you just trace as best you can, but aso keep in mind that some of the station
lines you traced would be less reliable than others. Itisat this point that we run into trouble with our
waterlines.

As| placevertica construction lines at the intersections of the station lines and waterlines on the
body plan, | become aware that a sation line was more a matter of guess work than tracing. | am not sure |
want to project this guesswork into the waterlineif | don’t haveto. My approach isto ignore a station line
that is guesswork. Because this normally takes place where the curvature of the hull is dight, the spline
tool will make abetter “guess” than | could about where the intersection should be. The key is to keep
straight which gtation lines you are using and which ones you areignoring.

Thisproblem
normally shows up at the
HMS Boreas - Station Lines amidships mid-ship area above the
% wales. The strategy | have

I have confidence in the blue and suggested should get you past
this inconvenience well

‘ green station lines. I remember to enough. Actually, when |
\ skip the station lines between them.  ignoreastation line, |
\ (This is opposite to the marking sometimes mark it by a

. different color just to help me
\\ suggested in the text.) remember o skip it when

Y setting out points for the
s spline tool.
A Use these Keep in mind that a
% station line on the body plan
X may be perfectly clear and
b \ useable below the wal es but
> become impossible above the
\ ' Skip these wales. Inthiscase, | usethe
line for the lower waterlines
\ and ignore if for the upper
y areas of thehull. In other
words, | only use the part of
‘ Y the station linein which | had
\ \ \ good confidence when |
traced it.
Also, if you skip astation line on the left side of the half breadth plan when setting down the
polyline as amarker, you must skip that station line as well when you trace over the polyline with the
spline. Otherwise, you will distort the curve of the waterline,

The cap rail will show up on the half breadth plan asakind of waterline. We know that it is not
parald to the kedl, but it needs to be drawn in.

While the height of each frameisindicated on the body plan, it isthe profile plan that governsthe
final height of each frame. For thisreason, the height of each station line on the profile plan must be
transferred to the body plan. By now you know there are no difficult tasks in CAD. Wesimply place a
horizontal construction line on the profile plan where the station line and the cap rail meet. Then we either



extend or trim the corresponding station line on the body plan to the height indicated by the horizontal
construction line. We do this for each gtation line on the body plan. Asaresult the body plan now
indicates the true height of each station.

Now the cap rail line can be drawn in on the half breadth plan. We use the same procedure as for
the waterlines except that our vertical construction lines are placed on the top of each station line (in which
we have confidence). The beginning and ending points are given by the points on the profile plan where
the cap rail begins and ends and are projected onto the half breadth plan with horizontal construction lines.
The points of intersection are connected with the spline tool.

Thisisthe simplest way to describe the cap rail. If your ship has a beak head bulkhead or a
squared stern then the cap rail will begin and end rather abruptly. That’ sfine, it isto be areferenceline,
not awork of art. Also, wherever the cap rail shoots upward (i.e., changes height abruptly) the cap rail line
on the half breadth plan must show a break reflecting the change in height.

TheButtock Lines

For our purposes, buttock lines will help us define the shape of the hull below the lowest
waterline. If you look at the body plan, you will note how the station lines can have arather interesting
curvature to them between the ked and the first waterline. Since we will be drawing our frames with the
spline tool using points of intersection, it is evident that at present we have only two points in thisvital
area, one at the keel and the other at thefirst waterline. Particularly in the mid-ship areawe need more
definition. The buttock lines give us more points with which to define the hull.

The same process that drew the waterlinesis used for drawing buttock lines. The differenceis that
the buttock lines are projected onto the profile plan to the right of the body plan.
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A copy of the half breadth plan needs to be placed underneath the profile plan lying to theright
of the body plan. Right now we have two half breadth plans, one running horizontally and the other
vertically. It was onto the vertica half breadth plan that we projected the waterlines. The other hal f
breadth plan israther barren by comparison. We will need theinformation in the waterlines for drawing
the buttock lines so our next step is to place a copy of the waterlines onto a half breadth plan below the
horizontal profile plan to the right of the body plan.

| 141




Perhaps the easest way to achieve this end is to begin by deleting the horizontal half breadth plan.
It was drawn originally as the basis for the vertica plan’ s development. Wewill replace it with acopy of
the vertical plan. After the horizontal half breadth plan has been erased, select and copy the vertical plan.
This copy is then rotated 90 degrees so that it is horizontal and has the bow to theright. You havethe
option here of placing the waterlines either above or below the keel line. If you have followed my course
of action thusfar, your waterlines are resting below the keel line, which will work just fine. However, if
you prefer you can place the waterlines above the kedl line by selecting the horizontal plan and then scaling
the Y-axisby —1. Thistells the computer to “flip” the plan around the horizontal plane. (An aternate way
to “flip” the plan isto mirror copy itself around an axis parallel to the keel line)

The new horizontal half breadth plan is aligned with the profile plan (to the right of the body plan)
by afamiliar method. We place a vertical construction line on top of the profile plan’ s forward
perpendicular and then move the horizontal half breadth plan so that its forward perpendicular linerests on
top of the vertical construction line. Asaresult we now have anidentical set of waterlines below the body
plan and undernesth the horizontal profile plan onto which we will be projecting the buttock lines.

Think about this for just amoment. When you were tracing the station lines on the body plan,
you will remember the difficulty of tracing thelines closeto the keel. | suggested at that time that you just
do the best you could, but | also suggested that you keep track of which lines you could trace with
confidence and which lines were too much guess work. 'Y ou may have marked the guesswork lines with a
different color, for example. Now isthetime to let the guess work go. Because most of the problematic
areais next to the keel at the mid-ship area, we just don’t need as many points of reference at this juncture.
| propose that we use only the linesin which we have confidence as we establish the buttock lines.
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I won't use these three station lmes #

since they are poorly traced and

unrellable /

o

/ These lines were clear on the paper plan
r and were traced with confidence. I can
use them.

On one drawing, just to illustrate the point, | have confidence in the outside gtation line. Thisisto
be expected. The next three lines, however, are totally unreliable. The fourth offered a clear tracing, the
fifth was indistinct, and the rest were clear. Thiswould befairly typical. Most of the uncertain lines will
fal on stations close to the mid-ship area. So, | can put the uncertain linesin a different color (gray is nice,
kind of anebulous tint) to remind me to ignore them as | project the buttock lines. Thisiswhy just doing
your best when you were tracing turns out to be good enough for our purposes.

On the body plan the buttock lines are a series of vertica linesparallel to the keel. Their number
and distance apart can be anything we choose. Again, alot of lines gives us alot of points for drawing but
also gives us asignificant headache. Too few lines don’t help us enough. A hull with only a dlight
curvature below the firgt waterline doesn’ t need as many points of reference as does a hull with adrastic



series of curves near the keel. Use your best judgment in deciding how many buttock lines you are going to
draw. | will point out, though, that | won’t be drawing buttock lines any farther out from the keel than a bit
less than the distance at which the outside station line intersects the first water line.

The centerline of the keel istheline of reference for the buttock lines. Either aparalld linetoal,
linear copy command or an offset tool can produce for you a set of lines parallel to and equidistant from the
centerline of the kedl. A distance of two or three feet is probably adequate depending on the amount of
curvature you will be describing. The more curvature the more lines you need and therefore the closer the
buttock lines should be to one another.

Buttock lines on the half breadth plan also show up as a series of lines paralléel to the kedl.
Whatever number and distance you choose for the body plan, use that same number and distance to draw
buttock lines on the half breadth plan (the one horizontal and to theright of the body plan). Again use the
parald linetoal or linear copy command to produce lines parallel to and equidistant from the center keel
line on the half breadth plan. Thus, if | drew lines spaced two feet apart on the body plan, the buttock lines
on the half breadth plan must be spaced two feet apart aswell. Be doubly sure you use the center ked line
for both plans as thereference line.

On the Body Plan and Half Breadth Plan
the buttock lines are straight lines parallel to the keel
and are equdistant from the keel centerline.
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The body and half breadth plans each have a series of straight buttock lines on them. They will
now be used to project buttock lines onto the profile plan.

Thefirst buttock line (closest to the keel) occupies usfirst. Turn to the body plan. Thefirst
buttock line isrepresented by both (yes, both) of the vertical lineswe just drew in closest to the ked. The
left line indicates the after part of the buttock line and the right side the forward part. We start with the
after side on theleft half of the body plan.

Wherever the buttock line crosses a station line on the body plan we place a horizontal
construction line. As happened before, we need use only the station lines in which we have good
confidence based on our tracing process earlier on. Moving to the profile plan we see that the construction
linesintersect their ation lines. If we connect these intersection points we will be defining the buttock
line. Once more we use a polylineto connect the dots, as it were. Remember to put atail on the polylineto
makeit easier to erase later on. The horizontal construction lines can now be erased.
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Theright side of the body plan (the forward part) istreated the same way. A horizonta
construction lineis placed on each intersection of a station line with the vertical buttock line on the body
plan. We have one more preparatory step before drawing in the final line.

Right now, our intersection points (indicated by the polyline aft and the construction lines
forward) begin and end at a gation line forward and aft. For the sake of compl eteness we may want to run
the buttock line further. To do so, turn your attention to the (horizontal) half breadth plan and find the
intersections of the waterlines and the buttock line in the areas forward and &ft of the station lines. Placea
vertical construction line at the intersection of the buttock line and the water lines. | would only use the
water lines up to the level of thewales. If you follow these vertica lines upward you will seethat they
intersect the corresponding waterlines on the profile plan. Again, each intersection point lies on the buttock
line we are drawing.
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Once more we have a multitude of construction lines, but they make sense to us as we refuse to
panic and proceed with care.

The spline tool with the intersection snap mode engaged will draw out the buttock line. We begin
a the stern on the profile plan where the after most vertical construction line intersects the appropriate
waterline (i.e., the waterline that determined its position on the half breadth plan, but you knew that). We



then follow theintersection points of the other vertical construction lines (how many depends on the hull
shape) until we reach the station line where the polyline begins. From that point we follow the polyline
(remembering to ignore station lines we had deemed uncertain earlier on) until we reach the end of the
polyline. Our connection then follows the intersections of horizontal construction linesand station lines
until we reach the final station line (ignoring uncertain station lines for which there should be no
congtruction ling). At this point we use the intersections of vertical construction lines and waterlinesin a
manner similar that what we did at the stern. The splineis finished off when we reach the waterline we
decided upon as the highest point for our buttock lines. Of course we now delete the polyline lineand al
construction lines, leaving us with our nicey curved buttock line, something people have wanted for years.

Thisis as simple as drawing waterlines, a process mastered already. In theory we could continue
the buttock lines all the way up to the caprail if weliked. For that matter, we could draw buttock lines al
the way across the hull. But our purpose for drawing buttock linesisto define the shape of the hull below
the lowest water line, and so we will be content with just three or four (maybe five) buttock lines next to
the kedl.

The other buttock lines are drawn in with the same procedure. Their greatest utility will come at
the mid-ship area, but having them sweep from stem to stern adds a touch of elegance to the drawing.

The Station Lines

Of the three kinds of linesthat define the shape of the hull, you have drawn out your own
waterlines and buttock lines. Only the gation linesremain as traced entities from the original paper plan.
The other traced linesthat remain define the shape of the keel, the height of the frames, and the sweep of
the decks and wales. But the waterlines, buttock lines, and station lines give the basic shape of the hull.
Wedid not even bother to trace the waterlines and buttock lines, choosing to rely on the station lines of our
original plan for guidance. A visual comparison of the waterlines on the origina paper plan and our CAD
waterlines should show them to be quite similar. If you have buttock lines on your paper plan, you will
probably find them similar to what you have just drawn in aswell. It remainsfor usto draw our own
station lines.

Irregularities on the waterlines and buttock lines must first be worked out.

A waterline should be along graceful curvereflecting the efficient displacement of water asthe
hull moves along. Common sense tells usthat a“bump” or “dip” in the line must represent aflaw in the
waterline. You can, if you like, imagine you are holding the solid hull in your hands and feeling along the

‘ ‘ hull for raised spots and depressions. A high spot
on the hull would be seen on the waterline asa
%}\\X\ bump outward; a depression would appear asadip
RN ™ inward by the waterline. On the solid hull we
LR - % would sand the high spots down and fill the low
T spots in with some kind of filler or putty. In
The second waterline needs to CAD, we simply manipulate the offending spot on
: - : : the line until it runs smooth and true, that is, until
be adjusted, in this case inward. it runs fair.

Finding the placesthat are out of fair isa
matter of sensitivity and judgment. | suppose we
could speak of the maxima and minima of the
curve and their relation to one another, but that is
beyond meto describe. | would ingtead invite you
to look at the linesfor places that don’t look quite
right. For example, a smoothly running concave
curve takes a convex shape at just one station and
then returnsto a concave shape again. This
probably indicates a place that needs fixing. Or it
may be that a gentle curve veers widely at one
station compared to the neighboring stations. This
again probably needs fixing. Try to identify such




places on your waterlines and buttock lines.

There are a couple of waysto fair up an errant waterline. Oneis to edit the spline nodes, the other
isto let the computer do the job for you.

When you drew in your curves using the spline tool, you were actually setting down points, called
nodes, that defined the curve. Imagine for amoment that you have aflat sheet of plywood onto which you
want to draw a curve. You could set nailsinto the plywood along the path you want the curve to take and
then bend athin gtrip of wood around the nails. To get the wood strip to bow out or in you could tieto the
strip a string attached to a weight hanging over the edge of the plywood. Depending on the weight, the
strip would bow either more or less. Thisis closeto what atraditional draftsman might do to cresate acurve
using a spline of wood, set pins and weights. CAD does the same thing in the computer with nodes doing
the work of the nails.

The help topics and reference manual for your CAD program will tell how you edit the node
placement of a spline curve. Once you have selected the waterline in question, you could move the
misaligned node to a position that causes a better run of the curve. Inreal world measurements, | doubt
you will be moving the node more than an inch or two.

Another way to fair up the line would be to retrace the entire waterline by clicking at each station
but skipping the station with the out of place segment. In effect this asks the computer to guess at the
proper location for the curve.

Either method is adequate. The buttock lines should be analyzed and faired in the same manner as
the waterlines. On one plan with thirteen waterlines and buttock lines | found only three places that needed
thiskind of treatment. A reasonably good paper plan should yield a reasonably faired tracing of the body
station lines, which should lead to waterlines and buttock linesthat are pretty much fair to begin with.

We have afaired set of waterlines and buttock lines. We are confident in their description of the
shape of the hull. Now we arein aposition to redraw the station lines on the basis of our work thus far.

Erasing the station lines may seem abit drastic, but it isthe next sep. Right now the station
lines are traced lines with the all the accuracy of a human endeavor. We can erase the gation lines and
replace them with computer generated lines that are perfectly uniform in spacing. A word of caution isin
order. We are not yet drawing in frames. The station lines arereferences for the shape of the hull. On
some ships the station lines may coincide with aframe, but then again they may not. We are drawing them
in order to complete the basic lines drawing of our ship. We will aso inspect our new station lines for
bumps and depressions as a part of the fairing process.

Take a deep breath and erase al the gation lines on the body plan that you labored so hard to
trace. You should be left with the keel lines (center and side), the perpendiculars defining the breadth, the
buttock lines, and the waterlines extended over from the profile plan.

Station lines on the profile and half breadth plan will also be erased, but not before we have
marked out the dead flat area of the hull. On the paper plan, thereisa station linethat falls on that portion
of the hull where the sides of the ship are essentially parallel to the ked (or flat). 1t may be marked with
“CL” or agpecial symbol. If you arein doubt, identify thelabel of the outside station line on the body plan
and find the corresponding station on the profile plan. Do thisfor both theright and left sides of the body
plan. The dead flat station will fall between these two stations.

Alll Istaltli-lan lines exce




(Before you proceed, take some time to measure the distances between the traced station lines on
the profile plan. Record this data somewhere. Why I’ m asking you to do thiswill be clear in just a
moment.)

On the profile plan all the stations lines except for the dead flat station should be erased. Thisis
also done on the half breadth plan, leaving only the dead flat station line with the waterlines and buttock
lines. Perform this erasure on both the horizontal and vertica profile and half breadth plans.

We have erased the station lines so that we can draw our own lines onto the plan.

A similar processisused for drawing station lines as we used before. Both the waterlines and
buttock lines used a series of construction lines to define points of intersection. Wedrew in apolylineto
indicate half the curve. Then we used aspline to create the curve we wanted using both construction lines
and the polyline to indicate the intersection points to be connected. After erasing the polyline and
construction lineswe had our curve. Wewill employ this same method for drawing the station lines.

We begin by drawing station lines on the profile plan. These will be perpendicular to the keel and
spaced equidistant from one another. The distance between them is up to our judgment, but | may suggest
that we mimic the distance on our paper plan. This can be found by measuring the original plan with
dividersand agood scale. The other option isto use the measurements we took just a moment ago. | doubt
that the traced station lines were uniformly spaced, but they were probably close. Assuming thisisthe
case, sdect adistance close to the average distance from your measurements. For convenience you may
want to round the number to some basic interval such as on thefoot or half-foot.

Starting from the dead flat station line, draw in a series of lines parallel to the dead flat and
perpendicular to the keel a the digance you have determined. Do this moving both forward and aft. For
instance, if | want stations every five and ahalf feet, | will have a station line set down every 66 inches. |
will stop placing stetion lines before | move past the forward and after perpendiculars. Of course both
profile plans on my drawing area must be treated this way with the same distance of separation. Having
two profile plansrequires this double work, but it is essential that they remain identical. Because CAD can
draw in the station lines with unerring accuracy, we know that the two plans are identical.

Now the half breadth plans will have station lines placed on them. There are anumber or ways
this can be accomplished, but for now | might suggest repeating the same steps as you just performed on
the profile plans. Begin with the dead flat Sation (that you left from your tracings) and set down lines at
the same distance as you used for the profile plan.
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There, you have station lines on two out of three drawings (or four out of five, depending on how
you count them). With our experience drawing waterlines and buttock lines we have no consternation
about drawing station lines on the body plan.

The following method for drawing station linesis so important, | hope you will make sure you
have completely mastered it. Already you are on your way, for it isno different in principl e than what you
have done previoudly. It isimportant because you will use this method for lofting out the frames when the
time comes.



Let uswork on the station line just forward of the dead flat. Remember that the forward station
lines are drawn on theright side of the body plan with the after stations on the left side. Thus, we will be
drawing our line on theright side.

The profile plan to the right of the body plan gives us the intersection points of the buttock lines
bel ow the first water line. A horizontal congruction line placed on the intersection of the station line and
the firg buttock line (which is curved on the profile plan) will extend over to the body plan. On the body
plan this construction line will intersect the first buttock line (which is a straight vertica line on the body
plan). The intersection of the construction line and the buttock lineis our first point on the new body
station line. A set of construction lines placed on similar points on the profile plan will create a set of
intersections on the body plan with the buttock lines. These intersections can be marked with a polyline (as
we have done before) remembering to extend atail away from the plan. Now that the polyline definesthe
curvature of the station line below the first waterline, we can del ete the construction lines.
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The vertica half breadth plan below the body plan gives us the intersection points with respect to
the waterlines. Vertica construction lines are placed aong the station line a the intersection of the station
line and the waterlines. However, and thisis significant, only place construction lines for the waterlines
bel ow the wales. We are going to work with only half the station at atime to simplify matters abit. Asa
result you should see a set of vertical construction lines extending up across the body plan.

At the points where a construction line on the body plan intersects its respective waterline (that is,
the same waterline that determined its position on the half breadth plan) we have a set of intersections
defining the shape of the station line below the wales. These intersections must be marked with apolyline
in the familiar manner, again with atail off to one side. This being done, the construction lines can be

erased. Y ou must recognize this as the same procedure we followed for drawing waterlines, only donein
reverse.
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Now we repeat the process with construction lines indi cating intersections with the waterlines
above the wales. We also place a construction line on the intersection with the cap rail line. Asan added
step we return to the profile line and place a horizontal construction line on the intersection of the station
line with the cep rail.

The intersection points on the body plan between construction lines and respective waterlines can
now be marked with apolyline. The polyline will end at the intersection of the horizontal construction line
and the vertical construction line defined by the cap rail on the half breadth plan. Again, al construction
lines can be erased as soon as we have marked the intersection points on the body plan.
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It isnow a simple matter to trace a spline through the points marked by the polylinesto form the
curve of the station line. Begin at the keel where the Sde of the kel isintersected by the kedl line. From
there continue to click on the places indicated by the polylines until you reach the cap rail. Finish off the
spline and you have drawn the station line. The polylines are erased, a step made easier by the tails off to
the side. Weare left to admire our station linein al its graceful beauty.

Drawing thelinein three steps like this avoids a tangled confusion of construction lines that would
be al but impossible to keep straight. If you areredly (and | mean really) good you might have done the
work in one step without the polylines, but my life was easier when | broke the process down as| have
suggested.

Once you are adept at this method, there are a coupl e of ways you might expedite the process.
Thefirg two polylines can be combined since the horizontal construction lines of the buttock lines and the
vertica construction lines of the waterlines will not run into confusion with one another. Thus, draw both
sets of the congtruction lines and join the intersections with just one polyline. This being done, the third
polyline can be bypassed atogether. Set out the third set of construction lines (above the wales). Then use
the splinetoal to join the polyline intersection points with the upper construction intersection pointsin one
fina curve. | gave the more tedious approach first to lay out the method. Certainly every person will find
ways to improve upon it to their own advantage.

Thekesel linewas used as the starting point for each station since thisis the case for the vast
majority of station lines. At the bow, however, there may be one or two station lines that rightly begin
higher up. You will recognize them on the profile plan as stations that intersect the upward sweep of the
rabbet before reaching the leve of the kedl line. In these cases, project the starting point with a horizontal
construction line set on theintersection of the station line and the inside of the rabbet. On the body plan,
the station begins at the intersection of this construction line and the side of the keel.



At the stern we will not have this situation quite as much, but we will want to pay attention to the
issue. If adation line at the stern intersects the sternpost before contacting the ked line, the beginning
point for that station will be projected with ahorizontal construction line.

Examine your new station line for bumps and depressions. Thisis amatter for a judgmental eye
and a sense of what isfair. Should you think adjustment of the station line is needed, you can do so in the
same manner asyou did for the waterlines and buttock lines. However, you will want to adjust the
appropriate intersection with the waterline (or buttock line) so that the two lines match. A high or low spot
in one linewill mean thereis
something to be adjusted in
the other lineaswell. If you
have faired up the waterlines
and buttock lines before
gtarting the gtation lines, there
should be a minimum of
changes. On agood day you
may need none at all.

For each station line
this procedure is repeated.
When dealing with the after
station lines, you will work on
the left side of the body plan.
The problem isthat all your
waterlines are on theright side
of the half breadth plan below
the body plan. The solution is
easy enough, just mirror copy
the waterlines around the kel
centerline asthe axis. This

! will set an identical (mirror)
set of waterlines on the left side of the half breadth plan. Now you can proceed with projecting the after
station lines to the body plan on the left side. Once all the station lines are drawn in, you can join the
topmost part of the lines to indicate the sweep of the cap rail on the body plan.

A Fair Plan

Our work thus far has been largely a matter of projecting points of intersection from two plansto
thethird plan. | think we can be justly satisfied with the results; but thereis one more important task before
we can rely on our drawing.

A perusal of thebody plan might reveal afew troublesome areas. Thisisto be seen when a
station line seems to interrupt the natural progression of lines. It may seem too close to another station line,
for example. Thisisnot so much amatter of a bump or depression, which we have aready looked for, asit
isaquestion of a station line that just doesn’t look quiteright in relation to the linesaround it.

So, let us suppose we have discovered a place on the body plan that requires attention. Here’s
what we do. First, we must remember that a body station line that isin error will mean that a
corresponding waterline also needs some kind of adjustment. Manipulating one will require an equal
mani pulation of the other. For thisreason, if | adjust abody station line at the level of the third waterline, |
will need to project that change down to the half breadth plan so | can move thethird waterline. The
process is the same as when we were drawing waterlines on the basis of our traced body station lines. A
vertical construction lineis placed on theintersection of the altered station line and the waterline. On the
half breadth plan, we retrace the waterline in question, but we use the new intersection instead of the old in
order to match up with the adjusted body station line. Here sthe headache. Y ou must adjust every
instance of that particular waterline. Thisisnot so hard as| makeit sound, for it is a simple process of
erasing the old lines and putting copies of the new waterlinein their place.



Actualy, | doubt you will be moving lines any more than aninch or so (in rea world
measurements). Y ou may want to ask yourself in you could hew out atimber to atolerance of tenth of an
inch with adze, for that’ swhat we are talking about. Certainly, obvious diversions from afair run of station
lines must be changed. On the other hand, I’ m not sure | would lose too much sleep over a quarter inch.

Y ou have a complete set of linesin your computer. The three plans have been reconciled to one
another in the fairing process and we have confidence in the results. Now we arein a position to begin
lofting out the members of the ship. First, we will create a framing plan to indicate the placement of the
frames. Then we will draw out the keel and related timbers. Next we will loft the framesincluding the
floors, futtocks and top timbers. The angle for any beveling of the frames will also be indicated by the
lofting process. None of this has been hard when taken step by step. Lofting out the ship’ s members wil |
be equally straightforward.
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Save your work in aseparate file at this point. For future steps, it is agood ideato open the lines
plan you have just completed, rename it and then proceed. For example, the next task before usis to create
aframing plan for our ship. Open a copy of the lines plan, rename it (something like “Framing Plan”) and
work with that. Because CAD is able to make perfect copies, we do not have the traditiona problem of
creating (or tracing on paper) anew plan.



The Ked Plan

The keel plan will set down the fore and aft members of the ship’ sstructure. Had we been an
architect, we would have started with laying down the keel as the most important el ement giving strength to
the vessal. In our plan, we already have the ked line laid down, that is, the top of the ked. We have aso
traced the knee of the head, the sternpost and the forward rabbet. These we will retain in the final drawing.
However, we want to create new linesfor the bottom of the kedl, for the false ked, and for the internal fore
and aft members such as the sternson, keelson, stemson, deadwood, etc.

TheKed

The kedl itself isthe foundation for al other construction on the ship. Its dimensionsare
determined by very strict rules depending upon the era, the type of ship and nationality. Finding the rules
for your particular shipisupto you. | am going to offer the dimensions | have for my little ship, for you
will learn the basic principles easy enough. They will apply to any vessel once you have the idea.

Thetop of theked was the first linewe drew in. We did not exactly trace it, for welet the
computer ensureit was a sraight line. We used the paper drawing to set the position of the bottom of the
keel along with several other important elements. Now it istime to draw in the keel lines with as much
precision as our knowledge of shipbuilding practice will allow.

Let us say that my ked dimension isto be 14 inchesin width. For my ship, the rule statesthat the
keel hasthe same dimension on al sides. Therefore, | want the bottom of my keel to lie 14 inches below
the top (which ismy kedl line). So, | want to erase the bottom keel line that | traced off the paper plan. In
its place | set down aline parallel to the keel line and distanced 14 inches. With CAD thisisasimple
matter of choosing theright tool (aparallé linetool or offset too, perhaps alinear copy tool, there are many
ways to do this) and then entering the appropriate distance. Y ou can also see why using real world
measurementsis so much easier than performing a scale conversion at every turn.

The forward end of the keel ends in the boxing joint, a complex piece of joinery that ishard to see
on amodel but satisfying to construct. | have no desire to repeat the literature on how this joint might be
laid out, but as you draw out your plan you will allow in the back of you mind that this pleasant work will
occupy you when you trandate your drawing into wood.

The after end of the keel endsin line with the angle of the sternpost. This angle you traced with a
gtraight line. Use this angle on the new ked lines for the after end.

We arenot done with the kedl, for it ishelpful to indicate the rabbet. This groove in the keel
received the garboard strake, the lowest line of externa planking. We have used the top of the rabbet for
our basic kedl line. The bottom of the rabbet will be aline parallel to the keel line and set a several inches
down. | have chosen to placeit 3 inches below the keel line.

The false ked for my ship is5inchesin depth. Asaresult, | chooseto set my false keel down as
apardle line 5 inches below the kesdl.

The physical structure of the keel in the moddl must be decided before we can start transferring
our keel drawing to wood. If we use asingle stick, al fine and good. But actua practice would dictate that
the keel be made up of several piecesjoined together with a scarph joint. The number of sections of the
keel would also be determined by rules of the day. But let us agree that we want to divide our ked into five
sections in keeping with the practice the original builders.

Simple division gives us the length of each section. A ked of 124 feet would have sections of 25
feet each (with one section a foot short). Beginning at the bow, draw a circle (congtruction circleif you
can, normal if need be) centered on the front edge of the kedl having aradius of 25 feet. Wherethiscircle
intersects the keel draw anidentical circle. Do this five timesand you have the divisions of the keel. Mark
these points with a vertical line across the ked and then erase the circles. Actually, a scarph joint will
connect these sections so that the actual members will extend beyond this line to create an overlap of sorts.
How thisjoint is constructed will be covered when we loft out the ked pieceslater on. By the way, the
false keel would aso be built in pieces with the joints offset from the joints of the keel.

The Stem



The stem rises from the keel at the bow. On my little ship it isa graceful curve. Wetraced this
curve from the paper plan, and there is no way to improve on our work short of learning naval architecture
and revisiting the calculations of the origina designer. However, you will need to be familiar with how
your ship would have been put together to know the way the stem should be constructed on your model.
Again, if you will cut it out of just one piece, al well and good. If, on the other hand, you want to replicate
actual practice, you will need to know where divisions and joints were placed.

It lies will outside the bounds of thistreatise to suggest how you would accomplish thisend on
any particular vessdl. | simply suggest that you must make the decision at this point and draw in the pieces
for your stem. Y ou have the outlines provided by your tracing of the original plan. Native intelligence
should be enough for you to add therest. | suspect the joints you add will consist of straight lines, even if
you draw in the proper scarphs. Thus, you have sufficient skill in terms of using CAD; the knowledge of
where the joints lie must come from your magtery of shipbuilding in general.

The stempost, apron, rising wood, etc. will al be drawn in with a combination of straight lines
and splines. A glance at a finished drawing of this area of the ship should give you an idea of the elements
that go into the drawing. Once you have determined the placement of the various pieces, draw themin
outline. Then return to make the joint lines (such as the scarphs).
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The question of drawing scar phs may be reviewed here with good profit. There are many kinds
and variations of scarphsin shipbuilding, but there aretwo in particular that are relatively easy to draw and
easy to construct. | should like to offer amethod of drawing them in CAD

Firg, ascarph joint can bethought of as a kind of lap joint. Thetwo pieces overlap one another
and so must be cut precisely in order to mate together cleanly. The good thing about drawingin CAD is
that the joint line we draw for one of the piecesis automatically the joint line for the other piece. This
insuresthat the joint, if cut out properly, will match up.

Let usfirst consider asimple scarph joint on two straight pieces sincejoining two curved piecesis
no different in principle. We begin with the observation that a scarph is to be afifth to a sixth of the length
of the pieces being joined. If our keel sections, say, are 25 feet in length, then ajoint of 5 feet is about
right. To mark out this distance, we use a circle. Placing the center of the circle at the junction point of the
pieces, we extend the diameter of the circleto 5 feet (be sure to keep straight in your work the difference
between diameter and radius). Where the circleintersects the pieces we have the ends of the scarph. Each



of these ends should be marked with a straight line perpendicular to the Sde of the piece. We now have the
ends and the middle of the joint marked out. The scarph is cut into the piece to a depth of one third the
thickness of the piece. A 12-inch piece, therefore, would have a cut depth of 4 inches. Now acircle with a
radius of 4 inchesis placed at the intersection of an end line and one edge of the piece. An identicd circle
is placed a the other end line on the opposite edge. The end cuts of the joint follow the end line to the edge
of thecircle. By joining the intersections of the end lines and their respective circles, we have a simple
scarph joint.

When dealing with a curved piece, the processis no different. CAD will provide away for usto
draw an end line perpendicular to the curve (perpendicular to atangent line intersecting the curved piece at
the point of the end ling, if you prefer).

A hooked scarph addsjust one ep more. At the center line of the joint a circle with a diameter of
onethird of the thickness of the piece is constructed with its center point at the middle of the midline of the
joint. The portion of the lineinside the circle is the cut of the scarph. | would use a polylineto trace the
lines of the joint.

Of course, all thereference circlesand line must be erased after the scarph joint line have been
drawn in.

The Stern

The stern requires the same approach as at the bow. The dead wood is made up of several pieces,
their exact disposition being a matter for the shipwright to decide depending on available material. You
might use a single piece of wood,
or you may want to piece the
HMS Foudroyant deadwood together with a series

of joints. Thisisamatter for you,
Sternpost your judgment and the historical
data you can find. Your goal at

Inner Sternpost this point to isindicate the manner

\ in which the deadwood will be
Sternson built up when you put knife to
wood.

Thetop of the after
deadwood should be a curve and
so will require aspline. the other
pieces can be indicated with
straight lines. If you choose to
— T ~———= includeascarph joint you know
_ how to do that as well.

i | | The question should arise
' . of how we know the basic
ooy B 0w outlines of the deadwood and the

Deadwood

Rudder




rising wood at the stern and bow respectively. The simplest answer isthat your origina plan should tell
you. When you see an inboard profile of your ship the outlines of the keelson (which terminatesin the
stemson and sternson at either end) should be drawn in.

If, on the other hand, your sources do not give you the precise line of these members, dl | can
suggest isthat you acquaint yourself as best you can with the practices of the era of your vessel and do the
best you can. Another option would be to study naval architecture and learn the formulaand rules
determining such things. Asyou do so, however, keep asking yourself if you are having fun. Lifeisa
series of accommodations with reality. One person’ s compromise is another’ s common sense. When the
information isavailable, useit. When it isabsent, find it. When dl dse fails, forge ahead and, as Martin
Luther is supposed to have said, sin boldly.

TheKeeson

The keelson runs the length of the ship as the extension of the stemson until meeting with the
sternson. Since the keelson rests on top of the floor timbers, the line of the keelson depends on our first
knowing the height of the floors over the kedl. If we have a good original plan the keelson will be
indicated for us. Otherwise wewill have to draw in the keelson.

The height of the floor at the dead flat frame should be
Marks off this determined (by measuring the plan or through research of
contemporary practice). At the bow and stern the keelson joinsthe
stemson and sternson respectively.  The points we set down should be
connected with aspline. The upper line of the keelson is a a distance
equal to the depth of the keel.

One way to mark aheight uses a construction circle with a
radius equal to the distancein mind. For example, if you need a
distance of 18 inches marked out, placing the center of a circle with a
radius of 18 inches at the junction of the station line and the keel

e marksthe height dong the station line. Theradius set at the
i determined height means that the circumference of the circle
intersects the station line at the height we desire.

distance

The Drawing

Removing all elements of the drawing not pertaining to the kedl itself compl etes the keel plan. |
have been working with a copy of the profile plan to draw in the various e ements, but now | can subtract
such things asthe cap rail, the wales, the station lines, waterlines, etc. Thefinished drawing isfairly bare,
but it is the backbone of our project and merits an equitable amount of attention.
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The Framing Plan

Before we can loft out the shape of the frames, we need to know exactly where
they will be placed. Thisisthe function of the framing plan. Complete framing
disposition plans are not always available, but we should be able to put together aviable
plan even without one. On the other hand, you may have the original framing planin
front of you. Your research will have given some sense of the “room and space” for your
framing, that is, the thickness of the frames and the amount of space between them.

On my little ship | have been fortunate enough to have a framing plan from the
original designer. So, if my goal isto reproduce the exact framing | am all set. Onthe
other hand, most model s make some compromise with actual building practice. For
instance, the width of a frame (the siding) decreases on my ship asit rises. This can be
done on amodel to be sure; but it is a matter of taste and stamina as to whether it is
entirely worth the effort. Thus, | may choose to use a uniformly sided frame (which, as
far as| can tell, is the most common solution to framing a model).

The simplest of approaches places frames of identical structure along the length of
the keel. Contemporary practice for my ship would have main frames consisting of
double frames with filler frames in between. To be sure the approach to lofting out the
frames is unaffected by the disposition we finally employ. Thus, for the sake of
simplicity | will sketch out a basic framing plan. | leave it to you to interpolate how to
fine tune your own framing plan to meet your expectations.

The Square Frames

The majority of frames will lie across the keel at aright angle. Drawing them is
no harder than drawing a series of straight lines.

On the profile plan these square frames will be straight lines set a distance apart
equal to the width (siding) of the frames.

Earlier we set down station lines on the profile plan. If you recall, | suggested we
use about the same spacing as appeared on the paper plan. We did not use the traced
station lines because they were not exactly evenly spaced. With CAD we were ableto be
more precise. On the plan | have before me, the positions of the main frames fall on the
station lines, something that simplifies things a bit. Thisis not always the case and, up to
now, we have been careful not to refer to the lines as frames but as station lines.

The siding (width) of each frame needs to be known. My little ship will have
frames 12 inches wide, which means a double frame will be atotal of 24 inches wide.

So, by way of example, | begin at the dead flat station line. Forward of this line
we can set down a parallel line at a spacing of 12 inches. We also put aline aft of the
station line at the same distance. At the next station line forward two pardlel lines fore
and aft spaced 12 inches are also set down. These new lines represent the faces of the
frames we will eventually put into our ship.

No doubt you will notice a sizable space between these frame lines. On the full
size ship there may be two single frames leaving a space between frames (at the floors) of
only afew inches. For the sake of example, | am choosing to set one single frame
between the main double frames. The math indicates a spacing of 9 inches between the



frames. This particular layout isimmaterial to the basic principles of laying out the
framing plan. You will, of course, decide upon the framing that reflects your ship in the
light of the adjustments you incorporate for the sake of your model.

For our example, we can set a parallel line 9 inches from the frame lines we have
just added. Theresult isa complete set of frames between two of our ation lines. In
point of fact, thisisall we need do for the square frames. The exercise caused us to think
through the spacing of our frames, but since they will be identically placed there is no
need to draw in all the other square frames.

The half breadth plan receives the same treatment. A set of lines representing
the faces of the framesis set down parallel to the respective station lines. Again, it is
unnecessary to draw out all the frames. A sample of lines at the dead flat station suffices.

On our ship, the square frames terminate well before the bow and stern.  On my
little ship, the last square frame coincides with the fourth station line aft of the forward
perpendicular. At the stern, the last square frame coincides with the sixth station line
forward of the after perpendicular. The lines for each face of these terminal square
frames can be drawn in with some profit. Simply follow the same procedure of setting
down parallel lines at 12 inches from the station lines.

b The main square frames indicated.
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The Cant Frames

Some building practices set the foremost frames at an angleto the keel. These
cant frames decreased the amount of bevel required in order to receive the planking.
There are anumber of rules of thumb to be observed in designing cant frames, but our
task isto mimic the existing plan. Because | have the original framing plan | can set my
cant frames by taking their position from the paper plan. Thisisthe first time we must
take a measurement directly from the paper plan, it may not bethe last. The method is
simple enough, however.

On the half breadth plan the cant frames appear as straight lines. For this
reason we want to draw them in here first of all. A couple of observations may be helpful



aswe proceed. The cant frames are set at varying angles with the inclination increasing
aswe move forward. No frameis set at an angle greater than 45 degrees. So, if you must
reproduce a framing plan without the original plan, add only so many frames as will meet
thisrule. Also, the heel of the frames are spaced closer to one another than the square
frames. Perhaps the best way to get afeel for how the cant frames are spaced at the keel
isto examine a number of models so constructed. Even better would be to obtain a

framing plan for your vessel of one of the same class and construction.
| have such a plan and will take measurements to be transferred into my CAD
program. One way to take measurements isto use dividers, determine the distance

<. Intersections

Ty

Cant frame center line
connects these two

i |

! /“7 (Some waterlines omitted for clarity.)
39

between the points and multiply by
the scale of the drawing. Or the
dividers can be compared to the
scale ruler on the drawing itself
(often but not always present). In
lieu of dividers you can use a strip
of paper aligned between the two
points to be measured. Two pencil
marks set onto thistick strip can
then be measured and scaled or
compared to the scale ruler.

In thisway | have
determined that the first cant frame
begins 3 feet 3 inches forward of
the square frame at the bow. Onthe

half breadth plan | draw acircle with aradius of 39 inches and its center point at the
intersection of the square frame’ s gation line and the side of the keel. Where thiscircle
intersects the side keel line forward is the beginning point of the new cant frame.

From the original paper plan |
determine that the top of the cant frame
intersects the cap rail 4 feet 3 inches
forward of the square frame. Again, |
draw acircle with a 51-inch radius and
centered on the intersection of the
square frame s gtation line and the cap
rail. The intersection of thiscircle with
the cap rail forward gives me the second
defining point for the new cant frame.
A straight line connecting the beginning
and ending points sets out the cant
frame scenter line.

1. Two lines for the forward

Trim to the outside
waterline.
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(Some waterlines omitted for clarity.)

At thispoint | am drawing a double frame so the next step will be to line out the
forward and after faces of the frame. Thisis achieved in the same manner as the square
frames using the newly drawn cant center line as the line of reference. After setting
down two parallel lines (depicting the faces of the cant frame) 12 inches from the center
line, there will be a need to adjust the lengths of the face lines so that they begin at the



side keel line and end at the furthest waterline outboard. All construction circles can now
be erased. Your first cant frame has been drawn in.

The other cant frames are drawn in the same manner. Determine the position for
the heel and head of the frame, draw a
line representing the center of the frame
and place two paralel lines on either
side for the forward and after face.

At the stern the process is no
different. The only novelty comeswith
the final cant frame that will receive the
transom timbers. This frame, called the
fashion piece, will vary somewhat =
according to your vessel. The principle
is nonetheless the same for all the cant
frames.

| should remind you that | have :
spoken only of the main frames (both The forward cant frames drawn in.
sguare and cant). Historically, the area between these frames would have been filled with
two (or three) single frames called filler frames. How you want your model to appear
will dictate how you treat this open space. However you choose to frame your ship, the
principle for setting down the filler frames is no different.

/LU
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While on the profile plan straight lines represented the square frames, the cant
frames will have a curved appearance. In essence, we are looking at the square frames

_::'. __{:.._:. om0 I (i
The main fore and aft cant frames drawn in

edge on, but the cant frames have been rotated dlightly to our line of sight. Hence, the
cant frames must be projected from the half breadth plan to the profile plan in a process
very familiar to us now. As we have before, we will use a combination of construction
lines, polylines and splines to depict the cant frames. We will place vertical construction
lines onto the half breadth plan in order to establish intersection points on the profile
plan. These will define the appearance of the cant frames.

Before we can start, however, there is another bit of information we need to add
to our drawing. The square frames all rest (more or less) on the keel line. The cant
frames are set into the deadwood at the stern and the rising wood at the bow. The heels
of the cant frames are elevated above the keel line and it isthis line (the bearding line)
that must be added to our drawing. It may be present on the original paper plan in which
case we simply measure the height of each frame above the keel line and transfer that
distance to the CAD drawing. Absent the line on your paper plan, you will have to
reconsgtruct the line. This, | should think, isatask for naval architecture and thuslies
outside the confines of this treatise.
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Measure these distances.

But let usthink of happier things and that we have the information provided for
us.

For each cant frame, we need to know the distance from the keel line to the heel
of the frame. Thisis measured off easily enough with dividers or atick strip and
converted to real world dimensions. For example, on my ship | have three main cant
frames at the bow. They are (from aft to forward) set at distances above the keel of 6, 14
and 27 inches respectively. With this information | am prepared to project the cant
frames at the bow onto the profile plan.

Let us draw one face of the cant frame furthest forward. | select this frame
because it will have the most pronounced curvature on the profile plan and, for that
reason, will be the easiest to draw. To that end, let us also begin with the forward face of
this frame.

The frame begins at a height of 27 inches (you will recall) above the keel line. On
the half breadth plan | set avertical construction line at the intersection of the forward
face and the keel line. Where this
congtruction line intersects the keel on the
profile plan | place the center of acircle
with aradius of 27 inches. At the
intersection of the circumference of the
circle with the construction line | have the
point at which the frame begins.

Vertical construction lines are then
placed on the intersections of the waterlines
and the frame line. Aswith the station lines,
_ we will be greatly confused by placing down
The P oL all the construction lines at once. Sowe
6T thie Fuelids - prefer to place just afew construction lines
and cant frame  Jhd | S N at atime, mark the appropriate intersections
mw / M %, \ with a polyline, erase the gonstructlon lines

I % and repeat the process until every
) waterline/frame line on the half breadth plan
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has an intersection mark on the profile plan.

Start with the water lines below the wales. Once you have set these in place and
marked the profile plan with a polyline you can erase all the construction lines.

Now things might get interesting. Y ou have, no doubt, noticed that the upper
waterlines run quite close to one another at certain places. This iswhy we suggested that
different colors be used so we could differentiate among them more easily. Even at that,
we will have difficulty in telling which construction line pairs with which waterline.
When that happens, just slow the process down. On occasion | have worked with just

TR | |
s | | | " Place construction /
R || lines where the
frame intersects a

waterline.

: L polyline connects the
~ intersections of waterlines
and construction lines.

/

IRERE T
one congtruction line at atime. Inthat case| marked the intersection point with a straight
line that began at the intersection and then tailed off to the side. This method makes
finding the intersection point easier (aline is easier to see than a dot) and makes erasing
the marker line easier as well.

At this point, then, we have a polyline indicating the cant frame below the wales
and either a polyline or a series of marker lines indicating the shape above the wales.

Y ou will remember to treat the cap rail line as you would awaterline. This being the
case, we are ready to join the points with a spline.
Throughout our project, we have

benefited from the ability of CAD to zoom in

F—————ﬁ:/ onour drawing. When the need has arisen we
have been able to distinguish between lines that
were close. Perhaps it took a session or two
before you mastered the art of zooming in and
out, but | think | can by now assume you are
able to pick out an intersection point even when
it fallsalmost impossibly close to another
intersection. That is one of the great utilities of
CAD, we can achieve a degree of accuracy that
was once reserved only for the eagle eyed
draftsman.

With that excursus to one side, we
return to our cant frame on the profile plan. As
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you have guessed, it is a simple matter now to join the intersection points on the polyline
and the marker lines. (The beginning point lies on the end point of the polyline; CAD
will allow you to snap to this vertex.) These fall on the waterlines and, now that they are
joined with a spline, make up the graceful curve of the cant frame.

The after face of the frame is projected onto the profile plan in exactly the same
fashion. The other cant frames require no different treatment. \WWhen done you will have
aset of cant frames at the bow.

Cant frame at the stern introduce no new wrinkle in our drawing. Again, we must
take the bearding line from our paper plan and project the level of the heel of each frame
with a construction line and circle. Each cant frame isthen drawn in.

Aswith the square frames, there werefiller frames between the main cant frames.
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Their digposition and projection employ exactly the same procedure we have just
outlined.

In fact, we have not drawn the cant frames as they will be cut out and put into
the ship. The projection onto the profile plan gives us a perspective view. This process
of drawing them out helps us visualize possible problems later on. We can, and should,
examine the lines of the cant frames for fairness. Any untoward dips and swells should
be addressed by re-fairing the attendant waterline. | found a few places that were off by a
half inch (real world dimension) and have pondered the virtue of making such a slight
alteration given that my model will make the variance something on the order of .005 of
aninch. | may trust a piece of sandpaper to make that small a correction.

Of Gunsand Things



Other elements of the framing plan include the gun ports, sweep ports (if any),
and the level of the futtock heads. These are simple matters to include if we have
sufficient information on the actual vessel.

| have decided to place the gun ports between main frames in a manner closely
aligned with the original plan. The precise placement may be shifted afew inches (real
world) since | have already decided to smplify the frame construction somewhat.

The gun ports should have been traced in earlier. Of course, the tracings do not
line up with the frames we have indicated. The traced ports will, however, give us
enough information to redraw our own gun ports.

Even though the ports themselves are rectangular, they fall on a curved sweep
from stemto stern. This sweep can be indicated temporarily on our plan by connecting
the traced ports with a spline. By doing so | will be able to place a gun port where the
spline intersects aframe. Starting at the stern, say, | begin the spline at the after upper
corner of the traced gun port. In order to create a smooth curve, | set the spline down at
the after corners of every other gun port (or every third depending on my mood). The
spline terminates at the forward upper corner of the last gun port. As you inspect your
line you will probably notice how close all the traced gun ports areto this spline. After
repeating the process for the lower corners of the traced gun ports | have a good
definition of where the ports will be. The traced ports should be erased as they have
served their purpose.

Now, a each position where a gun ports needs to be drawn in | can draw in a gun
port using the splines as guides. Aswith so many things, there were rules and formulato

determine the dimensions of these ports. If

- One way to indicate gun ports. e are sticklers for accuracy we must know
- these rules and line out the gun ports
accordingly. Fortunately on my little ship

the gun port dimensions line up well with the

frames | have already drawn in. This comes

as no surprise since in placing my frames|

- had mimicked the original plan fairly
closely.

So, the task at hand is a matter of drawing a horizontal line from the upper left
intersection of the spline to the opposite frame. A similar line isdrawn for the bottom of
the frame and the port isdone. Thisisrepeated for each gun port. It remainsto decide
what size timber will be used for the gun port (the sill and lintel) and how they will be set
into the frame. On the drawing, place aline parallel to the upper and lower gun port lines
at a distance of your chosen dimension. Letting the piece into the frame is a matter of
extending the piece, drawing the ends, and trimming the frame accordingly. (Erasethe
two splines.) | should think other apertures such as for sweep ports and ballast port
present no problem.




The heights of the floors and futtocks should also be included. This
information is on my paper framing plan and it is short work to transfer it to the CAD
drawing. How you obtain this
information will be determined by the
project before you. Many models are
made with no real attention given to
the real world placement of futtock
heads. What is most needed is a set of
lines that show where you have
decided to put your futtocks, whether it
isin mimic of the real world ship or a
layout based on your best estimations.
Once again | can use dividers
| Pirst fittocl or a paper tick strip to take
|| Es measurements from the original plan.
| i1 Bl o the foor The distance fro_m the keel line to the
> e p top of the floor is measured out and
= recorded. This should be done at the
dead flat frame, at one or two frames
between the dead flat and the cant
frames, and finally on the last frame with an indication of the floor timber height. At this
point we have drawn in aline showing where the head of the floor terminates.

The same procedure is followed for the first futtock head. Again, only afew
points along the length of the hull are needed since we are looking for a smooth curve.
The line will begin and end with the frames at the extreme ends of the ship. Asyou
suspect by now, the same process gives us lines for the second, third, and the other
members of the frame.

The height of the floor at the mid point (above the keel) is equal to the distance
between the keel and the keelson. So, in effect, we need to have the keelson line added to
the framing plan. This can be drawn in exactly the same manner as when we were laying
out the keel plan earlier.

We will use these lines when we finally loft out the frames. Obviously, if we are
going to create a pattern for each member of a frame we have to know where each futtock
begins and ends. We could just choose an arbitrary juncture of pieces, but that would
prove somewhat unsatisfying. On the other hand, this presupposes you are planning to
build up your frames one futtock at atime. If you choose a different method (such as
making frame blanks and cutting out the frame all in one cut), then these futtock lines are
not asimportant. And a model built as a plank-on-bulkhead structure will need even
fewer of these reference lines. Let your choice of building method determine how much
information you need on your drawing.
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Hawse pieces fill in the last open space at the bow. They are timbers running
parallel to the keel, but they tie into the last cant frame. Drawing them out isas simple as
drawing and projecting the other frames.

For my project, | have decided to place four hawse pieces, 12 inches wide and
spaced 9 inches apart. The knowledgeable reader will discern that thisis not precisely
the correct manner of disposition. For my model, however, this layout will prove both
instructive and simpler to construct. As has been said so often, your disposition depends
on avariety of factors.

The hawse pieces are first drawn in on the half breadth plan. Nine inches from
the side of the keel (at the bow) we can set down aline parallel to the side of the keel.

b Thisisfollowed by another parallel
line 12 inches distance. Thelineis
made to begin where it intersects the

) _ forward cant frame and to end at the
The first hawser piece, intersection with the outermost
. set parallel to the keel. waterline. There, we have the first

“ \\\ hawse piece drawn in.
iy O W The other hawse pieces are
dde T~ o NN drawn in the same manner. In actual
i e ‘\\ ship building practice there may have
been additional filler pieces, but for

now | think we can be satisfied with
just our hawse pieces. Also, around the area where the hawse pipes penetrate the hull the
pieces would be wider to the point of butting up against one another. For now, let us plan
to put spacers in the gaps between hawse pieces to make the solid surface for the hawse



pipes. This, to be sure, isacompromise, but in doing so we will simplify our task
somewhat.

It remains for usto project the hawse pieces onto the profile plan. The procedure
we will useis so familiar by now that | hesitate, ailmost, to describe it again. It isjust a
matter of setting down construction lines on the half breadth plan and connecting the
appropriate intersection points on the profile plan.

In point of fact, projecting the hawse pieces to the profile plan is the exact same
thing as projecting the buttock lines. Both the buttock lines and the hawse pieces run
parallel to the keel, and thus we would expect them to be defined in like fashion. The
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added step is finding where the hawse piece
intersects with the cant frame. Thisisdefined | /
simply by a vertical construction line set on the //
intersection of the hawse piece and the cant
frame on the half breadth plan. Where thisline
intersects the cant frame on the profile plan is
the beginning point for the hawse piece. We stopped our buttock Ilnes at the Wales, but
for the hawse pieces we just carry the process up to the cap rail.

If the number or proximity of construction lines becomes confusing, just break
down the projection into smaller steps using polylinesto mark of the points of
intersection until you come back to join them with one spline. Because the hull may
present an essentially vertical face at some point (depending on the shape of your
particular vessel), you may even need to mark intersection pointsone at atime. This
cannot be any worse a task than what you would have done on apen and ink drawing.

For each hawse piece there will be two lines on the profile plan indicating the

inner and outer face of the piece. Once they are al drawn in you have a nice depiction of
the bow before you.
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include the buttock lines, the futtock lines, and at the bow the hawse pieces. Choose a
separate color for each one of these and you will be able to pick out the line you want
more easily.
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L ofting Frames

All our work to this point has been but a preparation for this moment. We are about to loft out the
frames compl ete with bevels, floors, futtock pieces and timbers. For each piecein the frame we will create
a pattern that can be used for cutting out the red world framing on our model. Keep in mind that we are
till using real world measurementsin our drawing. Wewill be able to scale the end product to any scale
we desire when we finish the lofting process.

The Square Frames

The dead flat frameis the easiest frame to loft and so we begin there. This frame lacks any bevel
to it and so we can put that question off for the moment. Y ou aready know how to loft out the frame,
redly, since you acquired that skill when drawing the body station lines. The procedureis exactly the same
for the outside of the frame. The inner part of the frame presents a different problem, but easily addressed.

A few preliminary adjustments to the framing plan are necessary. | would create a separate
copy of the framing plan so asto have working plan where lines can be erased and mani pulated without
losing work previously done. On this new framing plan, thefirst order of businessis to set a half breadth
plan beneath the body plan with the keel running vertically. The centerline of both plans must coincide.
Thisisfamiliar to usfrom our prior work. The important thing hereis that the half breadth plan hasthe
framesindicated on it.

These framelines will be
used to project the shape

of theforward and after =
faces of the frame onto T
the body plan. The
frames lines can be
mirror copied about the
ked centerline, but for s
my approach | want a set ]
of the frame lines on the
right side of the vertical
half breadth plan. The
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drawing will also be i, .

clearer if you remove the L The layout we will

buttock lines from the I

half breadith plan. i __.]ﬁ : use to loft out the
_ Moreover, | - frames on the

the station lines must be il{"ﬂ V- IJ'IEIEII :

removed fromthebody [k {1/ /Il body plan area.

plan. Don'tpanic, these [\ L [/ /1

lines represent the i B S

station lines, not the %s:ﬁ‘r‘“ﬂ%

surfaces of the frames s

themselves. They were s e
useful in faring the plan,
but they are not needed for lofting the actual frames. Y ou will be left with a body plan that has the
waterlines extended from the profile plan, the center ked line and the side kedl lines.

Finally, you will find it helpful to group the entire working drawing into one entity. CAD permits
us to gather a callection of lines and treat them as one. In doing so, we can select the entire entity with a
single click of themouse. Hereiswhy thisisuseful. When we loft out aframe, wewill do soin thearea
on the body plan just now vacated. After the frameislofted, we want to move it off the body plan so we
can break it up into its constituent parts. This could be done with layers, but | find it easy enough to select
the body plan with the lofted frame and then de-select the body plan. Thisleaves only the lofted frame
selected, which can then be moved as | desire. There will be more on thislater on.



| should think it evident that, with this arrangement of the plan, the profile plan can project
information from the buttock lines onto the body plan with horizontal construction lines while the half
breadth plan can project information from the waterlines to the body plan with vertical construction lines.

In selecting the dead flat frame, the issue of beveling is bypassed. Thus, to represent the frame we
need only to draw out the outside and inside shape of the frame. When we drew out station lines on the
body plan, we projected the shape from the profile and half breadth plans using construction lines. To draw
the outside of the frame, we return to the procedure.

To avoid confusion | find it helpful to set the frame | am working on off from the other frames
through the use of colors. The frames at present may be drawn in black, so | change the color of the
forward face to blue and the after faceto red. | do this on both the profile and half breadth plans. These
colors are, of course, arbitrary. But using different colors makes lineidentification so much easier when
zooming in on apart of the drawing. One of the great aspects of CAD isthe ability to look at apart of a
drawing close up, but the down side of zooming in isthat oneline can start to look pretty much like
another. Theuse of colorsto differentiate lines overcomes this pitfall.

Throughout the lofting process, | would recommend changing the forward face of the frame (in
my case blue) to the same color every time. The same holds for the after face. Once the frameis lofted the
lines should be returned to the original color (on my drawing, a black line for both faces). In thisway | can
always tell which frame | am working on and which face of the frame is being drawn at the moment. Also,
the two colors for the forward and after faces will tell us how the frameis bevel ed when that becomes
necessary.
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Blue - forward face

Red - after face

Black - futtock line

Gold - buttock line

The forward face of the dead flat frame works just as well to define the outside shape of the
frame. (At the dead flat, the after face will be virtually identical.) Knowing that the forward faceisablue
line, I will have no trouble finding where it intersects with the various components of the frame. The frame
will begin at the intersection of the side of the keel and the keel line on the body plan. Thiswill be the case
for al the square frames.

Below thefirst waterline the buttock lines define the shape of the frame. On the profile plan |
place ahorizontal congruction line wherever the forward face (blue line) intersects a buttock line. On the
body plan to the left each construction line will intersect the buttock line that defined it originally. For
example, thefirg buttock lin€ s construction line (on the profile plan) will intersect the first buttock line
(the innermost buttock line) on the body plan. The frame line must pass through that intersection. This



Place a horizontal construction
line at the intersections of the
forward (blue) line and the
buttock lines (gold).
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holds for al the other construction lines and buttock linesas well. This isnothing new, for we encountered
this process some time ago when drawing station lines on the body plan. On my plan | have three buttock
lines and, therefore, three intersection points on the body plan which are now connected with a polyline.
Asdways, atail isleft to one sde for easein selection for erasure later on. The construction linesare no
longer needed and can be erased.
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Thelower waterlines come next. Again, we are breaking down the plotting of the curve_ilr_1F0_
several segmentsto avoid a massive confusion of lines and intersections. Basically, we aretracing the
frame first away from the centerline (which happens mostly below the wal es) and then back toward the
center (which isessentialy above the wales). It isnot the wales that defines the separation of steps so
much as it isthe broadest waterline from the center of the kedl.

On the half breadth plan beneath the body plan we place a set of vertica construction lines at those
places where the forward face of the frame (the blue line on my drawing) intersects awaterline. Y ou will
remember that we have given the waterlines various colors to help usidentify them when zoomingin on a
given spot on the drawing. Surely you have noticed how simpleit isto keep track of the lines on the basis
of this color identification.




: — So, for each waterline below thewales | have a
L \,I q ( vertical construction line. These construction lines
The upper waterlines have been \ |1 extend upward over the bOdy p| an and gl ve me aset of
amiftted for clarity '\ ‘ intersection points that define the shape of the frame.
‘i l \ Each waterline generatesits own construction line, and
. that congtruction line defines an intersection whereit
crosses the corresponding waterline on the body plan.
Now each one of the intersections is marked with a
polyline (don’t forget the tail).
A vertical Of course the waterlines above the wales
receive the same treatment. Once again we mark the
_ s placed at the (‘ intqsections of the frgme line and the waterlines with
intersection of the ] | { vertical construction lines. On the body plan the
. I I appropriate intersections are marked with a polyline.
rermn Tiare: o .' - Then the construction lines are erased.
each waterline. { - Thefinal point needing definition isthe
1] ! \' } junction of the frame with the cap rail. We know to
place ahorizontal congruction line on the profile plan at the intersection of the frame line and the cap rail.
On the half breadth plan we place avertica construction line at the same intersection of the frame line and
the cap rail line. Wherethese two construction linesintersect on the body plan we have the terminal point
of theframe.

T
— The upper waterline TT—
intersectons marked ﬂ\l |
with a polyline.

— construction line |

Cap rail intersection
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Now all the points defining' the frame are in place. It remainsonly to join all thelineswith a
spline. | might suggest using a blue spline sincethat is the color | have chosen for the forward face of the
frame. Begin at the juncture of the kedl line and the side kedl line. The spline is continued upward at each

intersection marked by the three polylines. The spline terminates at the intersection defined by the cap rail.
This finishes off the outside curve of the forward face of the dead flat frame.

The after face of the frame could be drawn at this point by following the same steps along the
after faceline (thered linein my case). Elsewhere along the hull this would be advantageous, but at the
dead flat the forward and after faces are virtually identica and so no good purpose would be served.
Ingtead, we are content to proceed with drawing the insde of the frame.

Nothing on the lines we have drawn thus far indicates the inside line of any of the frames. Thisis
not to say we do not have sufficient knowledge to draw the line. It is only that the information is not on our
plans. We mugt obtain the necessary data from research.
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Historical datawill tell usthe dimensions of the frame. For my little ship | learn that the floors
were 10 inchesthick at the head. The first futtock should be 9 %2 inches at the head, the second futtock 9
inches, the third 8 inches, and the fourth 7 inches. The original framing plan for my ship shows only four
futtocks, so the fourth futtock terminates at the cap rail. These measurements, for which you will trust me,
will guide our construction of the insde of the frame.

The height of thefloor above the kedl is known from the cutting down line already placed on the
framing plan. By now you know we will project this dimension from the profile plan to the body plan with
ahorizontal construction line. On the body plan the intersection of this construction line and the midline of
the kedl isthe height of the floor. An easy way to mark this point is to draw in aline from thisintersection
to the intersection of the construction line and the sideline. After erasing the construction linethe little line
we have drawn in remains as the indicator of the floor’ sheight. In case you were wondering, this line a so
marks the dimension of the heel (bottom) of the first futtock.
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The division into futtocks occupies us next. The heads of the futtock pieces areindicated on the
framing plan by the futtock lineswe added. The ever-faithful horizontal construction line transfersthis
information from the profile plan to the body plan. Along the forward face of the frame (the blue line for
my drawing) | want to place a horizontal construction line wherever the lineintersects afuttock line.



Obvioudly, as we follow these construction lines to the left we find them crossing the frame line at the
precise position where we want our futtocks to begin and end.

The ends of the futtocks lie on a perpendicular line drawn at the intersection of the futtock
construction lines. Well, to be more precise, we draw aline perpendicular to the tangent line that intersects
the construction and framelines. Fortunately, CAD doesthis for us. Each program will have its own
approach to accomplishing thistask. On my
\ inexpensive program, | chose to use atool thatisa
R perpendicular construction line. By clicking on the
Draw perpendicular lines \ frameline close to the intersection of the futtock

at each futtock line. line, the computer accepted the frame line asits

e ._._._._._._.:_./__.,JX‘.__r._/.—:_ referent. Then, by clicking on theintersection
‘ point, the program sets down a construction line

} that is perpendicular to the curve of the frameline
at that point. 1t was then asimplething to draw a

= ——-J{-— ————————— X/K— ————— straight line along the construction line of
| sufficient length to extend well past the Sdes of the
l frame.
L S — (Some readers will be astute enough to

) _'__T'_'_ Q\_%_ - note the oversimplification of my description of a
= line“perpendicular” to acurve. Still, the

=T —17% _________________ mathemati cs of the matter need not bog us down.)

| \ Theinner surface of the frame now
receives attention. We aready know the distance
between the outside and inside lines of the frame at the various futtock lines. So, in the first instance, we
want to indicate adistance of 10 inches & the head of the floor. By placing the center of a circlewith a
radius of 10 inches at the intersection of the futtock end line and the frame line, the juncture of the circle
and the end lineis the point through which the inside frame line will pass. Theidentica processis
followed at the other futtock lines, but with circles of the appropriate radii (9 2 9, 8, and 7 inches). We

now have a number of points through which the ;

inside line will pass. Unfortunately, these are not ] Lines and circles

enough to give us the correct shape of the curve. | define the inner line. =F§—4
The top part of the frame exhibits an T \

interesting curve caused by the “tumble home” of the - : ) =

hull. Because the curve changes its direction, we S WS il el % -

need more points to help the computer properly fill in L # A

the curve. For thisreason, we will benefit from B -\\ i /.f;_’%l’/

setting down another set of perpendicular lines and I | =

circles so as to generate additional points of T /..\,\ = q__.__.__.____h___{)}_

intersection. Onelineand circle between each pair of .= A i ™ T

futtock line will suffice save at the upper extremity of = b 0y Br = .

the frame. Between the cap rail and the next futtock i N m%

line down, two or three such sets may be necessary in '\ % i A

order to give adequate definition to the curve of the : N \ /)\ .

inside line. For theradius of the circles, you might ! - XX "

use afigure half way between theradius of the circles \, -

already drawn on either side. This amount to a word \ _ 0%

problem in mathematics but is easily enough figured | \ s £

out. On my ship the circle between the floor line and i JH

the firgt futtock would be 9 ¥4inches, for example. i I \ N

As soon as we supply the other linesand circles we A

will be ready to drawn in the inside curve of the frame.

The ingde line begins where the top of the floor (that we drew in earlier) and the side of the keel
intersect. From therethe spline connects dl the intersections of perpendicular lines and circles. It
terminates at the cap rail. All the construction lines and circles are to be erased |eaving only theinsgde and
outside frame lines, the futtock lines and the top of the floor.



A frame attachesto the keel, but how it is attached depends on the ship, the country of origin, the
erg, etc. In other words, you will need to think through how you are joining your framesto the kedl in
order to represent the union on your CAD plan. For my ship, | will be cutting a notch in the frame to set
down over the hog/deadwood piece on top of the kedl.

|
1 | A spline connects the Remove the
1 intersections —@/—/; construction lines
< and defines — e — and add a notch Y
: -\the inside frame line. pe =i at the keel:
. N . /{/ g

| \ %
;| 5, 28
Drawing in this notch is simple enough. However, we should draw only half of it. After al, we
have only drawn half aframeto this point and it would make sense that we would draw only half a notch to
goon it. Eventually, as you suspect, we will let CAD produce a perfect mirror copy of the frame half on
the other side of the ked centerline. My notch is cut into the frame for six inches and has the width of the
keel. There areanumber of ways to lay this simpleitem out. It will consist of a Sraight line six inches
above the kedl that then foll ows the side kedl line back down to the keel.

Creating the pieces of the frame will be simpler if we lift the frame off the body plan and set it
down on ablank part of the drawing area. Select the frame lines, the futtock lines and the notch lines, then
copy and paste them to ablank area. Thisleaves your work on the body plan for the moment in case you
need it, but we will work with this new copy of the frame.

Actualy, now is the best time to create the individual pieces of the frame. The basic approach will
be to create a copy of the frame and then trim away everything that isnot a part of the piece we are

drawing.
Place a copy of the
2. Mirror copy around the framein a separate area.
Creating the Floor center of the keel Next, trim or erase
everything that lies beyond
the head of the floor. Then
mirror copy the remaining
line with the center of the
ked asthe axis. (Recal that
the top of the floor and the
notch both terminated at the
centerline. Therefore, a
vertical construction line set
at the end of either of these
W lines will serve as an axis for

the mirror copy. Of course,

1. Erase and
trim off excess lines

3. Trim off excess futtock lines.



erase the construction line when you have finished the copy.) Finally, trim the excess lines at the floor
head to produce the final piece. Having produced the floor, label it with both its name and its location.

Theindividual futtocks are segmented out with a smilar approach. Place a copy of the frame on
an open work area. Then al lines not pertaining to the futtock in question are erased. The futtock lines are
trimmed back to the width of the piece. It islabeled and we are done. The first futtock presents a small
wrinklein that it we must join the notch and the top line with a straight line. The other futtock pieces are

just aquestion of trimming back to the appropriate futtock

Timber piecebesideit. Thismeans, for example, that the first
futtock will begin at the centerline, extend past the floor
head and end at the first futtock line. The second futtock
begins at the floor head, extends past thefirst futtock line
and ends at the second futtock line. If you will keep in

3rd your mind’ s eye an image of the pieces overlapping one
another in a staggered fashion you will not loose your
bearings as you extract theindividual pieces from the
frame. (Another way to think of thisisthat each futtock
will embrace three futtock lines, one at each end and onein
the middle. Obvioudly, thisisnot true for the very top
piece and for the floor piece.)

Each futtock should be grouped into one entity by your CAD program. Grouping is such a useful
tool that it meritsa brief discourse. When you draw aline, a curve, arectangle or anything ese in CAD,
your computer recognizes it as one entity. |f you have a figure made up of three or four elements, your
computer treats them as three or four distinct objects. However, when you group the entities together, you
are telling the computer to treat them al as one object. Asaresult, you can select awhole collection of
elementswith asingle click. Your particular program will have some kind of documentation to tell you the
exact stepsinvolved.

Each of your futtock piecesis made up of at least four elements, two spline segments and two end
pieces. The floor and first futtock have even more. It can be quite annoying to have to select each element
in order to select afuttock. For thisreason, group al the elements of each futtock into one entity.

Selection and movement of the futtocks will be very much easer as aresult.

The frame half at this point can be mirror copied about averticd congruction line placed at the
midline of the frame (which is a so the left !
most edge). Instantly you see afully \
compl eted frame before you. Trim off the . \
futtock lines. Mirror copy the

All the futtock pieces (except the frabe
\

T e lines.
\TOP Keep in mind that each futtock will overlap the

floor) should also be mirror copied. In
dealing with only one side of the frame we
have focused attention on just one piece, but ‘
all thewhile we have know that asimilar

piece needed to be produced for the opposite ‘
side of the frame. With all the pieces of one ‘
side drawn they can be mirror copied. (The ‘
axis of copying can be set at any angle, but ‘
either horizontal or vertical will suffice.) \

For the sake of housekeeping, you :
might try placing al the futtock pieces near |
the frame. In fact, you could with alittle ingenuity place them all inside the frame itself. Thereason for
thisisto have al the parts of the frame together, so arrange your work accordingly.

So far we have been working in an area of the framing plan. Now we need afilein which to store
all our frames. | created anew file for no other purpose than to receive the completed frames. When we
finish, thisfile will have dozens of framesin it and, in real world dimensions, cover 5 acres. Thisisall in
the imagination of the computer, but it illustrates the value of CAD. We can loft the framesin full size (so



to speak) and worry about reducing them in scalelater. Thisis exactly the opposite practice of the
shipwright who drew plans to scale and lofted them out to full dimensionslater.
Y our work on the frame can now be copied (frame, floor and futtocks) to the new file.
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The frame & its members

The bevel on the frames comesinto more and more prominence as we move forward and aft of
the dead flat frame. | ignored the issue of beveling in order to present asimpler process for lofting out the
frame. If you have lofted the dead flat frame without difficulty, then adding the bevel lies well in your
grasp.

The bevel of aframe isthe angle from the after face to the forward face. On aplan, thisisnothing
more than the line of the forward face and the after face placed onto one drawing. Toindicate thisangleis
amatter of inserting arepetition of one step into the process of |ofting the frame already set forth.

Just after you have drawn in the frame line for, say, the forward face (as we did with the dead flat
frame), smply repeat the exact process for the after face. We chose a blue line for the forward face and a
red line for the after. Using the same colors consistently gives us a
drawing in which a blue line shows the forward face of a frame and a \\
red line the after face.

Y ou probably thought there was something esoteric about all \\\\
this, but in redlity the only trouble you might haveisin drawingtwo  — T
lines (the forward and after face lines) that are at points quite close to Tl_‘e ‘f"orw?rd
one another. If you will zoom in for close work (thankful that the and after faces H
different colored lines help in differentiation) you will do fine. of a forward
Indeed, these lines are so close to one another for many frames that  frame
they are hardly worth drawing on amodel. A healthy bit of sandpaper ;
will probably set the final bevel at any rate. Even then, however, if ‘ ‘
you draw in only one face of aframe, you must be absolutely positive ‘ .

|
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you draw in the face furthest out on the outside and furthest in on the
inside of the frame. (That isnormally the after face for aframe
forward of the dead flat and the forward face for a frame aft of the
dead flat.) Toward the bow and stern, however, the bevel is sufficient
to make a it of carving down profitable. It isthere that drawingin T |
this beveling will help.
Upon further reflection, | should add that it is possible for the after part of a frame to be on the
inside of the frame drawing below the waterline and on the outside of the frame above the waterline. This




is particularly true at the gern. When a
frame hasthis kind of twist to it, you will
have to plot out both faces at any ratein
order to produce an accurate frame.

After you think this through for a
moment, it is evident that we were
following asimilar process when we drew
in the station lines on the body plan. Each
line along with its neighbors indicated a
degree of angleto thehull. The gtation
lineswere drawn in, at times, quite closeto
one another. You redly should havea
great deal of confidencein your ability to
draw in the extraline on aframeto
indicate the bevel. After dl, you
essentially have already done it once
before on the body plan.

The bevel of theinsde of the
frame follows the same path. After one
face has been drawn in, repeat the process
for the other face. The end result will be
elegant to look at.

An after frame
showing
a bevel.

The Cant Frames

Thereisno differencein principle in lofting cant frames. A series of construction lines are used to
project the shape of the cant frame onto the body plan area. The main additional factor to keep inmindis
that the frameis set at an angle to the keel and will, therefore, show abevel at the centerline in addition to
the expected bevels along the sides. The sgquare frames were set on ahorizontal plane vis-a-vis the body
plan. The cant frames are set at an angle for the moment, but only until we rotate the half breadth plan a
sufficient amount to place the cant frame being
o projected onto a horizontal plane.

N Torotate the half breadth plan

1 hﬁf returns us to the technique we used to level our
J

=t ago. Thegoal isto rotate the half breadth plan

T in order to bring the cant frame we want to
T~k project onto ahorizontal line.

|1i. '\ photographed and traced plan lines some time
[
[
[ |
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The cant frallnes —_ We can do this with the entire half

have been isolated = breadth plan, rotating it for each cant framein
d the bodv plan | SUccession. | have found it somewhat simpler
an ¢ Doy pran to use only the section of the half breadth plan

cleared of keel and that contains the cant frames (at the bow and

buttock lines. then at the stern). Once more, CAD allows us
to produce perfect copiesfor any part of the
whole drawing. One method of isolating just
one part of the plan is to draw abox around
the cant frames at, say, thebow. Then, trim
away everything outside the box and delete the
remainder of the plan outside the box as well.
(Of course, you are doing this on a separate working copy of the framing plan.) The box should be erased.
Now you have the cant frames available for your work without having to bother with therest of the plan.
This can be done at both the bow and the stern.

We know we can measure the angle of the cant frame, then select the half breadth plan and enter

the angle for rotation of the plan. Alternatively, we can place ahorizontal construction line down that

1LY




coincides with one end of the cant frame. Then, mirror copy the frame line with the horizontal construction
line as the axis of copying. After selecting the entire half breadth plan and placing the reference point on
the junction of the construction line and the cant frame line, we rotate the selection until the arm of rotation
fals on the copy line. Asa consequence the cant frame we want to project should belevel. The
construction line and the copied frame line are then erased.
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Aswe draw the cant frames on the body plan, the kedl and buttock lines can be eliminated. The
sguare frames used these lines, but in amore technical sense they were simply permanent projections from
the half breadth plan. Because the cant frames require the rotation of the frame, the kedl line and the
buttock lines of the half breadth plan no longer project as graight lines onto the body plan. Hence, they
should be removed as we project the cant frames. If this explanation does not impress you, that’ sfine. But
erase the keel and buttock lines on the body plan anyway.

The same procedureis used for lofting the cant frames as we used with the square frames with
the addition of only awrinkle or two. Outside lines on the square frames began at the intersection of the

side of the keel and thekedl line. In

{ |
! 1 1 T i J 4 essence, the ked! line (that is, the
e A s =~/ bottom of the frame) was projected
: } ; —H /] "”j’r’w‘ 4 from the profile plan and the side keel
R = ’/ /}f line was projected from the haf breadth
L [ L7 plan (which you recall was a straight
B milNRE G2 line on both the half breadth and body
BEAYR] [mue=Esrord plans). The fact was that, for the
,,,,, e I I 2 = 2 ™ 7 I ;
= , e square frames, these reference lines

created by the construction
lines are connected with a

never moved. In the case of the cant
frames, however, these lines do shift;
but the bottom of the frameis till
projected from the profile plan and the
side of the kedl is still projected from
the half breadth plan.

As custom now dictates, the
after face of the cant frameismarked in

The intersections

polyline.



red and the forward face in blue. For no apparent reason | will start with the after face.

So, we start with avertica construction line placed on the hal f breadth plan a the intersection of
the after line and the side of the keel. Similarly, we move to the profile plan and place a horizontal
congtruction line at the hed (bottom) of the cant frame. The intersection of these two construction lines on

the body plan area defines the lower

77777777 /ﬁ% iy T‘;ZEFTT: :TWMN \jj’ boundary of the cant frame s after
—i *)i\l B il outside line.
: il ascannmiiiiliPd To the half breadth plan we

The upper waterlines._, 28l} / . . .
are tighter, but easily \ S ) now add vertical construction lines at
traced by zooming in._ EM | R 77%lﬁ%\ /i the intersection of the cant frameline

\l 4 and the waterlines below the wales.

L \ Each construction line creates an

\ intersection with its appropriate
waterline on the body plan area. As

B \ you have surmised, we now connect the

/ kedl lineintersection and the waterline

intersections with a polyline and atail

to one sde. The construction lines are

now erased.

The waterlines above the

. wales on the half breadth plan now are
marked with vertical construction lines.

On the profile plan the intersection of the cap rail and the frame line is marked with a horizontal

construction line. Returning to the body plan, we are set to draw in the cant frame. All theintersection

points of the polylineline are traced with the spline tool and then the splineis continued a ong the

intersections defined by the construction lines and waterlines. Thisis old hat for you by now and the work

should go fairly quickly.

The polyline intersections
are joined with a spline.

With the polylines
erased the line is -

complete
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Drawing theinner line of a cant frame differs not at al from the method used with the square
frames. The futtock lines are brought over from the profile plan asis the height of the frame at the hedl
(that is, the cutting down line). Then the widths of the various futtock heads are set down with circles of
the appropriateradii. Additiona perpendicular construction lines are inserted between the futtock lines
with circles of intermediate radii. Finally the intersections of lines and circles are joined with a spline and
the inner line has been completed. The only additional factor isthat the Sde of the keel must be set down
on the body plan with a vertical line fixed at the end point at the bottom of the frameline.

Right now, the frame appears asit sets flat against the deadwood. When we build the model, the
frame could be fixed to the deadwood in this manner, but let us suppose we want to add a shoulder to the
frame so that it can be set into the deadwood. Thisreflectsreal world practice. | have decided to add to the
frame an extra 3 inches for the shoulder. This will match the amount of recess into the deadwood that |
will haveto incorporate into that piece as well.



At the bottom of the outside line of the frame | place ahorizontal line threeincheslong. A similar

lineis placed at the bottom of theinsideline as well. The ends of the two horizontal lines are joined with a
vertical line and the shoulder is complete.
" ' 5 What is good for the after face is good

procedure is now followed for the forward lines

: H _ for the forward face. In other words, this
|

of the cant frame.

For the moment, draw the forward face
exactly as you have just done. The work may

get abit close, but it will be no worse than you

have already encountered. When you come to
drawing theinside line, the futtock lines will

The same process as aready bein place so you have no need to add

inner line. o . longer than their final configuration.

At the hed of the frame you will see

|
|
| A ,‘
| hefore draws the : " i A them. Thisis one reason we made them a bit
|
e ee—— l <~ N ~ two sets of lines representing the shoulder that

. we decided to put on our frame. A pair of
Grasbowider I added) / connector lines completes the shoulder. What

you have now is arepresentation of the bevel
that eventually will be cut into the end of the frame. Thiswill set the cant frame at its proper angle to the
keel when you cut the frame out and attach it to the deadwood. It can be imagined in thisway. Consder
that thered lines (the after face) were drawn on one side of the frame and the blue lines (the forward face)
were drawn on the opposite side. Consider dso that the two sets of lines are aligned with each other
perfectly. Now imaginethat you carve the end of the frame from the shoulder of the after face to the
shoulder of the forward face. To do so you

would have to angle the cut to match the angle HE

we desire for the cant frame as a whole vis-a- il
visthekeel. This, by the way, is exactly the W

procedure you can use when you cut the jﬁ\'&/

|

frames out for the model. It isthe same
principle as seen for the bevel along the edges » 5

of theframe.
In the course of drawing frames, %
several approaches have been used to keep the
forward and after face lines distinct. One of The forward and after
the most common isto use a dotted line for | Taees ol thodrame
one face and a solid line for the others. drawn in. 77

Thanks to CAD’ sability to use color, | have
chosen to usered and blue linesto assist mein
telling the lines apart. The important thing is
that you can determine what each line
represents on your drawing.

Now the frame can be copied from the body plan area and pasted onto an unused part of the CAD
drawing area. Aswas the case with the square frames, the individua futtock pieces can be extracted. The
cant frames are only half frames and therefore will not have afloor piece. The precise number and
arrangement of the futtock pieces will depend on the ship, the location of the frame, and your mood at the
time

=

Thefinal step mirror copies the frame and its futtocks about a vertical line. Thiscreatesa
perfectly symmetrical frame for the other side of the ship.

Each of the cant frames receives thistreatment. The half breadth framing plan is rotated so that
the framein question islevel beneath the body plan area. A series of construction lines projects the shape
of theframe onto the body plan. After the inner lines are drawn, the drawing is copied off the body plan to
aclear area so that the futtock pieces can be segmented out.



For the cant frames a the stern the same process serves well. Again, | might suggest cregting a
copy of the after cant frames gpart from therest of therest of the half breadth framing plan. The only
purpose for this suggestion isthat it makes rotating the plan a bit easier.

The Hawse Pieces

The good news is that you have aready drawn out the outer faces of the hawse pieces. Earlier you
drew the hawse pieces on the profile plan. At that time you drew in splinesrepresenting theinner and
forward edges of each piece. In order toloft out the hawse pieces, we need add the after edge of the piece
and indicate the angle at which it joinsto the forward most cant frame.

I

J

A copy of theforward most cant frame should be
placed on the body plan area. More precisely, only the forward
face of the frameis actually needed since thisisthe surfaceto
which the hawse pieces are fixed. Whileit may be a bit of
redundancy, you might just as well draw it in with the usua
process using construction lines, polylines, etc. The cant frameis
used to establish the shape and bevel of the heel of the hawse
piece.

Place a copy of
the forward most
cant frame
on the body plan area.

The point at which the hawse piece joins the cant
frameis determined on the profile plan. It isthe spot where the
inner part of the hawse piece connects to the cant frame. A
horizontal construction line should be set at this intersection so as
to project this height above the ked. On the body plan this
construction line will intersect the cant frame we have placed
there. Thisisthe beginning reference point for placing our hawse piece.

Now select the two lines on the profile plan that represent the hawse piece you are lofting. Paste a
copy of these two lines onto the body plan area. Now it is necessary to move the lines so that the inner line
of the hawse piece rests on the intersection of the cant frame and the construction line. The astute person

will realize that we have simply moved the hawse jf/—r‘f‘(r { }
///

piece lines directly over to the body plan. The

thickness of the cant frame at thisjunction of cant [ J //

frame and hawse piece will tell usthedimension || | I onl ﬂi; il

of the hawse piece at the lower end. ______/——J)r hawse pi{ace is shown for clarity.
What foll ows may resemble the mental /

equivalent of following a mouse through a maze. I } S —

Still, al we are doing is projecting measurements ]J

from the cant frame to the hed of the hawse piece.

of the hawse piece.

’
When we are done, we will have lines indicating / {l" " The inner Hlne
the angle at which the piece should be cut in order 4— /Y of the hawse piece.
to mate properly with the face of the cant frame. T / / / / / M
nn s v/
u U ’f_)é Place a construction line

at the intersecton of the
= ¢ inner line and the cant frame.

The dimension lines of the heel of the
hawse piece are drawn in with construction lines.
Obvioudy, the termination of the two hawse lines
will betwo corners of the heel. We need find the
other two corners, connect them, and the heel will be defined.

It should also be intuitive that aline rising straight up from the intersection of the cant frame and
the inner hawse line will be an edge that itself terminates where it intersects the top of the cant frame.

Thus, we should lay down a vertical construction line at the intersection of theinner hawse line and the
cant frame. The intersection of this construction line and the top of the cant frame will be the third point.

The fourth point will lie directly above the outer hawse line (i.e., it will be the upper limit of the
other vertical edge of the hed). For thisreason we lay down a vertical construction line at the end point of
the outer hawse line. Stay with me for a few more sentences. We now set down a horizontal construction
line at the end point of the outer hawse line. We then place a vertical construction line where the horizontal




lineintersects the lower cant frameline. Now, we place ahorizontal construction line at the intersection of
this new vertica construction line and the top of the cant frame. Follow this horizontal line over to its
intersection with the verticd line that rises from the end point of the outer hawse line. Thisintersectionis
the fourth point defining the hedl of the hawse piece.

j
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The Cﬂlmfjlﬂ/ ﬁ}m‘rse piece lines

We will work ———
Wﬂ this area.

If you are confused, just think and work it
through. If this makes sense to you without doing the drawing, you indeed have aleve of contemplative
prowess worthy of admiration. Draw it out, though. The construction lines and the cant frame are no
longer needed and can be discarded. (On the other hand, keep in mind you will need the cant frame to draw

out the remaining hawse pieces, so keep it handy to be put back in
place for the next piece.)

—]

| Theinside lines of the hawse piece are drawn in with the
( same process as we used for the other frames. Let the futtock lines
( on the profile plan determine the placement of horizontal

f congtruction lines. On the body plan these tell us where to construct
/ perpendiculars on the hawse piece lines. Circles of the appropriate
/// The finished radii are then used to define the width of the piece. A spline
e TInishe:

|

hawse piece beginning at the upper hed corners and following the intersections of

circles and perpendiculars completes the inside edges. The erasure of
/ the construction lines and circles leaves the hawse piece.

/ Both the hawse pieces and the cant frames should be
p mirror copied. CAD allows usto create just one side of the framing
and let the computer duplicate our work for the other side.

A Parting Note

The work we have done on the framesis repetitive and, for that reason, goes rather quickly once
you have the procedures down. Remember to group each frame and frame piece into a Sngle object for
ease of selection later on. Y ou aso will probably want to arrange your collection of frames on asingle
drawing. The manner in which you do sois up to you.

If you have traveled thisfar with me | should think you have become quite adept at projecting
information from one plan to another through the use of construction lines. Thereis an enjoyment in the
sense of accomplishment that comes when you have finished lofting out a set of frames for your ship.





