Chapter 3 (..of The Cambered Panel Junk Rig)

Choosing a saplan
..finding a sailplan which suits the deck layout, theinterior, the hull, and the intended use.

=

Note: All diéﬁms are shown in full-page size aﬁhe end_of this chapter,
in Appendix | on p.14.

Introduction
More often than nethe fitting of a junk rig means converting an existing sailboat from some
other type of rig. In mostasesthis involves the construction of one or more taasd
installing them imew positios. Since Ido notusually recommend using stayed masts, this
means one must find suitable places for the new masts without having to rebuild the whole
interior or deck structure.

There are two exceptions:

Boats with cat rigs, such as the Freedom boats, can in most cases use the existing mastin th
existing postions. In addition, it should be possible to replace thenainsail of somegaff cutters
with a junk main sail and keep the mast, shroudsstays and staysails. Yodo notget all the
benefits of the junkrig by this last method, but at l@st the reefing ofthe main willbed j u-n k
easyo.

Part of the problem ifinding a suiéble place for the masis,the question of gettinidpe hull

balance, otheleadright. Leadisthedi st ance of the sail s CE ahe
more belowon this Finally, one must take imccount thaeed for space for the sheets, in

some cases without gettingarconflict with a windvane self§teering gearThere are rany

factors - it is a bit like paying solitude- some canot be solved...

.finding the CLR é ..a glimpse of myfidrawing boardoé
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(.. for the beginners about CLR and CE:

The Centre of Lateral Resistan¢e&CLR, is the geometrical centre of the underwater profile of tk
hull, with or without the rudder. See photo above.

The Centre ofEffort, CE, of a sail, or combination of sails, is the geometrical centre of the sail
area. In general the CE should sit somewhere between Ach15% of the waterline forward of the
CLR, to getthe steeringbalance with just a little weather helm. It is nd easyto hit this lead spot
on. However, the JR is a bit forgiving here, since the sail(s) often can be shifted a bit forward or
aft...)

The sloop

The sbop rig is by fathe mosicommonJRin the Westsince most yachtere smaller thad
tons. Thisrig is the simplestboth to design, build, rigandin most cases, handle.

Its main drawback is that the need for rudder input increases as srdffatbm close

hauled sailing to asach and rurPut simply it is possible to run out of ruddauthority when
off the wind To handle thisa really good rudder is needed, preferably one with some balance
areain it to reduce tiller forces. ou have a boat with a big outboard rudder (Contessa 26,
Vertue, Colin Archesetc), it shouldbe all right but the tiller forces may become
considerableFtting a trimtabto such ruddersouldbe a good idea tet youtrim out the

tiller forces. Thadesigneof many doriesJay Benford, has simply made some oflénge

out board r udder gnswith erfougk balarBeaadeg te ensutddidfers i
forces. | have saidefore and repeat it: Many boat designeate not put enough effort in the
design of the rudder.

Note: From an aerodynamic point of viewthe JR sloop is a single saat rig. It is the most close
winded version of the junkrigs.

The yawl

The yawilrig is just a special case of the slpafthout much difference in handling and
performancelt can be usewhere thedeck layout may fore the main mast too far forward.
To avoid arabnormally broad and Iov&R sail to get the lead right, a little mizzean be
fitted right aft,instead This may just be a simple triangular sail, sheeted to one or two
boomkins.Its sail area is only about 10% of the mainsail.

The mizzen mayule out the use of windvanes, but for coas#lingit has someémportant
benefits: It works well as a riding sail at anchor, it will ensure gooessstiring from a beam
reach and upwards, and it will let you ease the loatth@nudder on a broadaeh. This rigs
still on my fst.o have one dayo

Two-masted schooners and ketches

If the total sail area exceeds what one is willing to handl@épiece, theit is about time to
split the rig into more than ortiving sail. This is also the cagf the vessels a long and
light design vith moderate righting moment, such as a sharpie

The JR schooners and ketches are similar to each other. To me itset@iyde theuseful

positiors of themasts, combined with the need for correct lead whictates the resulting

type. I f the boat 6s | ay owotldnmpkebahsalsaquah e f r eed
size

Advantages with two masts:
1 The constructiomf the two sailsand mastsvill be easier as the bits involved are
smaller.
1 Handling thesmaller sailsboth duringigging and sailing, is also easier, witgHter
forces involved.
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1 Splitting the sail area will lebne trim the sailso give optimum balan¢é&oth when
closehauled and when reachinfys long as both sails warthis will put lighterloads
on the rudder.

1 Running before in light winds, the sails can be set to siaeh whichwill give good
drive and easy steering.

1 Running before, offshore, in some wiadd swellcan be done by sheeting the
foresail amidshipand let the squarealt aft sail(main/mizzen) drive the boat. This
will both reducerolling and keep the boat from rounding up (source: Annie Hill in
Badger) Others prefer to stow the aft sail and only sail on the foresail.

1 If one of the sails or masts fails, theraishance of getting home with the one
remaning mast. See note below

Disadvantages with twmasts

1 Cost. The number of bits will be double of that on a sloop rig. Even though those bits
are smaller, they will cost more in money and waokbuy or to make.

1 Avoiding sheet tangle at the foresalil is often a problEhe gap between the two sails
tends to be on the short sja@éhich may lead to very steep sheet andtasay be
necessaryo sheet one or both satts runners or use pestarboard sheeting. Mer
ropes, more blocks.

1 The foresail is mostlhidden forward of the mainsawhich makes it awkwartb see
it and trim itcorrectly

1 I'would reckon the twail junk, schooner or ketch, to be a little less clogaled
than the JR sloop. Still, remembbat aerodynamich), these rigs are nothing but
two-stick sloops and will normallsail better to windward than Bermuda or gaff
ketches andchoonersThese generaliset 3- 5 sails in front of eeh other so cannot
point as high. The Stavanger schooBanson goesverywell to windward.

.. Samsonin SeptemberEOOO, 70 + 37#sails ;I"he séilplan 7 drawn in 1993(!) so this was before the
Johannasailplan with 70° yard was thought of. However, since the sail was made in 2000, t@nbered
panels were incorporated - 10% camberi n t he foresail and 8% in
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NOTE: To make use of the dual mast redundancy of thee rigs, one of two conditiontias
to be present

1. One may have a movable CLR, usually by having two centreboards, one well forward
and one way aft. This has been seen on some large American cruisers

2. The only other alternative is to fit alarge and effective rudder, at leasts kg as that
needed on a slop.

| have been lucky to sail a lot in Folkbodisth the Nordic and the InternationalNF and

IF. The International Folkboditas a mainsail of 18% and the working jib of 10/ Shetacks

to windwardwith only that small jib setthanks to the easilgriven hullandthereally big

keeland udder . | woul dndot want to make adl ong
with the resultankee helm but at least weould saveourselvesrom a lee shoré the main

halyard should brea&nd the engineefused to startUnder mairalone,that IF performgjuite

well, although tle weather élm canbe felt.My point inwriting this is that it helps little with

two sails if the boat cannatanoeuvre and sal bit to windward withany one of the two sails

out of action.

(.. I shudder when thinking of all the wrecks from sailing shipghat are spread around our coasts
Often their crew lost control of the ship because some sail blew out in one eaftthe ship, and the
relatively tiny rudders could not force the ship back on course...)

..and now to the sketching procedure...

Sketchingup asloop rig

There are many different styles or shapes of sailplans in useome of you are completely

confident on how to draw your favourite JR. Good!When | decided to write only about the
Johannastyle rig in this chapter, it is simply because | know it so wellThis write-up is for the

first-timers who just need a quick and eay way to produce a usable sailan. Since | am aiming

for DIY sailmakers, | encourage you to draw with penorpaper( . . i n t hese ,abthigs of
method more resembles the lofihg and cutting you will do later on.

This sketching proceduis meant to enable you to quickly sketas on different boator
on a boat with several possible mast positions in mind. As long as you sticklahtdma
style version of the HaslévcLeod rig, you will be able to calculate &ail area(SA), centre
of effort(CE) andaspectratio (AR) without having to drawanysail in detail.

TheJohannastyle sail has these characteristics:

The boom(foot), battens and yarghead)are of the same length

The boom rise is 10°

The yard angle is 70°

The panels are counted/numbered from top.

Panel 3 is the transition panelde this panel in the final design process to ensure that

all panels end up at about the same area. More about this in Chapter 4.

1 I generally prefer to have the luff and leech rigged to be vertical. This is mainly to get
troublefree sheeting.

1 With the aspct ratio between 1.80 and 2.25 | make the sail from 7 panels of about

equal area in each.

= =4 =4 -8 -9
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Fig3.La sl oop rig for a 2606 Marieholm I|IF,

Fig 3.1showsa typical sketchwith two versionsof asloopsailin one diagramWith this in
hand | 61 I | tbecedsy prazadurd o drasvinggttand using it for findingQke

SA andAR.

1. First of all,you need a drawing of the boatd®uitable scale. Use a cepyachine or
print it ou to the right scale. Acale ruleand some basic drawing instrumewifi be
neededIn thisexample] printed out the Marieholm IF ih:50 scale, to fit onraA4
sheet. Print out-3 drawingsof your boatwhile you are at it.

2. Draw a verticamast linewhere you are to put (try) the maGmn this boat,| only see
one good position

3. Decide where the boom should cross the mast (point B) and dvaanalinewith 10°
rise init. The boom willend upsomewhere on this linehlkve found the 10° rige be
quiteuseful,as you both gt good cleararcover the sprayhood, good view to
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leeward and you avoi drooping boom when the sail is reefed or ful&dh good
clearancethere is naeed for adjusting the topping lifts under way.

4. Decide where the horizontal position of BE of the sail shouldit, relative to the
CLR. This is often easier sailan done. Here | have started with the CE of the
Bermuda rig (BR)and hen selected a poiabout 46% of theWL furtheraft. Then
draw a short vertical linetnrough CE to cross the boom lireg D.

5. The CE in a Johannastyle sail Now here is @&onvenientrick: Experience has

shown that the CE of these sails ends almost exactly over the centre of thé'h@om

lets usnow draw the boomTo find a suitable boopall wehave to do is to drawalf

of it aft of and half of it forward ob. In addition the boom has to pass timast so

that it is has arountl0% of its length forward of the ma3the resulting 4.90m boom

is between A and @ Fig 3.1 Later, whenon the boayou will befree to position the
sail with the balance varying between 5 and 15%% balancemeans here that 10% of the
chord of the sail is forward of the mast...)

From the tackC, draw a verticaluff line and make it quitéong.

Now it is time to try a yardgsition: From the luff, draw a tentative yard with 70°

peaking and the same length as the boom. My first yard effort here was-ther&

8. Finally, draw a verticaheight line( Alhi ne o) from t he peak F do
the boom at J.

N

Job done, séar. With these lines iplace,we can calculate both theail areaandaspect
ratio, using thesformulas:

M Sail Area, SA= boomx hx o T Rli@ghannaSail Areafa ¢ t obpommx kx 0.79

(.. if this formula is to be used with thechord instead of the 10° boom, the formulas:
{=rl-»% 8 8

1 AspectRatio,=4 | 4 |- »[®h + (boomx cos10°) = h= (boomx 0.985) ] )

| have foundhis SA factor, 0.7@r 0.80,by checking a number of sails withryang ARs, but
all of themto theJohannastyle rules above. With sails in this size rartge,error will
generally be within th2

The brilliant thng with this method is that weoth geta glimpse othe sail as well aBnding
the sail aregaall without having drawnhte wholesail first Of course, an Excel program could
do this een better, but again, this semanualmethod iscloser to lofting the sail.

In my case | ended up with two different versions, one suggest8A= 34.61* and the othe
SA=37.17. The leech is noteally needed fothis rough sketch, but | have addethter,
more or less by free hand.

If you want to try out several mast positions, | suggest you statctean sheet for each of
them, otherwise the drawings can easily becomeusond.

Sketching up some schooner rigs

The quickway of sketching up a sloop rigesen more useful if you plan a tvwoasted rig.
Thesuggestegrocedure is rathex slightly retouched account of howtumbled my way
through it(.. surprise surprise...).

Note: A few of you mayfind your skills in maths to be a bit rusty. Then have a look in the
Appendix Il of this chapter.
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See Fig3.2 and 3.3below This timel have made a quickAD sketch of an imagiary hult

Imagine it to be a trimdouble-ender with LOA=12.00m, LWL=11.55m, beam=3.00m,
draught=1.80m and displacement=12000kg. | aim for a/8=80m? giving a SA/disp= 14.9.

Both these rigs are special cases, bsrigponers witlboththe mainséand foresailbof the
same size and shapkhis time | feel free to put the masts where | like (a rare luxury) and |
have only one absolute rule: The distabe@veen the sails is to be at least 1.0 metre

In my first attempt (Fig 3.2, below)}ried to make a rigvith some foredeck space and good
sheeting clearance for the msai aswell. However, to achieve theeeded 80m2 sail area,

the sails ended up super tall, with AR=2.91. This will lead to extremely steep sheeting angles
andwould almost certainly call for sheet tracks or separate starboard sheeting his isnot

my favourite setup

T
+ 15
P ne
>l L s
: : + 0
TR .
AR =2, 1
“;\ o g
& +
R ¥, % ,\.\ L
BASE L1 Ak D (E, A B e
CE LEAd=§%
K
CLR
Qe skeTcq tor
[2 . POURLE~ENDER
2.DeC. 2003
Aﬁ/ﬂ,’\‘ /</LV(>7,«L\}'/Z}/_7/U

Fig 3.2, Schooner with both sad at SA=40m° and AR= 2.91
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In my second attemgFig 3.3 below)| increasedheboom length, B, from 4(@n to 4.77m.
When going through th@rawing sequence, | suggest Jaep Fig 3.3 ahand,as this has

more details on it than Fig 3.2 (..and becau
|
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Fig 3.3, Schooner with both sailsit SA=40m? and AR= 2.26
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1. As with the sloopig, a ale drawing t@a useful scales needed, along with some
drawing instruments and a calculator

2. The first step iso decideonthe position of the CE of the complete sailplan.
Longkeeled hulls normally need more lead tharkeelers If | were torig this hull
with a gaff cutterig, | would have given iaround 15% lead, but since this is a junk
schoonerand even witlacambered pzel JR | reduce the leath just 5% of the
LWL, and then jushope for the best.

3. Unlike on the slop rig of that IF the masts daot go on first here, as we are free to
play around with themnstead] start with introducing horizontal helping linea
baseling just above deck. With the CE marked on it athds line acts as avirtual
balanceaid.

4. The verticalluff line of the mainsajland the leech line of the foresail can be drawn up
right away so thaE-B = 100cm and so that E andsBs at equal distance frof(the
pivot of thebalance

5. After the experience with the tall sails on fig 3.Bow - after gaying around it
with my sail area formularopages - draw up the chords-B and ED. Both are
4.70m

6. Then the two remaining vertical luff and leech lines can bevdifrom C and D on the
baséine.

7. Now the booms can be added, with thened 0° riseand at the same (at different)
heights above deck.

8. Then it is time to draw a temporayard( fi A U X ythistindedi) the mainsalil,
quite high upnotto confuse it vith the finished sailplanthe yard is, as said, tie
same length as the bopwmhich turned out to be 4.77m (chocdsnel0®).

9. With the yar,dhewrtigalb-landcan be dragwn dowreto the boom.

10.Now is the time to calculate the actual h which produces a sail of 40mz:

Based on the formula SA =boomx h x 0.79 we get
h = SA/(boomx 0.79) = 40m?/ (4.77nmx 0.79) =10.61m

11.With this number in hand we can draiae 70° yard on the mainsaopythe yard
and the Hine onto the foresail.

12.Finally, the last curvedpat of the leech can be frdeandsketchedn placeon both
sails.

13.The aspect ratio on these sails®agon: AR= h/chord = 10.61m/4.70m2.26.

14.Now, just for the appearancge may daw in the mastso that the balance is about
10%

This changen boom lengtthad a dramaticfiect on the aspecttio. Therig on Fig 3.300ks
more offshorecapable tane,with shorter masts and easier sheeting of the fordgslmasts
will notneed tdoe more than 11.2m above the wl. while tidérig on Fig 3.2 wi need
12.5m.

Schooner with a raking foremast

While I wasat it, | also dotted im mast lineindicatinga 5° forwardrakingforemast. This

will cross the boom about 23% from the Iuff, which is not extreme in any way. | think such a
mast - possiblymade a bit taller would work quite vell without having to tilt the sall

forward. This setupould be used either teega deepébury for the mast (not needed here) or
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one could move the mastrwardt o t he ver t i c a andthusmnoeethavshole® s
sail. This again could let usilid a rig with a bigger mainsail, while retaining the 40mz2
foresail Let us try that.

Look atfigure 3.4, below
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Fig 3.4, £hooner, SA = 3n?+ 40n?

On this rigthings are not quite as simple as on g and3.3, with theirtwo identical sails.

1
il

| have started with drawingp a foresalil, identical to that in Fig 3.3, but this time
have moved it as far forward hsould.

Its Centre of EffortCEr, is then drawn onto the based (again, sitting on the
midpoirnt betweerB and Q.

Next step igo draw up the luffine of the mainsail so that the distance between the
sailsis 1.0m

Now a leech line of the mainsail cantbied. | want to avoid a very tall mainsail, but
still need space for sheeting the sail.

With that leech line in plac&Ew of the mainsail can also be drawn onto the baseline
mid between D and.E

At last,draw up the boom of the main, as always with 10° rise.
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With the position oftheg 6 s t o tAah the@&seti€) and also with the CEs of the two
sailsin place, it igust a question of simple maths to decide the sail area needed in the
mainsail(..aganc heck Appendix |1 if neededé)

To be in balancehe area of a sail, multiplied by the distance of its CE from point A, must be
the same for both sails.

The twodistancesre:A-CEv = 2.64mandA-CEr- = 3.50m(found by measuring)

Then..
"YO C® B YO od® 1m

which with Y0 T A gives
"YO T O ICP T L W
All we need then before we can sketch up the mainsafieheight h:

Since..
SA = boomx hx 0.79

then...
M YPOL£EATMI W LVPULITT IR W P A @

Finally we can find the mainsé&i aspect ratio:

AR = h/ Chord = h/ ( Boomx cos10°) = 2.02

(I'f you candét hsing, ddsiesetcf justmedsuretmehold DEkoa the
drawing -or check Appendi x 11 é

Then, as done before, a helpingi A U yard is drawn to establish thdihe, and therthe
position ofthepeak can be plotted in. The rest of the sketching job should now be plain
sdling..

NOTE: | actually tried with two other boom lengths, 5.7m and 5.9m until | landed on
B=5.8m. However, Idid not have to draw a number of sailsput just calculatedthe salil
areas and aspect ratios by using the formulas above.

In the sailplan irfFig 3.4we have been able to squeeze in quite a bit more sail areanthiz o
rig in Fig 3.2 and3.3.1t does showvthat it is not easyotget in enough sail area with twaasts

- quite a paradox, really. On boats thatlaeavy for their length, | woultend to go for a
sloop, even if imeand would need electric winches.

..Sebastian Hentc h e RPeegrine racing...
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Peregrine, shown abwithaeslpop sad of 30m®d Haadting suthlabrbte t o n s
takes stout gear, but both the boat and the rig have proven to be effective, inshore as well as
offshore.She now haan electric halyard winch and the sheet has two tails, one handling the

upper part andree the lower.

Sketching up a yawl rig

In this finalexercisd use my own sloopiggedJohannaas a candidate for receiving a yawl
JR.Johannahas worked well with her sloop rig, but when | designed her rig, | found that her

long trunk cabin forced the refurther forward than I think was idedlo get the CE far

enough aft, | had to fit her with a very broad laspect ratio rig. Even thedohannahas a

bit lee helm when sailing fully clogeauled in light winds. fie ideawith this yawl is to be

able touse thesloopmain mast in the present mast position, and to be able to shift the total

CE a bit aft of the sloopbébs CE, just by shee

h-tive B
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Fig 3.5, yawl JR for Johanna, SA=40.5 + 5n% Johannain 2003 with 48m2 sloop JR

(..the schooner sailplan®n Fig 3.2 - Fig 3.4 were drawn on A4 size paper on 1:100 scale.
Although not very accurate, his works well enough since we are not doing detailed
constructions plans here (Chapter 4 will deal with that). However, when drawing this
yawl rig, | had just got my new A3 size flatbed scanner operatiaal, so | couldmake the
sketch t01:50 scalé )
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Here is the procedure:

1 With the drawing of the boat aligned and taped to the drawing board, | again start with
drawingthat horizontal baseline. This wilgain serve as the datum liteget the
0 'O (the combined main plus mizzen Diight.
Draw in the CE of the JR slo@p'Q to have as a reference.
The mainsail is then drawmainly as described about the sloop rig in Fig 3.1. |
choose a boom length which let me make good use of 5m long &uB2m
1 With the boom in place, bothdHuff line and leech line idrawn and the chord length
A-B and the 'O canfind its place on the baselinmid-between A and.
Thed O lands about 30cm forward of the sloop @ @s
1 After establishing the-line with that AUX yard, Itry how the mainsailill come out
with an AR=2.15. Ths happened to be th&R of my dinghy,B r o r e nsailpamd s
that sailworked extremely well.
With the dord A-B =4.84m, theh = A-B x AR = 4.84n x 2.15 =10.42m
Then the SA= Boom hx 0.79 = 4.92nx 10.42mx 0.79 = 40.5m2Looks good so far.
Then Idraw a mizzen mast line. (..easier on the drawing thanonthebdoat 6 s qui t e
crowded back there...).
1 Ithen try a couple of triangular mizzemstil thetotal CE (CEror) drops a bit behind
t he ori gi nalThisisslhonome doriti g6 s CE.
0 A mizzen wth SA=5n?is drawn up (.my second attemghown heré )
o The CE of the triangular mizzen ifirst found by the classicrossing medias
method Thenwe measure the total beam length of the balance on the baseline:
CErCEm = 5.55m
o If we call the unknowmmrm CE-CErorfor X, then the other arm wibhe
5.55mx. Putting the numbers into the balance equation will give us:

= =

= =4 =

va W T WA V® & W

T ®A U® O

- - T8 T
T ®a va

The resulting yawtig shouldmake iteasyto balance the sal area with respect
CLR, and thus keep a light helm in a range of conditions.

Note: The position of the Glgr can also be calculated, using the graphic method, as shown in
Appendix I, but it should then bdone on a separate stié¢o avoid cluttering the sgian.

Final words of Chapter 3.

| hope that some of this have been useful to let you sketch up fioe yigur boat The next
step is to draw the detailed lines needed befotecan start the constrian of the sail(s):
Chapter 4 will contain a number &panelsails with the AR ranging from 1.85 to 2,25
small stepsWith the sketch of yausailplan in hand, Chapter 4 wlovide a shortcut to
accurate sailplans. Then, finally, you can startimgtin canvas, as described in Chapter 5.

Stavanger, 24.2.2014
Arne K.

The Cambered Panel Junk Rig, by Arne Kverneland
Chapter 3, gr. 20140224

13(23)



Appendix |, some full size diagrams

Fig 3.1, the sloop JRf or a, tRo&/ésiohsF
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Fig 3.2, Schooner with both saflat SA=40m? and AR= 2.91
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