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USYRU-IMS PERFORMANCE PACKAGE

The Performance Package 15 custom-calculated for each individual
boat. It is intended to augment, not to replace the many excellent books
and articles offering general suggestions for improvement of sailing per-
formance, At first study, the Performance Package will be of greater
interest to the more sophisticated sailors but ultimately it may prove more
useful to the beginner for whom there is more to he learnaed.

The speed predictions for the individual boats which are central
elements of the Performance Package are derived in two steps. First the
hull is measured by use of an electronic device so as to put the hull lines
into the computer data bank. The other elements of measurement, the rig
dimensions, the flotation and stability are added to the data bank for thi's
one boat. Second, a series of complex calculations is made to find the
boat speeds at which all of the elements of drag come into equilibrium with
the drive provided by the sails.

At the speeds shown on the VPP data sheet, various factors of drag
have been balanced against the driving force. The important thing te have
in mind is that each factor contributes either to drive or to drag. There
are no "speed producing" elements in the hull. Thus length is not a speed
producer. It simply affects the drag differently under different sail-
ing conditions. But drive (from the sails) and drag can be infiuenced

~in some degree by the way a boat is sailed.

) How accurate are the speed predictions? They are printed out to a
‘thousandth of a knot but they aren't that accurate. (Thousandths are
printed out sa as to obviate the practice of adjusting flotation and
the 1ike with the intention of getting a new measurement which rounds
off to a lower rating by a tenth of a foot.) One answer to the ques-
tign of accuracy is that no one can know exactly. Onboard measurements
6f wind angle and speed are very hard to take with accuracy. $o also
it 15 hard to measure the speed of the boat. Wind conditions are con-
stantly changing. But actual sailing trials have been conducted and
about the best one can say is that speed predictions are as close as
the instruments can measure. In a later section we will explain adjust-
ments or corrections for wind instruments.

1t must be understood also that the speed predictions are based on
perfect steering in smooth water and sails perfectly optimized to the
5ailing conditions..
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THE POLAR DIAGRAMS AND HOW TQ READ THEM

For many vears polar diagrams derived Trom.designers' estimates
and from sailing trials have been used at sophisticated levels of sai]
racing, for example in tuning Tweive Meters for America's Cup competition.,
But for most sailors they will be new and the explanation which follows
assumes that this is an initial encounter.

The wind direction is indicated by the drawn arrow and may be seen
as blowing from the top of the diagram toward the bottem,

Each radial Tine extending from the center represents a sailing angle
relative to the indicated wind. Thus the horizontal 1ine 9s at 909 to
the wind. On one of the diagrams this is the triue wind direction and on
the other it is the apparent wind direction as it would appear on the
wind direction indicator. For the wind direction of 900 apparent, the
wind direction true must be farther aft. You will see that on the diagram
for true wind angle the direction is about 1052 to resuit in the same boat
speed as achieved in a wind of 90° apparent. OF course it is a]l the same
wind, just a difference in how the direction is defined, relative to itself
(true) or relative to the moving boat (apparent). Most of the-time you
will be interested in the apparent wind; this is what you feel and what
your indicator displays. ' .

Each radial 1ine is graduated into one-knot increments by tick marks.
These show the predicted boat speed. The farther from the center the
higher the boat speed. The corresponding speeds in knots are shown along
the 909 Tine.

SR
The irregular curves are the plots of boat speeds at five different
wind speeds;68, 10, 12, 16 and 20 knots, The inner curve nearest the
center presents the boat speeds at the eﬁght-knut wind speed and the curve
farthest from the center presents boat speeds at the 20-knot wind speed.

Notice that in the close hauled sailing angle, near 450, .the speeds
do not increase very much with stronger winds. But in the reaching condi-
tions they do increase greatly with wind strength. This accords, of course,

with sailing experience.

The boats drawn at the inner ends of the radial lines are only to
facilitate orientation when first viewing the graph and should not
be taken as indicating the precise trim of your sails.

You will see that the highast boat speeds occur for strong (20-knot)
winds at about 909 apparent and for lighter winds at closer angles, perhaps

d01-d

a5 ¢lose as 609 apparent or closer (at 8 knots). This is because in 1ighter

winds the powerful spinnaker can be carried clpse to the wind whersas in
strong winds at such tTose angles the spinnake™ would overpower the boat.,
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Now referring to the diagram based on true wind speed you wil] see
that the highest boat speeds occur nat at 909 (for the 20-knot condition)
but at a broader angle. It will be useful when possible to sight the true
wind by watching its pattern on the water and taking a bearing across the
compass. This will permit checking the wind direction instrument for
accuracy both intrinsically in the instrument and in the effect of upwash
of wind from the sails. The sighted wind direction under good conditians is
Tikely to be more accurate than the instrument reading on most boats.

For mathematical conversion of apparent wind to true wind and vice
versa, use the following formulae:

True given Apparent:

VTW

4/// [VAW sin (BAW)]2 + [ﬁAw cos {BAW) - Vboag]z

VAW sin (BAW)

B L TY, i ——

VAW cos{BAW) - Vboat

BTW

n
o
3
3]
ot
[=1]
=

Apparent given True:

VAW = Hv// VTW sin(BTW) {2 + [VTN cos(BTW) + ngaélz

F VIW sin(BTW)
BAW = arc tan | ==cemmmmmmmmmmmma
VTW cos(BTW) *+ Vboat

Add 180 degrees to BTW or BAW if negative.

VIW is the velocity of the true wind

VAW is the velocity of the apparent wind
BTW 15 the bearing of the true wind

BAW 95 the bearing of the apparent wind

Vboat is the velocity of the boat

NOTE: Wind reading is assumed to be sensed at 10 meters (33') above water
--see CORRECTIONS of READINGS, page 5).

There will be some utility in becoming familiar with these conversions.
More than one skipper, after sailing a long spinnaker ley, is Tulled into a
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feeling of Tight .air only to discover, on rounding up to windward at the mark,
that he has hoisted a jib too large for the beat. Or he may have resisted

the tendency to underguess the wind strength and over compensated., It is
relatively easy to calculate the true wind speed and From this to calculate
the apparent wind over the deck for the coming beat. This permits selecting
the jib that is just right for the conditions.

For example, suppose we are sailing towards the leeward mark at 6 knots
with the apparent wind from 150° at 6 knots. This gives a true wind speed of:

VTW :/[5 51'n(150°)]2 + [6 cos (1509) - ]2

11.6 knots,

For making the calculation of apparent wind velocity upwind it is necessary
to estimate the speed through the water on the beat. The polar diagram can
supply this needed information.

Suppose the optimum tacking angle is 409 and the 1Z-knot true wind polar
curve shows a boat speed of 6.3 krots at 40°. The apparent wind over the deck
will be:

VAW =/[11.5 sin (400):]E + [11.5 cos (409) + 5-3]2

= 16.9 knots
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MAKING SAILING TESTS

One of the obvious uses of the polar diagram is for testing your boat's
speed against the predictions. For your first trial: Pick a good day with
steady wind and smooth water. In rough water the speed may be affected on
some courses. Also it may affect the steering, obviously a factor in good
speed and in reading the instruments. It may help to assign three crew
members to read the three instruments: the spesdometer, the anemometer and
the wind direction indicator. Signal at half minute intervals for simuita-
necus readings.

Ask the crew members to make a mental average of the reading during the
preceding interval and to record these averages. Sail both tacks on each
course. Be sure that your sails are set and trimmed as nearly perfectly as
possible. The speed predictions assume perfection. Also get the bottom
clean before making any tests. When the heel angle is significant, put the
crew on the rail as far out as the rules permit.

Do not be dismayed if your actual boat speed is Tower than the speed
prediction. It is not 1ikely that the steering, the bottom and the sail
shape and trim will 211 be perfect at the same time.

CORRECTIONS OF INSTRUMENT READINGS

There are corrections which must be made in the meter readings for the
most accurate comparisons. Before going on with further uses of the Performanze
Package, here are a few suggestions for correction of the wind readings.

If your instruments are accurate in themselves, and are correctly installisd
you should sti11 expect that your indicated speeds will be a little lower or
higher than the predictions according to the height of your wind instrument
sensor above the water, Because of the "wind gradient" {higher velocities at
greater heights above the water) the masthead frue wind velocity for your yacht
may be different .from that of.yachts .in larger or smaller classes at any given
instant.

Predictions are given on the polar diagrams and data sheets for true wind
velocities (VIW) of 8 knots, 10 knots, 12 knots and so forth. The VIW shown
is at 10 meters (33 ft.) above the water. If your sensor is higher than 33
feet, say 50 feet, it will "see" 8 knots of wind when the true velocity at the
33-foot height on which the table is based is less than B knots. In rough
approximation, the following formula will provide the correct true wind
velocity at 33 feet, given true wind velocity at the height of sensor:

r~ .
VI = VT | (
331t Sensgr L 0 + _003(Hsensor) }

where HSensor is sensor height in feet above water.
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Thus, in the preceding examp]é, we have:

VTH = 8.0 1 = 7.62 kts. {3%)
3t [.9 ¥ .003(50) }

Since the velocity at 33 feet is somewhat less than 8 knots, the S-knot

predictions from the polars or tables will be slightly higher than the actual

speed of the boat.

Second, the leeway angle must be added to the indicated (instrument)
angle. For example, if the wind direction indicator reads 30° and the ]ee-
way is 5%, add 5% to 30° to get 35°.

Third, the effect of upwash from the sails must be subtracted from the
instrument reading. This effect is at a maximum going to windward in Tight to
moderate air and drops to zero in the run condition. The controlling influ-
ence is the 1ift coefficient of the sail plan. This is found on the data
sheet shown as CL. For windward going Tift is maximized; but 1ift drops off
to nothing when running and the drag then provides the driving force.

For a rough correction of wind direction instrument reading, multiply
1ift coefficient by 4 and subtract from the reading.

Example: If instrument reads 30° and if 1ift coefficient is 1.5,
multiply. this by 4 to get6°, subtract this from 30° to yield 24°. Note
that as the boat sails more broadly the Tift coefficient diminishes.

Both.the upwash (1ift coefficient) and the leeway corrections must be
applied simuitaneously. When we do this with the examples recited here we
add 3° (from leeway) and subtract 6° (from upwash) for a net negative
correction of 1°. Instead of the instrument readeut of 30° the corrected

value is 29° _

In smooth water to windward at wind velogity of 10 knots, the opposing
corrections almost cancel out for most boats.

The attached printout schedule for your boat shows 1ift coefficients
for various sailing conditions of wind angle and wind speed. For leeway you
will have to make your own estimates or measurements. (Tow a thin wire with
a2 weight at the end and lay it across a compass.)

You are likely to find in comparing your actual speeds with the pre-
dicted that some of the sailing conditions will show close correspondence,
within a tenth or two. {ther courses may show more deviation. IFf this is
the case, look first for instrument error. Instruments which are quite

accurate for reaching may be off for beating.

A common instrument error is in the speedometer installation. The flow
across the transducers may be accelerated, disturbed or misd rected by the

water flow washing across the hull. For speed calibration a simple expedient ’

is to tow a Walker log extending the spinner line about two boat Tengths
astern. Though this instrument has to. be timed and gives no continuous

- & -
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‘reading, it is amazingly accurate. Some skippers nzve renorted syc-
cesstul use of Loran C Tor speedometer calibration. This will be done

best in steady wind conditions; averaging a constanzly changing speedometer
reading is not easy or as reliable as one would wis-. If you make a
deviation card for your speedometer be sure to wri-: down the sailing
conditions at the time of comparisons,

After you have done the best you can with inst-ument corrections,
use one of the blank polar diagrams enclosed and corsare your sailing
diagram with the calculated diagram.

. CHECK FOR DEFICIENT PERFORMANCE

If you find deficient performance of your boat z7ter optimizing
the instrumentation, look for opportunities to improvs the sails., If
the deficiency persists gat someone whom you trust ac knowladgeable to
sail with you for a critique. Your ideas about the cotimum set of sails
for ene sailing angle or another may be well imbeddec from years of
experience--and wrong, Perhaps you are lacking a sa’l, for example a
good staysail, under a reacher. At any rate, the po.zr dizgram c¢an be
used to point up-performance deficiencies in various :2iling conditions,
[t 15 not a part of this explanation ta suggest all ¢ the adjustments
which might be tried.

FLATTENING AND REEFING

The data sheet shows the relative flattening and reefing required
for best performance. Tha "FLAT" column indicates a Tlattening of the
sails to reduce the heeling drag of the sails (at the expense of some
loss of drive). Flattening as used here includes not onty using a
cunningham, flattening through more outhaul on the main or through
tighter halyards, lowering the main sheet traveler or increasing twist
off, but also the flattening accomplished through change of jibs
including not only'a flatter sail but one with a shortar foot as well.
The “REEF" column shows the percent of sail area reduction but the
reduction will usually be accomplished both by reefing the main and
also by using smaller jibs. A reefing factor of 1.000 indicates no
reduction in sail. The reefing factor is a linear measure that must
be squared to get the percentage of sail area remaining atter reefing.
In other words, a reefing factor of 0.95 squared indicates that a
reduction in sail area of about 10 percent is needed.
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CHz-XING SPEED AT NIGHT

Angther use of the o2olar diagram is for raking 3 quick check of
your speed performance w-aen sailing at night «itn nc other boats in
sioht for comparison.

BEST SAILING ANGLES DOWNWIND

$ti11 another use of the Performance Package is tne estiblishment of
the optimum downwind sailing angles. These are shown on the polar diagram
itself and on the adjoining table. Slight deviations from the optimum angle
shown will not make much difference and exigencies such as making a mark
at close distance will justify small deviations. One useTul bit of informa-
tion will help judge the new course on the other tack. IT y¢u have been
sailing at an apparent wind angle, say, of 125 degrees (the cotimum for o \LEEway
eight knots of wind) the use of the second polar diagram (shewing the true A Lo Wk UCE
wind angle) shows that this is an angle to true wind of 154°. This is 26
degrees from dead downwind. When you jibe you will have to =urn through
twice this or 52°. So when the mark bears 52° from your pressnt course you
can jibe over and sail at an optimum angle directly for tha rark. This
leaves aside the tactical questicn as to whether you want to ~ait until you
can do this. It may be better t¢ jibe earljer hoping for a favorable shift.
If you don't get it you can always jibe back. But it is impertant in making
your decision to know with some accuracy what course you can sail to advan-
tage on the new jibe.

Experienced skippers and navigators learn to do this intuitively but
for others the aid of the Performance Package will be useful.

The optimum angle to windward is not shown on the diagram because in
practice the helmsman has to develop the sensitivity to sail at the best
windward heading. The Tikely effect of seas in this sailing condition is
another important factor. Only on Tong races in open water and when
separated from competitors of similar performance will it be useful to see
whether the boat is sajling approximately at the optimum angle shown in the

table.

NCTE: "Course" abidve means the direction of the midline of the hull
without any allowance for leeway.
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STATIC STABILITY--D0H'T CAFSIZE

Finally, the Performance Package includes a graph depicting the
static stabiiity of your yacht at varfcus anglzs of heel. VYou will
see that the righting arm increases at first as the boat is heeled.
From that point on the stability decreases. With further heeling the
righting arm which provides positive stability comes to zero. Az the
boat is rolled still further the righting arm Lecomes negative. That
is, the boat wants to capsize and float upside down. “

The crossover point is called the 1imit of positive stabiiity.
The graph also shows the ratio of positive stability to the negative
stability, the &rea under the positive part of the curve divided by
the area above the negative part of the curve,

A wide, flat-bottomed boat will have high initial stability but
after reaching an early peak, the stability declines rapidly. Its
1imit of positive stability may occur at 90° and if inclined this far
the boat will not be self-righting. Some modern offshore racers have
been of this type thus requiring screening and actual tests of self-
righting ability.

Ceep narrow boats with deep keels will pot have high initial
stability but their Timits of static stability may extend to 150°
or more. That is, they can be heeled past 90° by 60° more before they
capsize. If one did-capsize, only & swall amount of rolling would move
the hull into the positive righting area and the boat would come up-
right.

No specific limits for safety have been set. Probably none can

be. But 1f you have a modern, racy. fiat-bottomed boat and if its
Timit of positive stability is c¢lose to 90° it will be better not to

sail it in dangerous seas.

A somewhat expandéd statement on static stability can be found
elsewhere in this package.

POLAR DIAGRAM TRANSPARENCIES

The polar diagrams are included both on conventional paper and
also on transparency material. The transparencies will be more per-
manent in damp conditions and can be used as overlays in comparing
to piots you may make yourself on the extra blank sheets of plotting

paper.
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POLAR DIAGRAM

B0AT SPEED AS A FUNCTION OF TRUE

WIND VELOCITY & APPARENT ANGLE

Yacht
CAT3E

Masthead Sloop,

Folding Exposed Prop

WIND

Bkt
Bkt
10kt
12kt
16kt
20kt

Motes:

155% Jib, Keel

OPTIMUM  OPTIMUM
YMG BEAT VMG RUN
2.904 3.233
3.5608 4.136
4.132 4,977
4,473 5.782
4.825 6.928
4,946 7.675

OPT IMUM
AUN £

98
107
116
144
167
171

o0 0 a0 o0

Boat-speed curves are given at
5ix different true wind
velocities as shaown at right:

% = optimum run angle.

Fun: 7/ 8/92 i7:28: 34 Cert 27646
Copyright 1992 US SAILING MNewport, RI
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POLAR DIAGRAM

BOAT SPEED AS A FURCTION OF
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Yacht

CAT36
Masthead Sloop, 185% Jib, Keel . )
Folding Exposed Prop i

OPT IMUM OPTIMUM  OPTIMUM

WIND VMG BEAT VMG RUN RUN £

w

Bkt 2.904 3.233 142.7
8<t  3.609  4.136 145
10kt 4,132 4,977 uhmu.
12kt 4,473 5.782 ummw_ %
i6kt  4.825  5.928 173"
20kt 4,946 7.675 175
Mo Leg B
Euwsy
Motes: Atlo wanees o L "‘
Boat-speed curves are given at - l‘
six different true wind 10 |
velocities as shown at right: ¢ "
ie
\ = gptimum run angle. A
135 °©
. : 16
Run: 7/ 9792 17:28: 34 Cert 27546 '
Copyright 1992 US SAILING Newport, RI 20 0 °
165 °




IMs AMENDED TO JANUARY 19592

VPP - RUN: 7/ §/92 17:28:32 SPEED, HEEL ANGLE, REEF, SAIL
FLATTENING AND LIFT COEFFICIENTS
CERT# 27646 BY SAILING ANGLE & WIND STRENGTH.
VIW = TRUE WIND VELOCITY
BTW = TRUE WIND ANGLE(ezm.(Ne)
CLASS: CAT3s VAW = APPARENT WIND VELOCITY
BAW = APPARENT WIND ANGLE(®zanwE)
RIG: SLOOP v = BOAT SFEED
PROP: FOLDING VMG = VELOCITY MADE GOOD
INST: OUT OF APERTURE HEEL = HEEL ANGLE IN DEGREES
REEF = % OF SAIL AREA REMAINING
FLAT = % OF FULL DRAFT REMAINING
CL = QOEFFICIENT OF LIFT
s = SFINNAKER FASTER AT THIS COURSE
J = JIB FASTER AT THIS COURSE
VIW BTW VAW BAW v VM= HEEL REEF FLAT CL
6.0 47 .8 9,24 27.5 4.322 2.904 4.4 1.000 1.000 2,100 J
6.0 52.0 9.36 29.0 4.634 2.853 4.5 1.000 1.000 2.103 J
6.0 60.0 9.138 32.1 5.061 2.530 4.5 1.000 1.000 2.108 J
6.0 70.0 9.13 36.4 5.375 1.838 4.2 1.000 1.000 2.110 J
6.0 80.0 B.83 41.2 5.610 .974 5. 1.000 1.000 2.352 5
6.0 90.0 B.32 45.3 5.8E52 Q00 5.2 1.000 1.000 2.58B3 5
6.0 110.0 6.63 57,1 5.e28 -1.924 3.4 1.000 1.000 2.695 5
6.0 120.0 5.61 66,2 5.231 -2.615 2.5 1.000 1.000 2.637 &
6.0 135.0 4,21 85.9 4.4%95 =3.179 1.4 1.000 21.000 2.364 5
6.0 141.6 3.72 98.1 4.125‘ -3.233 1.0 1.000 1.000 2.086 8
6.0 150.0 3.31 11s6.3 3.674 -3.,181 .6 1.000 31.000 1l.582 &
6.0 165.0 2.97 148.9 3.191 -3.082 2 1.000 1.000 . 726 8
6.0 180.0 2.97 180.0 2.968 -2.968 .0 1.000 1.000 -.044 5
8.0 46,9 11.89 27.7 5.278 3.60%9 9.7 1.000 1.000 2.101 J
8.0 2.0 12.04 29.7 5.72%9 3.527 10.0 1.000 1.000 2.104 J
8.0 60.0 11.99 33.2 6.195 3.097 9.8 1.000 1,000 2.110 J
8.0 70.0 11.57 38,2 6.466 2.211 8.3 1.000 1.000 2,107 J
8.0 g0.0 11.03 43,2 6.655 1.157 13.4 1.000 1.000 2.499 8
8.0 0.0 10.29 48.7 &.799 .000 11.6 1.000 1.000 2.660 8
8.0 110.0 8.40 61.8 6.677 =2.283 5.2 1,000 1.000 2.669 5
8.0 120.0 T.27 70,2 6.415 -3.207 3.7 1.000 1.000 2.601 5
8.0 135.0 5.59 89.1 5.686 ~4.020 2.1 .1.000 1.000 2.2499 8
8.0 1la4.9 4,76 107,4 5K.083 -4.136 1.2 1.000 1.000 1.836 &
8.0 150.0 4.48% 117.9 4.757 -4.120 .92 1.000 1.000 1.536 5
8,0 165.0 4.03 149.4 4.179 =-4.,037 .3 1.000 1.000. .712 8§
8.0 180.0 4.02 180,00 3.895 -=3.895 .0 1.000 1.000 =-.044 5
Copyright 1992
TS SAILING
Box 209

Newport., RI
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CERT# 27646
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12.0 135.0
12.0 150.0
12.0 161.8
l2.0 165.0
12.0 180.0

00=4  GBlO/Pl0d

CLASS CAT36

VAW BAW v VMG
14.23 27.7 65.93e6 4.132
14.26 30.3 6.430 3,959
14.03 34.6 6.767 3.384
13.48 40.5 6.976 2.38¢6
12.59 45.6 7.11% 1.235
11.83 52.2 7.255 . 000
9.93 67.3 7.204 -2.4864
8.78 76.2 7.040 -3.520
7.00 93.3 6,588 -4.658
5.79 116.3 5.848 -4.977
5.69 11%9.7 5.745 4,975
5.14 150.1 5.104 =4.930
5.11 180.0 4.781 -4.,781
l6.28 27.3 &6.183 4.473
l6.12 31.2 6.760 4,162
15.70 35.5 7.068 3.533
15,13 42.2 7.293 2.454
14.42 49.4 7.389 1.283
13.07 54.7 7.548 Q00
11.37 71.8 7.581 -2.596
10,238 8l.3 7.478 -=3.739
8.47 98.7 7.112 =5.,029
7.01 122.2 &.542 =5,666
6.38 144.4 6.088 =5.782
6.29 150.8 5.978 =~5.774
6.26 1BO.0 5K.814 =5.614
18.21 27.2 6.329 4.68%9
17.87 312.1 &.954 4.281
17.29 36.6 7.244 3.622
16.53 43.2 7.507 2.587
15.92 81.3 7.645 1.328
14.21 57.0 7.741 000
12.68 75.4 7.901 =2.702
11.74 85.4 7.840 ~3.920
10.02 103.1 7.523 =5.320
8.50 125.5 7.053 -&.109
7.62 151.9 €.655 =6,428
7.5%2 158.8 &.5688 -6.439
7.4% 180.0 6.364 -~-6,364
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