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ABSTRACT 

Since  the  mid-1970s,  the  Nat ional   Oceanic and  Atmo- 
s p h e r i c   A d m i n i s t r a t i o n  (NOAA) Data Buoy O f f i c e  
(NDBO) has  used Navy Oceanographic  Meteorological  
Automat ic  Device (NOMAD) buoys as p a r t   o f   t h e i r  
ocean  data  gather ing  network.  These U.S. Navy- 
bu i l t ,   20- f t   long ,   boat -shaped  hu l l s ,   have  p roven 
t o  be  extremely  seaworthy  buoys. The h u l l s   a r e  
r e l i a b l e ,   e a s i l y   t r a n s p o r t a b l e ,  and f o r  many a p p l i -  
ca t ions ,   they   a re  an a t t r a c t i v e   a l t e r n a t i v e   t o   t h e  
conven t iona l   40 - f t  and 33- f t   d iameter   d iscus-shaped 
buoys. As a r e s u l t ,  NDBO, i n   e a r l y  1979,  began 
a c t i v e l y   p u r s u i n g   t h e   i d e a  of des ign ing  and con- 
s t r u c t i n g  a second  generation,  value-engineered 
(VE) v e r s i o n  o f  t h e  NOMAD buoy. A c o n s u l t i n g  firm 
was c o n t r a c t e d   t o   r e d e s i g n   t h e  NOMAD h u l l ,  and i n  
June  1981, c o n s t r u c t i o n  was s t a r t e d  on a se r ies  of 
f i v e  new NOMAD buoys.  This  paper  describes  the 
des ign  and c o n s t r u c t i o n   o f   t h e  VE NOMAD buoy, and 
d e t a i l s   t h e   e f f o r t s  o f  i n d u s t r y  and government 
work ing   together   to   p roduce a r e l i a b l e ,   c o s t   e f f e c -  
t i v e   d a t a  buoy. 

NOMAD DEVELOPMENT 

The NOMAD h u l l   i s  we1 1-documented t o  have been 
deve lo  ed f rom  the   "Rober t s   buoy"   o r   " cu r ren t   rad io  
buoy."!-3 The Roberts  buoy was a 6 .67- f t  
long,  400-lb,  boat-shaped  buoy  developed i n   t h e  
e a r l y  1940s,  by t h e  U.S. Coast and Geodetic  Survey, 
t o  measure s t r o n g   t i d a l   c u r r e n t s .  The buoy 's   per-  
formance was s a t i s f a c t o r y ,   b u t   i t s   l i m i t e d   s i z e  
r e s t r i c t e d   t h e   b u o y ' s  use i n   o the r   a reas .  

The successor   to   the   Rober ts  buoy was the  Naval  
Research  Laboratory (NRL)  Mark  3 b u o y .   T h i s   h u l l  
was designed by NRL fo r   hous ing   sono- rad io   equ ip -  
ment,  moored i n  a s t r o n g   c u r r e n t   i n  deep water. It 
was 12.58- f t   long and d isp laced  approx imate ly  4700 
l b .  The buoy resembled  the  Roberts  buoy,  but   wi th 
inc reased  d imens ions   to  accommodate  a la rger   pay-  
load.  There  were  two  tentat ive  designs  of   the NRL 
Mark 3 buoy, des ignated  Buoy A and  Buoy B. The two 
designs  had  the same dimensions  in  plane;  however, 
Buoy B had an approx ima te l y   8 - i n .   g rea te r   d ra f t  
t han  Buoy A. NRL tasked  the   Dav id   Tay lo r  Model 
Bas in  (DTMB) t o  conduct  model  tests on b o t h   h u l l  
t ypes   t o   de te rm ine   t he i r   pe r fo rmance .2  The 
r e s u l t s   o f   t h e s e  model t e s t s  caused DTMB t o  recom- 
mend the   fu r ther   deve lopment  of Buoy B because of 
i t s   g r e a t e r   l o a d - c a r r y i n g   c a p a c i t y .  

In Ju ly  1946, the  Bureau  o f   Ships became invo lved  
i n  a program to   deve lop   au tomat ic   weather   s ta t ion  
buoys. As a p e r s p e c t i v e   p a r t   o f   t h i s  program,  they 
requested DTM8 t o  conduct a p r e l i m i n a r y   i n v e s t i g a -  
t i o n   i n t o   t h e   f e a s i b i l i t y   o f   m o o r i n g  a buoy, s i m i -  
l a r  t o  Buoy B y  i n  3600 ft o f   w a t e r   w i t h  a 3-kn  cur-  
r e n t . 3   T h i s   i n v e s t i g a t i o n   c o n c l u d e d   t h a t  a h u l l  
t h e   s i z e   o f  Buoy B c o u l d   n o t   s u p p o r t   t h e   s t a t i c  
w e i g h t   o f  an anchor l i n e   o f   s u f f i c i e n t   l e n g t h   t o  be 
moored i n  3600 f t  o f   water .  To support  such a 
mooring, a s i m i l a r  shaped h u l l  had t o  be 20 - f t   l ong  
and d isp lace  approx imate ly  20,000 l b .   T h i s  was t o  
become t h e   p r o t o t y p e   o f   t h e  buoy now c a l l e d   t h e  
NOMAD. 

In 1952, t h e   f i r s t  NOMAD buoy, NOMAD-1, was b u i l t  
a c c o r d i n g l y   t o   s p e c i f i c a t i o n s   p r e p a r e d  by 
DTMB,3,4 and was d e l i v e r e d   t o   t h e   N a t i o n a l  
Bureau of Standards (NBS), who was tasked   w i th   t he  
j ob   o f   eva lua t i ng   t he   buoy .5  From 1954 t o  1971, 
20 a d d i t i o n a l  NOMAD h u l l s  were b u i l t  and subse- 
quent ly   operated by the  NBS, Naval Air System Com- 
mand, and Naval  Underwater  Systems  Center (NUSC), 
w i t h   f a v o r a b l e   r e s u l t s . 6 - 9  

2 0 - f t  NOMAD VS 4 0 - f t  D I S C U S  

I n  1959, a t   t h e   b e h e s t   o f   t h e   O f f i c e   o f   N a v a l  
Research (ONR), t he   Conva i r   D i v i s ion   o f   Genera l  
Dynamics (GO) Corpora t ion  was con t rac ted   t o   gener -  
a t e   t h e   d e s i g n   o f  a enera l   purpose  te lemet ry  
oceanographic buoy?lO,yl f o r   l o n g   d i s t a n c e  
(2500   m i )   t ransmiss ions   o f  HF rad io   da ta .  The 
d e s i g n   c r i t e r i a   c a l l e d   f o r   t h e   s u r v i v a l   o f   t h e  buoy 
i n   t h e   f o l l o w i n g   e n v i r o n m e n t a l   c o n d i t i o n s :   c u r r e n t  
v e l o c i t y   o f  10 kn, w i n d   v e l o c i t y  o f  150  kn, 6 0 - f t  
h i g h   b r e a k i n g  wave, and an u n s p e c i f i e d   i c e   l o a d i n g .  
Model t e s t s  were  conducted on t e n   c a n d i d a t e   h u l l  
f o rms ,   w i th   P re l im ina ry   i nd i ca t i ons   show ing   t ha t  
the  two  leading  contenders  were  the  40- f t   d iscus 
buoy and t h e  NOMAD. I n  1965, i t  was conc luded  tha t  
t h e   4 0 - f t  200,000 l b   d i s c u s  buoy was t h e   b e s t  
choice,  and, as a resu l t ,   the   "Monster  Buoy" was 
developed. The NOMAD h u l l  was r e j e c t e d   p r i n c i p a l l y  
because  the  buoy's  excessive r o l l   m o t i o n   r e s u l t e d  
i n   h i g h  an tenna  rad ia t ion   losses ,  and also  because 
t h e   h u l l  was not   symmetr ica l .   Another   problem  wi th  
t h e  NOMAD ( a l t h o u g h   n o t   m e n t i o n e d   i n   t h e   r e f e r -  
ences) was t h e   b u o y ' s   r e l a t i v e l y   s m a l l   d i s p l a c e d  
volume. I n   t h e  mid-1960s when the  "Monster  Buoy" 
was conceived,   the vacuum t u b e   e l e c t r o n i c s   u s e d   f o r  
da ta   p rocess ing  and t r a n s m i s s i o n   r e q u i r e d   d i e s e l   o r  
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propane  motor  generators  to  provide  the  necessary 
power. It would  have  been i m p o s s i b l e   t o  f i t  such a 
power  system i n t o   t h e   c o n f i n e s  of a NOMAD h u l l .  
Today, i n t e g r a t e d   c i r c u i t s  and CMOS technology  have 
d r a s t i c a l l y   r e d u c e d   t h e  power requirements.   This,  
coup led   w i th   t he   use   o f   t he  UHF s a t e l l i t e  communi- 
ca t i ons ,  has e l i m i n a t e d ,   f o r  NDBO's use, the   p re-  
v i o u s   o b j e c t i o n s   t o   t h e  NOMAD h u l l .  

THE NOMAD AND NDBO 

I n   J u l y  1974, NUSC t r a n s f e r r e d   t h r e e  NOMADS t o  NDBO 
f o r   e v a l u a t i o n  and use, f o l l owed  by t h e   f i v e  more 
h u l l s   i n  June  1975. NDBO has s i n c e   a c q u i r e d   t i t l e  
t o  15 o f   t h e  2 1  NOMAD buoys b u i l t .  Of these 15 
h u l l s ,   1 4   a r e   s t i l l   i n  use i n   t h e  NDBO buoy  inven- 
t o r y .  One h u l l ,   d e s i g n a t e d  6N9, b r o k e   i t s   m o o r i n g  
o f f   t h e  New Jersey  coast   in   October  1980,  and was 
subsequen t l y   l os t   a t  sea.  The f i n a l  NOMAD buoy 
acqu i red  came from  Washington, DC Navy Yard i n  
1981, and i s   b e l i e v e d   t o  be t h e   f i r s t  NOMAD b u i l t ,  
NOMAD-1. 

The NOMAD h u l l  has become a r e l i a b l e   p a r t   o f  NDBO's 
h u l l   i n v e n t o r y .   I n   f a c t ,   i n  many areas,  such as 
c o s t  and ease o f   t r a n s p o r t a t i o n ,   t h e  NOMAD i s  a 
s u p e r i o r   h u l l   t o  NDBO's 4 0 - f t  and 33 - f t   d i scus  
buoys. NOMAD h u l l s   a r e  smal l e r  and cheaper t o  
b u i l d   t h a n   t h e   l a r g e r   d i s c u s   h u l l s .   I n  1981, the  
p r i c e   o f  a NOMAD h u l l  was rough ly  20 percent  of 
t h a t   o f  a 4 0 - f t   d i s c u s .   I n   a d d i t i o n ,   t h e   b i a n n u a l  
maintenance  cost   o f  an aluminum NOMAD i s   l e s s   t h a n  
ha l f   o f   t ha t   o f   t he   l a rge   d i scus   buoys .   The re   a re  
also  economical  advantages i n   o the r   a reas .  The 
NOMAD'S smal l   s ize  makes the  buoy t r a n s p o r t a b l e  by 
t r u c k   o r   r a i l ,  whereas t h e   l a r g e   d i s c u s   h u l l s   m u s t  
be  towed  or  t ransported by s h i p   f r o m   l o c a t i o n   t o  
l o c a t i o n .  The reduced  drag on  a NOMAD h u l l   p e r m i t s  
the   use   o f   smal le r ,  more  economical  mooring compo- 
n e n t s .   I n   s p i t e  o f  i t s   b e i n g  an unsymmetrical  buoy 
w i t h   o n l y  a 1 5 - f t   i n s t r u m e n t   h e i g h t ,   t h e  NOMAD p ro -  
duces   da ta   qua l i t y   ( inc lud ing   one-d imens iona l  wave 
da ta)   equ iva len t   to   the   la rger   d iscus   buoy .   There  
may be l i m i t a t i o n s  on d i r e c t i o n a l  wave measurement 
due t o   t h e   h u l l ' s   b e i n g   n o n s y m m e t r i c a l ,   b u t   t h i s  
problem i s  under  study. Due t o   i t s   s m a l l e r   s i z e ,  
t h e  NOMAD i s   s l i g h t l y  more v u l n e r a b l e   t o   c o l l i s i o n  
and vanda l ism  than  the   la rger   d iscus   hu l l ;  however, 
a l l - i n - a l l ,   t h e  NOMAD'S advantages f a r   o u t w e i g h   i t s  
disadvantages. 

SEVERE ENVIRONMENT BUOY 

I n  a f o u r - y e a r   p e r i o d ,   f i v e   o f  NDBO's discus  buoys 
have  capsized  during  severe  weather  events.  Three 
o f   t h e s e  were 33- f t   buoys   tha t   caps ized  wh i le  
moored i n   t h e   N o r t h   P a c i f i c .  One  was a 4 0 - f t  buoy 
t h a t  became  unmoored  and c a p s i z e d   w h i l e   a d r i f t  
n o r t h e a s t   o f  Bermuda. One  was a 1 6 - f t  buoy, which 
caps ized   wh i l e  moored i n   t h e   G u l f   S t r e a m   o f f   t h e  
coas t   o f   F lo r i da .   Env i ronmen ta l   cond i t i ons   assoc i -  
a ted   w i th   t hese   caps i z ing  were ana lyzed.12~13 
I n   a d d i t i o n ,   i n  1977  studies14,15  were i n i t i -  
a t e d   i n  an a t t e m p t   t o   i d e n t i f y   t h e   c a p s i z i n g  mech- 
anism,  and f rom  tha t   de te rm ine   t he   s i ze   o f  buoys 

r e q u i r e d   f o r   p r e s e n t  and pe rspec t i ve  NDBO buoy 
s i t e s .  These s tud ies   conc luded  tha t   d iscus  buoys 
as l a r g e  as  49 f t  m igh t   no t   su rv i ve  on some no r th -  
e r n   P a c i f i c  and n o r t h e r n   A t l a n t i c   s i t e s .  

I n  December  1978, NDBO sponsored a "Severe  Environ- 
ment  Norkshop" to   d iscuss   the   p rob lem of d iscus  
b u o y ' s   c a p s i z i n g   i n  a severe  environment and t o  
seek poss ib le   so lu t i ons .16  Among the  many con- 
c l u s i o n s  of the  workshop  were  that   40-f t   buoys 
should be used i n   l i e u   o f   3 3 - f t  buoys i n  severe 
s i t e s ,  and s o l i d   b a l l a s t   s h o u l d  be  used i n   l i e u  of 
w a t e r   b a l l   a s t   f o r   3 3 - f t   h u l l s  on seve re   s i t es .  It 
was fu r the r   sugges ted   t ha t   t he  NOMAD buoy should be 
cons idered as a p o s s i b l e   s o l u t i o n   t o   t h e   s e v e r e  
env i ronment   p rob lem.   In   the i r  many y e a r s   o f  use, 
no c a p s i z i n g   o f  a  moored NOMAD has been  known t o  
occur.  

NDBO f o s t e r e d  and s e r i o u s l y   p u r s u e d   t h e   p o s s i b i l i t y  
of t he  NOMAD as a s o l u t i o n   t o   t h e   s e v e r e   e n v i r o n -  
ment  problem. I n  1979,  a NOMAD was moored n e x t   t o  
a 4 0 - f t  buoy a t  45.9"N l a t i t u d e  and 131.1"W l o n g i -  
t u d e ,   t h e   s i t e   o f   t h e   f i r s t   3 3 - f t  buoy caps iz ing .  
The o b j e c t i v e  was t w o - f o l d :   t o   t e s t   f o r   t h e   s u r -  
v i v a b i l i t y   o f   t h e  buoy and ins t ruments  and t o  check 
t h e   r e s u l t i n g   d a t a   q u a l i t y .  A m o o r i n g   f a i l u r e   c u t  
s h o r t   t h e   e x p e r i m e n t ,   b u t   s u f f i c i e n t   d a t a  were c o l -  
l e c t e d   t o   i n d i c a t e   t h a t   t h e  NOMAD s a t i s f i e d   b o t h   o f  
the  test   requi rements.   Subsequent ly ,   the NOMAD was 
independent ly   dep loyed  a t   the   s i te ,  and d u r i n g   t h a t  
p e r i o d   s i g n i f i c a n t  wave he igh ts  as l a r g e  as 33 ft 
were  encountered.  This  test ,   combined  wi th  mooring 
des ign  changes t h a t  expanded t h e  use o f   i n v e r s e  
ca tenary   t ype   moor ings ,17   l ed   t o   t he   t en ta t i ve  
c o n c l u s i o n   t h a t   t h e  NOMAD buoy was capab le   o f  
r e p l a c i n g  a 4 0 - f t   o r   3 3 - f t   h u l l  on  any s i t e .  
Because o f   t h i s ,   t h e   d e c i s i o n  was  made n o t   t o   b u i l d  
4 0 - f t   o r   4 9 - f t   h u l l s  as severe  environment buoys, 
and ins tead  go fo rward   w i th   the   des ign  and procure- 
ment o f  a second genera t ion  NOMAD buoy.  However, 
on l y   yea rs   o f   expe r ience   w i th  NOMAD buoys i n  severe 
environments will answer the   ques t ion .  

VE NOMAD DESIGN 

I n  June  1979, NDBO c o n t r a c t e d   t h e   c o n s u l t i n g  firm 
of  Chi  Associates,  Inc., t o  examine   t he   o r i g ina l  
NOMAD buoy  design and suggest   poss ib le   mod i f i ca-  
t i o n s   t o   t h e   d e s i g n   t o   r e d u c e   t h e   b u o y ' s   f a b r i c a -  
t i o n   c o s t .  The Chi  Associates  work was performed 
i n   t h r e e   s t a g e s .   F i r s t ,   g i v e n   t h e   o p e r a t i n g   e n v i -  
ronments o f   t h e  buoys,  Chi Associates was t o  
d e v e l o p   t h e   d e s i g n   c r i t e r i a   f o r   t h e  VE NOMAD. The 
r e s u l t a n t   d e s i g n   c r i t e r i a ,   d e t a i l e d   i n   T a b l e  1, 
f o l l o w s   t h e  same genera l   l i nes  as t h e   d e s i g n   c r i -  
t e r i a  developed f o r  NDBO's VE 33 - f t   d i scus  buoys. 
Second, t h e   o r i g i n a l   s t r u c t u r a l   d e s i g n  was mod i f i ed  
s l i g h t l y ,   a f t e r   w h i c h   t h e   f a b r i c a t i o n   c o s t   o f   t h e  
o r i g i n a l   d e s i g n  was compared t o   t h a t  o f  the  modi- 
f i e d   h u l l   c o n s t r u c t e d   o f  aluminum and t o   t h a t  of 
t h e   m o d i f i e d   h u l l   c o n s t r u c t e d  of s t e e l .  The cos t  
a n a l y s i s  showed t h a t  a s u b s t a n t i a l   c o s t   r e d u c t i o n  
was p o s s i b l e  by a l t e r i n g   t h e   b u o y ' s   s t r u c t u r a l  
design. The m a t e r i a l   c o s t  o f  t h e  buoy accounted 
fo r   on ly   approx imate ly  25 p e r c e n t   o f   t h e   t o t a l  
f a b r i c a t i o n   c o s t  o f  t h e  buoy. As a r e s u l t ,   t h e  
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f a b r i c a t i o n   c o s t   o f  a s t e e l   h u l l  was on ly   marg i -  
n a l l y   l e s s   t h a n   t h a t   o f  an aluminum h u l l .  Compar- 
i n g   t h e   t w o   h u l l s  on a l i f e   c y c l e   c o s t   b a s i s ,   t h e  
lower  maintenance and a s s o c i a t e d   t r a n s p o r t a t i o n  
c o s t   f a v o r e d   t h e  use o f  aluminum as t h e   h u l l   m a t e r -  
i a l ;   t h u s ,   t h e   d e c i s i o n  was  made t o   p r o g r e s s   w i t h  
t h e  buoy redes ign   w i th  aluminum as t h e   s t r u c t u r a l  
m a t e r i a l .  The t h i r d   p a r t   o f  Chi  Associates  work 
i nvo l ved   t he   ac tua l   des ign  work o f   va lue   eng inee r -  
i n g   t h e  NOMAD h u l l   s t r u c t u r e .  The e f f e c t   o f   t h e  
mod i f i ca t i ons ,   such  as reduc ing   the  number o f   h u l l  
compartments,   reducing  the number o f   s t r u c t u r a l  
elements by i n c r e a s i n g   t h e  span leng th  and p l a t i n g  
th ickness ,  and us ing  more economical  element shapes 
and s izes ,  was en tered   in to   the   des ign   p rocess  and 
analyzed. Once t h e   h u l l   d e s i g n  was opt imized, a 
cos t   ana lys i s   revea led   t ha t   t he   va lue -eng ineer ing  
mod i f i ca t ions   reduced  the   labor   cos t   assoc ia ted  
w i t h   f a b r i c a t i o n  by approximately 50 percent  and 
l o w e r e d   t h e   t o t a l   f a b r i c a t i o n   c o s t  by approximately 
40 percent .  The Chi  Associates VE NOMAD design was 
i n i t i a l l y   d e l i v e r e d   i n  June 1980. A f t e r   a l t e r a -  
t i o n s  and r e v i s i o n s   t h e   d e s i g n  was accepted by 
NDBO i n  March 1981.l8 

Table 1. VE NOMAD D e s i g n   C r i t e r i a  

I. Hull  Loading 
a) Deck  Plating 
b) Bottom  and  Side  Plating 1,000 psf 

450 psf 

c) Mooring  Forces  20,200 I b  maximum 

I I .  Superstructure Loading 
a) Wind Loading 37 psf (IO0 kn wind) 
b) Inertial  Loading 

Heave 2.0 g 
0 Sway 0.5 g 

Pitch 2.6 rad/sec2 
Surge 0.6 g 

I l l .  Buoyancy:  Ensure  that  the buoy  has  sufficient reserve 
buoyancy  such  that  any two compartments may be flooded, 
and  the  buoy  will  st1 I I  remain  afloat. 

Once the  Chi   Associates VE NOMAD design was d e l i v -  
ered,  work was begun t o   p r e p a r e   t h e   d e s i g n   f o r  
eventual  procurement.  Working  within  the  framework 
o f   the   Ch i   Assoc ia tes   des ign ,  NDBO's Eng ineer ing  
D iv i s ion   pe r fo rmed   the   ex tens i ve   de ta i l   des ign  work 
r e q u i r e d   f o r   t h e   h u l l .   S t r u c t u r a l   e l e m e n t   i n t e r -  
s e c t i o n  and t e r m i n a t i o n   d e t a i l s ,   s t r u c t u r a l   m a s t  
f ounda t ions ,   handra i l  and  deck layout ,  a  buoy com- 
par tmenta l   ven t ing   sys tem  requ i red  by the   a i r -de-  
p o l a r i z e d   b a t t e r i e s ,  and  a rev ised  forward  mast  
des ign  were incorpora ted   in to   the   bas ic   Ch i   Assoc i -  
a tes  work to   comp le te   t he  VE NOMAD design. 

I n  June 1981, a f t e r   c o m p e t i t i v e   b i d d i n g ,   A l d i  
Corporat ion,  a San Diego  based  manufactur ing and 
r e p a i r   f a c i l i t y ,  was awarded the   con t rac t   t o   con -  
s t r u c t  a s e r i e s  o f  f i v e  VE NOMAD buoys. The con- 
t r a c t   c a l l e d   f o r   t h e   b a s i c   h u l l  and supers t ruc tu re  
t o  be f a b r i c a t e d ,   w i t h   t h e   b a t t e r y   r a c k s  and asso- 
c ia ted   moun t ing   b racke ts   f o r   t he   buoy ' s   me teo ro log -  
i c a l  package t o  be i n s t a l l e d  once  the buoy  has  been 
d e l i v e r e d   t o  NDBO's f a c i l i t y   a t   t h e   N a t i o n a l  Space 
Technology  Laborator ies (NSTL) i n   M i s s i s s i p p i .  
A f t e r   t h e  award o f   t h e   c o n t r a c t ,   A l d i   C o r p o r a t i o n  
rev iewed  the  VE NOMAD design and  recommended sev- 
e ra l   mod i f i ca t i ons   t ha t   wou ld   improve   bo th   s t ruc -  
t u r a l   e f f i c i e n c y  and ease o f  f a b r i c a t i o n   o f   t h e  

design. These m o d i f i c a t i o n s  were a l l  analyzed, and 
u l t i m a t e l y   t h e   m a j o r i t y   o f  them  were  approved  by 
NDBO. The first two VE NOMAD buoys, h u l l s  6N16 and 
6N17, were d e l i v e r e d   i n   e a r l y  1982. The buoys  were 
m o d i f i e d ,   i n t e g r a t e d   w i t h   t h e i r   m e t e o r o l o g i c a l  
packages, and were  subsequently  deployed  at 
Na t iona l  Weather Serv ice  (NWS) sponsored  s ta t ions  
i n   t he   Grea t   Lakes .  The remain ing  three  buoys  in  
t h e   A l d i   C o r p o r a t i o n   c o n t r a c t   a r e   s c h e d u l e d   t o  be 
d e l i v e r e d  by e a r l y  summer 1982. 

PHYSICAL CHARACTERISTICS 

The VE NOMAD buoy i s  a boa t -shaped   hu l l ,   20 - f t  
long,   approx imate ly   10- f t   w ide and 7 - f t  deep, w i t h  
e x t e r i o r   l i n e s   v i r t u a l l y   i d e n t i c a l  t o  t h o s e   o f   t h e  
o r i g i n a l  NOMAD buoy ( F i g .  1). I n  i t s  deployed 
c o n f i g u r a t i o n ,   t h e  buoy  has a d isp lacement   o f  
19,250 l b  and  a reserve  buoyancy of 19,500 l b .  The 
buoy i s   c o n s t r u c t e d   o f  5086 m a r i n e   a l l o y  aluminum, 
w i t h   1 / 2 - i n .   t h i c k  deck and s i d e   p l a t i n g ,  and 
5 /8 - in .   t h i ck   bo t tom and t r a n s o m   p l a t i n g .   I n  con- 
t r a s t   t o   t h e   o r i g i n a l  NOMAD'S eight  compartments, 
t h e  VE NOMAD has  only  four  main  compartments -- 
three  bat tery   compartments and one e l e c t r o n i c s  com- 
partment.  

SHEER PLAN BODV PLAN 

Length  Overall 
Width 

20.00  ft 
9.66 ft 

Depth 7.04  ft 
Design  Waterline  (OWL) 
Volume at DWL  302  ft3 

5.00 ft 

B lock  Coef f I cI  ent CB 0.38 
Prismatic  Coefflcient Cp 0.51 
Section  Area Coefflcient CM 0.64 
Waterplane  Coefflcient Cwp 0.79 

Vertical  Center  of  Buoyancy  at  DWL 3.54  ft Above  Baseline 
Longitudinal Center of  Buoyancy  at  DWL 8.78  ft Forward  of 

Transverse  Metacentric  Radius EMT 2.53 ft 
Longitudinal  Metacentric  Radius EML 9.60  ft 

Transom 

F igu re  1. NOMAD H u l l  Form 

The VE NOMAD buoy i s  a volume const ra ined  des ign;  
t he re fo re ,  it must be b a l l a s t e d   t o   i t s   d e s i g n   d i s -  
p lacement  using  approximately 6,300 l b  o f  bagged 
lead  shot .   F loor   p la tes   w i th   access   po in ts  were 
i n s t a l l e d   i n   t h e   b o t t o m   o f  each  main  compartment, 
making i t  p o s s i b l e   t o   s e c u r e   t h e   h u l l ' s   b a l l a s t  
i n to   t he   vo ids   be tween   the   f l oo r  and s h e l l   p l a t i n g ,  
t h e r e b y   p r e v e n t i n g   t h e   b a l l a s t   f r o m   s h i f t i n g   a t  
l a r g e   a n g l e s   o f  buoy hee l .  

I n   t h e   p a s t   y e a r s ,   t h e r e  has  been an i nc reas ing  
concern  about   ice  loading on  buoys; the   supers t ruc-  
t u r e  and deck l a y o u t   o f   t h e  VE NOMAD r e f l e c t   t h a t  
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concern. The cage-type  forward  mast on t h e   o r i g i -  
n a l   h u l l  was r e p l a c e d   w i t h  a h inged   p ipe   mas t   i n  an 
e f f o r t   t o   r e d u c e   t h e   m a s t ' s   p r o j e c t e d   a r e a  and 
thereby   min imize  any poss ib le   i ce   accumu la t i on  on 
the   mast .  I n  add i t i on ,   t he  number o f   o b s t r u c t i o n s  
on t h e  deck o f   t h e  VE NOMAD were  reduced  f rom  that  
o f   t h e   o r i g i n a l   h u l l .  

A f t e r   i n t e g r a t i o n ,  and j u s t   p r i o r   t o   i t s   d e p l o y -  
ment, an i n c l i n i n g   e x p e r i m e n t  was conducted on h u l l  
6N16 t o  d e t e r m i n e   t h e   v e r t i c a l   c e n t e r   o f   g r a v i t y  
(VCG) o f   t h e  VE NOMAD c l a s s   o f  buoy. The e x p e r i -  
men ta l   resu l t s   co r responded   ve ry   c lose ly  wi th t h e  
e x p e c t e d   r e s u l t s   c a l c u l a t e d   f r o m   t h e   h u l l ' s   f a b r i -  
ca t i on   d raw ing  and are   there fore   v iewed as r e l i -  
ab le .   Dur ing   the  same t ime   pe r iod ,   va lues   o f  
n a t u r a l   p e r i o d   o f   p i t c h  and r o l l  were  measured  by 
" s a l l y i n g "   t h e  buoy,  and f r o m   t h e s e   v a l u e s   o f  
n a t u r a l   p e r i o d ,   a p p r o x i m a t e   v a l u e s   o f   l o n g i t u d i n a l  
and t r a n s v e r s e   r a d i i   o f   g y r a t i o n  were c a l c u -  
la ted .19   F igure  2 l i s t s   a l l   n a j o r   p h y s i c a l  
parameters   o f   the  buoy. Wi th t h i s   i n f o r m a t i o n ,  
NDBO's frequency  domain h u l l  and mooring  response 
program20 was used to   generate  response  ampl i -  
tude  opera tor  (RAO) c u r v e s   f o r   t h e  unmoored  buoy i n  
t h e  heave and p i t c h  mode. As shown by these  curves 
i n   F i g .  3, t h e  VE NOMAD buoy e x h i b i t s   r e s o n a n c e   i n  
p i t c h   ( a n d   t o  a lesser   degree  in   heave)   a t  a f r e -  
quency o f  2.6 rad/sec. However, t h i s   i s   f a r   t o  
t h e   r i g h t - h a n d   s i d e   o f   t h e   s p e c t r u m   i n  an a rea   o f  
l i t t l e   a p p r e c i a b l e  wave energy. 

Displacement -- Delivered 8,300 I b  
Oisplacement -- Bare Hull 9,400 Ib 
Displacement -- Integrated (W/O Ballast) 12,700 ib 
Displacement -- Deployed 19,250 Ib 
Metacentric  Height (GM) --Deployed 1.70 ft 
Vertical  Center  of  Grav'ity -- Deployed 4.24 ft Above 

Longitudinal  Center of Gravity -- Deployed 8.78  ft  Forward  of 

Rol I Period -- Deployed 3.5 5 

Radius of Gyration  About  Longitudinal  Axis 4.13 ft 
Pitch  Period -- Deployed 2.4 s 

Radius of Gyration  About  Transverse AXIS  6.32  ft 

Base I i ne 

Transom 

F i g u r e  2. VE  NOMAD Buoy 

3.0 1 VE NOMAD 
WI = 19,250 L B  
VCG - 0 . 2 9  FT 
LCG = 106 IN.  F O R W A R D  T ~ n ~ s o n  
K Y y  = 6.12 FT 2.8 ~ 

I 

2 ' 6  I 2.4 

1.0 1 
0.8 1 

n P,,C"lWL"E SLOPE 

CONCLUSION 

The VE NOMAD buoy was developed as  a r e s u l t   o f  
ex tens i ve   des ign  work  by Chi Associates,   A ld i  
Corpora t ion ,  and NDBO. The buoy i nco rpo ra ted   t he  
p r o v e n   p e r f o r m a n c e   o f   t h e   o r i g i n a l  NOMAD, such as 
i t s   r e l i a b i l i t y ,   r e d u c e d  maintenance, and ease o f  
t r a n s p o r t a t i o n ,   w i t h  an o p t i m i z e d   s t r u c t u r a l  
des ign,   to   produce a r e l i a b l e ,   c o s t   e f f e c t i v e   d a t a  
buoy.  Although somewhat l im i ted ,   t he   exper ience  
w i t h   t h e  VE NOMAD has  been good, and as  a r e s u l t ,  
NDBO i s   c u r r e n t l y   p l a n n i n g   c o n s t r u c t i o n   o f  a second 
s e r i e s   o f  V E  NOMAD buoys ,   w i th   p robab le   de l i very  i n  
e a r l y  1983. 
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