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ABSTRACT 

The f i n a l Phase I I of the P i t c h i n g Moment P r o j e c t r e s e a r c h has 
been s u c c e s s f u l l y concluded, and the r e s u l t s are presented i n a 
form s u i t a b l e f o r i n c l u s i o n i n the VPP t o allow f o r handicapping 
of e f f e c t s of both weight d i s t r i b u t i o n , and h u l l shape f a c t o r s . 

The r e s e a r c h has been underway f o r 3 1/2 y e a r s , but by 
undertaking a step-wise program, p r o v i s i o n s e x i s t e d to make 
intermediate r e s u l t s a v a i l a b l e f o r handicapping, and r a c e s have 
a l r e a d y been run u t i l i z i n g e a r l y r e s u l t s of the program. For 
example, the 1992 Newport-Bermuda Race sponsored by the C r u i s i n g 
Clvib of America was scored using experimental c e r t i f i c a t e s which 
used the Phase I computer modules, and the United S t a t e s S a i l i n g 
A s s o c i a t i o n IMS C e r t i f i c a t e s were modified i n June of 1992 to 
inco r p o r a t e some p r o v i s i o n a l seakeeping e f f e c t s . 

I n t h i s r e p o r t , a summary of the development of a prototype 
measuring machine i s presented, the r e s u l t s of improved computer 
computations to e s t a b l i s h parameters of added r e s i s t a n c e f o r a 
famil y of yachts a r e sximmarized, and thes e are blended with 
r e s u l t s ^ ^ of e a r l i e r phases of the r e s e a r c h to produce a computer 
code module s u i t a b l e f o r d i r e c t i n s e r t i o n i n t o the IMS VPP which 
w i l l a l l o w f o r the p r e d i c t i o n of the e f f e c t s of added r e s i s t a n c e 
i n waves from shape and weight d i s t r i b u t i o n v a r i a t i o n s .4 

The work was accomplished i n two Phases; 

* Phase I was to i n v e s t i g a t e f e a s i b i l i t y of r a t i n g weight 
d i s t r i b u t i o n v a r i a t i o n s and to produce handicapping information for 
use to supplement the VPP, and 

\ Kirkman, Karl L., "Progress Report on USYRU Pitching Moment Project", 1 
November 1990. 

\ "Pitching Moment DELR", memorandum report to ITC by Karl L.Kirkman, 15 April 
1991. 
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* Phase I I i n which a f i n a l measurement machine prototype was 
developed, and a more r e f i n e d c a p a b i l i t y t o a c t u a l l y r e p r e s e n t 
added r e s i s t a n c e i n waves was compiled. 

i n p redecessor p r o j e c t s of t h i s type i t has been t r a d i t i o n a l 
to t u r n the r e s e a r c h r e s u l t s over to r u l e making bodies f o r 
implementation. To the extent t h a t t h i s implementation w i l l r e q u i r e 
a d d i t i o n a l t e c h n i c a l support from the P r o j e c t , the T e c h n i c a l 
C o l l a b o r a t o r s remain a v a i l a b l e to a s s i s t i n t h i s work. 
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INTRODUCTION 

O r i g i n of the P r o j e c t 

I n response to the widespread perception t h a t yachts with 
s triDoed-out i n t e r i o r s enjoyed an unmeasured speed advantage when 
r a c i n g , a s p e c i a l p r o j e c t was i n i t i a t e d w i t h i n the United S t a t e s 
s a i l i n g A s s o c i a t i o n (USSA), then USYRU, to i n v e s t i g a t e whether 
p r a c t i c a b l e s t e p s could be suggested to rulemakers which might 
account f o r t h i s s o - c a l l e d " f u r n i t u r e " e f f e c t . The P r o j e c t , s t a r t e d 
i n 1989, was formed to t r y to backstop the Accommodation 
Requirements which were then beginning t o be s u b j e c t e d to design 
p r e s s u r e . While the Accommodations Requirements had served m a 
s i m p l e r time , the p o p u l a r i t y of IMS on an i n t e r n a t i o n a l s c a l e was 
expected to r e s u l t i n design p r e s s u r e s not p r e s e n t when the IMS 
was a secondary r u l e . Indeed, e x o t i c m a t e r i a l l i m i t a t i o n s were 
introd u c e d i n t o the r u l e a t the same time to s e r v e as a second 
l e v e l of defense a g a i n s t p u r p o s e - b u i l t r a c i n g boats. 

Obj e c t i v e s 

The p i t c h i n g moment p r o j e c t was organized t o : 

"Plan, perform, intpr-nret. report, and a r c h i v e the necessary 
r e s e a r c h to innlude t^o e f f e c t s of weight d i s t r i b u t i o n m yacht 
handicapping." 

O r g a n i z a t i o n of the Report 

T h i s r e p o r t was w r i t t e n to present both the programmatic and 
t e c h n i c a l a s p e c t s of the P i t c h i n g Moment P r o j e c t so t h a t these 
would be c o l l e c t e d i n a s i n g l e r e f e r e n c e f o r f u t u r e use. 

As a r e s u l t , c e r t a i n s e c t i o n s w i l l be of more or l e s s i n t e r e s t 

to r e a d e r s . 

F o r an overview of the P r o j e c t , the e a r l i e r S e c t i o n s provide 
a r e l a t i v e l y n o n - t e c h n i c a l summary of the work. However, I hope 
t h a t t h e reader w i l l be tempted to plunge i n t o the t e c h n i c a l 
s e c t i o n s i n order to g a i n i n understanding of tiie perfonnance of 
y a c h t s i n waves. Study and comprehension of the t e c h n i c a l work 
could be expected to l e a d to i n s i g h t i n t o the a b i l i t y to s a i l to 
top performance l e v e l s i n these c o n d i t i o n s . 

3 



ORGANIZATIONAL & OPERATIONAL fflSTORY 

The p r o j e c t was administered w i t h i n the Offshore O f f i c e of 
USSA, but w i t h s t r o n g o r g a n i z a t i o n a l support and ^"P°^^f^ement from 
the c r u i s i n g Club of America, the I n t e r n a t i o n a l T e c h n i c a l 
Committee, and the Offshore Racing C o u n c i l , 

The r e s e a r c h was conducted p r i m a r i l y by v o l u n t e e r t e c h n i c a l 
c o l l a b o r a t o r s , but w i t h some funded r e s e a r c h Performed by 
outstanding c o n t r i b u t o r s not a s s o c i a t e d with the Y ^ r i o u s 
o r g a n i z a t i o n s . The expenses were underwritten by c o n t r i b u t i o n s by 
i n d i v i d u a l s , and o r g a n i z a t i o n s . The Offshore i " ^ . 
c r u i s i n g Club of America supported the work w i t h s u b s t a n t i a l 
c S ^ i ? i b u t i o n s which were supplemented by those of i n d i v i d u a l 
yachtsman. CRAY Research donated a block °f ;^°^P^^t^^^„^^^^^^° 
p r o j e c t . The P a r t n e r s h i p f o r America's Cup technology made 
a v a i l a b l e the knowledge from an e x t e n s i v e r e s e a r c h program i n t o 
seakeeping i n c l u d i n g both computer code development and 
experiments. 

The f o l l o w i n g i n d i v i d u a l s were the p r i n c i p a l T e c h n i c a l 

C o l l a b o r a t o r s i n the r e s e a r c h : 

R i c h a r d c. McCurdy 
Ri c h a r d S. McCurdy 
John O'Dea 
P r o f e s s o r Paul Sclavounos, MIT 
James T e e t e r s 
Kenneth B. W e l l e r 
James A. McCurdy 
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NON - TECHNICAL SUMMARY 

T h i s s e c t i o n i s presented so t h a t a l a y person can comprehend 
the magnitude and d i f f i c u l t y of the problem a t hand, the general 
s t r a t e g y used to a t t a c k t h i s problem, the way i n which the r e s e a r c h 
w i l l a f f e c t r a c e r e s u l t s , and a f e e l f o r the u n c e r t a i n t i e s of the 
process. 

The problem 

An i n d i v i d u a l yacht proceeding to windward through wave a c t i o n 
i s one of the most complex hydrodynamic systems t h a t s c i e n t i s t s are 
c a l l e d upon to analyze. 

A few of the complex flows which are inv o l v e d include the 
i n t e r a c t i o n of the wave t r a i n generated by the t r a n s l a t i n g and 
p i t c h i n g h u l l with incoming seas, the d i s t u r b e d flows over 
o s c i l l a t i n g k e e l s and rudders undergoing complex motions, and the 
flow over s a i l s which are moving and changing shape and being 
s u b j e c t e d to v a r i o u s angles o f f a t t a c k by v i r t u e of f l y i n g from a 
p i t c h i n g mast. 

At the same time, experienced des i g n e r s have found shapes and 
weight d i s t r i b u t i o n s t h a t go w e l l i n waves. S a i l o r s have developed, 
bv t r i a l and e r r o r , e f f e c t i v e techniques f o r s a i l i n g i n waves, a 
b a s i c i n s t i n c t as to under what c o n d i t i o n s added r e s i s t a n c e i s 
important, and a f e e l f o r the magnitude of the e f f e c t s . 

T h i s r e s e a r c h d i d not undertake to s o l v e the complete flow 
s i t u a t i o n d e s c r i b e d above. Rather, we undertook to produce i n s i g h t 
from p r e d i c t i o n s of p a r t s of the problem b e l i e v e d to be ii^portant, 
s t u d i e d the magnitude of the more complex e f f e c t s not modeled, and 
demonstrated t h a t t h i s approach was s u b s t a n t i a l l y ;;°5rect by 
checking r e s u l t s a g a i n s t the widely accepted motion t h a t yachts 
tend to s a i l t o s l i g h t l y l e s s than t h e i r calm water VPP p r e d i c t e d 
boat speeds, but a t somewhat wider angles when encountering waves. 

Thus w h i l e we are unable to d e s c r i b e many of the complex 
d e t a i l s of the flows a s s o c i a t e d with the f u l l y unsteady seakeeping 
problem we b e l i e v e t h a t the r e s e a r c h i s v a l i d a t e d by what i s known 
about t h e p r e d i c t i o n of q u a n t i t a t i v e performance i n rough water. 

AS an example of the kind of data which supports t h i s 
confidence: F i g u r e 1, shows the following c o l l e c t e d on a s i n g l e 
graph of boatspeed v e r s u s windspeed: 

1. IMS t a r g e t speeds f o r a p a r t i c u l a r yacht. Anthem, taken from the 

IMS c e r t i f i c a t e . 



3. An i n d i c a t i o n of the magnitude of the expected change i n speed 
due to waves as computed i n Phase I of the P r o j e c t . 

ii 
'A 

Ci 

8.Ö 
Anihem 7/12/90 I7KX) to fiDuh 

ooo 
^5 -nv-as-T» 

15̂  40 

True Wind Speed. Ku 

Figure 1 - Comparison of IMS Target and measured speeds corrected to calm water 
conditions for the yacht Anthem from the 1990 Hampton Race 

These s a i l i n g data were taken using a S e a s t a t e Logger 

1990 o 
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Approach 

The approach taken was to make c e r t a i n s i m p l i f y i n g assumptions 
e a r l y i n the study which are noted immediately below, to c o l l e c t 
l i m i t e d data on rac e course waves and then t o see whether 
c a l c u l a t i o n s on the s i m p l i f i e d b a s i s gave i n s i g h t i n t o handicapping 
d i f f e r e n c e s between y a c h t s . I n l i n e w ith the name of the p r o j e c t , 
the item i d e n t i f i e d i n t u i t i v e l y as the d r i v e r to added r e s i s t a n c e 
was weight d i s t r i b u t i o n ; " p i t c h i n g moment" 

The important s i m p l i f y i n g assumptions made a t the o u t set were: 

* " P i t c h Moment" c h a r a c t e r of a yacht could be measured i n s i t u , 

* The e f f e c t s of weight d i s t r i b u t i o n d i f f e r e n c e s on added 
r e s i s t a n c e i n waves could be estimated a c c u r a t e l y u s i n g e x i s t i n g 
s t r i p theory codes developed for n aval s h i p s and a calm water VPP, 

* Handicapping could be e f f e c t i v e by a s s o c i a t i n g a s i n g l e wave wind 
c o n d i t i o n with each c e r t i f i c a t e wind speed 

We were not betrayed by any of these assumptions. 

The work i n Phase I of the P r o j e c t was concentrated i n three 

ar e a s : 

- Development of a p r a c t i c a b l e measurement experiment, 

- Development of a zeroth order code f o r added r e s i s t a n c e i n waves, 

and 

- Adjustment to c e r t i f i c a t e handicapping information to represent 

wave e f f e c t s . 

That work was completed i n win t e r 1991, and made a v a i l a b l e to 
rulemakers a t t h a t time. However, the fo l l o w i n g unresolved i s s u e s 
were i d e n t i f i e d as r e q u i r i n g a d d i t i o n a l r e s e a r c h : 
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* The Beasurement machine was judged t o be too expensive for 

widespread acceptance, 

and 

* The r e s e a r c h had shown poor v a l i d a t i o n of s t r i p - t h e o r y code 
p r e d i c t i o n methods with published experimental r e s u l t s . 

AS a r e s u l t a Phase I I , reported h e r e i n , was undertaken to 

confront these d e f i c i e n c i e s . 

I n Phase I I , the P r o j e c t : 

* I d e n t i f i e d and prototyped a minimum c o s t machine, 

* Obtained the r e s u l t s of advanced P,̂ -<̂ i5̂ 1°" ''̂ ^̂  
v a l i d a t e d by h i g h - q u a l i t y model t e s t s of yacht h u l l s , and 

* Developed a new added r e s i s t a n c e module, DELR2 which could 

The e f f e c t on r a c e r e s u l t s 

The research when applied to race sccring "i"^'^^„^/"^i^^;? 

^J^y^^' c S n s ° ^ S \ c n % i : a t e a.Ied 

r e s i s t a n c e . 

r e l a t o r . ^ ^ ^ c l - ^ ^ ^ a ^ ^ l 

lll^^lly^^^'-'^t^l^^^'S. l ^ e l t t S ' t c T e l^Za up h . .he 

VPP. 



The wave s p e c t r a t h a t were determined by buoy measurements to 
apply to t y p i c a l r a c e courses show more wave energy i n l i g h t a i r 
SoSditions'^than would be a s s o c i a t e d w i t h the wind / l o n e The 
r e s e a r c h shows t h a t t h i s i s c o n s i s t e n t w i t h e f f e c t s of the wakes 
of p a s s i n g v e s s e l s , and the immature nature of the waves from 
?ncreasing^ winds f r e q u e n t l y encountered. However, the consequence 
to handicapping i s t h a t d i f f e r e n c e s i n performance of y a c h t s w i l l 
be s u b s t a n t i a l i n l i g h t a i r even though one not f a m i l i a r w i t h the 
wave data might not expect t h i s to be the case. 

u n c e r t a i n t i e s i n A p p l i c a t i o n 

P a r t of any r e s e a r c h i s to understand the p o t e n t i a l weaknesses 

of the r e s u l t s . 

1. A l i k e l y u n c e r t a i n t y i n applying the r e s e a r c h i s r e l a t e d to 
the p r a c t i c a l requirement to use a zeroth order ^ode to p r e d i c t 
added r e s i s t a n c e , and t o n e g l e c t some co m p l e x i t i e s of the unsteady 
flow and dynamics. We b e l i e v e t h a t the zeroth order approach i s 
r obust enough to minimize the opportunity f o r r u l e b e a t i n g f o r now. 
I f i t becomes necessary to introduce a more complex ^nof^l o j 
performance, the knowledge e x i s t s to do so. The a b i l i t y t o blend 
s a i l i n g datk rough water e f f e c t s w i t h VPP p r e d i c t i o n s such as i n 
F i g u r e 1 should encourage the notion t h a t the s i m p l i f y i n g 
aslumptions p r e d i c t d i f f e r e n c e s c o r r e c t l y , and seem to get 
approximate magnitudes about r i g h t . 

2 An a d d i t i o n a l u n c e r t a i n t y w i l l i n e v i t a b l y a r i s e r e l a t e d to the 
d ; t ^ i n a t ! o n of gyradius v a l u e s . U n t i l a p r a c t i c a b l e ^lachine i s 
i n h ^ d and we have experience with measuring on a production 
b a s i s i t i s impossible to p r e d i c t a l l the p o s s i b l e paths for 
e S i o i t a t i o n ^ b u f t h i s must L watched c l o s e l y - J ^ ^ J : - " J ^ ^ 
nr-enaration of a yacht f o r measurement does not a l l o w for 
S a n i p S a i ? o n of the ^gyradius measurement i n a manner t h a t defeats 
the added r e s i s t a n c e p r e d i c t i o n . 

3 At some time, i t may be necessary to a d j u s t the assumed wave 
s p e c t r a and add off-wind added r e s i s t a n c e (which i s probably 
n e g a S v 4 ) ?o t S e VPP p r e d i c t i o n scheme to handle s u r f i n g 
pe?formance of l i g h t e r y a c h t s . There i s no reason to expect t h a t 
t S e codes used to date would not p r e d i c t t h i s a s p e c t of added 
r e s i s t a n c e properly, but no experimental data i s i n hand to 
v a l i d a t e such a p r e d i c t i o n . 
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TECHNICAL APPROACH 

However certain c r i t i c a l technical d e f i c i e n c i e s P f̂Ptt??̂  
l i m i t S l o n l h a v e discouraged the introduction of thxs c a p a b i l i t y 
into handicapping rules u n t i l now: 

* The i n a b i l i t y to practicably measure minute differences weight 

e x i s t i n g yachts, 

* Lack of data regarding d e t a i l s wave conditions to be expected for 

t y p i c a l race courses, 

* A lack of validation of seakeeping computer codes f o r s a i l i n g 

yacht h u l l s . 

* With t he develcp-nente i n « " ^ f f ̂ ra""ye'=ht" m , c o S ? f be 
c a n a b i l i t v the pitch moment of i n e r t i a of a yacnt, lyy, 
SeasSred i n S e Sater by a reasonable measuring device. 

been used for neaïly a century to estimate the resistance of a new huU form. 
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to produce r a t i n g c e r t i f i c a t e s , 

* D i r e c t * s u b s t i t u t i o n i n t o a VPP of added resistance"* would provide 
c o r r e c t handicapping r e s u l t s ; t h a t i s , n e g l e c t i n g unsteady e f f e c t s 
on the h u l l and r i g , 

* Tuning of the response of a yacht to a p a r t i c u l a r wave s p e c t r a 
would not dominate o v e r a l l handicapping t o the extent t h a t an 
a d d i t i o n a l handicapping v a r i a b l e : s p e c t r a l content, would be 
re q u i r e d t o handle weight d i s t r i b u t i o n e f f e c t s . 

In Phase I, an even more restrictive assumption was made and validated: two 
additional conditions: head seas and upright hull form. 
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RESEARCH ON MEASUREMENT 

The r e s e a r c h i n t h i s s l i c e was c a r r i e d out p r i m a r i l y by 

Ric h a r d S. McCurdy. 

At t he i n i t i a l planning meeting f o r the p r o j e c t of March 1989, 
i n i t i a l s p e c i f i c a t i o n s were formulated f o r a method of "measuring 
the p i t c h moment of i n e r t i a of a yacht: 

* The measurement would b e s t be accomplished in-the-water i n order 
to a l l o w f o r confirmation t h a t the yacht was m measurement t r i m , 
and t o minimize expense, 

* I t would s u f f i c e to measure a "wet" va l u e f o r moment of i n e r t i a , 
t h a t i s i n c l u d i n g hydrodynamic added mass and damping e f f e c t s i n 
r e a l time and without r e f e r e n c e t o h u l l measurement data, 

* The measurement system should be able to d e t e c t d i f f e r e n c e s equal 
to "one man on the bow", an amount p e r c e i v e d by s a i l o r s to a f f e c t 
performance i n waves by a d i s t i n g u i s h a b l e amount, 

* The measurement system should i n c l u d e s u f f i c i e n t i n t e g r a l data 
q u a l i t y a s s urance f e a t u r e s to minimize the occurrences when 
remeasurement would be req u i r e d , 

* The t a r q e t c o s t of the measurement system was s e t a t l e s s t h a t 
$5,000.00^, w i t h a d e s i r e t h a t i t be minimized c o n s i s t e n t with the 
other c o n s t r a i n t s , and 

* The p i t c h motion a n a l y s i s a t the time of measurement could be 
adequately modeled by a simple damped spring-mass system. 

These s p e c i f i c a t i o n s were s a t i s f i e d by the machine p r e v i o u s l y 
reported by McCurdyS and summarized i n Reference 1. T h i s 
measurement system' was designated a Pitchometer. 

5 This cost was agreed at the ITC meeting in the fall of 1991 to be exclusive of 
computer hardware on the basis that measurers could be expected to possess a PC-type 
machine. 

^ McCurdy, Richard S.," Feasibility Study of the Measurement of the Mass Moment 
of Inertia in Pitch for Cruiser/Racer Yachts", NESYS, 1990. 
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Indeed, i t was expected t h a t t h i s Pitchometer could be 
produced i n q u a n t i t y f o r approximately $3,000.00. 

However, concern t h a t the c o s t impact of making such a machine 
a v a i l a b l e to each measurer arose a f t e r completion of t h i s 
development. Accordingly, the p r o j e c t then spent s i g n i f i c a n t e f f o r t 
attempting to i d e n t i f y a l e s s c o s t l y system. I n p a r t i c u l a r , 
development of m i c r o - e l e c t r o n i c based instrumentation was 
i n v e s t i g a t e d based upon p r e l i m i n a r y i n d i c a t i o n s t h a t such a system 
might be produced i n q u a n t i t y f o r a f r a c t i o n of the cost, ex 
development c o s t s . 

U nfortunately, t h i s advanced technology turned out to be 
i n s u f f i c i e n t l y mature a t the time f o r i n t r o d u c t i o n . 

For Phase I I , a number of a l t e r n a t i v e Pitchometers were 
surveyed, and a concept s e l e c t e d f o r refinement which was 
designated Mark I I B . T h i s c o n f i g u r a t i o n i s shown i n schematic form 
i n F i g u r e 2. The upper p o r t i o n of the Figure shows the setup f o r 
l o n g i t u d i n a l i n c l i n i n g , and the lower portion the setup f o r dynamic 
p i t c h i n g . 

Prototyping of t h i s Pitchometer concept was undertaken i n 
Spring 1992 to the f o l l o w i n g s p e c i f i c a t i o n : 

* Based upon simple damped s p r i n g mass system with chirped 
frequency v a r i a b l e , 

* Heave motion ignored (based upon experience from Phase I 
r e s e a r c h ) , 

* T r a d i t i o n a l l o n g i t u d i n a l i n c l i n i n g to get p i t c h s t i f f n e s s was 
introduced, 

* P i t c h motion time h i s t o r y was assximed s u f f i c i e n t , and force a t 
time of r e l e a s e was d e l e t e d from system, 

* E r r o r budget c o n s i d e r a t i o n s i n d i c a t e d t h a t i n c l i n i n g weights 
should be measured on an e l e c t r o n i c d i g i t a l s c a l e . Water bags were 
proposed t o d e a l with l a r g e r weights necessary t o l o n g i t u d i n a l l y 
i n c l i n e l a r g e y a c h t s , , and the a b i l i t y to accomplish t r a n s v e r s e 
i n c l i n i n g u s i n g same system was provided. 

McCurdy then developed such a machine based upon an 
i n c l i n o m e t e r u t i l i z i n g the instrument meter balance p r i n c i p l e , and 

13 



Tilt Portable 
Gauge computer 

Figure 2 - Mark IIB Measuring Machine 

l a t e r sec t ion of t h i s report . 

c a r e f u l l y b a l l a s t e d and instrumented model of an lACC yacnt m 
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under t e s t by PACT f o r other r e s e a r c h . The purpose of these 
experiments was to provide data which e x a c t l y emulated a 
pitchometer output s i g n a l so t h a t advanced computer p r e d i c t i o n 
codes developed by Sclavounos could be u t i l i z e d t o v a l i d a t e the 
assumption t h a t a gyradius could be e x t r a c t e d from t he pitchometer 
output. The r e s u l t s of t h i s a n a l y s i s , presented by Scalvounos 
to the ITC a t t h e f a l l 1992 meeting i n d i c a t e t h a t t h e Pitchometer 
s i g n a l can indeed be t r a n s l a t e d a c c u r a t e l y t o a v a l u e of gyradius 
f o r the yacht. F i g u r e 3 shows a comparison of the p r e d i c t e d and 
measured time h i s t o r y of p i t c h angle as presented by Scalvounos. 
I n f a c t , a d d i t i o n a l r e s e a r c h and development of s i g n a l p r o c e s s i n g 
has a l r e a d y been i n v e s t i g a t e d which promises to al l o w e x t r a c t i o n 
of the gyradius v a l u e . I n p r a c t i c e , t h i s more e l e g a n t p r o c e s s i n g 
i s expected t o be made a p a r t of the pro c e s s i n g of data f o r 
production of s a c e r t i f i c a t e by the n a t i o n a l a u t h o r i t i e s r a t h e r 
than being embedded i n t o the Pitchometer software, but the v a l i d i t y 
of the Pitchometer assumptions i s confirmed by the r e s u l t shown. 

0.0100 I ' ' 
Tlwery 
Exparimantt 

R ^ / L = 0 .243 

U 11 u u u u 

0.0 1.0 2.0 3.0 

Time Fseel 
4.0 5.0 

Figure 3 - Comparison of Measured and predicted Pitch Time History for lACC Mode 

.̂ Sclavounos, Paul D., "Radius of Gyration Identification from Pitch Decay 
Measurement and Theoiy", ITC, 25 September 1992. 
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RESEARCH ON ADDED RESISTANCE 

The r e s e a r c h i n t h i s area was p r i m a r i l y conducted by Prof e s s o r 
Paul sclavounos, of MIT, and James T e e t e r s . However, s i g n i f i c a n t 
c r e d i t must go to PACT f o r important u n d e r l y i n g fundamental 
?eSearch i n c l u d i n g both experiments and . f^t i m a t m g methods 
P r o f e s s o r Sclavounos b r i e f e d the ITC i n d e t a i l on h i s work a t the 
S e p t e ^ e r i s s f m e e t i n g , and the t e c h n i c a l d e t a i l s of h i s work w i l l 
be reported^ a t the forthcoming 1993 CSYS. 

At the submission of the r e p o r t on Phase I of the r e s e a r c h , 
the need to pursue added r e s i s t a n c e c a l c u l a t i o n s w i t h more advanced 
techniques was i d e n t i f i e d as r e q u i r i n g f u r t h e r r e s e a r c h T h i s 
c o n c l u s i o n was based upon the poor l e v e l of c o r r e l a t i o n between 
published model t e s t data on added r e s i s t a n c e and " s t r i p theory 
codes f o r e s t i m a t i n g added r e s i s t a n c e ; the P r e d i c t i o n s d^ci not 
agree w i t h the model data, but even more important, the 
d i s c r e p a n c i e s changed with h u l l type. 

T h i s s i t u a t i o n l e d us to suspect t h a t any P r e d i c t i o n i n v o l v i n g 
h u l l form d i f f e r e n c e s would be q u e s t i o n a b l e , and the DELR module 
presented a t t h a t time was s u i t e d only f o r p r e d i c t i n g the e f f e c t s 
of a weight d i s t r i b u t i o n change f o r a y a c h t . 

F o r t u n a t e l y , the P a r t n e r s h i p f o r America's Cup Technology 
(PACT) S o s e to make seakeeping one of i t ' s p r i o r i t y P r o j e c t s f o r 
r e s e a r c h , and the r e s u l t s of t h i s r e s e a r c h are now a v a i l a b l e for 
handicapping purposes. 

PACT choose to f o s t e r development of advanced seakeeping 
p r e d i c t i o n methods by pursuing both ^-D and 3 D ^e^^^^^ â ^̂ ^ 
p r o v i d i n g experimental data on motions and added r e s i s t a n c e of a 
? a c h t h u l l conducted t o a very high standard of experimental 
u n c e r t a i n t y . 

P r o f e s s o r Sclavounos then u t i l i z e d one of these codes: SWAN, 
to perform a p a r a m e t r i c study of added r e s i s t a n c e f o r an IMS base 

«. Sclavounos, Paul D., and Nakos, D.E.," Seakeeping and Added Resistance of lACC 
Yachts by a Three-Dimensional Panel Method", to be presented t at CSYS 1993. 
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boat, F i g u r e 4, and presented the r e s u l t s of t h a t study to the ITC 
a t the F a l l meeting i n Newport. 

4̂.000 

-a.ooo -5.000 4.000 .3.000 -2.000 -1.000 0.000 1.000 2.000 3.000 4.000 5.000 8.000 7.000 8.000 

Figure 4 - IMS Base Boat Body Plan for Seakeeping Study 

H i s work c o n s i s t e d of performing e x p l o r a t o r y c a l c u l a t i o n s on 
the base h u l l to i d e n t i f y a s e t of parameters which dominated the 
a d d e f ? e s ? s i a n c : of the t^ype, and then conducting co-P-tat^^^^^^ f o r 
s y s t e m a t i c v a r i a t i o n s of Length-Beam R a t i o L / B ) , F i g u r e 5, 
displacement-Length R a t i o , Figure 6 5;°"9itû ^̂ ^̂ ^̂ ^ 
Buoyancy L o c a t i o n (LCB),Figure 7, l o n g i t u d i n a l Center of F l o t a t i o n 
L o c a t i o n ( L C F ) , F i g u r e 8, and gyradius. F i g u r e 9. 

' Sclavounos Paul D.," Parametric Study of Added Resistance of IMS-40 Base Boat 
with'3-D Panel Code SWAN ITC, September 1992. 
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VARIATION WITH LENGTH-TO-BEAM RATIO 

Figure 5 - Variation of Added Resistance with L/B 
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6 - Variation of Added Resistance with Length-Displacement Ratio. 
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VARIATION WITH LCB 
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Figure 7 - Variation of Added Resistance with LCB 
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Figure 9 - Variation of Added Resistance with Gyradius 
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These s e n s i t i v i t i e s were then used as d e s c r i b e d next to 
produce an implementation of the added r e s i s t a n c e e s t i m a t o r i n the 
VPP. 

At the same time t h a t he produced the h u l l forin and weight 
d i s t r i b u t i o n s e n s i t i v i t i e s , Sclavounos a l s o provided s e n s i t i v i t y 
data f o r added r e s i s t a n c e with forward speed, and as a f u n c t i o n of 
heading r e l a t i v e to the waves. These were a l s o i n c o r p o r a t e d by 
T e e t e r s as de s c r i b e d below. 

At the out s e t of t h i s d i s c u s s i o n of adding seakeeping t o the 
e x i s t i n g VPP, i t should be noted t h a t t h e r e e x i s t s w i t h i n the 
present VPP r e s i s t a n c e formulation some s o r t of accounting f o r 
added r e s i s t a n c e i n waves, a l b e i t i n an i m p l i c i t form. 

I n support of t h i s notion r e c a l l t h a t : 

* The t a r g e t speeds produced by the VPP match s a i l i n g experience 
s u f f i c i e n t l y w e l l to be u s e f u l i n tuning and monitoring 
performance, and 

* Attempts to compare model t e s t r e s i s t a n c e data with VPP 
p r e d i c t i o n s f o r the same h u l l s have c o n s i s t e n t l y shown t h a t the VPP 
o v e r p r e d i c t s calm water r e s i s t a n c e . 

Examples of t h i s d i f f e r e n c e are shown i n F i g u r e 10 f o r a 12-
Meter and Figu r e 11 f o r a c r u i s e r / r a c e r . 

Sclavounos, Paul, letter report dated 1 October 1992. 
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Figure 10 - Measured and Predicted Resistance for 12-Metre 
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Figure 11 - Measured and Predicted Resistance for Cruiser/Racer 
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I t should a l s o be noted t h a t one of the reasons t h a t Phase I 
r e s u l t s were produced i n the form of time allowance d i f f e r e n c e s 
w a s ^ l w n f n a d e i a c i e s i n the. VPP r e s i s t a n c e formulation and an 
exoressed concern a t t h a t time t h a t the i m p o s i t i o n of a new 
c^ponen? of R e s i s t a n c e i n t o the VPP d i r e c t l y would <^^f^oY^e 
anoarent u t i l i t y of the t a r g e t speeds m use. I t was expected t h a t 
S e s e migJt be^ r e c t i f i e d by the time Phase I I r e s u l t s were 
avail a b l e by improvements i n the VPP calm water r e s i s t a n c e 
? o m u S t ? o n 7 b u t t h i s has proven to be an o p t i m i s t i c assumption. 

Accordingly, the DELR2 code presented h e r e i n i s s t r u c t u r e d to 
be used i n a d i f f e r e n c e mode a t the ou t s e t , but can a l s o be used 
to p ? e d i c ? a ï;fn? ï?ative v a l u e of added r e s i s t a n c e a t such time 
as the calm water problems a l l u d e d t o above a r e s o l v e d . 

I t i s e q u a l l y important to a p p r e c i a t e t h a t t h e DELR2 code 
r e q u i r e d as Tnput information v a l u e s of h u l l ^ , P^^^^^^JJ^ 
c a l c u l a t e d i n the heeled c o n d i t i o n . T h i s meant t h a t implementation 
S i i p a c e f by Reducing a v e r s i o n of the LPP which could compute 
heSled v a l u e s , but t h i s improvement was v i t a l to improving the calm 
water formulation i n any event. 

i n DELR2, T e e t e r s has produced" a l i n e a r i z e d implementation 
of the r e s u l t s c a l c u l a t e d by Sclavounos. He has c o n s t r u c t e d a model 
? o r added r e s i s t a n c e which u t i l i z e s 5 slope c o e f f i c i e n t s f°r the 
added r e s i s t a n c e terms: p i t c h g y r a d i u s , length-beam r a t i o , 
d ? ^ ? a c S L S l e S g t h r a t i o , LCB, and LCF. The formulation i s s e t up 
to S s e a t the o u t s e t d i f f e r e n c e s from a conceptual ^ a s e boat but 
can be used w i t h t h e base boat v a l u e s s e t t o zero t o p r e d i c t the 
S a n t ? t a ? i v e added r e s i s t a n c e . I n a d d i t i o n . T e e t e r s has formulated 
f i t s f o r speed e f f e c t s and heading e f f e c t s . 

F i g u r e s 12 through 16 show the computed v a l u e s and l i n e a r f i t s 
as d e r i v e d by T e e t e r s f o r the f i v e parameters. 

Teeters, James," Implementation Study of Added Resistance for IMS Handicaps", 

rrC, September 1992. 
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INT{R(w)*S(w)} VS Length/Beam 
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Figure 12 - Computed Values and Linear Fit for L/B 
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INT{R(w)*S(w)} VS Length/Disp 
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Figure 13 - Computed Values and Unear Fit for Length-Displacement Ratio 
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INT{R(w)*S(w)}v8LCB 
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Figure 14 - Computed Values and Linear Fit for LCB 
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I N T { R { w r S ( w ) } v 8 L C F 
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Figure 15 - Computed Values and Linear Fit for LCF 

30 



2.00E03 

S.00&O4 

o.nf)F,-=flo 

,10 /IU 

INT{R(w)*S(w)} vs Gyradius 
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Figure 16 - Computed Values and Linear Fit for Gyradius 
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For a sample yacht: S e l k i e . F i g u r e 17 shows a breakdown of the 
added r e s i s t a n c e components r e l a t i v e to a base boat f o r a range of 
wind speeds. I n t h i s case, Selkiê would be «^^^^ed to have 18.27 
pounds of added r e s i s t a n c e more than the base boat i n 1° ^ ° ^ s of 
VTW, of which the l a r g e s t components a r i s e because of her assumed 
gyradius and her length-beam r a t i o , L/B. 

Test: selkie 
I, 
B 

Disp 
LCB 
LCF 
Gyr 

31.41 
10.13 
20427 
.5325 
.543B 
7.55 

BASE 

Gyr/L .240 
UB 3.101 
UD 97.1 

LCB .5325 
LCF .5439 

2pGL 4022.84 

Param. d-Gyr d-UB d-UD uLCiJ 
Value .22 3.330 128 .534 .584 

ARct 1.80E.03 1.54E-03 1.54E-03 1.S4E-03 1.S4E-03 
Slope 1 315.03 8.53E-Oa g.5eE-03 -3.38E-03 Slope 

Vi d-Gyr d-UB d-UD d-LCB d-LCF delta 

6 8.82 7.41 -4.58 -.35 1.84 10.00 

ft e.oo 0.88 -8.07 -.48 2.18 14.82 
10 11.38 12.34 -7.59 -.58 2.73 18.27 
12 13.84 14.81 -9.11 • 69 3.27 21.92 
14 15.91 17.28 -10.83 -.81 3.82 25.58 
10 18.18 19.75 -12.15 -.92 4.37 29.23 
10 20.48 22.22 -13.87 •1.04 4.gi 32.88 
20 22.73 24.89 -15.18 -1.15 5.48 38.54 

Figure 17 - Breakdown of Added Resistance for Selkie 
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I n c o n t r a s t , a yacht l i k e Gaucho might be expected to have 
l e s s added r e s i s t a n c e than the base boat, assuming a low gyradius, 
and a low length-beam r a t i o when heeled. Her example i s shown i n 
F igure 18 f o r a h y p o t h e t i c a l s e t of l i n e s , where i t i s i n d i c a t e d 
t h a t she might have 10.16 pounds l e s s added r e s i s t a n c e t h a t the 
base boat i n 10 knots VTW. 

Test: Gaucho 
L 
B 

Disp 
LCB 
LCF 
Gyr 

, 37.85 
;,S' 10 
19382 
J81B 
.6015 
7.57 

BASE 

Gyr/L .200 
Lm 3.785 
UD 179.1 

LCB .5818 
LCF .8015 

2pGL 4847.4 

Panm. cl-Gyr d-U8 (l-l/O d-LCB (J.I.CP 
Value .22 3.330 128 .534 .564 
ARcf 1.80E-03 1.54E-03 1.&4E-03 1.S4E-03 1.54E-03 

Slope 1.30i;.02 .1.34U.03 o.ssa.oo 0.a0t:.03 •3.3013.03 Slope 

Vi (! Byr d-UB d-LTD d-LCB d-LCF delta 
0 -«.07 -17.71 10.07 13.29 -3.68 -8.10 
8 -10.78 -23.61 13.43 17.72 -4.01 -8.13 
10 -13.45 -29.52 18.79 22.15 •fl.14 •10.18 
VA -18.14 -35.42 20.15 28.58 -7.38 -12.19 
14 -18.83 -41.32 23.50 31.01 -8.59 -14.22 
10 -21.51 -47.23 28.86 35.44 -9.82 -16.25 
IB -24.20 •53.13 30.22 39.87 -11.04 -18.29 
20 -28.89 -59.03 33.58 44.30 -12.27 -20.32 

Figure 18 - Breakdown of Added Resistance for Gaucho 

The c o r r e c t i o n s shown above are f o r the case of head seas, and 
a nominal speed. T e e t e r s then has produced c o r r e c t i o n f a c t o r s to 
apply t o these f i g u r e s t o allow f o r the a c t u a l boat speed and 
heading from the VPP s o l u t i o n . 

i n order to provide f o r these f e a t u r e s , Sclavounos provided 
a d d i t i o n a l c a l c u l a t i o n s as a functi o n of wave heading f o r three 
Froude Numbers, F i g u r e s 1 9 - 2 1 , and f o r d i f f e r e n t Froude Numbers 
a t f i x e d headings, F i g u r e s 22 - 25. 
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Figure 19 - Variation of Added Resistance with Wave Heading at Fn =0.20 
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VARIATION OF ADDED RESISTANCE WITH WAVE HEADING 

•0.3Q0 
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0.100 

u.üOü 

FrNo=0.265 

Figure 20 - Variation of Added Resistance with Wave Heading for Fn =0.265 
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Figure 21 - Variation of Added Resistance with Wave heading for Fn -0.325 
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Figure 22 - Variation of Added Resistance with Forward Speed for Heading of 180-
degrees 
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VARIATION OF ADDED RESISTANCE WITH FORWARD SPEED 
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Figure 23 - Variation of Added Resistance with Forward Speed for Heading of 160-
degrees 
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Figure 24 - Variation of Added Resistance with Forward Speed for Heading of 140-
degrees 
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VARIATION OF ADDED RESISTANCE WITH FORWARD SPEED 
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Figure 25 - Variation of Added Resistance with Forward Speed for Heading of 120-
degrees 

40 



T e e t e r s then f i t t e d t h e s e p r e d i c t i o n s with c o r r e c t i o n f a c t o r s 
to account f o r speed and heading r e l a t i v e to p r i n c i p l e wave 
d i r e c t i o n , Figure 26, and wave spreading. 

AR Integral {R(w) • S(w| ' 2/pl'cos(u)*2} vs Froude Number 
(Fits use Cosine aistnDution| 

1.20E-03 

1.OOE-03 
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Figure 26 - Correction Factors for Speed and Heading Effects on Added Resistance 
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F i n a l l y , a comparison of VPP outputs f o r a s m a l l t e s t f l e e t 
before and a f t e r added r e s i s t a n c e e f f e c t s as computed by DELR2 i s 
shown i n Figure 27. 

Polar Deltas, Wave Added Resistance, Upwind VMG Solutions 
(negative is faster) 

MIMIB 

CRESCENDO 

WHISKERS 

SELKIE 

CYNOSURE 

QUINTESSENCE 

KROPP DUSTER 

WONDER 

GAUCHO 
HOLGER OANSKE 

MIMIB 

CRESCENDO 

WHISKERS 

SELKIE 
CYNOSURE 

QUINTESSENCE 

KROPP DUSTER 

WONDER 

QAUCHO 
HOLGER DANSKE 

evMOu 

C U u 1.x A- VbaM 

8NC40 n.nm .211 "Ö5.3 4.972 .035 -9.3 

FRR37 3.295 -.093 31.8 4.493 -.080 14.5 

PET37 3.294 -.045 15.0 4.481 ..072 13.1 

none 3.093 -.031 11.8 4.362 -.041 7.8 

SNC70 4.170 .255 -49.8 5.708 .263 -27.8 

J U 3.556 .090 -25.1 4.949 .110 -15.8 

none 3.719 .048 -12.3 5.108 .047 •8.4 

TRP4f 3.830 .024 -5.8 5.159 .053 -7.1 

nons 3.798 -.012 3.0 5.129 .057 -7.8 

non» 2.634 -.038 20.2 3.812 083 13.3 

14VM0U 20VMGU 

CUc« 

SNC40 ;].§3fi .016 -1.9 n.8m .OOR -.9 

FRR37 4.937 -.075 11.3 5.129 -.081 11.2 

PET37 4.926 -.087 13.1 5.121 -.109 15.2 

nono 4.925 -.038 5.7 5.214 -.035 4.7 

&NC70 6.381 .296 -25.0 6.817 .341 •25.2 

5.560 .117 -13.3 5.865 .126 -12.9 

nona 5.661 .054 -6.0 5.934 .052 -5.3 

TRP47 5.650 .064 -7.2 5.906 .073 -7.4 

iHSRS 5.590 .083 -S.5 5.814 .098 -10.3 

none 4.457 -.068 12.6 4.750 13,0 

Figure 27 - Comparative VPP Outputs with and without Added Resistance Module 
DELR2 

I t should be noted t h a t these r e s u l t s a r e based upon a 
standard gyradius determined as a f u n c t i o n of o v e r a l l length, and 
t h a t d i f f e r e n c e s between yachts should be expected to vary when 
i n d i v i d u a l g y r a d i i a r e introduced. 
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RESEARCH ON WAVE SPECTRA 

The r e s e a r c h i n t h i s area was conducted p r i m a r i l y by Richar d 

C. McCurdy. 

At the ou t s e t of the p r o j e c t , i t was c l e a r t h a t we understood 
l i t t l e about r a c e course waves. Accordingly, a buoy capable of 
measuring a c t u a l waves was purchased and t r a n s p o r t e d to many venues 
of a c t u a l r a c e s to i n c r e a s e our knowledge on t h i s p a r t of the 
problem. F i g u r e 28. 

Figure 28 - Locations of Race Course Wave Measurements 
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A summary of the wave observations i s given i n Figu r e 

Location Number of Observations Average Wind, knots 

Wind less than 8 knots ^ o 
Block Island 7 
Caulina ^ 5*̂  
Waukegan 4 
Chesapeake 0 

Puget Sound 12 Group Average 4.2 knots 

Wind 8 -16 knots 
Long Beach 4 
Catalina ^ j2 . l 
San Francisco 6 
LIS, Noroton 2 .̂̂  
Puget Sound 7 

Group Average 10.7 knots 

Wind greater than 16 knots 
Puget Sound 2 .̂̂  

San Francisco 1 Grouo Average 16.5 knots 

Figure 29 - Summary of Wave Observations 
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Based upon an a n a l y s i s of these observations, a number of g e n e r a l 
l e s s o n s were drawn: 

* Racing r a r e l y takes p l a c e i n s i g n i f i c a n t l y l a r g e waves, 

* The wave s i z e measured i s only m i l d l y c o r r e l a t e d with the 
observed wind speed when considered i n terms of c l a s s i c a l deep open 
ocean wave s p e c t r a , and 

* T y p i c a l r a c e course waves do not e x h i b i t the s h a r p l y peaked 
s p e c t r a of f u l l y developed sea s p e c t r a . 

None of these l e s s o n s i s s u r p r i s i n g i n h i n d s i g h t because we 
tend t o r a c e i n p r o t e c t e d waters and t o encounter d i u r n a l wind 
p a t t e r n s . 

However, t h i s p a r t of the r e s e a r c h proved to be p a r t i c u l a r l y 
c r i t i c a l because of the l a c k of published data on t h i s important 
aspect of added r e s i s t a n c e i n waves. 

I n order to c o n s t r u c t a model for use i n the VPP, the wave 
records were averaged i n t h r e e b i n s : winds l e s s than 8 knots( VTW 
avg = 4.8) , winds 8-16 knots (VTW avg = 11) , and winds g r e a t e r than 
16 knots( VTW avg= 17), to broadly r e p r e s e n t l i g h t , medium , and 
heavy winds r e s p e c t i v e l y as shown i n F i g u r e 30. 
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From these f a i r e d s p e c t r a , 
energy a t v a r i o u s f r e q u e n c i e s as 
case based upon the observed 
committee. The f i t of the model 
31. 

a f i t was s e l e c t e d to represent 
a f u n c t i o n of wind speed, i n t h i s 
wind speed as taken by a race 
i s compared to the data i n Figure 
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Figure 31 - Comparison of Wave Spectra Fit to Measured Data 
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Presumably, as more wave ob s e r v a t i o n s are made over a broader 
group of venues, t h i s model may be r e f i n e d or ^^P^^^^^' earche« 
purpose, the P r o j e c t wave buoy i s a v a i l a b l e to other r e s e a r c h e r s 
who wish to undertake such a d d i t i o n a l measurements. 
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EXPERffiNCE WITH IMPLEMENTATION 

Of course the f i n a l r e s e a r c h has not been implemented a t t h i s 
time; the comments which follow are intended to i n f e r what we might 
from r e l a t e d e x p e r i e n c e s . 

The Phase I r e s u l t s were produced i n the form of a 
handicapping change to r e f l e c t the e f f e c t s of weight co n c e n t r a t i o n 
only. These r e s u l t s as represented by the computer code modules 
DELR and SPM were i n s t a l l e d i n an experimental v e r s i o n of the IMS 
VPP a t USSA i n summer 1991, and the r e s u l t s of a t e s t f l e e t made 
a v a i l a b l e to the IMS Committee and the ITC a t the f a l l 1991 
meetings i n Newport. When a t e s t f l e e t was run f o r a la r g e 
v a r i a t i o n i n the va l u e of p i t c h moment of i n e r t i a , the handicap 
changes seemed t o experienced ̂ ^observers to emulate t y p i c a l 
d i f f e r e n c e s observed while r a c i n g . 

Because of the apparent promise of the Phase I r e s u l t s and a 
demand to use the re s e a r c h r e s u l t s even w h i l e continuing 
development of the measuring machine, the F l a g O f f i c e r s of the 
C m i s i n g Club of America requested t h a t a surrogate method be 
devised f o r the 1992 Bermuda Race which would use then e x i s t i n g 
r e s u l t s to handicap the Race, and t o make the opportunity a v a i l a b l e 
f o r experimenting with handicapping f o r p i t c h i n g moment i n 
accordance with the purpose of the Race r e l a t e d to c o n t r i b u t i n g to 
the encouraging the development of c r u i s i n g y a c h t s . 

A system was devised and t r i e d which was based upon the 

fol l o w i n g approach: 

* Since measurement data d i d not e x i s t on weight d i s t r i b u t i o n per 
se, a means of i n f e r r i n g the r e l a t i v e a t t e n t i o n p a i d to added 
r e s i s t a n c e i n waves using c e r t i f i c a t e data was developed, 

* T h i s measure of p r o b a b i l i t y t h a t a yacht had been optimized f o r 
performance i n waves was assumed to c o r r e l a t e w i t h a low p i t c h 
moment of i n e r t i a . 

Note that for such apparent agreement, it was necessary to reason that the boats 
which appeared to be stripped out had indeed achieved weight concentration thereby. This 
leap of faith was based upon calculations of what sort of weight concentration should be 
possible for a typical yacht, and was not based upon measured weight concentration 
properties of the test fleet. 
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* The assumed value of pitch moment of i n e r t i a was then ^sed in 
conjunct'foTwith the r e s u l t s of the Phase I research to calcu l a t e 
experimental c e r t i f i c a t e s for the f l e e t . 

developers. 

T n f a c t the surrogate method was s u f f i c i e n t l y appealing to the 
IMS o'Jiers CoS^itte^ of USSA, that i t was -^opteaj^y^SSAj^^^^^ 
Proscription e f f e c t i v e 1 June 1992, and we now have had the benefit 
orSmost o? r s e a s o n of racing under t h i s implementation. 

The greatest weakness in any implementation at t h i s time i s 

attention to weight concentration. 
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IMPUCATïONS OF RESULTS 

The r e s e a r c h i s s u f f i c i e n t l y mature to allow f o r immediate 
implementation i n t o the VPP. That does not mean t h a t implementation 
w i l l be s t r a i g h t f o r w a r d f o r the reasons d e s c r i b e d below. 

I t i s h i g h l y probable based upon the v a l i d a t i o n of the 
p r e d i c t i o n t o o l s , t h a t the method could immediately improve the 
handicapping of weight d i s t r i b u t i o n d i f f e r e n c e s . However, a data 
base of r e a l i s t i c v a l u e s of gyradius and the a v a i l a b i l i t y of 
measured v a l u e s of weight d i s t r i b u t i o n f o r the e x i s t i n g f l e e t are 
not i n hand, and may not be f o r some time. 

The use of a nominal gyradius, even without a surrogate 
method, w i l l a l r e a d y s t a r t to handicap the f l e e t i n the sense t h a t 
the short-ended y a c h t s have lower gyradius t o s a i l i n g length r a t i o s 
then more t r a d i t i o n a l y a c h t s having long overhangs. 

Of g r e a t e r concern, i s the problem t h a t implementation w i l l 
i n v o l v e applying c o r r e c t i o n s to an a l r e a d y contaminated speed 
p r e d i c t i o n as d e s c r i b e d i n an e a r l i e r s e c t i o n . U n t i l such time as 
the calm water r e s i s t a n c e p r e d i c t i o n t o o l can be improved to the 
extent t h a t i t agrees with measured r e s i s t a n c e s of h u l l s , some r i s k 
e x i s t s t h a t implementing the added r e s i s t a n c e r e s u l t s might not 
improve handicaps. T h i s r i s k i s considered to be s m a l l , and should 
be m i t i g a t e d by c a r e f u l study of the r e s u l t s on a t e s t f l e e t before 
implementation. 
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RECOMMENDATIONS 
Based upon the r e s u l t s of the project: 

1. The DELR2 added resistance Ŷ̂ iî Ĵ̂ ^̂ Ĵ f̂ p^^^ 
the IMS VPP. This should be a?°°^Pl^^?^?^ 
commensurate with checking against a t e s t f l e e t , ana 
following provisions: 

- use the "base" boat option so that ^ i f ferenoes in added 

^ ï ^ ^ a^a?ifbfe ^ o ^ ^ o?ieirt-s^^belt%^" „Ttre^^lSnentai 

data. 

_ use a surrogate method of representing gyradius u n t i l ^^j^^^f^f^"^ 

ïSirdelfé^M^fs 1°^ ^ . " ^ i ^ ' J ^ ^ ^ ^ 
for new yachts. 

2. continue to pursue the evaluation of the Mark I I B Machine. 

- Phase 1 should consist of a program to evaluate and re f i n e the 
mechanism and software to improve p r a c t i c a b i l i t y , 

- Phase 2 should be undertaken to characterize the uncertainty 
l e v e l of the various measurements for comparison with the^^|°; 
bSdget and selection of the f i n a l measurement P^°^f^^^^-^^eded! 
i s required to determine whether longitudinal i n c l i n i n g i s neeaea, 
for example 

- Phase 3 should consist of gathering ^ i ^ ^ ^ / ^ P ^ ^ ^ i ^ ^ ? ^ "perfo^r^^^hS 
of p r a c t i c i n g measurers. At the same time ^°de to perfor^^ 
machine output signal processing by national authorities sn 
developed. 

When the machine i s ready for i f ^^^f^ J^JSe'o? 
should be encouraged by invoking a yearly decline i n the vaiue 
gyradius for yachts not measured 
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APPENDIX A 

L i s t i n g of computer Code Module DELR2 
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I * * * * * * * * * * 

c a 
LEFT NA2$ = 

OPEN pttLJ 
IJphl = 6 
REDIM PH31 

END 
NEXT i 
INPUT 
FOR i 

NEXT 1 
CLOSE 

« 3 , 
- T 

113 

• ******* 

• * * * * * * * -A¬

I * * * * * * * 
I 

READ HEELED GEOMEfTRY F I L E ************* 
k * * * * * * * * * * * * * * * * * * * * * * 

td.pat;h$ + "FILESDHI\" 
Ö(NA$, INSTR{NAS, " • " ) ) 
+ NA2$ FOR INPUT AS #3 

(Nphi), LSMh.{Nphi), LDR.(Nphi), LBR.(Nphi), LCB. (Nphi), LCF.(Nphi) 

FOR i = : TO 15 
INEUT «3, HEEL, LSMh, temp, te^p, temp 
INEUT #3, WSAu, WSAc, DTRu, BT^C 
INIUT #3, Bu, Be, BWL, AMSlU 
7NÏUT S3, temp, temp, temp, tetnp 
INEUT #3, temp, temp, temp, tenp 
INIUT «3, temp, temp, DISP, tenp 
INIUT #3, WFAU, XLCFU, WPAC, X X F C 
IK i = 3 OK (5 <= i AND i <= 9) THEN 

i p h i = i p i i i + 1 
P H I . ( i p h i ) = HEEL 
LSMh.(iphi) = LSMh 
LDR. ( i p h i ) = LSMh " 3 / |(DISP / 641) 
LBK. ( i p h i ) = LSMli / Bu 
L C F . ( i p h i ) - xLCFu / LSMh 

" p h i " 

I F 

LOA, xLCB 
TO Nphi 
. ( i ) = XLCD / LSm, ( i ) 

******** WAVE RESISTANC 

Bda t Vuluea 
DAIlA .325, .22, 3.33, 
RE^D B . f r n , B.gyr, B . l b r , B 

Added F e s i s t a n c e Slopeo 
DATA .00191, .0139, -.00134, 
RE^D S . f r n . , .S.gyr, S . l b r , S. 

Added r e f i i a t a n u e Knobs 
DATA 1.000, i.OOO, 1.000, 1. 
RE»D F . I x n . , F.gyr, F . l b r , F. 

M********************* 
fc DATA ************* 
k********************** 

125, .534, .564 
Idi:, B.lcb, B . l c f 

30000653,.00956, -.00338 
i t l r , S.lcb, S . l c f 

JU, 1.000, 1.000 
itl x , F . l c b , r . l c f 



I * * * * * * • 

I * * * * * * * 

21U5 ERFX 

'*C WAVE 
Waver P. S 
I F GAM 

**************** ERFX 

(ER) STATIC 

ADDED RESISTANCE I F 3AILINC- CLOSER THAN BEAM REACHING 

'*C TOTAt 

FRW 

END SUB 

95! THEN CALL Wave.Res(VTW, 

FORE & hTV HYDRO DRAG. 
;ID + DPROP + DFRIC + DI + 

VS, PHI, GAM, Waveres) 

DRU + DH + DC + Waveres 



G U ü J a v e . R e s ( R l , VS, THI, Waversa) 

mnut: 
R l 
VS 
PHT. 

OUtjpUt! 
Wavereo 

Square root 
Boat speed, 
Heel angle. 

J i m l e e t e r s , Sparkman fi Stephens 

3 f L 
knots 
degrees 

Wave added r s s i s t a n c e d e l t a , pounds 

October 1992 

SUB Wavft.Res (VTW, VS, PHI, BTW, Wavsres) 

' Heclüd Geometry A r r a y s 
SHARED NEhi, PHI.O, LSMh.O, LDR.O 
SHARED DIGRAD, rho 
SHARED B . f r n . , B.gyr, B.lbr, B . l d r , 
SHARED S . f r n . , S.gyr, S . l b r , 3 . J.ar, 
SHARED F . f r n . , F.gyr, F . l b r , F . i a r , 

' interp< 
CALL L i n . 
CALL L i n , 
CALL L i n , 
CALL L i n , 
CALL L i n . 
CYR = ft.i 

Late Geometry a t Current H e s l Angle 

i n t r p ( P H I , 
j i n t r p ( P H I , 
.ntrpiPHI, 
.ntrp(PHI, 
.ntrp(PHI, 
•r 

Nphi, 
Nphi, 
Nphi, 
Nphi, 
Nphi, 

P H I . ( ) , 
PHI. 0 , 
P H I . ( ) , 
P H I . ( ) , 
PHI. 0 , 

LBR. 0 , LCB.O, LC F . O , LOA 

J. l c b , B . l c f 
S.lcb, S . l c f 
r.lcb, F . l c f 

LSMh.0, LSMh) 

FRN 1.6889 / SQR(32.17 * LSMh 

. Factor L p r e a c n t i n g Cosine Spreadijig Function E f f e c t 

F. spread " -Sis 

. Factor f o r Boat Heading R e l a t i v e t L Wave P r i n c i p a l D i r e c t i o n 

F.head = =OS(BTW / DEGRAD) / COS(40 ' DEGRAD) 

Érom Base boat 
S. f r : i . f r n (FRN - B.frn) *r S. f r : i 

.gyr (GYR - B.gyr) sV S.gy : 

. i b r (LBR - B.lbr) •fr S.lb : 

. I d r (LDR - B.ldr) S . l d : 

. I c b (LCB - B.lcb) S . l c l ) 

. I c f I ' .- (LCF - B . l c f ) S . l c f 

' DimensikJnaiization 
F.dim = 2i! * 1.9905 * 32.17 * LSMh 

' Deltas 
D.frn » 
D.gyr = 
D.lbr -
D.ldr " 
D.lcb -
D . l c f -

T o t a l Dfelta 
D.war = D|.frn + D.gyr + D.lbr + D.ld 

' Wave AilÜed R e s i s t a n c e 
Waveres -| VTW * F.dim * F.spread * F 

END SUB 

+ D.lcb + D . l c f 

head * D.war 






