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ABSTRACT 

As p a r t  o f  t h e  government / indus t ry -suppor ted  N a t i o n a l  S h i p b u i l d i n g  Research 
Prograrn (NSRP), a  t e c h n i c a l  e v a l u a t i o n  o f  t h e  o p e r a t i o n  o f  Avondale Shipyards, 
I n c o r p o r a t e d  (ASI ) ,  was performed by c o n s u l t a n t s  f rom I s h i  kawajima-Harima Heavy 
I n d u s t r i e s  Company, L i m i t e d  ( I H I ) ,  i n  1980. . 

AS1 subsequent ly  implemented f o u r  major  I H I  systems recommended i n  t h a t  
e v a l u a t i o n :  

Accuracy Con t ro l  
P roduc t i on  P lann ing  
Design Eng inee r ing  f o r  Zone O u t f i t t i n g  
Process Lanes 

The imp lementa t ion  o f  t hese  systems has decreased p r o d u c t i o n  t i m e  and i nc reased  
p r o d u c t i v i t y ,  t hus  m a t e r i a l  l y  reduc ing  cos ts .  

A S I ' s  exper ience w i t h  these improvements was shared w i t h  t h e  s h s p b u i l d i n g  
c o m m u n i t y  v i a  f o u r  s e m i n a r s  a t  t h e  s h i p y a r d  h e l d  f r o m  1982 t o  1984. The 
voluminous m a t e r i a l  which c o n s t i t u t e d  t h e  l e c t u r e  notes  o f  t hose  seminars i s  
condensed i n  t h i s  r e p o r t .  E s s e n t i a l  m a t e r i a l  f rom a l l  o f  t h e  seminar l e c t u r e s  i s  
i nc luded ,  b u t  d e t a i l e d  d i scuss ions  and examples o f  complex schedules and 
documents used a t  t h e  s h i p y a r d  have been l e f t  ou t .  The complete work i s  i n c l u d e d  
i n  t h e  NSRP M i c r o f i c h e  L i b r a r y  (See Reference [ 3 ] ) .  
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CHAPTER 1 

INTRODUCTION 

I. JAPAN-U. S. SHIPBUILDING TECHNOLOGY TRANSFER 

Under  t h e  a u t h o r i t y  o f  t h e  Merchant Mar ine  Act  o f  1970, which p r o v i d e d  f o r  
government and t h e  s h i p b u i l d i n g  i n d u s t r y  t o  j o i n t l y  deve lop  p lans  f o r  improv ing  
s h i p b u i l d i n g  p r o d u c t i v i t y ,  t h e  M a r i t i m e  A d m i n i s t r a t i o n  and t h e  Ship P roduc t i on  
Commi t tee  (SPC) of t h e  S o c i e t y  of Naval A r c h i t e c t s  and Mar ine  Eng ineers  (SNAME) 
i n i t i a t e d  t h e  cos t - sha red  gove rnmen t l i ndus t r y  N a t i o n a l  S h i p b u i l d i n g  Research 
Program (NSRP). Many p r o j e c t s  have been c a r r i e d  o u t  under t h i s  program [ I ,  2 ,  
31". 

Among t h e  e a r l y  p r o j e c t s  s p o n s o r e d  by  t h e  c o n t i n u i n g  NSRP c o n s o r t i u m ,  
seve ra l  i n v o l  ved send ing American s h i p y a r d  managers and researchers  on t o u r s  o f  
h i g h l y  p r o d u c t i v e  sh ipya rds  i n  Europe and Japan t o  s tudy  t h e i r  methods i n  o r d e r  
t o  i d e n t i f y  p r o m i s i  ng management and p r o d u c t i o n  techn iques t h a t  c o u l d  be appl  i e d  
t o  domest ic  sh ipya rds  t o  improve t h e i r  p r o d u c t i v i t y  [4, 5, 6, 7 1 .  The system 
employed by t h e  sh ipya rds  of Ish ikawaj ima-Har lma Heavy I n d u s t r i e s  Co., L td .  ( I H I )  
was s e l e c t e d  as t h e  mos t  p r o m i s i n g  s o u r c e  f o r  t r a n s f e r  t o  i n t e r e s t e d  U.S. 
s h i p b u i l d e r s  i 4 ] .  I H I  c o n s u l t a n t s  were r e t a i n e d  t o  d i s c l o s e  t h e  d e t a i l s  o f  t h e ' r  
methods by p r e p a r i n g  a  s e r i e s  o f  r e p o r t s  18 th rough  371 on a broad range o f  
t o p i c s ,  i n c l u d i n g  qua1 i t y  assurance, p lann ing ,  des ign ,  p r o d u c t i o n  c o n t r o l ,  zone 
o u t f i t t i n g ,  accuracy c o n t r o l  , group techno1 ogy, and standards,  among o the rs .  

I I. THE I H I  -AVONDALE PROJECT 

I n  f i s c a l  y e a r  1980, MarAd and Avondale Sh ipyards ,  I nc .  (AS I )  coopera ted on 
a  " t e c h n i c a l  e v a l u a t i o n  o f  Avonda le 's  p r o d u c t i o n  o p e r a t i o n s  and o r g a n i z a t i o n ,  t h e  
d e v e l  opment , o f  a  1  ong-range f a c i  1  i t i e s  p lan ,  and t h e  i n t e g r a t i o n  o f  b o t h "  C381. 
The t e c h n i c a l  e v a l u a t i o n  o f  Avondale ' s  p r o d u c t i o n  o p e r a t i o n s  and o r g a n i z a t i o n  was 
p e r f o r m e d  by IHI .  ~ v o n d a ' l e  concluded t h a t  i t  c o u l d  s i g n i f i c a n t l y  improve s t s  
p r o d u c t i v i t y  by u s i n g  t h e  I H I  t e c h n o l o g y ,  b u t  t h a t  so  many a r e a s  c o u l d  be  
a f fec ted- -many o f  them o u t s i d e  t h e  s h i p y a r d ' s  c o n t r o l - - t h a t  Avondale c o u l d  n o t  
implement a1 1  o f  t h e  recommended changes a t  one t ime.  

To  i m p r o v e  p r o d u c t i v i t y  t h e  mos t  w i t h  t h e  l e a s t  amount o f  d i s r u p t i o n ,  
A v o n d a l e  d e c i d e d  t o  i m p l e m e n t  f o u r  o f  t h e  I H I  sys tems  recommended i n  t h e  
t e c h n i c a l  e v a l u a t i o n :  

- Accuracy C o n t r o l  
- Produc t i on  P lann ing  - Design Eng inee r ing  f o r  Zone O u t f i t t i n g  
- Process Lanes 

* Numbers i n  b racke ts  des igna te  re fe rences  l i s t e d  a t  t h e  end o f  t h e  r e p o r t .  
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The o b j e c t i v e s  were t o  decrease t h e  t i m e  between t h e  c o n t r a c t  da te  and s h i p  
d e l  i v e r y  and t o  i nc rease  p r o d u c t i v i t y  and reduce cos t .  Each o f  t h e  f o u r  systems 
was broad and ex tens i ve .  To implement t h e  systems, t h e  f o l l o w i n g  a c t i o n  was 
taken :  

( a )  AS1 s e l e c t e d  t h e  s p e c i f i c  e lements w i t h i n  each o f  t h e  f o u r  systems t h a t  
p romised  t h e  most s i g n i f i c a n t  improvement i n  p r o d u c t i v i t y  w i t h  t h e  l e a s t  
amount o f  d i s r u p t i o n  d u r i n g  t h e  i n t e g r a t i o n  pe r iod .  

( b )  AS1 de te rm ined  t o  what e x t e n t  t h e  s e l e c t e d  elements must be t a i l o r e d  f o r  
a d o p t i o n  f o r  Avondale and f o r  use as an Americanized v e r s i o n  o f  Japanese 
techno1 ogy. 

( c )  AS1 de te rm ined  what elements o f  t h e  f o u r  systems a r e  measurable, so t h a t  a  
c o m p a r i s o n  c o u l d  be made between t h e  method p r e v i o u s l y  be ing  used and t h e  
method f i n a l  l y  adopted. 

T h i s  e f f o r t  was t o  be a  demonst ra t ion  i n tended  n o t  o n l y  f o r  t h e  b e n e f i t  of 
A v o n d a l e  b u t  o f  a l l  U.S. sh ipyards .  Avondale was r e q u i r e d  t o  work c l o s e l y  w i t h  
MarAd and t h e  U.S. s h i p b u i  1  d i n g  community t o  ensure adequate d i s s e m i n a t i o n  o f  
i n f o r m a t i o n .  

TECHNOLOGY-TRANSFER SEMINARS 

To share what was l e a r n e d  w i t h  personnel  f rom o t h e r  sh ipyards ,  AS1 conducted 
a  s e r i e s  o f  f o u r  seminars a t  t h e  sh ipyard .  . Each o f  t h e  two-day seminars was 
o rgan ized  t o  cover  one o f  t h e  f o u r  systems l i s t e d  above w i t h  a  s e r i e s  o f  i n -dep th  
p r e s e n t a t i o n s  by key s h i p y a r d  personnel .  A1 so i n c l u d e d  i n  each were l e c t u r e s  
d e s c r i b i n g  t h e  i n t e r a c t i o n s  o f  o t h e r  departments i n  t h e  y a r d  w i t h  t h e  a c t i v i t i e s  
o f  t h e  pr 'mary s u b j e c t  o f  t h e  seminar. Sh ipyard  t o u r s  were conducted so t h a t  
p a r t i c i p a n t s  c o u l d  observe t h e  new techn iques f i r s t  hand. 

The f o u r  seminars were conducted ove r  a  p e r i o d  ex tend ing  f rom May, 1982, 
t h r o u g h  June, 1984. L e c t u r e  m a t e r i a l s  i n  t h e  fo rm o f  t e x t ,  f i g u r e s ,  drawings, 
and il l u s t r a t i o n s  were f u r n i s h e d  t o  p a r t i c i p a n t s  i n  t h e  seminars. That m a t e r i a l ,  
c o n s i s t i n g  o f  f o u r  volumes o f  some 1,000 t o t a l  pages [39, 40, 41, 421 has n o t  
b e e n  w i d e l y  d i s s e m i n a t e d  i n  p r i n t e d  f o r m  t o  t h o s e  who d i d  n o t  a t t e n d  t h e  
sem.inars,  a l t hough  t h e  complete work i s  i n c l u d e d  i n  t h e  NSRP M i c r o f i c h e  L i b r a r y  
(See Appendix B o f  Reference [3]). 

T h i s  r e p o r t  i s  i n tended  t o  make g e n e r a l l y  a v a i l a b l e  a condensat ion  of t h e  
f o u r  o r i g i n a l  Avondal e / I H I  Techno1 ogy-Transfer  Reports : "Manufac tur ing  Technology 
f o r  S h i p y a r d s "  i n  a  s i n g l e  document. A l though t h e  p resen t  r e p o r t  is 
s i g n i f i c a n t l y  reduced i n  l e n g t h  compared t o  t h e  o r i g i n a l  work, e s s e n t i a l  m a t e r i a l  
f r o m  a1 1  o f  t h e  d i f f e r e n t  l e c t u r e s  i s  i nc luded ,  much o f  t h e  condensat ion  hav ing 
r e s u l t e d  f rom e l  i m i n a t i o n  of r e p e t i t i v e  m a t e r i a l  n e c e s s i t a t e d  by t h e  four -sess ion 
f o r m a t  spread over  two years ,  The t e x t  o f  t h i s  r e p o r t  i s  as f a i t h f u l  t o  t h e  
o r i g i n a l  p r e s e n t a t i o n s  as p o s s i b l e ,  and i s  i n  t h e  words o f  t h e  o r i g i n a l  au thors ,  
except  where c o n t i n u i t y  o f  t e x t  o r  cons is tency  o f  s t y l e  n e c e s s i t a t e d  e d i t o r i a l  
r e v i s i o n .  
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CHAPTER 2 

PRODUCTION PLANNING AND SCHEDULING 

INTRODUCTION 

B e f o r e  t h e  new techno logy began t o  be a p p l i e d  a t  Avondale, t h e  p l a n n i n g  and 
s c h e d u l i n g  o f  h u l l  and o u t f i t t i n g  f u n c t i o n s  was l o w - p r o f i l e  and conven t iona l .  
The p r o d u c t i o n  c r a f t s  per formed much o f  t h e  p l a n n i n g  and schedu l ing ,  p a r t i c u l a r l y  
when changes were requ i red .  T h i s  was necessary,  because t h e  b a s i c  p l a n n i n g  
f u n c t i o n  d i d  n o t  p r o v i d e  s u f f i c i e n t  d e t a i l  d u r i n g  development o f  t h e  i n i t i a l  
p lan .  The "Product  Work Breakdown S t r u c t u r e "  was n o t  u t i l i z e d  t o  t h e  e x t e n t  
necessary t o  p r o v i d e  d e t a i l  v i s i b i l i t y  and c o n t r o l s .  I n i t i a l  p l a n n i n g  and 
s c h e d u l  i n g  was no rma l l y  undertaken a f t e r  award and con t inued  up t o  launch,  The 
c o n v e n t i o n a l  p l a n n i n g  and schedu l i ng  was accepted because o f  t h e  l a c k  of a  
d e t a i l e d  p l a n  t h a t  c o u l d  assure  t h e  p r o d u c t i o n  of  each u n i t  o f  t h e  s h i p  w i t h  
p r e d i c t a b l e  accuracy on a  re1 i a b l e  schedule. 

An i n c r e a s e d  awareness o f  t h e  need t o  improve t h e  methods, c o n t r o l s ,  and 
p r e d i c t a b i l i t y  o f  c o n s t r u c t i o n  prompted a  s e r i o u s  s tudy o f  how t h e  l o g i c  and 
t e c h n i q u e s  o f  t h e  P r o d u c t  Work Breakdown S t r u c t u r e  c o u l d  be i n i t i a t e d  a t  
A v o n d a l e .  T h i s  s t u d y  r e s u l t e d  i n  d e v e l o p m e n t  o f  a  b a s i c  a p p r o a c h  t o  h u l l  
p l a n n i n g  and schedul i n g  t h a t  p r o v i d e s  f o r  i n t e g r a t i o n  o f  d i v i s i o n  
respons i  b i  1  i t i e s  and f u n c t i o n s  and s p e c i f i e s  r e l a t i o n s h ' p s  and dependencies among 
t h e  h u l l  , o u t f i t t i n g ,  and f a c i l i t y  requ i rements .  Probably j u s t  as impor tan t ,  i t  
h i g h l i g h t s  a l l  requ i rements ,  beg inn ing  e a r l y  d u r i n g  t h e  marke t i ng  s tage th rough  
f i n a l  d e l i v e r y  o f  t h e  end p roduc t ,  and p r o v i d e s  f o r  t o p  m i l e s t o n e  meet ings 
e s s e n t i a l  f o r  v i s i b i l  i t y  and c o n t r o l .  

The new techno logy has s i g n i f i c a n t l y  improved Eng ineer ing  and Produc t ion  
communications and t h e  subsequent de l  i ve rab les  (drawings,  ma te r ' a l  , e tc .  ). 
U p - f r o n t  development o f  t h e  p l a n  i s  a  must t o  assure t h a t  Eng ineer ing  i s  f u l l y  
a p p r i s e d  of  t h e  c o n s t r u c t i o n  methods b e f o r e  award f o r  i n c l u s i o n  i n  t h e  
p r e l  i m i n a r y  eng ineer ing  development. F i g u r e  2-1  compares t h e  p lann ing ,  
eng ineer ing ,  and p r o d u c t i o n  e f f o r t s  of t h e  conven t iona l  versus t h e  new approach, 
which i s  d iscussed below. 

I I. TOTAL CONTRACT PLANNING REQUIREMENTS 

To suppor t  t h e  new techno logy,  t h e  t o t a l  c o n t r a c t  requ i rements  must be 
p l a n n e d  i n  advance of h u l l  c o n s t r u c t i o n .  F i g u r e  2-2 p rov ides  a  general  o u t l i n e  
f o r  t h e  b a s i s  of a  t o t a l  requ i rements  p l a n n i n g  e f f o r t .  

T h i s  approach t o  p lann ing ,  as w i t h  any o t h e r  method o f  p lann ing ,  r e q u i r e s  a  
we1 1 o rgan ized  p l a n n i n g  group and t h e  invo lvement  o f  t o p  management t o  assure 
v i s i b i l i t y  o f  t h e  t o t a l  c o n t r a c t  requ i rements  and t h e i r  r e l a t i o n s h i p  t o  o t h e r  
c o n t r a c t s .  

B e f o r e  t h e  a d v e n t  o f  t h e  new s h i p b u i l d i n g  t e c h n o l o g y ,  many impromptu  
p l a n n i n g  and schedu l i ng  changes were made i n  t h e  f i e l d  d u r i n g  t h e  p r o d u c t i o n  
process.  Under these  c i rcumstances,  t o p  management had t o  r e l y  on t h e  schedu l i ng  
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Figure  2-1 New Technology Versus Conventional 





and p l a n n i n g  made by t h e  work f o r c e  d u r i n g  t h e  many " f i r e  d r i l l  " s i t u a t i o n s  which 
a r o s e ,  t h u s  s u r r e n d e r i n g  t h e i r  a u t h o r i t y  o u t  o f  a  n e c e s s i t y  t o  keep t h e  
p r o d u c t i o n  o f  s t e e l  moving, rega rd less  o f  t h e  i n e f f i c i e n c i e s  a long  t h e  way. 

The changeover t o  t o t a l  c o n t r a c t  p l a n n i n g  began by a n a l y z i n g  t h e  percentage 
o f  t h e  t o t a l  h u l l  c o n s t r u c t i o n  manhours t h a t  were  d e v o t e d  t o  m o l d l o f t  and 
c u t t i n g ,  assembly, and e r e c t i o n .  The r e s u l t s  o f  t h i s  breakdown a r e  shown i n  
F i g u r e  2-3, The n e x t  I H I  s tudy  a t  Avondale was a  comparison o f  s t e e l  breakdown 
p r o d u c t i o n ,  u s i n g  a  base o f  7,000 s h o r t  t o n s  p e r  month, wh ich  was comparable t o  
one o f  t h e  I H I  sh ipyards .  T h i s  i s  shown i n  F i g u r e  2-4. 

The f i r s t  q u e s t i o n  t o  be answered was, " I s  t h e r e  enough s t e e l  p r o d u c t i o n  
r e a l  e s t a t e  a t  Avondale i n  which t o  b u i l d  t h e  v a r i o u s  c a t e g o r i e s  and 
subca tegor ies  o f  modular s t r u c t u r e s ,  u s i n g  t h e  I H I  methods of p roduc t  work 
breakdown?" A s tudy  was made t o  i d e n t i f y  t hose  c a t e g o r i e s  of main assembly 
b l o c k s  o r  u n i t s  used t o  c o n s t r u c t  an average p roduc t  c a r r i e r  o r  c o n t a i n e r  vessel .  
T h i s  c a t e g o r i z a t i o n  i s  shown i n  F i g u r e  2-5. Then t h e  e s t i m a t e d  c a t e g o r y  
percentages by we igh t  i n  tons  p e r  month were t a r g e t e d  f o r  a  reasonab le  t o t a l  
m o n t h l y  p r o d u c t i o n  a t  AS1 o f  app rox ima te l y  8,000 tons .  T h i s  breakdown i s  shown 
i n  F i g u r e  2 - 6 .  Then assuming  t h a t  A m e r i c a n  p r o d u c t i v i t y  o f  a r e a  w o u l d  be 
one-ha1 f t h a t  be ing  produced a t  Kure, Japan, p roduc t  i o n  area r e q u i  rements were 
d e t e r m i n e d .  F i g u r e  2-7 shows t h a t  t h e  e x i s t i n g  Avondale work areas, o r  p l a t e n s ,  
have s u f f i c i e n t  a rea a v a i l a b l e  t o  produce 8,000 tons  o f  s t e e l  p e r  month. On t h i s  
b a s i s  , i t  was c l  e a r  t h a t  whatever techno1 o g i  c a l  h u l l  p l a n n i n g  and schedul i ng 
p r i n c i p l e s  were adopted, t h e r e  would be no need f o r  a  g r e a t  e x p e n d i t u r e  o f  
c a p i t a l  funds f o r  r e a l  es ta te ,  

I I I. ORGANIZATION CHANGES FOR THE NEW TECHNOLOGY 

Many changes i n  t h e  eng ineer ing  p l a n n i n g  and p r o d u c t i o n  p l a n n i n g  
o r g a n i z a t i o n s  had t o  be made t o  implement much o f  t h e  I H I  techno logy.  By t h e  
same token,  some o f  t h e  I H I  techno logy had t o  be m o d i f i e d  t o  f i t  those  s o c i a l  and 
t r a d i t i o n a l  p a r t s  o f  t h e  AS1 o r g a n i z a t i o n  t h a t  c o u l d  n o t  o r  shou ld  n o t  be changed 
a t  f i r s t .  

(1) New g roups  had t o  be e s t a b l i s h e d  by t h e  M o l d l o f t  t o  implement l i n e  h e a t i n g  
and u n i t  c o n t r o l  manuals. 

( 2 )  A new department was c r e a t e d  and c a l l e d  "Operat ion  Serv i ces "  t o  hand le  a1 1  
t h e  v a r i o u s  1  i f t i n g  dev i ces  and t u r n i n g  methods needed t o  implement process 
1  anes. 

( 3 )  The Produc t ion  P lann ing  Department was reo rgan ized  i n t o  two d i v i s i o n s  - H u l l  
and O u t f i t t i n g .  

( 4 )  A new group o f  s k i l l e d  bu rne rs  was formed t o  c r e a t e  a  " l i n e  h e a t i n g  crew." 

( 5 )  An accuracy c o n t r o l  team o f  f o u r  peop le  under a  q u a l i f i e d  eng ineer  was 
i n i t i a t e d  t o  improve dimens'onal c o n t r o l .  

( 6 )  A p r o d u c t i o n  group c a l l e d  Shop P lanners  was formed t o  r e i n f o r c e  t h e  process 
1  ane concept a t  t h e  1  oca l  1  eve1 . 
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Figure  2-3 H u l l  Const ruct ion Manhour Breakdown 
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Figure 2-4 Japanese Shipyard Area Product iv i ty  
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Figure 2-6 Estimated Avondale Production by Category 
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I V .  PLANNING FOR PROCESS LANES AND ZONE OUTFITTING 

What was needed f i r s t  was a  method t o  c o n t r o l  and handle m a t e r i a l s  q u i c k l y ,  
e f f i c i e n t l y ,  and economica l ly .  The bes t  way t o  accompl ish t h i s  task  was through 
t h e  p r o c e s s  lanes method. Process 1 anes means t h e  c a t e g o r i z a t i o n  and separa t i on  
o f  1  i k e  k i n d s  o f  work, and t h e  development o f  work cen te rs  s p e c i f i c a l l y  designed 
t o  p r o d u c e  t h a t  k i n d  o f  work  e f f i c i e n t l y  and e c o n o m i c a l l y .  P r o c e s s  l a n e s  
e s t a b l i s h  t h e  g r e a t e s t  amount o f  " l e a r n i n g  cu rve "  e f f i c i e n c y  by hav ing t h e  same 
p e o p l e  a t  t h e  same work cen te rs  do ing  t h e  same t y p e  o f  work every  day w i t h  a  
cons tan t  organ ized e f f i c i e n t  f l o w  o f  m a t e r i a l .  

P rocess  lanes,  as d e f i n e d  above, d i d  n o t  e x i s t  a t  AS1 because d i f f e r e n t  
t y p e s  o f  u n i t s  were assembled a t  t h e  same l o c a t i o n .  Assembling d i f f e r e n t  types 
o f  u n i t s  a t  one l o c a t i o n  r e q u i r e s :  

- d i f f e r e n t  assembly p e r i o d s  of  t ime ,  - d i f f e r e n t  t ypes  o f  assembly p l a t e n s ,  - d i f f e r e n t  t ypes  o f  c o n s t r u c t i o n  methods. 

When u n i t s  h a v i n g  d i f f e r e n t  c h a r a c t e r i s t i c s  a r e  p r o d u c e d  i n  t h e  same 
l o c a t i o n s ,  t hose  obs tac les  must be overcome. T h i s  tends t o  decrease p r o d u c t i v i t y  
and accuracy. Because o f  t h e  use of  d i f f e r e n t  t ypes  o f  m a t e r i a l ,  o n - s i t e  s to rage  
becomes very  d i f f i c u l t  , r e s u l t i n g  i n  i nc reased  m a t e r i a l  hand1 i n g  cos ts .  

When process lanes were e s t a b l i s h e d  a t  ASI, t h e r e  were c o n t r o l s  t o  c r e a t e  
d e t a i l e d  process l a n e  schedules based on t h e  volume and q u a n t i t y  of work f o r  each 
process l ane  work cen te r ,  t he reby  e n a b l i n g  AS1 management t o  determine work 
c e n t e r  c o s t  and e f f i c i e n c y .  

A. U n i t  C a t e a o r i z a t i o n  

P r o c e s s  lanes r e q u i r e  t h e  u n i t s  o f  a  vessel  t o  be d i v i d e d  i n t o  c a t e g o r i e s  
based on t h e  s i z e ,  shape, we ight ,  and method o f  c o n s t r u c t i o n .  

C a t e g o r i z a t i o n  o f  h u l l  components i s  r e q u i r e d ,  p r i m a r i l y  by t h e  P lann ing  
Depar tment  and l a t e r  by shop o r  work c e n t e r  p lanners .  Th is  w i l l  a s s i s t  them i n  
b a s i c  and d e t a i l e d  p l a n n i n g  and schedu l ing ,  as w e l l  as e s t a b l i s h i n g  an o r d e r l y  
f l o w  of  m a t e r i a l s .  C a t e g o r i z a t i o n  a l s o  a l l o w s  p lanners  t o  determine where a  
component w i l l  be cons t ruc ted ,  as w e l l  as e lapsed t i m e  i n ,  and c o n t r o l  through,  
t h e  process 1  anes. 

H u l l  u n i t s  a r e  d i v i d e d  i n t o  s i x  b a s i c  ca tegor ies .  

(1) Category No. 1, F l a t  Panel U n i t s  

These u n i t s  a r e  comprised o f  panel  l i n e  components assembled on a  f l a t  
s u r f a c e  as t h e  base o f  a  u n i t .  T h i s  f l a t  s u r f a c e  c o u l d  be a  deck, innerbot tom,  
bulkhead,  o r  even t h e  s h e l l .  They a r e  r e l a t i v e l y  s imple  u n i t s  t h a t  r e q u i r e  s h o r t  
c o n s t r u c t  i o n  t ime. Category No. 1 u n i t s  usua l  l y  comprise approx imate ly  50 
pe rcen t  o f  t h e  t o t a l  h u l l  we ight ,  t h e  exac t  p r o p o r t i o n  depending on h u l l  type.  

Page 12 



S i n c e  t h i s  ca tegory  c o n t a i n s  t h e  l a r g e s t  number o f  u n i t s  t o  be const ruc ted,  
t h e  most  p r o d u c t i v e  and l a r g e s t  p l a t e n  a t  AS1 was des ignated f o r  Category No. 1. 
Th is  p l a t e n  i s  a l s o  very s u i t a b l e  because o f  i t s  r e l a t i o n s h i p  w i t h  t h e  panel l i n e  
a n d  t h e  m a t e r i a l  f l o w  f r o m  t h e  f a b r i c a t i o n  p l a t e n s .  There  a r e  f o u r  ( 4 )  
des ignated c o n s t r u c t i o n  stages on t h i s  p l a t e n :  

- Subassembly 
- P r e o u t f i t  (on u n i t )  - Main Assembly 
- F i n a l  Assembly and O u t f i t t i n g ,  Welding, and I n s p e c t i o n  

E s t a b l i s h i n g  t h e  f o u r  c o n s t r u c t i o n  stages on t h e  p l a t e n  a l l o w s  f o r  t h e  same 
k i n d  o f  work t o  be done by t h e  same people every  day i n  t h a t  s p e c i f i c  l o c a t i o n ,  
where a l l  o f  t h e  work t o o l s ,  we ld ing  machines, etc.,  needed f o r  t h a t  work a r e  
r e a d i l y  a v a i l a b l e .  Thus, t h e  work moves t o  t h e  workers r a t h e r  than hav ing t h e  
w o r k e r s  r e l o c a t e  t o  t h e  work ,  r e q u i r i n g  t h e  movement o f  a l l  t h e i r  s p e c i a l  
t o o l  ing .  

( 2 )  Category No. 2 ,  Curved She l l  U n i t s  

These u n i t s  a r e  assembled on curved s h e l l ,  knuck led l o n g i t u d i n a l  bulkheads 
o r  i n n e r b o t t o m s ,  i n  f i x e d  o r  p i n  j i g s .  Examples would be wing tanks  o r  outboard  
s e c t i o n s  o f  wings w i t h  curved s h e l l  p l a t i n g .  These u n i t s  are ,  i n  genera l ,  more 
complex i n  c o n s t r u c t i o n ,  r e q u i r i n g  d i f f e r e n t  c o n s t r u c t i o n  methods and techniques 
and more elapsed t i m e  i n  assembly p o s i t i o n  than  t h e  Category No. 1 u n i t s .  The 
p l a t e n  f o r  t h i s  ca tegory  i s  conven ient  t o  t h e  p r e f a b r i c a t i o n  shop f o r  economical 
m a t e r i a l  f l o w  and conven ient  t o  t h e  p r e o u t f i t t i n g  area and b l a s t  and p a i n t  shop. 

( 3 )  Category No. 3, Supers t ruc tu re  U n i t s  

C a t e g o r y  No. 3 u n i t s  a r e  t h e  s u p e r s t r u c t u r e  u n i t s ,  a long  w i t h  engine f l a t s  
w i t h  bulkheads o r  s i d e  s h e l l  below. Because Category No. 3 u n i t s  a r e  g e n e r a l l y  
l a r g e ,  a  s i g n i f i c a n t l y  l a r g e  area i s  needed f o r  t h e i r  c o n s t r u c t i o n .  These u n i t s  
a r e  t y p i c a l l y  those be ing  b u i l t  w i t h  a  deck o r  a  f l a t  as t h e  base of  t h e  u n i t .  
An example i s  t h e  p i l o t  house b u i l t  w i t h  t h e  house t o p  as t h e  base of t h e  u n i t .  
There may be p a r t i a l  subassembly f o r  t h i s  t y p e  o f  u n i t .  A f t e r  t h e  f i t t i n g  and 
w e l d i n g  i s  completed, t h e  u n i t  would be re leased  f o r  t h e  p r e o u t f i t t i n g  work and 
f i n a l  i n s p e c t i o n .  Category No. 3  u n i t s  w i l l  s t a y  on t h e  p l a t e n  l o n g e r  than most 
C a t e g o r y  No. 1 and No. 2 u n i t s  because o f  t h e i r  o u t f i t t i n g  and p i e c e m e a l  
c o n s t r u c t i o n .  There fore ,  a  separa te  process l ane  i s  requ i red .  

( 4 )  Category No. 4, Large and Heavy Modular U n i t s  

Category No. 4  u n i t s  c o n s i s t  o f  l a r g e  and heavy modular u n i t s  which a r e  
d i f f i c u l t  t o  b u i l d .  Due t o  c l o s e  f i t t i n g  t o l e r a n c e s  and some c o n f i n e d  areas, 
t h e y  r e q u i r e  (a long  w i t h  Category No. 5 u n i t s )  t h e  most q u a l i f i e d  mechanics 
a v a i l a b l e ,  Category No. 4 u n i t s  a r e  f o r e  and a f t  peaks, a long  w i t h  some engine 
room inne rbo t toms .  These u n i t s  a r e  r e q u i r e d  t o  s t a y  on t h e  b u i l d i n g  p l a t e n s  f o r  
a  l o n g e r  p e r i o d  than t h e  Category Nos. 1, 2, 3 types o f  u n i t s .  Because of t h i s ,  
a  separa te  process l a n e  i s  requ i red .  
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( 5 )  Category No. 5 ,  Machinery Space Double Bottom 

These u n i t s  a r e  t y p i c a l l y  t hose  w i t h  t h e  eng ine room inne rbo t tom as t h e  
base.  The assembly p e r i o d  i s  l ong ,  w i t h  c l o s e  f i t t i n g  t o l e r a n c e ,  e x t e n s i v e  
o u t f i t t i n g ,  and u s u a l l y  piecemeal r o l l e d  she1 1  p l a t e  work. 

(6) Cateaorv No. 6. Soec ia l  Weldments 

These u n i t s  a r e  s p e c i a l t y  i tems, such as rudders,  skegs, anchor pockets,  
e t c ,  There was no change f rom c u r r e n t  c o n s t r u c t i o n  procedures f o r  t h i s  ca tegory .  

B. H u l l  P lann ing  C o n t r o l s  

F u n c t i o n a l  and s e q u e n t i a l  p l a n n i n g  c o n t r o l  g u i d e l  i nes  were e s t a b l  i shed as 
b a s i c  s teps  e s s e n t i a l  i n  suppor t  o f  t h e  process l anes  concepts,  as w e l l  as t h e  
o v e r a l l  p l a n n i n g  development. The f o l  l o w i n g  g u i d e l  i n e s  were cons idered t o  be 
s teps  paramount t o  suppor t  a  success fu l  c o n s t r u c t i o n  e f f o r t  (See F i g u r e  2 - 2 ) :  

- Determine p resen t  p l a t e n  1 oading;  

- Es tab l  i s h  key dates ;  

- D i v i d e  h u l l  i n t o  u n i t s  and develop e r e c t i o n  sequence; 

- Ca tegor i ze  h u l l  u n i t s ;  

- Weight c a l c u l a t i o n s  by u n i t  ( rough) ;  

- P l a t e n  l o a d  ( P l a t e n  #20) t o  c a p a c i t y ;  

- E s t a b l i s h  t h e  e r e c t i o n  schedule;  

- Ensure c o m p a t i b i l i t y  w i t h  key da tes ;  

- Prepare assembly schedules;  

- As d e t a i l e d  d r a w i n g s  become a v a i l a b l e ,  r e f i n e  w e i g h t  e s t i m a t e s  and a l l  
schedules. 

Summaries o f  t h e  p l a n n i n g  c o n t r o l s  r e q u i r e d  f o r  each o f  t h e  above g u i d e l i n e s  
a r e  as f o l l o w s :  

(1 I Determine Present  P l  a t e n  Loadi  na 

F i r s t ,  t h e  p resen t  and long - te rm p l a t e n  l o a d i n g  f o r  c o n t r a c t s  i n  progress  i s  
d e t e r m i n e d .  The p l a t e n  l o a d i n g s  a r e  c o n s t a n t l y  moni tored,  and t h e  l o a d i n g  f o r  
any g i v e n  week shou ld  be immedia te ly  a v a i l a b l e  f o r  each p l a t e n  and a l l  c o n t r a c t s  
on hand f o r  t h e  d u r a t i o n  o f  t h e i r  l ong - te rm schedules. 

( 2 )  E s t a b l i s h  Key Dates 

The P lann ing  Department must e s t a b l i s h  t h e  p o s s i b l e  key event  dates  ( s t a r t  
o f  p r e f a b r i c a t i o n ,  k e e l ,  launch,  and d e l i v e r y )  as e a r l y  as p o s s i b l e ,  based on t h e  
r e q u i r e d  d e l i v e r y  d a t e  s e t  by  t h e  c u s t o m e r  and w i t h i n  t h e  o v e r a l l  m a s t e r  
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( l o n g - t e r m )  y a r d  schedule. T h i s  e f f o r t  must be "rough c u t "  o r  p r e l i m i n a r y  f o r  
c o n t r a c t  b i d  purposes and then  r e f i n e d  upon s i g n i n g  of  t h e  c o n t r a c t  ( o r  l e t t e r  o f  
i n t e n t ) .  D u r i n g  t h e  k e y  e v e n t  r e v i e w ,  l e a d  t i m e s  f o r  e n g i n e e r i n g  d r a w i n g  
development and l o f t i n g  development must be g i ven  p r i o r i t y  a t t e n t i o n .  

( 3 )  D i v i d e  H u l l  i n t o  U n i t s  and Develop E r e c t i o n  Sequence 

The u n i t  arrangement drawing i s  prepared by P roduc t ion  P lann ing  f o r  purposes 
o f  i d e n t i f y i n g  t h e  f i n a l i z e d  u n i t  e r e c t i o n  breaks and u n i t  numbering. Th is  
e v o l u t i o n  i s  e s s e n t i a l  f o r  f u r t h e r  development o f  t h e  d e s i r e d  e r e c t i o n  sequence. 
A 1  i s t  o f  u n i t s  w i t h  t h e  b a s i c  u n i t  d e s c r i p t i o n s  i s  prepared. P r e l i m i n a r y  
w e i g h t s  f o r  p l a n n i n g  purposes a r e  added t o  t h e  u n i t  d e s c r i p t i o n  sheets  p r i o r  t o  
issue.  

( 4 )  Ca tegor i ze  H u l l  U n i t s  

The h u l l  u n i t s  a r e  t h e n  c a t e g o r i z e d  w i t h i n  t h e  process l anes  concept ,  and a  
separa te  l i s t  o f  u n i t s  i s  p repared f o r  each o f  t h e  s i x  c a t e g o r i e s ,  a long  w i t h  
b a s i c  u n i t  d e s c r i p t i o n s .  The p l a n n i n g  eng ineers  then  beg in  a  d e t a i l e d  s tudy o f  
t h e  c o n s t r u c t i o n  method f o r  each i n d i v i d u a l  u n i t .  

( 5 )  Weight C a l c u l a t i o n s  

W e i g h t  e s t i m a t e s  must be developed f o r  each u n i t  i n  Category 1 and Category 
2 f o r  t h e  purpose o f  p roper  p l a t e n  l o a d i n g  on P l a t e n  No. 20 (Process Lane No. 1 )  
and P l a t e n  No, 17 (Process Lane No. 2). 

( 6 )  Load P l a t e n  No. 20 t o  Capac i ty  

A f t e r  t ho rough ly  r e v i e w i n g  t h e  c u r r e n t  l o a d i n g  f rom e x i s t i n g  c o n t r a c t s  o f  
P l a t e n  No. 20 ( G u i d e l i n e  No. 1) f o r  t h e  d u r a t i o n  o f  a  new c o n t r a c t ,  based on i t s  
e s t a b l i s h e d  p r e l i m i n a r y  key event  dates,  t h e  p l a t e n  shou ld  then  be loaded (week 
by  week) t o  capac i t y .  T h i s  e s t a b l i s h e s  t h e  number o f  u n i t s  p e r  week (based on 
t h e i r  w e i g h t s )  t h a t  w i l l  be a v a i l a b l e  f rom P l a t e n  No. 20 f o r  e r e c t i o n  d u r i n g  any 
g i v e n  week f rom s t a r t  t o  launch. The number o f  u n i t s  p e r  week t h u s  e s t a b l i s h e d  
i s  then  rev iewed a g a i n s t  t h e  p r e l  i m i n a r y  u n i t  e r e c t i o n  schedule (Guide l  i n e  No. 
3 ) ,  and t h e  e r e c t i o n  schedule can be f i n a l  ized.  

( 7 )  E s t a b l i s h  E r e c t i o n  Schedule 

U s i n g  t h e  sequence o f  e r e c t i o n  developed i n  G u i d e l i n e  No. 3 and t h e  number 
o f  u n i t s  p e r  week a v a i l a b l e  f rom P l a t e n  No. 20 developed i n  Guidel  i n e  No. 6, t h e  
e r e c t i o n  schedule can be developed. For  example, i f  t h e  f i r s t  f i v e  u n i t s  t o  be 
e r e c t e d  a r e  numbered i n  sequence and t h e  u n i t  we igh ts  a re :  

U n i t  No. 1 = 86.5 Tons 
U n i t  No. 2  = 125.0 Tons 
U n i t  No. 3 = 125.0 Tons 
U n i t  No. 4 = 86.5 Tons 
U n i t  No. 5  = 86.5 Tons 

T o t a l  509.5 Tons, 
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t h e n  U n i t s  No. 1 th rough  No. 5  can be e r e c t e d  i n  one week, l e a v i n g  600 - 509.5 = 
90.5 tons  (based on 600 t o n s  p e r  week o u t p u t  P l a t e n  No. 20) a v a i l a b l e  f o r  u n i t s  
o f  another  sh ip .  

N o t e  t h a t  t h e  number o f  Category 1 u n i t s  p e r  week t o  be e r e c t e d  ( a l l  j o b s )  
c a n n o t  exceed t h i s  maximum tonnage o u t p u t  p e r  week a v a i l a b l e  f rom P l a t e n  No. 20. 
T h i s  c o n d i t i o n  can be a d j u s t e d  v i a  e i t h e r  expansion o f  t h e  p l a t e n  g r i d s  o r  v i a  
t h e  l e v e l  -1 oad ing process w h i l e  deve lop ing  t h e  1  ong-term schedules,  i f  a d d i t i o n a l  
t onnage  i s  necessary a t  t h e  e r e c t i o n  s i t e .  F u r t h e r  re f i nemen ts  can be made t o  
t h e  e r e c t i o n  schedule a f t e r  comp le t i on  o f  t h e  l e v e l  - l o a d i n g  process,  i f  
necessary. 

( 8 )  Ensure C o m p a t i b i l i t y  w i t h  Key Dates 

The p repared  e r e c t i o n  schedule i s  checked t o  be su re  t h a t  a1 1  u n i t s  can be 
e r e c t e d  i n  a  t i m e l y  f a s h i o n  w i t h i n  t h e  rough d r a f t  key evkn t  da tes  e s t a b l i s h e d  i n  
G u i d e l i n e  No. 2  and c o n s i s t e n t  w i t h  machinery and m a t e r i a l  requ i rements .  
A d j u s t m e n t s  t o  p l a t e n  l o a d i n g  ( G u i d e l i n e  No. 6 )  a r e  made i f  requ i red .  A t t e n t i o n  
must be g i ven  t o  e n g i n e e r i n g  drawing i s s u e  dates  and l o f t i n g  l ead t ime  
r e q u i  rements. 

( 9 )  Prepare Assembly Schedules 

The assembly o r  p l a t e n  1  oad ing schedules a r e  then  prepared.  Shor t - te rm 
schedu les  a r e  developed and i ssued  f o r  one- t o  two-month i n t e r v a l s  f o r  t h e  
p l a t e n s .  The p l a t e n  schedules a r e  dynamic, w i t h  r o u t i n e  rev iew  and update f rom 
feedback v i a  shop p lanners ,  e t c .  

D e t a i l e d  Drawings - Ref ine  Schedule 

As d e t a i l e d  drawings a r e  developed and become a v a i l a b l e ,  a  rev iew  o f  a l l  
w e i g h t  e s t i m a t e s  i s  cont inued,  and l e n g t h s  o f  f i t t i n g s  and welds a r e  determined 
t o  f u r t h e r  r e f i n e  and update p r o d u c t i o n  manhours and p l a t e n  1  oad ing schedules. 

The l e a d  h u l l  p lanners  s t a r t  development o f  t h e  c o n s t r u c t i o n  methods by u n i t  
e a r l y  d u r i n g  t h e  key p l a n  s tage (See F i g u r e  2-8). The d e t a i l  breakdown o f  u n i t s  
i n t o  p a r t i a l  subassemblies and main assembly is completed e a r l y  and assigned t o  
s p e c i f i c  p r o c e s s  l a n e s .  The i s s u e  o f  d e t a i l  d r a w i n g s  a l l o w s  f o r  d e t a i l e d  
r e f i n e m e n t  o f  t h e  work ing  i n s t r u c t i o n s  and p r e p a r a t i o n  o f  U n i t  P a r t s  L i s t s  (UPL) 
p r i o r  t o  f i n a l  i s s u e  t o  t h e  l o f t .  

C. O u t f i t  P lann ing  

The goa ls  o f  o u t f i t  p l a n n i n g  f o r  Zone O u t f i t t i n g  a r e :  

- t o  m a x i m i z e  t h e  p r e f i t t i n g  o f  components  o f  a l l  sys tems  i n  zones o f  t h e  
onboard d i v i s i o n s  and i n t o  t h e  sub zones o f  h u l l  u n i t s ;  

- t o  maximize t h e  assembl ing o f  components o f  systems i n  t h e  zones of onboard 
d i v i s i o n s  i n t o  t h e  sub zones o f  machinery and p i p e  package u n i t s ;  

- t o  m in im ize  t h e  amount o f  o u t f i t t i n g  a f t e r  h u l l  e r e c t i o n ;  
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Figure 2-8 Flow Diagram for U n i t  Construct ion 
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- t o  o r i e n t  assembl ies r e q u i r i n g  s t e e l  f i t t i n g  and founda t ion  work t o  an easy 
p o s i t i o n  a s s i s t e d  by g r a v i t y  r a t h e r  than  opposing g r a v i t y ,  a v o i d i n g  d i f f i c u l t  
overhead work ; 

- t o  t r a n s f e r  work environments f rom c losed,  narrow, h igh ,  o r  unsafe  l o c a t i o n s  
t o  open, spacious,  low, and s a f e  l o c a t i o n s ,  and a l s o  t o  f a c i l i t a t e  
t r a n s p o r t a t i o n  o f  m a t e r i a l  s. 

T h e r e  a r e  t h r e e  t ypes  o f  zone o u t f i t t i n g  p r a c t i c e d  a t  Avondale as a r e s u l t  
o f  imp lement ing  t h e  new s h i p b u i l d i n g  techno logy :  

- Package U n i t  P r e o u t f i t t i n g  
- On-Unit O u t f i t t i n g  - On-Board O u t f i t t i n g  

F i g u r e  2-9 i l l u s t r a t e s  a t y p i c a l  example o f  each. 

( 1 )  Package U n i t  P r e o u t f i t t i n g  

B a s i c a l l y ,  components a r e  assembled i n t o  package u n i t s  as l o n g  as t h e i r  
independence can be p rese rved  w i t h  r i g i d i t y  and s t a b i l i t y  w i t h o u t  t h e  h e l p  o f  
i n t e n s i v e  temporary re in fo rcemen ts  o r  suppor ts .  Package u n i t s  have been used i n  
i n c r e a s i n g  numbers on succeeding c o n t r a c t s  a t  A S I .  

Types of package u n i t s  a re :  

Machinery Package U n i t s  -- An assembly o f  machinery,  combined w i t h  ad jacen t  
components such as t h e  founda t ion ,  p i p e  p ieces ,  valves,  g r a t i n g s ,  ladders ,  
suppor ts ,  e t c .  

Zone Package U n i t s  -- An assembly o f  p i p e  p ieces  and p i p e  racks ,  combined w i t h  
v a l  ves,  access l adders ,  g r a t i n g s ,  e tc .  A good example o f  zone package u n i t s  a re  
t h e  main deck p i p e  racks  o f  a p roduc t  c a r r i e r .  Zone package u n i t s  a r e  a l s o  
c a l l e d  p i p e  package u n i t s .  

( 2 1  On-Unit O u t f i t t i n a  

The p r i m a r y  o b j e c t i v e  o f  o n - u n i t  o u t f i t t i n g  i s ,  o f  course,  t o  complete t h e  
o u t f i t t i n g  on c e i l i n g s  and i n  doublebot toms b e f o r e  h u l l  u n i t  e r e c t i o n .  
O u t f i t t i n g  a u n i t  i n v o l v e s  v a r i o u s  t ypes  o f  o u t f i t t i n g  tradesmen work ing  i n  a 
smal l  space; t h e r e f o r e ,  i t  by i t s e l f  t ends  t o  c r e a t e  an unbalance i n  t h e  work 
s c h e d u l e .  One recommended s o l u t i o n  t o  t h i s  problem i s  t o  a1 l o c a t e  mu1 t i - t r a d e  
workers t o  each u n i t ,  t h a t  i s ,  t o  t r a i n  new t r a d e  workers c a l l e d  assemblers. The 
f i t t i n g  and we ld ing  on c e i l i n g s  a r e  under taken w i t h  t h e  u n i t  ups ide  down, w h i l e  
t h e  f i t t i n g  and we ld ing  on f l o o r s  a r e  implemented a f t e r  t h e  u n i t  i s  tu rned.  

( 3 )  On-Board O u t f i t t i n g  

On-board  o u t f i t t i n g  i s  designed t o  be as min imal  as p o s s i b l e  and i s  l i m i t e d  
t o  t h e  f o l l o w i n g :  

- o u t f i t t i n g  i tems o r  package u n i t s  t o o  heavy o r  b i g  t o  l o a d  o n t o  t h e  u n i t  p r i o r  
t o  e r e c t i o n ;  
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Figure  2-9 Three Types o f  Zone O u t f i t t i n g  
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- f r a g i  l e  components and wa te r -vu l  ne rab l  e  components t h a t  a r e  i m p r a c t i c a l  t o  be 
f i t t e d  on -un i t ,  such as j o i n e r  pane ls ,  i n s u l a t i o n ,  etc. ;  i tems s u b j e c t  t o  
damage f rom hand1 i ng and weat he r ;  

- connect ion  components between package u n i t s  and h u l l  u n i t s ,  such as p i p e  
makeup p ieces,  cab le ,  e t c .  

On-board  o u t f i t t i n g  i s  p l a n n e d  and  s c h e d u l e d  zone by  zone ,  subzone by 
subzone. 

V. PLANNING INSTRUMENTS AND PROCEDURES 

The b a s i c  approach t o  h u l l  p l a n n i n g  and schedul i n g  beg ins  b e f o r e  c o n t r a c t  by 
t h e  u s e  o f  a  document e n t i t l e d  Job D e s c r i p t i o n  A t  Each Stage I n  New H u l l  ~ n d  
O u t f i t t i n g  Eng ineer ing  Procedure a t  A.S.I., r e f e r r e d  t o  more s imp ly  as "Job 
D e s c r i p t i o n  A t  Each Stage Schedule." T h i s  document desc r ibes  a  meanins fu l  and 
r e a l  i s t i c  approach t o  thi p l a n n i n g  and schedul i n g  process. 

- 

A. Job D e s c r i p t i o n  A t  Each Stage Schedule 

F i g u r e  2-10 shows t h e  o v e r a l l  e f f o r t  i n  simp1 i f i e d  fo rmat .  It i s  i m p o r t a n t  
t h a t  t h e  stages o f  t h e  t o t a l  c o n t r a c t  requ i rements ,  as w e l l  as process lanes,  be 
t i m e  phased t o  assure  t h a t  adequate l e a d  t i m e  i s  p rov ided  f o r  a l l  f u n c t i o n s  
( E n g i n e e r i n g ,  P r o d u c t i o n  P lann ing,  Purchasing,  M o l d l o f t ,  and Produc t ion  
Eng ineer ing )  t o  pe r fo rm t h e i r  t a s k s  i n  a  t i m e l y  manner. 

Beg inn ing very  e a r l y  dur 'ng t h e  m a r k e t i n g  s tage,  predetermined meet ings a r e  
conducted t o  rev iew  s tage development, and these  meet ings c o n t i n u e  throughout  t h e  
d u r a t i o n  o f  t h e  c o n t r a c t .  

As i n d i c a t e d  on F i g u r e s  2-11 th rough  2-13, t h e  "market ing"  s tage d e f i n i t i o n s  
a r e  we1 l d e t a i l e d  and p r o v i d e  key p ieces  o f  i n f o r m a t i o n  necessary f o r  a l l  o f  t h e  
subsequent  stages. The c o n t r a c t  s p e c i f i c a t i o n s ,  sh ips  1  i n e s ,  and c o n t r a c t  
d r a w i n g s  a r e  e s s e n t i a l .  The m i d s h i p  s e c t i o n s ,  s c a n t l i n g  p l a n s ,  and s h e l l  
expans ions  p r o v i d e  much d e t a i l e d  p l a n n i n g  i n f o r m a t i o n .  Machinery arrangements 
and d iag rammat i cs  a r e  needed f o r  o u t f i t t i n g  and h u l l  p l a n n i n g  development. The 
c a l c u l a t i o n s  and t e c h n i c a l  da ta  developed a t  t h i s  t i m e  a r e  e s s e n t i a l  t o  t h e  
f o l l o w i n g  eng ineer ing  stages. P r e l i m i n a r y  procurement s p e c i f i c a t i o n s  must be 
s t a r t e d  f o r  r e s o l u t i o n  a t  c o n t r a c t .  

One month  a f t e r  c o n t r a c t  t h e  second o r  "go" meet ing  i s  h e l d  w i t h  
Eng ineer ing ,  P lann ing,  and t o p  management t o  assure  t h a t  t h e  p r e p a r a t i o n  s tage i s  
p r o g r e s s i n g  s a t i s f a c t o r i l y .  See F i g u r e  2-14. 

As shown i n  F i g u r e  2-15, f o u r  months a f t e r  t h e  "go" meet ing,  t h e  t h i r d  
meet ing  r e f e r r e d  t o  as t h e  " K "  meet ing  ( o r  key p l a n  s tage )  i s  h e l d  t o  assure  t h a t  
a p p r o v a l s  f rom t h e  r e g u l a t o r y  bod ies  and t h e  customer a r e  a v a i l a b l e .  A t  t h i s  
t ime,  key p l a n s  shou ld  be completed. A p a l l e t  schedule i s  i ssued  a t  t h i s  t i m e  on 
a l l  o u t f i t t i n g  m a t e r i a l  f o r  o n - u n i t  and on-board work. 
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Figure 2-10 Hul l  and O u t f i t t i n g  Engineering Schedule 







- PROCUREMENT SPECIFICATIONS 

MAIN PROPULSION ENGINES 
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ON-BOARD AND O W N I T  MATERIAL 

CONTRACT 

Figure 2-13 Marketing Stage (Continued) 







F o u r  months  a f t e r  t h e  " K "  meet ing,  h u l l  drawings a r e  i ssued  t o  t h e  M o l d l o f t  
t o  s t a r t  i t s  u n i t  c o n t r o l  manuals. A meet ing  i s  h e l d  a t  t h i s  t ime,  c a l l e d  an 
"ML" ( M o l d l o f t )  meet ing,  t o  ensure t o  t o p  management t h a t  t h i s  schedule i s  be ing  
fo l l owed .  See F i g u r e  2-16. 

P a r t s  programming, temp1 a tes ,  numer ica l  c o n t r o l  tapes,  o u t f i t t i n g  drawings,  
and j i g  i n s t r u c t i o n s  a r e  d e l i v e r e d  t o  P roduc t ion ,  s t a r t i n g  t h r e e  months l a t e r .  

The e i g h t  months between t h e  ML meet ing  (end o f  month number 9 )  and kee l  
l a y i n g  (end o f  month number 17)  a r e  d i v i d e d  i n t o  t h e  f o l l o w i n g  a c t i v i t i e s ,  as 
shown i n  F i g u r e  2-17: 

- M o l d l o f t  p r o d u c t i o n  o f  work p l a n  3 months - I ssue  o f  work o r d e r s  and assembly o f  m a t e r i a l  1 month 
- F a b r i c a t i o n ,  subassembly and assembly o f  u n i t s  4 months 

B. Processes and Func t ions  of H u l l  Plann'ng and Schedu l ing  

To keep  p r o d u c t i v i t y  h i g h ,  p r i m a r y  p l a n n i n g  and s c h e d u l i n g  s h o u l d  be 
developed beforehand f o r  t h e  f o l l o w i n g  s tages:  

- m a t e r i a l  procurement - f a b r i c a t i o n  - subassembly - assembly 
- e r e c t i o n  

The work  i n  these  s tages shou ld  be executed i n  accordance w i t h  p l a n n i n g  and 
s c h e d u l  i n g  i n s t r u c t i o n s .  These i n s t r u c t i o n s  shou ld  be i ssued  t o  each group t h a t  
has  t h e  same n a t u r e  o f  work and shou ld  be t h e  b i b l e  o f  h u l l  c o n s t r u c t i o n .  I n  
o t h e r  words, t h e  p l a n  and t h e  schedule shou ld  d r i v e  t h e  work and n o t  a l l o w  t h e  
work t o  d r i v e  t h e  p l a n  o r  t h e  schedule. 

The b a s i c  process f o r  h u l l  p l a n n i n g  i s :  

- t o  d i v i d e  a  h u l l  i n t o  u n i t s  t o  meet t h e  b e s t  requ i rements  of t h e  e r e c t i o n  
sequence; 

- t o  assemble each u n i t  w i t h  h i g h  p r o d u c t i v i t y  and q u a l i t y ,  u s i n g  a  p roduc t  work 
breakdown grouping.  

The b a s i c  p l a n n i n g  f o r  u n i t  sequence and u n i t  e r e c t i o n  i s  made by Avondale, 
u s i n g  t h e  I H I  methods and c o n s i d e r i n g  t h e  f o l l o w i n g :  

- t h e  cho ice  o f  t h e  f i r s t  u n i t s  t o  be p u t  down (as  a  r u l e  these  a r e  t h e  eng ine 
room u n i t s  t o  a l l o w  comp l i ca ted  o u t f i t t i n g  t o  s t a r t  e a r l y ) ;  

- t h e  c a p a c i t y  o f  t h e  cranes i n  assembly and e r e c t i o n  areas;  

- t h e  area f a c i l i t i e s  i n  t h e  assembly ya rd ;  

- m a i n t a i n i n g  t h e  accuracy o f  t h e  u n i t  when t u r n i n g  f o r  p o s i t i o n  we ld ing;  
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Figure 2-16 "K" Meeting to "ML" Meeting 





- t h e  l e n g t h s  ( l i n e a l  f e e t )  o f  f i t t i n g s  and welds r e q u i r e d  on each u n i t ,  which 
w i l l  de termine t h e i r  l e n g t h  o f  s t a y  a t  each c o n s t r u c t i o n  s tage;  

- t h e  r e q u i r e d  o n - u n i t  o u t f i t t i n g ;  

- t h e  s i z e  o f  t h e  u n i t ,  w h i c h  s h o u l d  be d e t e r m i n e d  and a d j u s t e d  w i t h  t h e  
o u t f i t t i n g  schedule so t h a t  t h e  m e r i t s  o f  b o t h  h u l l  c o n s t r u c t i o n  and on -un i t  
o u t f i t t i n g  can be achieved. 

The f i r s t  h u l l  document made i s  t h e  " P r e l i m i n a r y  U n i t  D e f i n i t i o n , "  F i g u r e  
2-18, developed p r i o r  t o  t h e  c o n t r a c t  meeting. The u n i t  arrangements a r e  r e f i n e d  
d u r i n g  t h e  P r e p a r a t i o n  s tage  ( F i g u r e  2-14) and f i n a l i z e d  i n  t h e  Key P lan  s tage 
( F i g u r e  2-15). 

The key p l a n s  developed d u r i n g  t h e  key p l a n  s tage a r e  b a s i c a l l y  done i n  
c o n j u n c t i o n  w i t h  t h e  t h r e e  main zones o f  t h e  vesse l  shown i n  F i g u r e  2-19: 

- cargo b lock  and f o r e  body - Zone "D"  - eng ine spaces and a f t  c o n s t r u c t i o n  - Zone "M"  - s u p e r s t r u c t u r e  - Zone " A "  

Also  d u r i n g  t h i s  p e r i o d ,  70 t o  75 pe rcen t  o f  t h e  r e q u i r e d  s t e e l  i s  r e q u i s i t i o n e d ,  
and t h e  number o f  s t e e l  p l a t e s  t h a t  have t o  be fu rnaced i s  determined by t h e  
M o l d l o f t .  Every e f f o r t  i s  made a t  t h i s  t i m e  t o  s t a n d a r d i z e  as many u n i t s  as 
p o s s i b l e  i n  t h e  area o f  t h e  f l a t  midbody. 

An o r d e r  o f  sequence i n  u n i t  e r e c t i o n  i s  t hen  e s t a b l i s h e d  and c h a r t e d  on an 
e r e c t i o n  sequence master  diagram, shown i n  F i g u r e  2-20. The e r e c t i o n  sequence i s  
des igned t o  p r o v i d e  an even ly  d i s t r i b u t e d  g roup ing  o f  u n i t s  t h a t  f a l l  i n t o  a  
r e g u l a r  cadence o f  e r e c t i o n .  T h i s  p e r m i t s  t h e  use o f  t h e  same peop le  and t h e  
same equipment i n  predetermined and p r o d u c t i o n  1  i n e  t y p e  o f  e r e c t i o n  sequences. 
N o t e  t h a t  a  s i m i l a r  cadence occurs  w i t h  l o n g i t u d i n a l  bulkheads, t r a n s v e r s e  
bu lkheads,  deck s e c t i o n s ,  and s i d e  s h e l l s .  T h i s  t y p e  o f  cadence a l s o  a l l o w s  a  
maximum e f f i c i e n t  movement o f  personne l ,  f rom s h i p  t o  s h i p  i n  m u l t i - v e s s e l  
c o n s t r u c t  i o n ,  p e r f o r m i n g  t h e  same jobs.  

C. Subun i t  Breakdown 

Subun i t  breakdown p l a n n i n g  i s  developed by t h e  l e a d  h u l l  p r o d u c t i o n  p lanner  
i n  charge, g i v i n g  every  c o n s i d e r a t i o n  t o  t h e  f o l l o w i n g :  

- h u l l  u n i t  c a t e g o r i e s  - f i t t i n g  sequence 
- f i t t i n g  j i g s  ( p i n  and f i x e d ) ,  f a c i l i t i e s ,  e t c .  
- w e l d i n g  processes - subassembly and assembly areas 

The n e x t  s t e p  taken  by t h e  l e a d  h u l l  p l a n n e r  i s  t h e  d i v i s i o n  o f  t h e  s h i p ' s  
u n i t s  i n t o  h u l l  shape c a t e g o r i e s  desc r ibed  i n  F i g u r e  2-5. These c a t e g o r i e s  
become t h e  keystone f o r  e s t a b l i s h i n g  t h e  process l a n e  method o f  h u l l  
c o n s t r u c t i o n .  
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Figure 2-19 Preliminary U n i t  Zones 



Figure  2-20 Tanker Erec t ion  Schedule 



These u n i t s  a r e  f u r t h e r  d i v i d e d  i n t o  subassembl i e s ,  p a r t i a l  subassemblies, 
and pieces.  Us ing t h i s  as a  bas i s ,  t h e  l e a d  h u l l  p lanner  then s t a r t s  w r i t i n g  h i s  
c o n s t r u c t i o n  method i n s t r u c t i o n s  i n  g r e a t  d e t a i l ,  a s s i g n i n g  p a r t i a l  
subassembl i e s ,  subassembl i e s ,  and main assembl i e s  t o  t h e  spec i  f i c  manufactur ing 
process lanes as g e n e r a l l y  d e p i c t e d  by F igu res  2-21 th rough  2-24. 

The above p l a n n i n g  produces a  document c a l l e d  "The U n i t  Breakdown Summary 
Sheet." F i g u r e  2-25 i s  a  p a r t i a l  w r i t e u p  o f  U n i t  No. 36 (a deck s e c t i o n )  and t h e  
r o u t i n g  and work i n s t r u c t i o n s  f o r  p rocess ing  t h e  u n i t  f rom s t a r t  of c o n s t r u c t i o n  
t o  b l a s t  and p a i n t .  

Th i s  document takes i n t o  c o n s i d e r a t i o n  t h e  f o l l o w i n g :  

- c l a s s i f i c a t i o n  o f  p a r t s  ( p a r t i a l  subassembl i e s ,  subassembl i e s ,  
assemblies, p ieces,  e t c . ) ,  

- 1  i n e s  and t y p e  o f  we ld  connect ions,  

- bevel  i n g  o f  we1 ded edges, 

- e x t r a  s tock  f o r  adjustment,  

- p r o v i s i o n s  f o r  accuracy c o n t r o l  , 

- p r e o u t f i t t i n g  and b l a s t  and p a i n t i n g .  

R a t i o n a l  i z a t i o n  and s t a n d a r d i z a t i o n  o f  t h e  work packages i n  t h i s  manner 
improves c o n s t r u c t i o n  p r o d u c t i v i t y  and encourages new and b e t t e r  methods through 
r e p e t  i t i ve opera t ions ,  The u n i t  breakdown summmary sheets f o r  each u n i t  become 
t h e  work i n s t r u c t i o n s  t o  h u l l  eng ineers  and draf tsmen t o  make t h e  d e t a i l e d  
u n i t - b y - u n i t  y a r d  p lans  which a r e  sent  t o  t h e  M o l d l o f t  w i t h  a  u n l t  p a r t s  1  i s t .  

D. U n i t  Con t ro l  Manual 

W i t h  t h e  y a r d  p lans  and u n i t  p a r t s  l i s t ,  t h e  M o l d l o f t  t hen  c rea tes  a  work 
i n s t r u c t i o n  b o o k l e t  f o r  each u n i t  c a l l e d  a  " u n i t  c o n t r o l  manual ." 

The u n i t  c o n t r o l  manual i s  made i n  t h e  fo rm o f  a  b o o k l e t  o f  drawings and 
i n s t r u c t i o n s  so t h a t  i t  can be e a s i l y  d iv. ided and d i s t r i b u t e d  t o  each work group 
i n  each o f  t h e  stages o f  process l a n e  c o n s t r u c t i o n  on a  need-to-know bas is .  Th is  
u n i t  c o n t r o l  manual i s  d iscussed i n  more d e t a i l  i n  Chapter 4. 

A t  each l a n e  and a t  each stage, c o n t r o l s  a r e  assigned t o  shop planners.  The 
s h o p  p l a n n e r s  must  c o n t r o l  t h e  d a i l y  s c h e d u l e  u n i t  by  u n i t ,  l o o k i n g  ahead 
a p p r o x i m a t e l y  s i x  t o  e i g h t  weeks. T h i s  m o n i t o r i n g  o f  t h e  sho r t - te rm schedule i s  
based on t h e  1  ong-term schedule devel  oped by t h e  P roduc t ion  P l  ann i  ng Department. 
These schedules a r e  used by t h e  p l a t e n  foremen t o  determine t h e  weekly work load.  
Thus, t h e  u n i t  subassembly and assembly process progresses on schedule up t o  and 
i n c l u d i n g  e r e c t i o n ,  each  s t a g e  o f  w h i c h  becomes one s e c t i o n  o f  t h e  h u l l  
c o n s t r u c t i o n  method. 
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UNlT $36 (CATEGORY 31) WGT (TONS) 38.0 
DATE: 03/03/82 REV. #2 

CENTER SECTION OF MAIN DECK FROM 8" FWD. OF FR. 
61 to 8" FWD. OF FR. 65 
(48'0" ~35'8'4") 

A. PARTIAL SUB UNlT s036-001-001 
WORK CENTER - PLATEN q23 
FABRICATE AND PARTIAL SUB ASSEMBLE THE 
CENTER SECTION OF TRANSV. DK. WEB AT FR. 62, 1 WITH WEB F R  BKTS. 

(1) 036-001-002 - WEB FR. 62 
(2) 036-001-003 - BKT. ON CL. 
(3) 036-001-004 - BKT. 7'1 1'4" OFF CL. PORT 
(4) 036-001-005 BKT. 7'1 f 'h "  OFF CL. STBD. 

/ 6.  PARTIAL SUB UNlT 1036-001-006 
1 WORK CENTER - PLATEN 923 

FABRICATE AND PARTIAL SUB ASSEMBLE THE 
CENTER SECTION OF TRANSV. DK WEB AT FR, 63, 
WITH WEB FR. EKTS. 

(1) 036-001 -007 - WEB FR. 63 
(2) 036-001-008 - BKT. ON CL. 

' 
(3) 036-001 -009 - BKT. 7'1 1 'h" OFF CL. PORT 
(4) 036-001-01 0 - BKT. 7'1 1 'A" OFF CL. STBD. 

Figure  2-25 Por t ion  o f  U n i t  Breakdown Summary Sheet 

/' 
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E. Assemblv Staae P l a n n i n ~  

T h i s  s t a g e  c o n s i s t s  of t h e  assembly of s u b u n i t s  from v a r i o u s  process lanes 
and pane l  l i n e s  i n t o  l a r g e r  and complete h u l l  u n i t s .  As p r e v i o u s l y  mentioned, 
t h e  g r o u p i n g  o f  these un ' t  assembl ies i s  by ca tegory  and i s  dependent on t h e  
f o l l o w i n g :  

- t h e  s u p p o r t i n g  f a c i l i t i e s  of  t h e  area ( f l a t  j i g s  f o r  f l a t  u n i t s ,  f i x e d  and p i n  
j i g s  f o r  curved u n i t s ) ;  

- t h e  s t a y i n g  t i m e  i n  process as determined by o u t f i t t i n g  l e n g t h s ,  we ld ing  
l e n g t h s ,  p r e o u t f i t t i n g ,  e t c .  

The assembly s t e p  sequences, days r e q u i r e d  f o r  each step,  c rane hours,  etc.,  
a r e  determined and graphed as shown i n  F i g u r e  2-26. T h i s  i s  t h e  b a s i c  schedu l i ng  
network t h a t  i s  t y p i c a l l y  used f o r  a1 1  p a r t s  f rom c u t t i n g  t o  e r e c t i o n .  

F. B l a s t  and P a i n t  P lann ing  

P lann ing  and schedu l i ng  t h e  c o a t i n g  system i s  j u s t  as much o f  t h e  t o t a l  h u l l  
p i c t u r e  as  schedu l i ng  t h e  h u l l  and o u t f i t t i n g  stages. The goal  i s  t o  accompl ish 
as much s u r f a c e  p r e p a r a t i o n  and undercoa t ing  as p o s s i b l e  d u r i n g  h u l l  c o n s t r u c t i o n  
and p r i o r  t o  t h e  vessel  ' s  be ing  erected,  

Zone p a i n t i n g  methods w i  11 vary, depending on many f a c t o r s ,  such as: 

- s h i p y a r d  space f o r  u n i t  s torage,  
- c a p a c i t y  o f  cranes, - c o n s t r u c t i o n  methods. 

Abou t  70 t o  8 0  p e r c e n t  o f  p a i n t i n g  i s  done b e f o r e  l a u n c h  i n  t h e  zone 
p a i n t i n g  method,  compared t o  o n l y  45 t o  50  p e r c e n t  u s i n g  p r e v i o u s  p a n e l  
c o n s t r u c t i o n  methods. T h i s  ach ieves s a f e r  work and h i g h e r  p r o d u c t i v i t y  once t h e  
v e s s e l  has been launched, and g r e a t l y  reduces t h e  use o f  b lowers,  s c a f f o l d s ,  
etc,,  on board. 

G. E r e c t i o n  Stage P lann ing  

D e f a u l t s  a t  t h i s  s tage can a f f e c t  t h e  s h i p ' s  launch d a t e  and d e l i v e r y ;  
t h e r e f o r e ,  s p e c i a l  a t t e n t i o n  shou ld  be p a i d  a t  t h i s  t i m e  t o  sa fe ty .  Schedu l ing  
o f  t h e  e r e c t i o n  s tage i s  t h e  key t o  a l l  of t h e  p reced ing  steps.  

The work  sequence o f  t h e  e r e c t i o n  s t a g e  i s  t h a t  o f  j o i n i n g  h u l l  u n i t s  
t o g e t h e r  f o r  each tank  o r  zone acco rd ing  t o  t h e  e r e c t i o n  schedule. A t  t h i s  t ime,  
t h e  u n i t s  l o s e  t h e i r  i n d i v i d u a l  i d e n t i t y  and beg in  t o  become p a r t  of  t h e  zone, 

The e r e c t i o n  s tage i s  d i v i d e d  i n t o  a  s e r i e s  o f  substages as f o l l o w s :  

(1) U n i t  e r e c t i n g  
( 2 )  S h i p w r i g h t i n g  
( 3 )  S c a f f o l d  e r e c t i n g  
( 4 )  Main s t r u c t u r e  f i t t i n g  
( 5 )  Main s t r u c t u r e  we ld ing  
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Sub s t r u c t u r e  f i t t i n g  
Sub s t r u c t u r e  weld ing 
Clean ing 
I n t e r n a l  v i s u a l  i n s p e c t i n g  
S c a f f o l d  removal 
Air t e s t  
P a i n t i n g  (coated t a n k s )  
Water t e s t  
Complet ion 

These substages a re  l i s t e d  and scheduled f o r  each tank,  zone, and subzone 
and  a r e  g e n e r a l l y  performed by t h e  same group ing o f  personnel  pe r  stage:  a  
s h i p w r i g h t  crew, a  rough f i t t i n g  crew, a  f i n i s h  f i t t i n g  crew, a  we ld ing  crew, an 
i n s p e c t i o n  crew, a  t e s t i n g  crew, and a  p a i n t i n g  crew. 

The e r e c t i o n  substage work shou ld  be completed w i t h  no work remaining, 
U n f i n i s h e d  work n e g a t i v e l y  i n f l u e n c e s  t h e  t o t a l  s h i p b u i l d i n g  process;  i t  i s  
e s p e c i a l  l y  d e t r i m e n t a l  i n  engine room, b o i l e r  room and cargo o i l  pump rooms. To 
i 1 l u s t r a t e  t h e  c o s t  o f  u n f i n i s h e d  work, an example was taken f rom one p a r t i c u l a r  
s h i p  o f  a  c o n t r a c t  and i s  shown i n  F i g u r e  2-27. 

F o r  e v e r y  t o n  l e f t  t o  be f i n i s h e d  a f t e r  l a u n c h ,  t h e  c o s t  i s  more t h a n  
doub led,  The c o s t l y  de lays  t o  o t h e r  c r a f t s  a r e  n o t  shown here, b u t  they  become 
perhaps t h e  most ser ious.  

The p rog ress  and p r o d u c t i v i t y  o f  each tank  and each zone comple t ion a r e  
checked  a t  Avondale by t h e  e r e c t i o n  shop p lanners .  Th is  i n c l u d e s  check ing t h e  
progress o f  each t r a d e  by u t i l i z i n g  i t s  p a r t i c u l a r  parameter o f  gauging progress,  
such  as f e e t  o f  f i t t i n g ,  l e n g t h  o f  we ld ing,  we ight  o f  p ipe ,  numbers o f  p i p e  
p ieces,  square f e e t  o f  p a i n t ,  and so on. 

V I  . PRODUCTION OUTFITTING PLANNING PROCEDURE 

The phrase " o u t f i t  p l a n n i n g "  desc r ibes  t h e  p l a n n i n g  and schedul i n g  necessary 
t o  i n s t a l l  and t e s t  and opera te  a l l  t h e  components o f  a  sh ip ,  o t h e r  than t h e  h u l l  
s t r u c t u r e .  

C o n c u r r e n t  w i t h  t h e  h u l l  p l a n n i n g  and  s c h e d u l i n g  a c t i v i t i e s  d e s c r i b e d  
p r e v i o u s l y ,  t h e  Produc t ion  O u t f i t  P1 anning Group develops t h e  i n f o r m a t i o n ,  
documents, and schedules needed t o  implement zone o u t f i t t i n g .  O u t f i t  p lann ing  
b e g i n s  e a r l y ,  b e f o r e  c o n t r a c t  s ign ing ,  and r e q u i r e s  f requen t  i n t e r a c t i o n  o f  
o u t f i t  p lanners,  w i t h  h u l l  p lanners ,  eng ineer ing  p lanners ,  and o t h e r  departments, 
The s teps  and procedures f o r  o u t f i t  p l a n n i n g  d u r i n g  p r e c o n t r a c t  and c o n t r a c t  
stages a r e  descr ibed be1 ow. 

A. P recon t rac t  

- As e a r l y  as p o s s i b l e  i n  t h e  p r e c o n t r a c t  n e g o t i a t i n g  pe r iod ,  t h e  Produc t ion  
P lann ing  Department e s t a b l i s h e s  t h e  major  m i l e s t o n e  dates o f  kee l ,  launch, and 
d e l i v e r y .  A f t e r  c o n t r a c t  s ign ing ,  these dates  a r e  shown i n  t h e  Master Yard 
Schedule. 
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THE TOTAL COMPARATIVE COST 
OF HULL WORK PRIOR TO LAUNCH 

AS OPPOSED TO COST OF HULL WORK 
AFTER LAUNCH 
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Figure 2-27 The Cost o f  Unf in ished Work A f t e r  Launch 
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- P r o d u c t i o n  O u t f i t  P lann ing  then  develops t h e  zone o u t f i t t i n g  master p l a n n i n g  
schedule, which i s  a schedule o f  schedules, a c t i v i t i e s ,  and events. 

- Produc t ion  P lann ing rece ives ,  f rom o t h e r  departments: 

- Con t rac t  s p e c i f i c a t i o n s  
- M idsh ip  s e c t i o n  - Scant1 i n g  p lans,  s e c t i o n s ,  and d e t a i l s  - General arrangement 
- Machinery arrangement 
- Key system diagrams 

- The s h i p  i s  then d i v i d e d  i n t o  l a r g e  purchas ing zones by O u t f i t  P lann ing  f o r  
t h e  advance o r d e r i n g  o f  m a t e r i a l  and equipment. A da te  f o r  t h e  e a r l i e s t  
r e q u i r e d  i tems i s  ass igned t o  each zone. The document e n t i t l e d  "Advanced 
Purchasing Zones" i s  shown i n  F i g u r e  2-28. I t  i s  one o f  t h e  s tandard  p l a n n i n g  
and schedu l i ng  t o o l s  used by ASI. Th is  document i s  sent  t o  t h e  Eng ineer ing  
and Purchasing Departments p r i o r  t o  c o n t r a c t  s ign ing .  Long- lead-t ime m a t e r i a l  
i s  o rdered a t  t h i s  t i m e  by component and by d iagrammat ic system. The o r d e r i n g  
t a k e s  p l a c e  l o n g  b e f o r e  work ing drawings a r e  completed. For  these advanced 
o r d e r s ,  m a t e r i a l  l i s t s  a r e  produced f o r  each zone and each subzone shown on 
t h e  document. 

- P r o d u c t i o n  H u l l  P lann ing  develops t h e  p r e l  im ina ry  u n i t  arrangement, w i t h  
master  b u t t s ,  and develops t h e  p r e l  i m i n a r y  p r e f a b r i c a t i o n  and subassembly 
schedule and t h e  main assembly and e r e c t i o n  schedule, as desc r ibed  p r e v i o u s l y .  

- P r o d u c t i o n  O u t f i t  P lann ing  and t h e  Eng ineer ing  O u t f i t t i n g  Sec t ions  dec ide on 
t h e  p r e l  i m i n a r y  appl i c a t i o n  o f :  

- machinery package u n i t s ;  * 

- p i p e  package u n i t s ;  

- t h e  v a r i o u s  t ypes  o f  on -un i t  o u t f i t t i n g  ( innerbot toms,  
f l a t s ,  etc. ) ;  

- zone o u t f i t t i n g  on board. 

8. Cont rac t  S ign ing  

- P r o d u c t i o n  O u t f i t  P lann ing  develops t h e  d e t a i l e d  zone arrangement and t h e  
p r e l  i m i  nary  pa l  1 e t  1 i s t .  

- Eng ineer ing  develops t h e  P r e l  i m i n a r y  Drawing Schedule, which i s  submi t ted  t o  
P roduc t ion  P lann ing  f o r  need dates. 

- P r o d u c t i o n  O u t f i t  P lann ing  develops t h e  Master  M i l e s t o n e  Const ruc t ion /Zone 
O u t f i t t i n g  Schedule. 

- The H u l l  C o n s t r u c t i o n  and M i l e s t o n e  Schedules a r e  reviewed by P roduc t ion  
Operat ions ,  P roduc t ion  Engineer ing,  and Produc t ion  P lann ing,  and j o i n t  
meet ings a r e  h e l d  t o  f i n a l i z e  them. 
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- A1 1 t h e  schedules p r e v i o u s l y  d iscussed a r e  submi t ted  t o  upper management f o r  
approva l  and, upon approva l ,  a r e  d i s t r i b u t e d  t o  t h e  yard ,  

- U n i t  c o n s t r u c t i o n  p l a n  i s  f i n a l i z e d  by P roduc t ion  H u l l  P lann ing  a t  a  s e r i e s  o f  
m e e t i n g s  w i t h  P roduc t ion  Operat ions ,  O u t f i t  P lann ing,  Mol d l o f t ,  Eng ineer ing ,  
and a l l  o t h e r  i n t e r e s t e d  p a r t i e s .  

- O u t f i t  P lann ing  beg ins  p u b l i c a t i o n  o f  t h e  U n i t  O u t f i t t i n g  Synopsis, a b r i e f  
d e s c r i p t i o n  o f  t h e  o u t f i t t i n g  procedure  f o r  each u n i t .  

- The Pa l  l e t  Schedule i s  f i n a l i z e d  by P roduc t ion  O u t f i t  P lann ing  and i ssued  t o  
t h e  yard .  

- The E n g i n e e r i n g  D r a w i n g  S c h e d u l e  i s  f i n a l i z e d  and w e e k l y  m e e t i n g s  b e g i n  
be tween  t h e  E n g i n e e r i n g  O u t f i t t i n g  S e c t i o n s ,  P r o d u c t i o n  H u l l  and O u t f i t  
P lann ing,  and Produc t ion  Operat ions  t o  rev iew  and d i scuss  as they  develop:  

- advance des ign composi te sketches,  
- t h e  work ing  drawings,  - p a l l e t  codes and t h e  p a l l e t  l i s t s  o f  m a t e r i a l .  

- O u t f i t  P lann ing  beg ins  p u b l i c a t i o n  o f  t h e  " U n i t  O u t f i t t i n g  L i s t s  o f  M a t e r i a l "  
and t h e  "Zone O u t f i t t i n g  L i s t s  of  M a t e r i a l  ." 

- Work o r d e r s  a r e  i s s u e d  b y  P r o d u c t i o n  E n g i n e e r i n g ,  and t h e  f a b r i c a t i o n ,  
s o r t i n g ,  c o l  l e c t i o n ,  and packaging o f  o u t f i t t i n g  m a t e r i a l  begins.  

- On-un i t  and package u n i t  o u t f i t t ' n g  begins.  

- On-board o u t f i t t i n g  begins.  

- Produc t ion  O u t f i t  P lann ing  i ssues  t h e  Compartment Complet ion and t h e  Machinery 
T e s t i n g  Schedule, wh ich  i s  developed f rom i n f o r m a t i o n  con ta ined  i n  t h e  Master  
M i  1  e s t  one and Pal 1  e t  Schedules and f rom t h e  Test  Memoranda developed by t h e  
Qua1 i t y  Assurance S e c t i o n  o f  Eng ineer ing .  

V I I. DEVELOPMENT OF SCHEDULES 

There a r e  bas i  c a l  l y  t h r e e  types o f  schedules : 

- t h e  master  y a r d  schedule - 1  ong-term schedule - s h o r t - t e r m  schedules 

F i g u r e  2-29 shows t h e  o v e r a l l  t r e e  s t r u c t u r e  o f  schedules a t  Avondale. It 
a1 s o  shows who i s  i n v o l v e d  i n  schedule c r e a t i o n ,  and more impor tan t ,  who becomes 
r e s p o n s i b l e  f o r  t h e  check ing o f  schedule progress .  Th is ,  i n  t u r n ,  breaks down 
a1 1  work e f f o r t  i n t o  d e t a i l  schedules f o r  execut ion .  P a r t i c i p a t i o n  e f f o r t  i n  
m a k i n g  t h e s e  s c h e d u l e s  o r i g i n a t e s  a l l  t h e  way f r o m  f r o n t  l i n e  fo remen  and  
mechanics t o  m idd le  and upper management. 
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It i s  ex t reme ly  i m p o r t a n t  t h a t  schedules be: 

- REALISTIC That  i s  t o  say, s a f e l y  w i t h i n  t h e  maximum l o a d i n g  c a p a b i l i t y  o f  
t h e  f a c i  1 i t y  and personnel  . 

- RECOGNIZED T h i s  means t h e y  a r e  o f f i c i a l  documents o f  t o p  management and can 
be changed o n l y  by t o p  a u t h o r i t y .  

- RESOLUTE Th is  i n d i c a t e s  they  a r e  regarded by a l l  employees as steady and 
determined work guides. 

F i g u r e  2-30 i s  a l i s t  of some of  t h e  t y p e s  o f  schedules made and t h e i r  
d i s t r i b u t i o n  i n  vessel  c o n s t r u c t i o n  a t  ASI. 

A. The Master  Yard Schedule 

The master  y a r d  schedule d e f i n e s  t h e  l ong - te rm scheme o f  t h e  assembly, based 
on  t h e  s h i p  c o n s t r u c i o n  p r o g r a m  o f  a l l  c o n t r a c t s  i n  p r o g r e s s .  The m a s t e r  
schedu le  s e t s  f o r t h  n o t  o n l y  t h e  assembly s tage o p e r a t i o n  b u t  t h e  s h i p y a r d  
o p e r a t i o n  po l  i c y .  There fore ,  t h i s  schedule i s  fundamental i n  e s t a b l i s h i n g  each 
p r o d u c t i o n  s tage schedule i n  t h e  sh ipyard .  The f o l l o w i n g  i t ems  a r e  i n d i c a t e d  on 
t h e  master  y a r d  schedule. 

1 ) Sh ip  c o n s t r u c t  i o n  program f o r  each c o n t r a c t e d  vessel  : 

a. Keel l a y i n g  
b. Launching 
c. D e l i v e r y  

2 )  E r e c t i o n  and assembly we igh t  p e r  month, based on p a s t  exper ience.  

3 )  Accumulat ive e r e c t i o n  and assembly we igh t  curves by vessel ,  

The f u n c t i o n  o f  t h e  m a s t e r  y a r d  s c h e d u l e  i s  t o  g i v e  management t h e  
f o l l o w i n g :  

- an unders tand ing o f  t h e  necessary manhours and r e q u i r e d  assembly area,  
- a b i l i t y  t o  make ad jus tments  t o  t h e  assembly p l a t f o r m  c a p a b i l i t i e s ,  
- a b i l i t y  t o  a d j u s t  manpower t o  s u i t  h u l l  c o n s t r u c t i o n  schedules. 

0 .  Long-Term Assembly Schedule 

The f u n c t i o n s  o f  t h e  1 ong-term assembly schedule a r e  as f o l  1 ows : 

- To s u p p o r t  smooth  r e l a t i o n s h i p s  be tween  p r o d u c t i o n  s t a g e s .  I t  i s  v e r y  
impor tan t ,  f o r  example, t h a t  r e l a t i o n s h i p s  between f a b r i c a t i o n ,  
p r e f a b r i c a t i o n ,  and assembly be as smooth as poss ib le .  

- To l e v e l  - l oad  t h e  work volume a t  each assembly stage. The work volume f o r  
u n i t s ,  subun i ts ,  p a r t i a l  subun i t s ,  and p ieces  shou ld  be e s t a b l i s h e d  a t  t h i s  
t i m e .  The necessary number o f  manhours can then  be c a l c u l a t e d .  The work 
c e n t e r s  a r e  1 eve1 -1 oaded, based on s tandard  manhour requ i rements  f o r  f i t t i n g ,  
we ld ing,  and o t h e r  t a s k s  ob ta ined  f rom c o n t r o l  c h a r t s  c a l l e d  ca tegory  recap 
sheets. 
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Figure 2-30 Major Schedules Issued at AS1 

- - -- 

TYPE SCHEDULE 

MASTER YARD SCHEDULE 

JOB STAGE DESCRIPTION FOR 
HULL & OUTFIT ENGINEERING 

HULL UNlT BREAKDOWN 

ADVANCED PURCHASING 
\ ZONES 

MASTER MILE STONE 

PALLET SCHEDULE 

MAIN ASSEMBLY AND 
ERECTION 

PRE-FAB & SUB ASSEMBLY 

DRAWING SCHEDULE 

DRYDOCK & 
WHARF SCHEDULE 

LONG-TERM 
PROCESS LANES 

SHORT-TERM 
PROCESS LANES 

COMPARTMENT COMPLETION 

MECHANICAL TEST 
SCHEDULE 

PURPOSE & USE 
TOTAL WORK LOAD 
INDICATOR PROJECT 
UP TO 3 YEARS 
ESTABLISH NEED DATES 
FOR INFOR & DWGS. 
CONTRACT ORIENTED 

IDENTIFY MODULAR 
SECTIONING OF SHIP 

PROJECT STANDARD 
ZONE DELIV. DATES 

ESTABLISH ALL  KEY 
EVENTS AND A L L  
MAJOR MILESTONES 
ESTABLISH STAGE 
CODES AND DATES 
FOR MATERIAL PALLETS 
ESTABLISH ERECTION 
SEQUENCE AND 
UNIT IDENTIFICATION 
IDENTIFY LEAD TIME & 
STAGES OF 
FABRICATION 
IDENTIFY ALL  DWGS 
AND ESTABLISH ALL  
NEED DATES 
ESTABLISH DRYDOCK , 
PERIODS AND WHARF 
TlME & LOCATION 

LONG TERM PRODUCT 
WORK BREAKDOWN 
FOR HULL WORK 

SHORT TERM PRODUCT 
WORK BREAKDOWN 
FOR HULL WORK 
ESTABLISH COORDIN- 

COMPLETlONS OF 
COMPARTMENTS 
ESTABLISH COORDIN- 
ATED COMPLETIONS OF 
TEST PROCEDURES 

-- - -- 

GENERATED BY 

PRoDUCTloN 
PLANNING 

ENGINEERING 
PRODUCTION PLANNING 
& ADVANCED PRGMS. 

PRODUCTION 
PLANNING 

PRODUCTION 
PLANNING 

PRODUCTION 
PLANNING 

PRODUCTION 
PLANNING 

PRODUCTION 
PLANNING 

PRODUCTION 
PLANNING 

ENGINEERING 

PRODUCTION 
PLANNING 

PRODUCTION 
PLANNING 

FABRICATION SHOP 
PLANNERS 

PRODUCTION FIELD 
PRODUCTION PLANNING 

PRODUCTION FIELD 
PRODUCTION PLANNING 

- - - 

DISTRIBUTED TO 

TOP MANAGEMENT 

TOP MANAGEMENT 

TOP MANAGEMENT 
ENGINEERING 
PRODUCTION 
WRCHASlNG 

DITTO 

DITTO 

DITTO 

MANAGEMENT 
ENGINEERING 
PRODUCTION 

DITTO 

DITTO 

DITTO 

DITTO 

DITTO 

DITTO 

DITTO 

FREQUENCYOF 

MONTHLY 

PRE-CONTRACT 

PRE-CONTRACT 

PRE-CONTRACT 

AFTER CONTRACT 
AND MONTHLY 

UPDATE 

AFTER CONTRACT 

AFTER CONTRACT 
MONTHLY REVIEW 

AFTER CONTRACT 
MONTHLY REVIEW 

AFTER CONTRACT 

MONTHLY 

AFTER CONTRACT 
REVIEW MONTHLY 

AFTER CONTRACT 
REVIEW WEEKLY 

AFTER CONTRACT 
REVIEW WEEKLY 

AFTER CONTRACT 
REVIEW WEEKLY 



- Make a d j u s t m e n t s  t o  t h e  manhour scheme c a l c u l a t e d  f o r  t h e  pu rchas ing  o f  s t e e l  
rna*.??i i l  arid d r r i  v l l  d ? j i  gn~:iorl;. l 

rr le f 3 l I a r l  i n g  documents a re  r e q u i r e d :  

- Master  Yard Schedule - E r e c t i o n  Schedule - Key P lan 
- U n i t  Recap Sheets 
- U n i t  Arrangement 
- P l a t f o r m  Arrangement 

F i r s t ,  t h e  d a t e  t h a t  each  u n i t  i s  i n  i t s  l a s t  day o f  c o n s t r u c t i o n  i s  
determined by  t h e  e r e c t i o n  schedule, c o n s i d e r i n g  o u t f i t t i n g  t i m e  and b l a s t  and 
p a i n t  t ime.  T h i s  da te  f o r  each u n i t  i s  t hen  t r a n s f e r r e d  t o  t h e  a p p r o p r i a t e  
a s s e m b l y  s t a g e  c h a r t .  U s i n g  C a t e g o r y  1 as an example ,  t h e  g r a n d  assemb ly  
s c h e d u l e ,  which i s  t h e  l a s t  assembly s tage f o r  Category 1, i s  t h e  f i r s t  schedule 
f o r  w h i c h  these  c r i t i c a l  da tes  a r e  determined. When a l l  t h e  dates  f o r  each u n i t  
t h a t  goes t o  grand assembly a r e  t r a n s f e r r e d  t o  t h a t  c h a r t ,  t h e  f i r s t  schedule can 
be prepared. The u n i t s  a r e  then  leve l - l oaded ,  c o n s i d e r i n g  t h e  i n f o r m a t i o n  i n  t h e  
u n i t  r e c a p  sheets  and t h e  p l a t f o r m  arrangement a p p r o p r i a t e  t o  t h e  grand assembly 
c o n s t r u c t i o n  stage. 

A f t e r  t h e  grand assembly schedule i s  completed, ensu ing schedul e s - - f  i n a l  
assembly, main assembly, p r e o u t f i t t i n g ,  and subassembly and panel  1  ine- -are  made, 
each one depending upon t h e  c r i t i c a l  da tes  e s t a b l i s h e d  by t h e  p rev ious  
c o n s t r u c t i o n  s tage schedule. 

Then, f rom t h e  panel  l i n e  schedule f o r w a r d  i n  t ime,  l o a d i n g  and dates a r e  
r e f i n e d  t o  ensure t h a t  c r i t i c a l  da tes  a r e  n o t  i n  c o n f l i c t  and t h a t  work areas a r e  
n o t  over loaded,  a d j u s t i n g  t h e  panel  l i n e  schedule so as t o  accommodate t h e  
re f inement  o f  t h e  v a r i o u s  schedules. 

An i m p o r t a n t  p o i n t  i n  accompl ish ing l e v e l  l o a d i n g  i s  keep ing i n  mind t h e  
c a p a c i t i e s  o f  work areas a t  each s tage  and back ing  o f f  i n  t ime,  where necessary, 
t o  meet c r i t i c a l  da tes  w i t h o u t  o v e r l o a d i n g  those  work c a p a c i t i e s .  A1 so  i m p o r t a n t  
t o  l e v e l  l o a d i n g  i s  t h e  g roup ing  and l o a d i n g  o f  s i m i l a r  work groups toge the r .  
When t h e  work i s  ar ranged i n  t h i s  manner, because t h e  work groups a r e  s i m i l a r ,  
t h e  c o n s t r u c t i o n  t i m e  p e r i o d s  a r e  s i m i l a r .  

As these  schedu l i ng  p r i n c i p l e s  a r e  a p p l i e d  t o  each i n d i v i d u a l  ca tegory ,  t h e  
r e s u l t i n g  sum i s  a  l e v e l - l o a d e d  c o n s t r u c t i o n  schedule f o r  t h e  d u r a t i o n  o f  t h e  
c o n t r a c t .  

These schedules a r e  n o t  meant t o  be an a b s o l u t e  f i n a l  p roduc t .  They a r e  
l ong - te rm assembly schedules and w i l l  be c o n t i n u a l l y  updated and r e f i n e d  as 
e f f i c i e n c i e s  change and as new c o n t r a c t s  a r e  taken  i n t o  account. They a r e  
p e r f e c t l y  adequate a t  t h i s  s tage f o r  p r e p a r a t i o n  o f  u n i t  c o n t r o l  manuals and 
templa tes ,  and f o r  t h e  schedu l i ng  o f  m a t e r i a l  purchases. 
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C. Lona-Term F a b r i c a t i o n  Schedule 

A f t e r  choos ing which p l a t e n s  would be bes t  s u i t e d  t o  suppor t  each s tage o f  
c o n s t r u c t i o n  u s i n g  t h e  process l a n e  theo ry ,  t h e  f a b r i c a t i o n  schedule f o r  each 
f a b r i c a t i o n  1 i n e  i s  determined f rom t h e  subsequent subassembly schedule so t h a t  
t h e  p a r t i a l  subassemblies can be completed b e f o r e  t h e  c r i t i c a l  da tes  needed on 
t h e  subassembly p la ten .  F a b r i c a t i o n  p l a t e n s  a r e  d i v i d e d  i n t o  two f a b r i c a t i o n  
1 i n e s  f o r  Category 1 u n i t s :  

- L i n e  1 - L o n g i t u d i n a l  bulkhead webs, s i d e  she l  1 webs, t r a n s v e r s e  bulkhead and 
h o r i z o n t a l  g i r d e r s .  

- L i n e  2 - F l o o r s ,  g i r d e r s ,  and smal l  p ieces.  

0. Long-Term Bending Schedule 

To e n s u r e  p roper  m a t e r i a l  f l o w  t o  develop d e t a i l e d  shop schedules f rom raw 
m a t e r i a l s  t o  a f i n i s h e d  p roduc t ,  t h e r e  a r e  c e r t a i n  f a c t o r s  r e q u i r e d  a t  each work 
center .  

For  bending schedules,  t h e  f a c t o r s  a re :  

- Need Dates:  Us ing subassembly schedules and main assembly schedules, 
de termine t h e  d a t e  m a t e r i a l  i s  needed. 

- T o t a l  number of p l a t e s  and s t r u c t u r a l s  t h a t  r e q u i r e  bending:  

U s i n g  she l  1 expansion drawings and M o l d l o f t  bending c r i t e r i a ,  
p l a t e s  a r e  c l a s s i f i e d  as t o  t h e  bend ing process.  

- T o t a l  number o f  p l a t e s  and s t r u c t u r a l s  t h a t  r e q u i r e  l i n e  h e a t i n g :  

u s i n g  she l  1 expansion drawings, Mold1 o f t  bending c r i t e r i a .  . 
- T o t a l  number o f  p l a t e s  and s t r u c t u r a l s  t h a t  r e q u i r e  fo rming:  

Us ing  she l  1 expansion drawings,  M o l d l o f t  bending c r i t e r i a ,  and 
need dates  f o r  f o rm ing  j i g s .  

- Length and t h i c k n e s s  o f  p l a t e s :  

To determine work c e n t e r  o r  a l t e r n a t e  work centers .  

- Capac i t y  o f  r o l l s  and frame bender: 

Largest-smal  l e s t  T. 

- P r o d u c t i o n  o u t p u t  a t  each work c e n t e r :  

Capac i ty  o f  r o l l  i ng , frame bender, 1 i ne h e a t i n g  and press.  
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E. P r e f a b r i c a t i o n  Schedule 

The p r e f a b r i c a t i o n  schedule shou ld  be made f o r  each t y p e  o f  c u t t i n g  machine 
o r  work  area, such as s t r u c t u r a l s  and f l a t  b a r  p r e f a b r i c a t i o n  area. There fore ,  
i n  p r e p a r i n g  t h e  p r e f a b r i c a t i o n  schedule, t h e  f o l l  owing shou ld  be i nc luded :  

- Exactograph - f o r  s t r a i g h t  s k i n  p l a t e s  - N.C. ( 3  a x i s )  - f o r  curved s h e l l  p l a t e s  and i n t e r n a l  p l a t e s  
- N.C. ( 2  a x i s )  - f o r  i n t e r n a l  p l a t e s  
- Servograph - f o r  smal l  p ieces  
- Shear ing  - f o r  smal l  p ieces  
- S t r u c t u r a l  c u t t i n g  area - F l a t  b a r  c u t t i n g  area 

The p r e f a b r i c a t i o n  schedules a r e  made up f rom t h r e e  schedu les- - the  panel  
1 i n e  schedules, f a b r i c a t i o n  schedule, and t h e  bending schedule--by deduc t ing  t h e  
number o f  days i t  w i l l  t a k e  f o r  c u t t i n g ,  marking,  punching, and s t a c k i n g  o f  
m a t e r i a l  f o r  t h e  n e x t  stage. 

F. Schedul i ng Mechanism and Network 

The s c h e d u l i n g  mechan ism and n e t w o r k  shows how each  s t a g e  s c h e d u l e  i s  
r e t a i n e d .  A l o n g i t u d i n a l  bu lkhead Category 1 c h a r t  ( F i g u r e  2-31) i s  an example. 
(An example f o r  a  d i f f e r e n t  t y p e  o f  u n i t  was shown i n  F i g u r e  2-26.) 

F i r s t ,  a l l  u n i t s  a r e  broken down i n t o  subun i ts .  L o n g i t u d i n a l  bulkhead u n i t s  
a r e  broken down i n t o  t h r e e  s u b u n i t s :  

LONGITUDINAL BULKHEAD, wh ich  i s  a  s u b u n i t  t h a t  c o n s i s t s  o f :  

1 )  Sk in  f o r  l o n g i t u d i n a l  bulkhead, 
2 )  L o n g i t u d i n a l  f o r  l o n g i t u d i n a l  bulkhead, 
3 )  I n t e r n a l  members, such as web frames. 

TRANSVERSE BULKHEAD i s  a  s u b u n i t  t h a t  c o n s i s t s  o f :  

1) Sk in  f o r  t r a n s v e r s e  bulkhead, 
2 )  L o n g i t u d i n a l  f o r  t r a n s v e r s e  bulkhead, 
3 )  I n t e r n a l  members, such as h o r i z o n t a l  g i r d e r s .  

UPPER DECK, which c o n s i s t s  o f :  

1) Sk in  p l a t e  f o r  upper deck, 
2 )  L o n g i t u d i n a l  and headers f o r  upper deck. 

Then each i n d i v i d u a l  p i e c e  i s  scheduled t o  a l l o w  a  cons tan t  f l o w  o f  m a t e r i a l  
t h r o u g h  each s tage so t h a t  each p i e c e  can meet a t  t h e  p roper  s tage a t  t h e  p roper  
t i m e  t o  be f a b r i c a t e d  and become a  s u b u n i t  and, f i n a l l y ,  a  u n i t .  

On t h e  schedu l i ng  and mechanism and network c h a r t ,  e v e r y t h i n g  i s  keyed t o  
t h e  e r e c t i o n  date,  a t  wh ich  t i m e  t h e  u n i t  has t o  be complete. Working backward 
i n  t ime,  t h e r e  a r e  f i v e  days f o r  t h e  f i n a l  o u t f i t t i n g  stage. P r i o r  t o  o u t f i t t i n g  
i s  grand assembly, t o  i n s t a l l  t h e  b racke ts  and t h e  t r u n k  t o  t h e  l o n g i t u d i n a l  
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bulkhead ( two days). P r i o r  t o  grand assembly i s  b l a s t  and p a i n t  ( f i v e  days),  
where t h e  u n i t  i s  sent  t h rough  t h e  shot  b l a s t  and pa in ted.  P r i o r  t o  b l a s t  and 
p a i n t  i s  t h e  f i n a l  assembly s tage o f  seven days i n  which a l l  we ld ing,  f i t t i n g ,  
and o u t f i t t i n g  o f  a l l  t h e  p rev ious  stages a r e  t o  be completed so t h e  u n i t  can be 
i n s p e c t e d  and accepted f o r  b l a s t  and p a i n t .  P r i o r  t o  f i n a l  assembly i s  t h e  main 
assembly stage,  i n  which upper deck i s  j o i n e d  t o  t h e  l o n g i t u d i n a l  bulkhead and 
t r a n s v e r s e  b u l k h e a d  ( f i v e  d a y s ) .  P r i o r  t o  ma in  assemb ly  i s  t h e  two-day  
p r e o u t f i t t i n g  s tage f o r  f i t t i n g  subun i t s  w i t h  p i p i n g ,  ladders ,  e t c .  P r i o r  t o  t h e  
p r e o u t f i t t i n g  s tage i s  a  f i ve -day  subassembly stage i n  which t h e  t r a n s v e r s e  
bulkhead i s  j o i n e d  t o  t h e  1  ongi  t u d i n a l  bulkhead. 

The s t a r t i n g  dates o f  each subun i t  a re  chosen so t h a t  each i s  completed i n  
t h e  same week a t  t h e  main assembly stage. 

I n  p r e f a b r i c a t i o n ,  p r i o r  t o  subassembly, t h e  1  ongi  t u d i n a l  bulkhead, 
t r a n s v e r s e  bulkhead, and deck p l a t i n g  a r e  on t h e  panel l i n e  t o  i n s t a l l  t h e  
s t i f f e n e r s  t o  t h e  s k i n  p l a t e s .  Four days a r e  a l l owed  f o r  each panel t o  be 
f a b r i c a t e d  a t  t h e  panel l i n e .  

P r i o r  t o  t h e  panel 1  i n e  and subassembly i s  a  work queue p e r i o d  o f  f i v e  days 
f o r  t h e  s k i n  p l a t e s  and l o n g i t u d i n a l s  and t e n  days f o r  i n t e r n a l s  t o  make sure  a l l  
m a t e r i a l  i s  a v a i l a b l e  f o r  t h e  p a n e l  l i n e .  T h i s  a l s o  a l l o w s  some t i m e  f o r  
u n p r e d i c t a b l e  adjustments.  For  s k i n  p l a t e s ,  p r i o r  t o  t h e  work queue i s  t h e  
p r e f a b r i c a t i o n  pe r iod ,  when t h e  s k i n  p l a t e s  a r e  c u t  on t h e  exactograph, a1 l ow ing  
two days f o r  c u t t i n g .  

F o r  l o n g i t u d i n a l s ,  f i v e  days a r e  a l l o c a t e d  f o r  p u n c h i n g ,  m a r k i n g ,  and 
c u t t i n g .  P r i o r  t o  t h e  work queue on t h e  i n t e r n a l s  i s  t h e  f a b r i c a t i o n  p e r i o d  o f  
t e n  days t o  f a b r i c a t e  t h e  g i r d e r s  and web frames, P r i o r  t o  f a b r i c a t i o n  o f  
i n t e r n a l s ,  another  work queue i s  scheduled f o r  f i v e  days t o  ga the r  a l l  m a t e r i a l  
f o r  f a b r i c a t i o n .  P r i o r  t o  t h i s  work queue i s  p r e f a b r i c a t i o n  f o r  t h e  i n t e r n a l s ,  
d u r i n g  which t h e  va r ious  p ieces  a r e  c u t  t o  s ize .  

G. Short-Term Schedule (Monthly-Weekly ) 

Product  i o n  a c t i v i t i e s  a r e  based upon t h e  long- term schedules, Wi th  t h e  
1  ong-term schedules e s t a b l  ished,  each shop p lanner  can then  prepare  a  sho r t - te rm 
s c h e d u l e  based on t h e  c a p a c i t i e s  o f  each machine and work area. The sho r t - te rm 
schedules a r e  i ssued  on a  r e g u l a r  bas i s ,  c o n s i d e r i n g  t h e  f o l l o w i n g  p o i n t s :  

- g i v e s  an unders tand ing o f  t h e  work progress  s t a t u s  f o r  p r i o r  and subsequent 
stages,  

- i n d i c a t e s  except ions  t o  normal r o u t i n e  work ing  methods o f  i tems. 

The o b j e c t i v e s  o f  t h e  shop p lanner  and s h o r t  - te rm schedules a re :  

1) M a t e r i a l  Con t ro l  

a )  P repara t i on  o f  necessary m a t e r i a l .  
b )  I d e n t i f i c a t i o n  o f  t h e  p rev ious  stage,  c o n d i t i o n s ,  o r  s t a t u s ,  
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Process Con t ro l  

a )  Maintenance o f  t h e  schedule by knowing 

- s t a t u s  o f  m a t e r i a l ,  
- s t a t u s  o f  u n i t s ,  - scheme o f  manning f l ow ,  
- scheme o f  p l a t f o r m  f low.  

3 )  Accuracv. Sa fe tv .  and Manu fac tu r i  na Method Con t ro l  

a )  Achievement o f  an accu ra te  u n i t .  
b )  Reduct ion o f  c o s t  w i t h  sa fe ty .  

4 )  E f f i c i e n c y  Con t ro l  - Con t ro l  Chart  

a )  C o l l e c t i o n  o f  da ta  f rom work centers ,  f o r  example: 

- weight  , 
- w e l d i n g l f i t t i n g  l eng ths ,  - consumed manhours. 

P r o p e r  l o a d i n g  and use o f  these schedules shou ld  p r o v i d e  a  steady f low o f  
m a t e r i a l  and a  cons tan t  work l o a d  throughout  t h e  shipyard.  

H. Drawing Schedules 

F o r  zone o u t f i t t i n g  t o  succeed, t h e  eng ineer ing  des ign e f f o r t  must get  o f f  
t o  a  f a s t  s t a r t ,  must peak e a r l y ,  and must remain i n t e n s i v e  u n t i l  complet ion.  
T h i s  can be accomplished o n l y  i f  t h e  eng ineer ing  e f f o r t  i s  c a r e f u l l y  p lanned and 
scheduled. A t  Avondale, t h e  Eng ineer ing  P lann ing  and Schedul i n g  Sec t ion  c o n s u l t s  
w i t h  management and eng ineer ing  s e c t i o n  l eaders  and b u i l d s ,  ma in ta ins ,  and 
mon i to rs  eng ineer ing  drawing schedules and m a t e r i a l  procurement schedules. 

As e a r l y  as p o s s i b l e ,  t h e  "keys" t o  p l a n n i n g  f o r  vessel c o n s t r u c t i o n  a r e  
developed by t h e  Product  i o n  P lann ing  Department and t h e  Advanced Programs and 
H u l l  Techn ica l  and Design Sect ions.  These keys are:  

P roduc t ion  P l  anni  n q  

- Produc t ion  Major  M i l e s t o n e  Dates 

- i n c l u d i n g  t h e  d a t e s  s t e e l  i s  r e q u i r e d  i n  t h e  y a r d ,  s t a r t  o f  
p r e f a b r i c a t i o n ,  s t a r t  o f  main assembly ( p r e o u t f i t ) ,  da te  o f  kee l  
l a y i n g ,  da te  o f  launch, and d a t e  o f  de l  i v e r y .  

- U n i t  Arrangement. 

- Zone and Subzone Arrangement. 

- Pre fab  and Subassembly Schedule. 

- Main Assembly and E r e c t i o n  Schedule. 
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Advanced Programs/Hul 1  Techn ica l  and Design 

- S p e c i f i c a t i o n s .  
- M idsh ip  Sect ion .  
- S c a n t l i n g  Plan. 
- Scant1 i ng Sec t ion  and De ta i  1  s. - General Arrangement. - Machinery Arrangement. 
- Systems Diagrams. 

As t h e  above p l a n n i n g  keys a r e  made a v a i l a b l e ,  t h e  eng ineer ing  s e c t i o n s  
rev iew them and prepare  a  d e f i n i t i o n  o f  t h e  scope o f  work they  must accompl i s h  i n  
o r d e r  t o  p r o v i d e  P r o d u c t i o n  w i t h  t h e  n e c e s s a r y  w o r k i n g  d r a w i n g s  and o t h e r  
e n g i n e e r i n g  data. Th is  scope w i l l  i n c l u d e  a  drawing l i s t  which w i l l  i n d i c a t e  
those drawings t h a t  P roduc t ion  w i l l  need and an e s t i m a t e  o f  t h e  manhours r e q u i r e d  
t o  p r e p a r e  each diagram, drawing, and s e t  o f  c a l c u l a t i o n s .  A l so  i n c l u d e d  i n  t h e  
scope i s  a  l i s t  o f  t h e  u n i t s  f o r  which composites w i l l  be made and t h e  es t ima ted  
hours needed f o r  these composi te drawings. 

Key Plans a r e  r e q u i r e d  f o r  l ong - lead  m a t e r i a l  procurement o r  t o  suppor t  
o t h e r  eng ineer ing  d i s c i p l  ines.  The Key P lan schedules a r e  Gan t t - t ype  w i t h  
symbols r e p r e s e n t i n g  d r a f t i n g  a c t i v i t y ,  check ing a c t i v i t y ,  and scheduled rev iews 
w i t h  t h e  A s s i s t a n t  Ch ie f  Engineer t o  m o n i t o r  d rawing progress.  

Ya rd  P l a n  schedules f o r  t h e  O u t f i t t i n g  Sec t ion  a r e  a l s o  prepared. Manpower 
e q u i r e m e n t s  f o r  t h e  O u t f i t t i n g  Sec t ion  f o r  t h e  scheduled j o b  a r e  counted f o r  
a c h  week and t h e  r e q u i r e d  weekly t o t a l s  a r e  shown f o r  d r a f t e r s  and checkers. 

Manpower r e q u i  rements a r e  a1 so determined f o r  t h e  accommodations composite 
a c t i v i t y  and a  Grand T o t a l  i s  shown. I f  t h e  schedule i s  manned t o  t h e  l e v e l s  
i n d i c a t e d ,  and i f  t h e  e s t i m a t e d  manhours f o r  t h e  drawing a c t i v i t y  a r e  reasonably 
accura te ,  t hen  t h e  schedule shou ld  be met. 

S i m i l a r  schedules and manpower es t ima tes  a r e  made f o r  drawings of t h e  H u l l  
(Key Plans and Yard P lans) ,  P i p i n g  and Machinery Composites, and o t h e r  
eng ineer ing  sec t ions .  

I. Drawing Schedule M o n i t o r i n g  

I t  i s  n o t  enough t o  b u i l d  schedules, i s s u e  them w i t h  management b less ing ,  
and then assume t h a t  t h e  j o b  w i l l  be done as scheduled. Schedules can s l i p  due 
t o  a1 t e r a t i o n s  i n  work scope, change o rde rs ,  inadequate manning, etc.,  o r  work 
can sometimes move a long  more r a p i d l y  than  expected, t hus  a c c e l e r a t i n g  t h e  
schedu le .  It i s  impor tan t  f o r  management t h a t  schedule a c t i v i t y  be moni tored 
c l o s e l y  and t h e  r e s u l t s  r e p o r t e d  so t h a t  prompt c o r r e c t i v e  a c t i o n  can be taken i f  
requ i red. 

I n  o rde r  t o  f a c i l  i t a t e  schedule m o n i t o r i n g  and rev iew,  drawing schedules a r e  
d i s p l a y e d  u s i n g  magnet ic  l a b e l s  on l a r g e  p o r c e l a i n  boards i n  t h e  Eng ineer ing  
P l  a n n i  n g  and Schedu l  i n g  " O p e r a t i o n s  Room." I n  a d d i t i o n  t o  d i s p l a y i n g  t h e  
s c h e d u l e  i n f o r m a t i o n ,  t h e  1  arge schedule boards a1 so c o n t a i n  i n f o r m a t i o n  on 
manhours a c t u a l  l y  spent  on each drawing a c t i v i t y  and o t h e r  eng ineer ing  
a c t i v i t i e s .  
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Each week, Eng ineer ing  P lann ing  and Schedul ing prepares a  computer r e p o r t  
f o r  each schedule which shows t h e  manhours expended a g a i n s t  each drawing, as w e l l  
as  t h e  t o t a l  e q u i v a l e n t  men who worked on t h a t  schedule. These a c t u a l  manhours 
c a n  t h e n  be compared w i t h  t h e  s c h e d u l e d  ones t o  d e t e r m i n e  t h a t  s u f f i c i e n t  
manpower i s  be ing  brought  t o  bear where requ i red .  To ta l  spending aga ins t  each 
d r a w i n g  i s  a l s o  moni tored on t h e  schedule boards so t h a t  t h e  a c t u a l  progress i n  
te rms  o f  percent  complete can be compared w i t h  percent  o f  budget expended. I f  
requ i red ,  p r o j e c t i o n s  f o r  manhours t o  be expended by drawing comple t ion  a r e  
r e v i s e d  a t  schedule rev iews which a r e  h e l d  i n  t h e  Operat ions Room each week. 

J. M a t e r i a l  Procurement Schedule P repara t i on  

The t i m e l y  r e c e i p t  o f  vendor i n f o r m a t i o n  i s  c r i t i c a l  t o  any design 
eng ineer ing  process. I t  i s  even more c r i t i c a l  t o  des ign which i s  suppor t i ng  zone 
o u t f i t t i n g  cons t ruc t i on .  For  t h i s  reason, Eng ineer ing  P lann ing  and Schedul ing 
b u i  1  ds " M a t e r i a l  Procurement Schedules" f o r  each eng ineer ing  sec t i on .  These 
s c h e d u l e s  l i s t  each i t e m  t h a t  t h e  e n g i n e e r i n g  s e c t i o n  i s  r e s p o n s i b l e  f o r  
p r o c u r i n g  and i n d i c a t e s  when each i t e m  must be requested and when a  purchase 
o r d e r  m u s t  be p l a c e d .  I n  o r d e r  t o  b u i l d  m a t e r i a l  p r o c u r e m e n t  s c h e d u l e s ,  
Eng ineer ing  P lann ing  and Schedul i n g  r e q u i r e s  t h e  f o l  l ow ing  i n f o r m a t i o n :  

- " I n  Yard" p r o d u c t i o n  need dates ( f r o m  Produc t ion  P lann ing ) ,  

- Eng ineer ing  vendor i n f o r m a t i o n  need dates ( f r o m  drawings schedules)  , 

- L i s t  o f  m a t e r i a l  i tems and drawing on which m a t e r i a l  appears ( f r o m  ~ a t e r  i al( 
R e q u i s i t i o n i n g  Sec t ion ) ,  

- Vendor l e a d  t i m e  ( f rom Purchasing Department).  

When t h e  above i n f o r m a t i o n  has been rece ived,  Eng ineer ing  P lann ing and 
S c h e d u l i n g  b u i l d s  and issues i n i t i a l  m a t e r i a l  procurement schedules f o r  each 
Eng ineer ing  sec t ion .  

The schedules show: 

- Scheduled m a t e r i a l  r e q u i s i t i o n  i s s u e  date,  

- Ac tua l  m a t e r i a l  r e q u i s i t i o n  i s s u e  date, 

- Scheduled purchase o r d e r  i s s u e  date,  

- Actua l  purchase o rde r  i s s u e  date, 

- Vendor " p r e l  i m i n a r y "  i n f o r m a t i o n  need da te  ( t h i s  i s  vendor i n f o r m a t i o n  
t y p i c a l l y  a v a i l a b l e  a t  P.O. i s s u e ) ,  

- Vendor " d e t a i l e d "  i n f o r m a t i o n  need date  ( t h i s  i s  vendor informat 'on t y p i c a l  l y  
n o t  a v a i l a b l e  u n t i l  approx imate ly  45 days a f t e r  P.O. i s s u e ) ,  

- Vendor manufac tur ing  l e a d  t ime, 
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- Produc t ion  need date,  

- Scheduled drawing s u b m i t t a l  date.  

J u s t  as w i t h  t h e  drawing schedules, c a r e f u l  m o n i t o r i n g  i s  r e q u i r e d  f o r  t h e  
m a t e r i a l  procurement schedules. Each week, Eng ineer ing  P lann ing  and Schedul ing 
r e c e i v e s  m a t e r i a l  update i n f o r m a t i o n  f rom t h e  M a t e r i a l  R e q u i s i t i o n i n g  Sec t ion  and 
t h e  t e c h n i c a l  eng ineer ing  sec t ions .  T h i s  da ta  i s  used t o  prepare a  " M a t e r i a l  
Procurement Schedule Review Repor t "  f o r  each eng ineer ing  sec t ion .  An impor tan t  
f e a t u r e  o f  these r e p o r t s  i s  an i n d i c a t o r  o f  "Troub le  Area - A c t i o n  Required" 
w h i c h  i s  p r i n t e d  when a c t u a l  dates o f  r e q u i s i t i o n ,  purchase o rde r ,  o r  vendor 
i n f o r m a t i o n  r e c e i p t  fa1  1 beh ind t h e  scheduled dates. L i k e  t h e  rev iew r e p o r t s  
u s e d  t o  m o n i t o r  d r a w i n g  s c h e d u l e s ,  t h e  m a t e r i a l  s c h e d u l e  r e v i e w  r e p o r t  i s  
designed t o  p r o v i d e  management w i t h  an ins t rument  t h a t  can be used t o  e a s i l y  spot  
problem areas. 

V I  11. SOURCE MATERIAL FOR CHAPTER 2 

The f o l l o w i n g  l e c t u r e s  i n  t h e  Technology T r a n s f e r  seminars were used as 
s o u r c e  m a t e r i a l  f o r  Chapter 2. They a r e  l i s t e d  i n  t h e  Appendix. Lectures  2, 3, 
4, 5, 19, 20, 30, 33, 40, 41, 43, 44. 
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CHAPTER 3 

DESIGN ENGINEERING FOR ZONE OUTFITTING 

I, INTRODUCTION 

The concep t  o f  a  p r e c o n t r a c t  e f f o r t  i n  u n i t  and zone o u t f i t t i n g  methods o f  
s h i p b u i  1  d i n g  i s  perhaps t h e  u l t i m a t e  r e c o g n i t i o n  o f  t h e  many d i f f e r e n c e s  between 
Japanese and U.S. s h i p b u i l d i n g  p h i l o s o p h i e s  and work ing  environments. 

The m a j o r i t y  o f  c o m m e r c i a l  s h i p  c o n t r a c t s  i n  Japan r e l y  h e a v i l y  upon 
p r e v i o u s  s h i p  designs,  i n d u s t r y  s t a n d a r d i z a t i o n ,  and gradual  imp lementa t ion  o f  
new t e c h n o l o g y ,  t he reby  r e s u l t i n g  i n  a  w e l l  d e f i n e d  s h i p  des ign a t  t i m e  o f  
c o n t r a c t .  I n  c o n t r a s t  t o  t h i s ,  t h e  U.S. s h ' p b u i l d i n g  market  o f f e r s  o n l y  a  
l i m i t e d  number o f  new c o n s t r u c t i o n  o p p o r t u n i t i e s  f o r  w i d e l y  v a r y i n g  types o f  
vesse ls ,  each u f  wh ich  g e n e r a l l y  i n c o r p o r a t e s  quantum jumps i n  techno logy over  
p r e v i o u s  designs,  making t h e  e f f e c t i v e  use o f  p r e v i o u s  des ign d e t a i l s  l i m i t e d  a t  
b e s t .  The me thod  o f  s h i p  c o n t r a c t i n g  i n  t h e  U.S., t h e  i s s u e  o f  d e s i g n  
r e s p o n s i  b i  1  i t y  between shipowner and s h i  pbu i  1  der ,  and t h e  r o l e  o f  independent 
n a v a l  a r c h i t e c t u r e  f i r m s  a l l  c o n t r i b u t e  t o  u n c e r t a i n t y  i n  many key aspects o f  a  
s h i p  des ign  d u r i n g  t h e  proposa l  and c o n t r a c t  n e g o t i a t i o n  stage. 

These u n c e r t a i n t i e s  i n  a b a s i c  vessel des ign g e n e r a l l y  have two pronounced 
i m p l i c a t i o n s  f o r  t h e  shipyard.  The f i r s t  i s s u e  i s  a  s c a r c i t y  o f  complete and 
workab le  d e t a i l s  o f  t h e  s h i p  design,  which makes t h e  p r e p a r a t i o n  of accu ra te  c o s t  
e s t i m a t e s  r i s k y .  The second major  issue,  a l t hough  n o t  t o t a l l y  independent o f  t h e  
f i r s t ,  i s  t h e  l a c k  o f  s u f f i c i e n t  t e c h n i c a l  i n f o r m a t i o n  a t  t h e  t i m e  o f  c o n t r a c t  t o  
enab le  r a p i d  e n g i n e e r i n g  development t o  proceed as necessary t o  accompl i sh t h e  
goa ls  o f  u n i t  and zone o u t f i t t i n g .  

I t  i s  e x t r e m e l y  i m p o r t a n t  t o  r e c o g n i z e  t h e  o v e r a l l  s c h e d u l i n g  c o n c e p t  
a s s o c i a t e d  w i t h  u n i t  and zone o u t f i t t i n g  t o  unders tand t h e  combined impact on t h e  
engineer 'ng schedu l i ng  e f f o r t .  It i s  expected t h a t  t h e  t o t a l  c o n s t r u c t i o n  p e r i o d  
f r o m  k e e l  l a y i n g  t o  d e l i v e r y  f o r  a  u n i t  o u t f i t t e d  s h i p  w i l l  be s i g n i f i c a n t l y  
reduced as co~npared t o  a  c o n v e n t i o n a l l y  c o n s t r u c t e d  vesse l  o f  s i m i l a r  
c o n f i g u r a t i o n ,  e n a b l i n g  t h e  s h i p y a r d  t o  o f f e r  a  q u i c k e r  d e l i v e r y  w i t h  t h e  vessel  
c o s t  l e s s  s u b j e c t  t o  e s c a l a t i o n .  T h i s  sav ings i n  t i m e  i s  g e n e r a l l y  a p p l i e d  t o  
t h e  t o t a l  c o n t r a c t  t i m e  w i t h  t h e o r e t i c a l l y  no impact  on t h e  e n g i n e e r i n g  l e a d  
t ime. However, t h e  system of u n i t  o u t f i t t i n g  d i c t a t e s  t h a t  f a r  more work must be 
c o m p l e t e d  by  t h e  t i m e  of k e e l  l a y i n g ,  n e c e s s i t a t i n g  t h e  s t a r t  o f  p r e f a b r i c a t i o n  
s e v e r a l  months f u r t h e r  i n  advance o f  t h e  kee l  l a y i n g  da te  than  i n  conven t iona l  
c o n s t r u c t i o n  methods, r e s u l t i n g  i n  a  shor tened e n g i n e e r i n g  l e a d  t ime,  The u n i t  
o u t f i t t i n g  methodology a l s o  r e q u i r e s  t h a t  a  f a r  g r e a t e r  l e v e l  o f  e n g i n e e r i n g  be 
complete a t  t h e  s t a r t  of  p r e f a b r i c a t i o n  so t h a t  a l l  p o s s i b l e  work i s  accomplished 
on-uni  t. 

I n  u n i t  and zone o u t f i t t i n g  methodology, t h e  schedu l i ng  o f  key p l a n s  becomes 
o f  c r i t i c a l  importance,  because these  drawings a r e  i n tended  t o  d e p i c t  a l l  aspects 
o f  t h e  vesse l  des ign wh ich  a r e  necessary f o r  d e t a i l  d rawing development d u r i n g  
t h e  y a r d  p l a n  stage. The concept  o f  key p l a n s  i s  r e a l l y  n o t  a  new idea  t o  U.S. 
s h i p b u i  1  de rs ,  as t h e  vesse ls  ' p r i n c i p a l  des ign drawings have been r e f e r r e d  t o  as 
key p l a n s  by t h e  U.S. M a r i t i m e  A d m i n i s t r a t i o n  f o r  many years .  
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For  a  t y p i c a l  commercial s h i p  c o n s t r u c t i o n  program w i t h  a  t w e n t y - e i g h t  month 
c o n s t r u c t i o n  p e r i o d ,  t h e  eng 'neer ing  l e a d  t i m e  p e r i o d  i s  t w e l v e  months p r i o r  t o  
p r e f a b r i c a t i o n .  T h i s  twelve-month p e r i o d  would g e n e r a l l y  be d i v i d e d  i n t o  a  
f i ve -mon th  key p l a n  s tage and a  seven-month y a r d  p l a n  stage. There a r e  o b v i o u s l y  
o v e r l a p s  i n  t h a t  t i m e  frame, w i t h  many o f  t h e  key p lans  scheduled f o r  comp le t i on  
w i t h i n  t h e  f i r s t  month o r  so a f t e r  t h e  c o n t r a c t ,  and t h e  f i ve-month  p e r i o d  
r e p r e s e n t i n g  t h e  comp le t i on  o f  a1 1  des igna ted  key plans.  

The d e t e r m i n a t i o n  o f  wh ich  drawings a r e  t o  be i d e n t i f i e d  as key p lans  i s  
done d u r i n g  t h e  i n i t i a l  p r e p a r a t i o n  o f  a  drawing l i s t  and i s  t h e  b a s i s  f o r  t h e  
f i r s t  d rawing schedul i n g  e f f o r t  f o r  any e n g i n e e r i n g  s e c t i o n .  I n  genera l ,  any 
d raw ing  which d e p i c t s  des ign d e t a i l s  o f  t h e  vesse l  i n  way o f  arrangements o r  
system c o n f i g u r a t i o n  o r  i s  necessary f o r  t h e  procurement o f  1  ong lead - t ime  
m a t e r i a l  w i l l  be des ignated as a  key plan.  

One p i t f a l l  which must be avo ided i n  making key p lans  i s  p l a c i n g  t o o  r i g i d  
an i n t e r p r e t a t i o n  o f  d rawing comp le t i on  d u r i n g  t h e  key p l a n  per iod .  I f  drawings 
a r e  c o n f i g u r e d  i n  a  more o r  l e s s  conven t iona l  f ash ion ,  many key p lans  w i l l  
r e q u i r e  i n f o r m a t i o n  w h i c h  i s  n o t  a v a i l a b l e  as  y e t  due t o  l a c k  o f  v e n d o r  
i n f o r m a t i o n  o r  a d d i t i o n a l  development work requ i red .  T h i s  must n o t  be a l l o w e d  t o  
h o l d  up t h e  d i s t r i b u t i o n  o f  t h e  des ign i n f o r m a t i o n  aspects  con ta ined  on t h e  key 
p l a n s ,  as t h i s  i n f o r m a t i o n  has been i n t e g r a t e d  i n t o  d e t a i l e d  schedules and i s  
needed by o t h e r  s e c t i o n s  t o  s t a r t  t h e i r  e f f o r t .  T h i s  p o t e n t i a l  problem can be 
overcolne by t h e  use of separa te  des ign sketches which  l a t e r  fo rm t h e  b a s i s  of  a  
y a r d  p lan ,  o r  by t h e  c r e a t i o n  o f  a d d i t i o n a l  drawings whose scope i s  l i m i t e d  t o  
t h e  des ign d e t a i l s .  

A good example o f  t h i s  i s  t h e  area o f  compartment and arrangement drawings,  
where on commercial c o n t r a c t s  AS1 does n o t  produce a  f i n a l  compartment and access 
d r a w i n g  b u t  r a t h e r  a  complete general  arrangement drawing, To s a t i s f y  t h e  needs 
o f  t h e  key p l a n  p e r i o d ,  sketches c a l l e d  "compartment and access s tud ies , "  w i t h  
i n f o r m a t i o n  l i m i t e d  t o  t h a t  needed by o t h e r s  a t  t h a t  t ime ,  were c reated.  These 
same drawings would be u l t i m a t e l y  expanded t o  become t h e  genera l  arrangement 
d r a w i n g s  t o  be prepared d u r i n g  t h e  y a r d  p l a n  per iod .  I n  o t h e r  areas, such as 
p i p i n g  diagrams where v i r t u a l l y  a l l  t h e  d a t a  a r e  needed e a r l y  by o t h e r  segments 
o f  t h e  sh ipya rd ,  t h e  drawing i s  completed t o  t h e  maximum e x t e n t  f e a s i b l e ,  w i t h  
o u t s t a n d i n g  vendor d a t a  o r  o t h e r  i n f o r m a t i o n ,  wh ich  i s  n o t  t r u l y  needed by o t h e r s  
a t  t h a t  t ime,  h e l d  i n  reserve.  The i m p o r t a n t  concept  i s  t h a t  t h e r e  must be 
e x c e l l e n t  communication d u r i n g  t h i s  des ign pe r iod ,  so t h a t  no one w a i t s  t o  i s s u e  
a  f i n a l  p e r f e c t  p l a n  t o  t h e  d e t r i m e n t  o f  o t h e r s  who r e q u i r e  v a l u a b l e  data. 

I n  o r d e r  t o  suppor t  u n i t  o u t f i t t i n g  requirements,  t h e  q u a n t i t y  o f  
e n g i n e e r i n g  i n f o r m a t  i o n  r e q u i r e d  has grown s u b s t a n t i a l l y  , add ing t o  t h e  burden o f  
t ime.  The added l e v e l s  o f  e n g i n e e r i n g  f o r  each d i s c i p l i n e  w i l l  be covered i n  
t h i s  chapter .  

I I. IMPACT OF ZONE OUTFITTING ON OVERALL ENGINEERING EFFORT 

A. S i x  Ma jo r  I n n o v a t i o n s  i n  Eng ineer ing  

Zone o u t f i t t i n g  has an e f f e c t  on a l l  e n g i n e e r i n g  s e c t i o n s  and d i s c i p l i n e s .  
F i g u r e  3-1 shows t h i s  impact  i n  s i x  i m p o r t a n t  areas. 
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F igu re  3-1 S i x  Major Innovat ions i n  Engineer ing 

MODIFICATIONS TO ENGINEERING APPROACH 
(FABRICATION/INST ALLAWN DRAWINGS ARE 

NO LONGER SY STEM-ORIENTED) 

MORE DATA IS DISPLAYED ON EACH DRAWING 

NUMBER OF DRAWINGS PRODUCED IS 
SIGNIFICANTLY INCREASED 

PACKAGE UNIT GROUP ESTABLISHED 

SCHEDULE ADHERENCE BECOMES CRITICAL 

OVERALL WORK SCOPE INCREASED 
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(1) M o d i f i c a t i o n s  t o  Eng ineer ing Approach 

T h e r e  a r e  a  number o f  s i g n i f i c a n t  changes i n  t h e  approach t o  development o f  
drawings which a re  e i t h e r  necessary o r  d e s i r a b l e  t o  most e f f e c t i v e l y  adapt t o  t h e  
r e v i s e d  techn iques i nvo l  ved i n  u n i  t - o r i e n t e d  c o n s t r u c t i o n .  

Ana lyz ing  t h e  Eng ineer ing  e f f o r t s  d u r i n g  t h e  d e t a i l  des ign phase y i e l d s  t h e  
conc lus ion  t h a t  t h e r e  a r e  t h r e e  b a s i c  processes:  

( a )  F i n a l  System-Level Design 
( b )  S e l e c t i o n  o f  Equipment 
( c )  F a b r i c a t i o n  and I n s t a l  l a t i o n  Design 

The t i m e  p e r i o d s  o f  Process ( a )  and Process ( b )  g r e a t l y  ove r lap ,  w h i l e  
P r o c e s s  ( c )  must f o l l o w  t h e  o t h e r  two. The f i r s t  o f  these may be known as t h e  
Key P l a n  Stage. Key p lans  a re  those necessary t o  de f ine  t h e  system design i n  
s u f f i c i e n t  d e t a i l  t o  s a t i s f y  r e g u l a t o r y  body and owner requirements,  as w e l l  as 
t o  suppor t  t h e  p r e p a r a t i o n  o f  t e c h n i c a l  s p e c i f i c a t i o n s  f o r  equipment and m a t e r i a l  
p rocurement .  I n  general  Processes ( a )  and ( b )  a r e  n o t  concep tua l l y  d i f f e r e n t  
from convent iona l  shipbu! l d i n g  p r a c t i c e .  

I t i s  i n  t h e  development of t h e  f a b r i c a t i o n  and i n s t a l l a t i o n  drawings t h a t  
t h e  approach t o  t h e  des ign e f f o r t  i s  s i g n i f i c a n t l y  d i f f e r e n t .  I n  t h e  
conven t iona l  approach, these drawings were system o r ien ted .  The e n t i r e  f i r e  main 
w o u l d  be d e t a i l e d  i n  one drawing;  another  p i p i n g  system would be shown i n  a  
separa te  drawing. S t r u c t u r a l  drawings were e s s e n t i a l l y  presented t o  p r o d u c t i o n  
personnel  deck by deck, bulkhead by bulkhead, and frame by frame. 

Zone-o r ien ted  eng ineer ing  r e q u i r e s  drawings t h a t  desc r ibe  t h e  u n i t s  which 
w i l l  be b u i l t ,  n o t  whole systems. The reason i s  obvious:  t h e  s h i p  w i l l  be b u i l t  
u n i t  by u n i t ,  so t h a t ' s  t h e  way t h e  p r o d u c t i o n  personnel  need t h e  in fo rmat ion .  
T h a t ' s  t h e  key t o  t h e  whole ph i l osophy  o f  t h i s  des ign phase. The des igners  must 
be t o t a l  l y  immersed i n  c o n s i d e r i n g  what i n f o r m a t i o n  p r o d u c t i o n  people need a t  
each  s tage o f  c o n s t r u c t i o n  and i n  p r o v i d i n g  j u s t  t h a t  i n f o r m a t i o n  i n  a  format 
most u s e f u l  t o  t h e  p r o d u c t i o n  people. To do t h i s ,  des igners  must have a  complete 
u n d e r s t a n d i n g  o f  p r e c i s e l y  how each u n i t  w i l l  be b u i l t ,  and then  they must 
c o n f i g u r e  t h e  systems i n  each u n i t  so as t o  s i m p l i f y  t h a t  i n s t a l l a t i o n .  T h i s  i s  
accompl i s h e d  by hav ing Produc t ion  p r o v i d e  a  d e t a i l e d ,  w r i t t e n ,  un i t -by -un i  t 
d e s c r i p t i o n  o f  how each u n i t  w i l l  be const ruc ted.  J o i n t  meet ings o f  Eng ineer ing 
a n d  P r o d u c t i o n  p e r s o n n e l  a r e  h e l d  w e e k l y  t o  d i s c u s s  t h e  opt imum t i m i n g  o f  
i n s t a l  l a t i o n  o f  each  s y s t e m  - and t h e  e n g i n e e r i n g  d r a w i n g s  r e f l e c t  t h o s e  
agreements. 

Composite drawings o f  areas and spaces a r e  e x t e n s i v e l y  employed subsequent 
t o  t h e  key p l a n  e f f o r t  and preced ing t h e  i n s t a l l a t i o n  drawing e f f o r t  t o  develop 
system r o u t i n g  and t o  assure t h a t  m a i n t a i n a b i l  i t y  requ i rements  a r e  s a t i s f i e d .  

F a b r i c a t i o n  drawings ( p i p e  d e t a i l s ,  vent  duc t ing ,  e tc .  ) a r e  developed u n i t  
by  u n i t ,  r a t h e r  than system by system, as a  p a r t  o f  t h e  i n s t a l l a t i o n  drawing 
package. Component i d e n t i f i c a t i o n  codes i d e n t i f y  n o t  o n l y  t h e  u n i t  on which t h e  
component w i l l  be i n s t a l l e d ,  b u t  t h e  s tage o f  subassembly o r  assembly o f  t h a t  
u n i t  wh ich  de f ines  t h e  b u i l d i n g  s i t e  a t  which t h e  i n s t a l l a t i o n  w i l l  t a k e  p lace.  
Thus, t h e  drawing becomes a  m a t e r i a l  c o n t r o l  document i n  a d d i t i o n  t o  a l l  o t h e r  
func t ions .  
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I n  a  f u r t h e r  e f f o r t  t o  o r i e n t  t h e  design product t o  t h e  p roduc t ion  works i te ,  
most A S 1  drawings now are  produced i n  "book le t "  form, us ing  many sma l le r  sheets 
r a t h e r  than fewer l a r g e r  sheets t o  con ta in  e s s e n t i a l l y  t he  same in fo rmat ion .  

More Data is Disp layed on Each Drawing 

I n  order  f o r  zone o u t f i t t i n g  t o  be successfu l ,  t h e  Engineer ing Department 
must be c l o s e l y  i nvo l ved  w i t h  t h e  methods and sequences o f  p roduc t ion  t h a t  are t o  
be used. The "Un i t  Breakdown Summary Sheet" produced by Product ion descr ibes i n  
d e t a i l  t h e  i n t e n d e d  methods t o  be used  t o  manu fac tu re  each u n i t .  T h i s  
methodology must be c a r e f u l  l y  s tud ied  by each Engineer ing sec t i on  and r e f l e c t e d  
on t h e  drawings they produce. I t  i s  no t  enough t o  know t h a t  a  run o f  p i pe  o r  a  
v a l v e  w i l l  be loca ted  i n  a  p a r t i c u l a r  spot  on a  c e r t a i n  u n i t ,  t h e  i n s t a l l e r  must 
a l s o  be t o l d  a t  what stage i n  t h e  u n i t ' s  assembly t h a t  t h e  components a re  t o  be 
1  oca ted .  The i n f o rma t i on  requ i r ed  by Product ion r e l a t i v e  t o  when equipment and 
components are t o  be i n s t a l l e d  must be shown on each drawing. 

I n f o r m a t i o n  c o n c e r n i n g  m a t e r i a l  c o n t r o l  must a l s o  be r e f l e c t e d  on t h e  
drawings. I n  add i t i on ,  c e r t a i n  work p rev i ous l y  l e f t  f o r  f i e l d  accompl ishment 
must now be r e f l e c t e d  on t h e  drawings, such as t h e  d e t a i l i n g  o f  smal l  bore p i pe  
(314" t o  2 " )  which was p rev i ous l y  f i e l d  run. 

( 3 )  Number o f  Drawings Produced i s  S i g n i f i c a n t l y  Increased 

The p repara t ion  o f  drawings on a  u n i t  bas is  has g r e a t l y  increased t h e  number 
o f  d raw ings .  As s t a t e d  above, t he  t o t a l  amount o f  i n f o rma t i on  supp l ied  i s  
g r e a t e r  because o f  t h e  added scope, bu t  by no means i s  i t  i n  t h e  same r a t i o  as 
t h e  inc reased  number o f  drawings. Each drawing covers a  smal l e r  p o r t i o n  o f  t h e  
sh ip ,  as compared t o  t h e  convent ional  method. There a re  on ly  a  few very l a r g e  
s i z e  drawings. Most o f  t h e  drawings a re  o f  t he  book le t  type. 

The zone o u t f i t t i n g  approach requ i res  approximately tw i ce  as many drawings. 
The m a j o r  reason f o r  t h i s  i s  i n  t h e  method o f  p resen t ing  t h e  p i p i n g  work. There 
a r e  abou t  t h ree  t imes as many p i p i n g  p lans f o r  t h e  z o n e - o u t f i t t e d  ship. Th is  i s  
because a  p i p i n g  arrangement drawing which may apply  t o  two u n i t s  i s  accompanied 
by two  p i pe  d e t a i l  drawings and two l i s t s  o f  ma te r i a l s ,  one each f o r  each u n i t .  
P r e v i o u s l y ,  t h e  arrangement drawing would have inc luded  more u n i t s  and would be 
accompanied by one p i pe  d e t a i l  book le t  and one l i s t  o f  ma te r i a l .  The change i s  
necessary  because t h e  p i pe  i s  f a b r i c a t e d  by u n i t ,  then s to red  by p a l l e t  code t o  
awai t  i n s t a l l a t i o n .  The l i s t  o f  ma te r i a l  must be by u n i t  t o  s u i t  t he  p i pe  
f a b r i c a t i o n  sequence. 

( 4 )  Package U n i t  Group Estab l  i shed 

Some reassignment o f  work i n  t h e  Engineer ing sec t ions  was necessary t o  
b e t t e r  equip t h e  Engineer ing Department t o  accompl i sh zone o u t f i t t i n g ;  however, 
t he re  was no major reorgan iza t ion .  The most s i g n i f i c a n t  o rgan iza t iona l  change 
was t o  e s t a b l i s h  t h e  Package U n i t  Group i n  t h e  Mechanical Engineer ing Section. 
Th is  group develops complete machinery package u n i t s  f o r  t he  machinery space. 
They d e t a i l  t he  equipment foundat ions,  g ra t ings ,  and handra i l s ,  as w e l l  as t h e  
p i  p i n g  , ins t rumenta t ion ,  etc.  I H I  consu l tan ts  had recommended t o  Avondale 
management an engineer ing o rgan i za t i on  s i m i l a r  t o  t h e i r s .  F igure  3-2 shows t h e  
b a s i c  eng ineer ing  o rgan i za t i on  u t i l i z e d  by IHI .  I t  cons is ts  of f o u r  Engineer ing 
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I H I  - 
D - DECK 

M - MACHINERY 

A - ACCOrlMODATIONS 

E - ELECTRICAL 

AVONDALE 

HULL  

MECHANICAL/PACKAGE U N I T  

O U T F I T T I N G  

ELECTRICAL 

F igure 3-2 Organizat ion o f  Engineer ing Departments 
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Groups: Deck, Machinery, Accommodation, and E l e c t r i c .  Such a change was no t  
considered necessary a t  Avondale. Func t i ona l l y ,  however, our cu r ren t  
o rgan i za t i on  embodies some o f  these concepts. Examples a re  as f o l  1 ows: 

- The newly  es tab l i shed  Package U n i t  Group handles a l l  aspects of the  Package 
U n i t  design. 

- Our O u t f i t t i n g  Sect ion e s s e n t i a l l y  c o n t r o l s  the  arrangement and r o u t i n g  o f  a1 1 
systems i n  t h e  accommodation areas. 

- The Mechanical Sect ion c o n t r o l s  t h e  r o u t i n g  o f  a l l  systems i n  t h e  machinery 
space. 

- The H u l l  Sect ion s t i l l  handles t he  s t e e l  supers t ruc tu re  and machinery space 
s t r uc tu re ,  except f o r  t h e  Package U n i t  foundat ions and support  s t r u c t u r e  which 
i s  handled by t h e  Package U n i t  group. 

- The o u t p u t  o f  t h e  H u l l  S e c t i o n  i s  t h e  Yard P lans  wh i ch  a r e  used by t h e  
Mol d l o f t  t o  produce t h e  working drawings. 

These procedures a re  very s i m i l a r  t o  t h e  I H I  concept. Regardless o f  t he  
o rgan i za t i on  o r  how i t  i s  const ructed,  t h e  most necessary i ng red ien t  i s  e f f e c t i v e  
commun i c a t  i on. 

(5 1 Schedule Adherence Becomes C r i t i c a l  

Under t h e  convent ional  system approach, a  p a r t i c u l a r  drawing had a requ i red  
i s s u e  d a t e  based on when Product ion in tended t o  s t a r t  work on t h a t  system. 
P r o d u c t i o n  work on t h e  e n t i r e  system may have spanned a cons iderab le  l eng th  o f  
t i m e .  Under zone o u t f i t t i n g ,  t h e  same amount o f  p r o d u c t i o n  work w i l l  be 
po r t r ayed  on many drawings. Each drawing, however, has a much more c r i t i c a l  
i s s u e  da te ,  s ince  work on t h a t  p o r t i o n  o f  t h e  system i s  c l o s e l y  k n i t  i n t o  t h e  
p r e o u t f i t t i n g  plan. Th is  means t h a t  Engineer ing must very e f f e c t i v e l y  p l an  t h e  
s t a r t ,  t h e  progress, and t h e  i ssue  o f  a l l  drawings and t h e  support  a c t i v i t i e s  
necessa ry  t o  p rov ide  t h e  in fo rmat ion  needed f o r  developing these drawings. The 
Eng ineer ing  P lanning and Schedul i n g  Sect i o n  has been expanded t o  e f f e c t i v e l y  
handle t h i s  task. 

( 6 )  Overa l l  Work Scope Increased 

The use  o f  zone o u t f i t t i n g  a t  Avondale  has i n c r e a s e d  t h e  scope o f  t h e  
e n g i n e e r i n g  j o b  and, consequently, t h e  engineer ing costs. However, i t  has been 
demons t ra ted  t h a t  t h i s  increase has been more than o f f s e t  by savings i n  manhours 
and t ime i n  product ion.  The f i r s t  use of zone o u t f i t t i n g  i n  engineer ing i nvo l ved  
a cons iderab le  l e a r n i n g  per iod.  Many opera t iona l  procedures were es tab l  i shed  
o n l y  through pa ins tak i ng  i n v e s t i g a t i o n  and some t r i a l  and e r r o r .  These costs  
w i l l  no t  be r e p e t i t i v e .  

The n e x t  zone o u t f i t t i n g  engineer ing job,  t he  T-AO's f o r  t h e  U.S. Navy, has 
b e n e f i t e d  g r e a t l y  f rom experience. As methods a re  improved and a1 1 concerned 
become more f a m i l i a r  w i t h  t h e  system, l e s s  i n f o rma t i on  w i l l  be requ i red  from 
Eng inee r i ng .  It i s  a l s o  in tended t h a t  many o f  t h e  methods and d e t a i l s  developed 
f o r  t h i s  f i r s t  j o b  w i l l  become a standard on f u t u r e  jobs, thus reduc ing t h e  
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eng inee r i ng  costs.  It i s  a n t i c i p a t e d  t h a t ,  as methods a re  s tandard ized and 
improved  over several  jobs, t he  engineer ing cos ts  may a c t u a l l y  become equal t o  
those under convent ional  methods. O f  course, t h e  savings i n  Product ion w i l l  a l so  
improve as t h e i r  techniques a re  f u r t h e r  r e f i ned .  

B. E f f e c t s  o f  Zone O u t f i t t i n g  Technology Common t o  A1 1  Engineer ing Sect ions 

I t  i s  now p o s s i b l e  t o  examine some o f  t h e  s p e c i f i c  e f f e c t s  o f  zone 
o u t f i t  t i n g  techno1 ogy on t h e  var ious Avondal e  Engineer ing sect ions.  A number o f  
t h e s e  were common t o  a  g rea te r  o r  l e s s e r  degree t o  a l l  o f  t h e  sect ions.  F igure  
3-3 l i s t s  s i x  o f  these e f f e c t s .  

(1) Engineer ing E f f o r t  Must Begin and Be Completed E a r l i e r  Than i n  Conventional 
Des i gn Met hod01 ogy 

The phrase "engineer ing e s s e n t i a l l y  complete" can be used t o  i l l u s t r a t e  t h e  
o v e r a l l  schedul i n g  goal a t  t ime  o f  p r e f a b r i c a t i o n ,  T y p i c a l l y ,  t h e  percentage o f  
t o t a l  e n g i n e e r i n g  manhours spen t  a t  t i m e  o f  p r e f a b r i c a t i o n  ' nc reases  f r o m  
approximately 50 percent  i n  a  convent ional  cons t ruc t i on  system t o  approaching 75 
percent  i n  a  f u l l y  u n i t  o u t f i t t e d  concept. 

The ne t  e f f e c t  o f  t h e  o v e r a l l  vessel schedul ing i s  a  f a r  g rea te r  l e v e l  o f  
e n g i n e e r i n g  e f f o r t  t o  be accomplished i n  a  f a r  sho r t e r  p e r i o d  o f  t ime. (See 
F igures 3-4 and 3-5. ) 

I n  o r d e r  t o  p rov ide  t h e  needed engineer ing response i n  l i g h t  o f  a  doubled 
l e v e l  o f  i n t e n s i t y ,  i t  i s  impera t i ve  t h a t  a  p recon t rac t  l e v e l  o f  e f f o r t  be 
expended t o  p rope r l y  p o s i t i o n  t h e  engineer ing d i  s c i p l  i nes  f o r  t h i s  tremendous 
pos t -con t rac t  e f f o r t .  The exact  ob jec t i ves  o f  t h e  p recon t rac t  e f f o r t  w i  11 
obv ious ly  vary f rom program t o  program and w i l l  be decided by management i n  
cons idera t ion  o f  t h e  business environment a t  t h a t  t ime. 

A p r i m e  cons ide ra t i on  i n  t h e  planning. o f  t h e  engineer ing e f f o r t  must always 
t a k e  i n t o  account t h a t  w i t h  a  l e v e l  o f  e f f o r t  tw i ce  %hat o f  a  convent ional  
c o n t r a c t ,  every pos t -con t rac t  uncer ta in ty ,  design change, e tc ,  , has t w i c e  t he  
impac t ,  due t o  t h e  r a p i d  pace a t  which t h e  eng ineer ing  and i n s t a l l a t i o n  d e t a i l s  
a r e  b e i n g  developed. It must be remembered t h a t  t he  p recon t rac t  e f f o r t  i s  
v i r t u a l l y  always funded a t  t h e  s h i p b u i l d e r ' s  expense, and, t he re fo re ,  t h e  e f f o r t  
must be we1 1 managed and be as p roduc t i ve  as poss ib le .  

S imp l y  s ta ted ,  t h e  ob jec t i ves  o f  t h e  p recon t rac t  e f f o r t  a re  t o  ensure t h a t  
d e s i  gn parameters, con t rac t  requ i  rements, cons t ruc t i on  methods, schedul ing,  and 
l o n g - l e a d - t i m e  ma te r i a l  needs a re  a l l  w e l l  de f i ned  a t  t ime  o f  con t rac t  such t h a t  
t h e  in tense  engineer ing e f f o r t  can begin. The engineer ing e f f o r t  immediately 
a f t e r  con t rac t  i s  c a l l e d  t h e  "key p l an "  stage, a t  which t ime a l l  f ace t s  o f  t h e  
engineer ing design a re  t o  be f i n a l i z e d  t o  enable unimpeded development dur ing  t h e  
y a r d  p l an  stage. (See F igu re  3-6.) 

The o v e r a l l  e f f ec t i veness  o f  t h e  p recon t rac t  p e r i o d  i s  1  a rge l y  c o n t r o l  l e d  by 
t h e  method o f  sh ip  c o n t r a c t i n g  and t he  commitment o f  t h e  vessel I s  owner i n  
p a r t i c i p a t i n g  i n  t h i s  endeavor  w i t h  t h e  s h i p y a r d .  I n  c o m p e t i t i v e  b i d d i n g  
s i t u a t i o n s ,  whether f o r  p r i v a t e  o r  government con t rac ts ,  r e l a t i v e l y  1  i t t l e  
d ia logue  w i l l  be poss ib l e  w i t h  t h e  owner, and t h e  sh ipyard 's  e f f o r t  must be 
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Figure 3-3 E f f e c t s  o f  Zone O u t f i t t i n g  on Engineer ing 

ENGINEERING EFFORT MUST BEGIN AND BE COMPLETED 

EARLIER THAN IN CONVENTIONAL DESIGN METHODOLOGY 

ROLE OF THE ENGINEERING AND PRODUCTION 

ORGANIZATIONS AS PARTNERS MUST BE STRESSED 
MEANINGFUL DIALOGUE IS ESSENTIAL 

ENGINEERING DRAWINGS ARE DEVELOPED AS UNITS, 

NOT ASSYSTEMS 

STRUCTURAL 'KEY PLANS' ARE USED IN 
DRAWING DEVELOPMENT 

MATERIAL ON DRAWINGS MUST BE PALLET CODED' 

ADVANCE ORDERING ON LONG-LEAD MATERIAL 
IS EMPHASIZED 
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32 MONTHS 

CONVENTIONAL CONSTRUCTION 

Figure 3-4 Impact o f  Unit Outfitting on Overall Scheduling 
0 
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Figure 3-5 Intensity o f  Engineering Effort 

CONVENTIONAL CONSTRUCTION 

Total Engineering Manhours - - - - - - - - - - - 350,000 

Percent Complete A t  Pre-Fabrication - - - - - - 60% 

Months From Contract To Pre-Fabrication - - - 14 

Manhours Per Month (avg) Prior To Pre-Fabrication- 15,000 

UNIT OUTFITTING 

Total Engineering Manhours - - - - - - - - - - - 500,000 

Percent Complete A t  Pre-Fabrication - - - - - - 80% 

Months From Contract To Pro-Fabrication - - - 12 

Manhours Per Month (avg) Prior To Pre-Fabrication - 33,333 

SUMMARY 

Engineering Intensity More Than Twka As 

Great In Unit Outfitting 
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Figure 3-6 Object ives o f  Precontract  E f f o r t  

CONSTRUCTIOW I S C H E D W  

- Hull UnU Conut r~~c th  Arrangement - Outflttiig Zone Assignment - Materlal Need Dater - Package Unit Determination - Drawing Lht b Scheduling - Key Plan Determination & Schedulhg - Manpower Plan- 

- Puthashg Dep&mud Terms & Condttions - Purchama Specbtkrw For Major EquQment 

CONTRACT PACKAGE 

- Contract Spceifkatbr - Compkto Contract m w h g  Packago 
Plphg D b q m  
G o w d  Anangonuntr 
Structural Orawhgl 
€Wtrkal O r w l l m  - Naval kchltecturo Cakulatlonr 
Longttudbrd Strength 
htact & DamsQed Stabmy 
W+lgM Esthata 

m P b n  

A D M D  ENGlNEERING EFFORT 

Model Testlng 
Mhl Regulatov Body Review 
L h s  FaIring 
Vontbtlon System Development 

Page 70 



a d j u s t e d  a c c o r d i n g l y .  On t h e  o t h e r  hand, n e g o t i a t e d  c o n t r a c t s  w i t h  owners who 
have in-house t e c h n i c a l  s t a f f s  can r e s u l t  i n  p r e c o n t r a c t  e f f o r t s  t h a t  r e s o l v e  
numerous des ign d e t a i l s  and pave t h e  way f o r  e f f e c t i v e  des ign development a f t e r  
c o n t r a c t  . 
( 2 )  Role  o f  t h e  Eng ineer ing  and Produc t ion  Organ iza t i ons  as P a r t n e r s  Must be 

S t ressed  

I n  some respec ts ,  t h e  l i s t i n g  o f  p r e c o n t r a c t  o b j e c t i v e s  may seem r o u t i n e ,  
b u t  t h e  demands o f  t h e  u n i t  o u t f i t t i n g  system r e q u i r e  ex t remely  c l o s e  coopera t i on  
among a1 1  f a c e t s  o f  s h i p y a r d  o p e r a t i o n s  and t h e  e a r l y  invo lvement  o f  P roduc t ion  
P l a n n i n g  i n  t h e  des ign e f f o r t .  As a  few examples o f  t h e  i n t e r r e l a t i o n s h i p  which 
e x i s t s ,  cons ide r  t h a t  i n  t h e  u n i t  o u t f i t t i n g  system a  drawing 1  i s t  cannot even be 
compi led  by Eng ineer ing  u n t i l  t h e  h u l l  u n i t  c o n s t r u c t i o n  arrangement i s  de f ined.  
F u r t h e r ,  t h e  m a t e r i a l  need d a t e  f o r  t h e  same p i e c e  o f  equipment can vary as 
f o l  lows, depending on c o n s t r u c t i o n  method: 

CONSTRUCT ION METHOD MATERIAL NEED (MONTHS) 

On -Board 
On-Unit 
Package U n i t  

U n i  t o u t f i t t i n g  methods a r e  a  power fu l  t o o l  f o r  s h i p  c o n s t r u c t i o n ,  b u t  t hey  
1  ace a  s u b s t a n t i a l l y  i nc reased  burden on t h e  e n g i n e e r i n g  and p l a n n i n g  
c t i v i t i e s .  I n  o r d e r  t o  meet t h e  schedules imposed, i t  i s  i m p e r a t i v e  t h a t  t h e r e  

be a  c l e a r  and conc ise  unders tand ing  o f  t h e  task  a t  hand a t  t i m e  o f  c o n t r a c t  and 
t h a t  a  s i z e a b l e  e x p e n d i t u r e  o f  company resources must be made i n  a n t i c i p a t i o n  o f  
a  c o n t r a c t .  

( 3 )  Eng ineer ing  Drawings a r e  Developed as U n i t s ,  Not as Systems 

T h i s  concept i s ,  o f  course,  seminal t o  zone o u t f i t t i n g  techno logy.  P r i o r  t o  
zone o u t f i t t i n g  a t  Avondale, a lmost  a1 1  e n g i n e e r i n g  drawings were developed t o  
d e s c r i b e  a  s i n g l e  system o r  e n t i t y ,  such as t h e  main deck, t r a n s v e r s e  bulkheads, 
b i l g e  and b a l l a s t  system, f i r e  main system, e tc .  T h i s  systems approach was 
a d e q u a t e  f o r  t h e  p r o d u c t i o n  ph i l osophy  where t h e  s h i p  was b u i l t  i n  s e c t i o n s  and 
t h e s e  s e c t i o n s  assembled i n t o  a  complete h u l l  b e f o r e  most o f  t h e  o u t f i t t i n g  
m a t e r i  a1 was i n s t a l  l ed .  P roduc t ion  work was s t e e l  -work o r i e n t e d ,  and p i p i n g  and 
o t h e r  o u t f i t  m a t e r i a l  were added o n l y  a f t e r  t h e  h u l l  was complete. However, w i t h  
zone o u t f i t t i n g ,  P roduc t ion  i s  s u p p l i e d  w i t h  u n i t  drawings t h a t  d e p i c t  a l l  t h e  
systems t h a t  a r e  t o  be i n s t a l  l e d  'n  each u n i t .  

( 4 )  S t r u c t u r a l  "Key P lans "  a r e  Used i n  Drawing Development 

S t r u c t u r a l  key p l a n s  a r e  very  d e t a i l e d  s c . a n t l i n g  p lans  t h a t  show a l l  aspects 
o f  t h e  v e s s e l ' s  s t r u c t u r e .  The vessel  i s  d i v i d e d  i n t o  t h r e e  main d i v i s i o n s  w i t h  
each d i v i s i o n  hav ing i t s  own key plan.  The f i r s t  area i s  t h e  foward s t r u c t u r e  
f r o m  t h e  stem t o  t h e  c o l l i s i o n  bulkhead;  t h e  second i s  t h e  cargo h o l d  s t r u c t u r e  
between t h e  c o l l i s i o n  bu lkhead and fo rward  machinery bulkhead;  and t h e  t h i r d  i s  
t h e  a f t e r  body and peak s t r u c t u r e s .  A l l  f r a m e s ,  b u l k h e a d s ,  d e c k s ,  f l a t s ,  
s t r i n g e r s ,  s t i f f e n e r s ,  she1 1  p l a t e s ,  and major  p e n e t r a t i o n s ,  a long  w i t h  most 
ma jo r  equipment foundat ions ,  a r e  i n c l  uded on each respec t  i ve key p l  an. 
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The p r i m a r y  purpose o f  t h e  key p lans  i s  t o  p r o v i d e  a  document d e p i c t i n g  a l l  
d e t a i l s  r e l a t e d  t o  t h e  vesse l  ' s  major  s t r u c t u r a l  components f o r  use by a l l  
departments,  b o t h  Eng ineer ing  and Product ion ,  i n  t h e i r  own r e s p e c t i v e  f u n c t i o n s  
o r  t a s k s  r e l a t e d  t o  t h e  s h i p b u i l d i n g  e f f o r t .  For  example, t h e  H u l l  D r a f t i n g  
S e c t i o n  uses t h e  da ta  shown t o  develop t h e  y a r d  p lans  o r  u n i t  drawings. The 
P j p i n g  Sec t ion  uses t h e  p l a n s  t o  l o c a t e  ma jo r  i n t e r f e r e n c e s  o f  t h e i r  p i p i n g  runs. 
P r o d u c t i o n  P lann ing  uses t h e  p l a n s  t o  a i d  i n  t h e  u n i t  breakdown development. 
S i n c e  t h e  key p l a n  i s  a  t o o l  f o r  o t h e r  departments,  t h e  drawings must o b v i o u s l y  
be c o m p l e t e d  very  e a r l y  t o  a l l o w  t h e  a c c e l e r a t e d  Eng ineer ing  comp le t i on  dates  t o  
be met.  T h i s  o b v i o u s l y  r e q u i r e s  a l l  suppor t  t a s k s  necessary f o r  t h e  development 
o f  t h e  key p lans  t o  l i k e w i s e  be completed e a r l i e r .  

( 5 )  M a t e r i a l  on Drawings Must be " P a l l e t  Coded" 

Each u n i t  d rawing must c o n t a i n  o n l y  t h a t  i n f o r m a t i o n  necessary t o  do t h e  
d e s i r e d  j o b  a t  t h e  p lanned t ime. The des igne r  must a l s o  c o n s i d e r  t h e  p h y s i c a l  
p r o g r e s s  o f  t h e  s u r r o u n d i n g  a r e a  a t  t h e  t i m e  o f  i n s t a l l a t i o n ,  I t  i s  v e r y  
i m p o r t a n t  t h a t  t h e  drawings r e f 1  e c t  t h e  agreed-upon c o n s t r u c t  i o n  sequence, s i n c e  
t h e y  a l s o  c o n t r o l  t h e  f l o w  o f  m a t e r i a l .  P o r t i o n s  o f  p i p i n g  systems, manholes, 
l a d d e r s ,  r e a c h  r o d s ,  w i r e w a y  h a n g e r s ,  e t c . ,  may r e q u i r e  i n s t a l l a t i o n  as a  
p a r t i c u l a r  u n i t  i s  be ing  cons t ruc ted ,  maybe b e f o r e  t h e  u n i t  i s  complete o r  b e f o r e  
i t  i s  p a i n t e d .  The drawing r e f l e c t s  t h i s  by s p e c i f y i n g  when t h e  m a t e r i a l  o r  
component i s  i n s t a l l e d .  T h i s  s p e c i f i c a t i o n  i s  c a l l e d  a  p a l l e t  code. Each p i e c e  
o f  m a t e r i a l  i s  p a l l e t  coded. The M a t e r i a l  C o n t r o l  Sec t i on  o f  P roduc t ion  uses t h e  
p a l  l e t  code i n f o r m a t i o n  t o  assemble a l l  m a t e r i a l  t o  be i n s t a l l e d  a t  a  p a r t i c u l a r  
t i m e  and r o u t e s  i t  t o  t h e  exac t  l o c a t i o n  f o r  i n s t a l l a t i o n .  The importance o f  t h e  
p a l  l e t  code cannot  be overemphasized, s i n c e  i t  c o n t r o l s  t h e  f l o w  o f  m a t e r i a l .  I n  
zone o u t f i t t i n g ,  t h e  f l o w  o f  m a t e r i a l  b a s i c a l l y  c o n t r o l s  t h e  c o s t  o f  t h e  job. 
F i g u r e  3-7 i s  an example o f  t h e  p a l l e t  code system used a t  Avondale. 

The p a l  l e t  code i s  b a s i c a l l y  an e i g h t - c h a r a c t e r  des igna t ion .  The f i r s t  two 
c h a r a c t e r s  rep resen t  a  c r a f t  l a b o r  c o s t  code. The m idd le  t h r e e  c h a r a c t e r s  
s p e c i f y  t h e  u n i t  number f o r  m a t e r i a l  t o  be i n s t a l l e d  on u n i t ,  o r  t h e  zone f o r  
m a t e r i a l  t o  be i n s t a l l e d  on board. The s i x t h  and seventh c h a r a c t e r s  a r e  t h e  
p a l  l e t  s e r i a l  number. The l a s t  c h a r a c t e r  i n  t h e  code i n d i c a t e s  t h e  s tage o f  
c o n t r u c t i o n  a t  which t i m e  t h e  m a t e r i a l  w i l l  be i n s t a l l e d ,  To a s s i s t  P roduc t ion  
i n  t h e  c o n t r o l  o f  m a t e r i a l ,  each drawing t i t l e  page has a  t a b u l a t i o n  o f  t h e  
p a l l e t  codes con ta ined  on t h e  drawing. 

( 6 )  Advance Orde r ing  on Long-Lead M a t e r i a l  i s  Emphasized 

I t  i s ,  o f  course, a  p r ime  concern o f  any s h i p b u i l d e r  t o  i d e n t i f y ,  s p e c i f y ,  
and purchase long - lead  m a t e r i a l s  as soon as p o s s i b l e ,  The implementa t ion  o f  zone 
o u t f i t t i n g  makes t h i s  t a s k  c r i t i c a l ,  The des ign  e f f o r t  depends on t h e  r e c e i p t  of 
vendor i n f o r m a t i o n  a t  an e a r l y  date,  and zone o u t f i t t i n g  p r o d u c t i o n  schedules 
r e q u i r e  e a r l  i e r - t h a n - c o n v e n t i o n a l  r e c e i p t  o f  m a t e r i a l  and equipment. Th i s  can 
o n l y  b e  a c h i e v e d  i f  e a c h  e n g i n e e r i n g  d i s c i p l i n e  becomes i n v o l v e d  w i t h  t h e  
o r d e r i n g  o f  l ong - lead  m a t e r i a l  a t  c o n t r a c t  s t a r t  o r  sooner. 
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Unit Number Stage Of Construction 

07-M 12-0 1 X 

Craft Serlal Number 

Zone for On Board 

Figure 3-7 Examples of Pal  l e t  Codes 
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I I I. UNIQUE EFFECTS OF ZONE OUTFITTING TECHNOLOGY ON THE ENGINEERING SECTIUNS 

Some o f  t h e  e f f e c t s  o f  zone o u t f i t t i n g  techno logy were exper ienced u n i q u e l y  
by  t h e  E n g i n e e r i n g  sec t i ons ,  F o l l o w i n g  i s  a  l ook  a t  some o f  these e f f e c t s  on 
seven o f  t h e  sec t i ons .  

A. H u l l  Techn ica l  and Design Sec t ion  

The  D e s i g n  S e c t i o n  i s  composed o f  n a v a l  a r c h i t e c t s ,  c i v i l  e n g i n e e r s ,  
computer  programmers, we ight  programmers, and d r a f t i n g  suppor t  personnel .  The 
respons i  b i  1  i t y  de legated t o  t h e  Design Sec t ion  under t h e  conven t iona l  
s h i p b u i l d i n g  s y s t e m  i s  t h e  d e s i g n  and p r e p a r a t i o n  o f  m i d s h i p  s e c t i o n s  and 
a s s o c i a t e d  scant1 i n g  p lans,  f a i r i n g  o f  1  i nes ,  naval  a r c h i t e c t u r a l  c a l c u l a t i o n s  
and drawings,  we ight  es t imates ,  and suppor t  f u n c t i o n s  f o r  o t h e r  s e c t i o n s  on an 
"as-needed" bas is .  

(1) Development o f  S t r u c t u r a l  Key Plans 

S ince t h e  i n t r o d u c t i o n  o f  zone o u t f i t t i n g  a t  Avondale, t h e  H u l l  Techn ica l  
and Design Sect ion ,  which handles t h e  naval  a r c h i t e c t u r e  f u n c t i o n s ,  has s h i f t e d  
most  o f  i t s  work e f f o r t  t o  a  much e a r l i e r  t i m e  frame w i t h i n  t h e  c o n t r a c t  pe r iod ,  
i n  o r d e r  t o  produce s t r u c t u r a l  drawings c a l l e d  "Key Plans." 

S i m p l y  s ta ted ,  key p lans  a r e  very d e t a i l e d  s c a n t l i n g  p lans  t h a t  show t h e  
e n t i r e  o v e r a l l  s t r u c t u r a l  envelope o f  t h e  vessel  and d e t a i l e d  i n f o r m a t i o n  o f  a l l  
decks, frames, bulkheads, s t r i n g e r s ,  f l a t s ,  and s h e l l  p l a t e s .  The key p lans  must 
a1 so i n c o r p o r a t e  major  i n t e r f a c e s  f rom a1 1  Eng ineer ing  d i s c i p l  i nes  (e.g., 
f o u n d a t i o n s ,  vent  t r u n k s ,  l a r g e  p e n e t r a t i o n s ,  e t c .  ). By hav ing these  key p lans,  
a1 1  Eng ineer ing  and Produc t ion  Departments can proceed w i t h  t h e i  r p lann ing  and 
d r a w i n g  p r e p a r a t i o n  u s i n g  a  common drawing. There fore ,  by design,  t h e  key p l a n  
must  be a v a i l a b l e  t o  a l l  departments ve ry  e a r l y  w i t h i n  t h e  c o n t r a c t  pe r iod ,  so 
t h a t  t h e  a c c e l e r a t e d  I H I  drawing i s s u e  schedules can be met. 

I n  o r d e r  t o  i s s u e  t h e  k e y  p l a n s  e a r l y ,  s u p p o r t  t a s k s  t h a t  a r e  used  t o  
d e v e l o p  t h e  key p lans  must be completed sooner than  under conven t iona l  systems. 
Scant1 i n g  p lans,  damage s t a b i  1  i t y  s t u d i e s ,  h u l l  g i r d e r  s t r e n g t h  c a l c u l a t i o n s ,  
f a i r i n g  and f i n i t e  element s t u d i e s  must a l l  be completed p r i o r  t o  i s s u e  o f  t h e  
k e y  p l a n s .  The e a r l y  comp le t i on  o f  t hese  suppor t  t asks  assures t h a t  major  
c h a n g e s  t o  t h e  v e s s e l  w i l l  n o t  o c c u r  a f t e r  i s s u e  o f  t h e  key  p l a n ,  t h e r e b y  
a v o i d i n g  cascading d i s r u p t  i o n s  o f  a1 1  subsequent work. 

( 2 )  C r e a t i o n  and Maintenance o f  t h e  Data Base 

T h i  s  f u n c t i o n  was t h e  r e s p o n s i b i l i t y  o f  P r o d u c t i o n ' s  M o l d l o f t  under t h e  
c o n v e n t i o n a l  system. The d a t a  base i s  a  storehouse o f  i n f o r m a t i o n  t h a t ,  th rough 
t h e  use o f  des ignated computer programs, d e f i n e s  a1 1  s t r u c t u r e s  w i t h i n  t h e  vessel 
i n c l u s i v e  o f  t h e  v e s s e l ' s  s h e l l  contours,  The da ta  base i s  developed o r  c rea ted  
i n  a sys temat i c  manner, s t a r t i n g  w i t h  t h e  d e f i n i t i o n  o f  t h e  vessel ' s  f i n a l  f a i  r e d  
1  i nes. Then, su r faces  such as decks and bulkheads a re  added, a1 ong w i t h  she1 1  
l o n g i t u d i n a l  t r a c e s  and s h e l l  seams. T h i s  da ta  base i s  updated and ma in ta ined  
t h r o u g h  t h e  span o f  t h e  c o n t r a c t  t o  r e f l e c t  any and a l l  developments t h a t  occur  
as product  i o n  proceeds. 

Page 74 



The d a t a  base i s  used t o  develop computer-prepared drawings. Any frame, 
b u l k h e a d  o r  deck con tou r  can be r e t r i e v e d  and drawn d e p i c t i n g  t h e  assoc ia ted  
s t i f f e n e r s ,  Once t h e  drawings have been developed and t h e  data  base v e r i f i e d ,  
t h e  d a t a  a r e  used t o  c o n t r o l  t h e  N /C  b u r n i n g  machines i n  t h e  P l a t e  Shop, t h e  
generat  i o n  o f  temp1 a tes ,  bending of  frames, e tc .  

( 3 )  Review o f  Yard Plans 

Once t h e  key p lans  a r e  issued,  t h e  H u l l  Sec t i on  uses them t o  develop t h e  
y a r d  s t r u c t u r a l  p lans  o r  " y a r d  p lans "  t h a t  a r e  subd iv ided  i n t o  each p a r t i c u l a r  
h u l l  c o n s t r u c t i o n / e r e c t i o n  u n i t .  These u n i t  drawings a r e  complete w i t h  t h e  
s m a l l e s t  d e t a i l  shown and d e f i n e d  t o  a l l o w  t h e  p r e p a r a t i o n  o f  t h e  u n i t  p a r t s  
1 i s t ,  "UPL1s," f rom which t h e  M o l d l o f t  p repares  t h e  u n i t  c o n s t r u c t i o n  manuals, 
"UCM's." The UCM's a r e  t h e  documents f rom which t h e  s t e e l  i s  nested, marked, 
punched,  and burned w i t h i n  t h e  c o n s t r u c t i o n  sequence. There fore ,  t o  assure t h e  
a c c u r a c y  o f  t h e  data  re leased  t o  Product ion ,  t h e  Design Sec t ion  rev iews t h e  u n i t  
d r a w i n g s  t o  v e r i f y  t h a t  a l l  d e t a i l s  a r e  i n  accordance w i t h  t h e  i n tended  des ign 
and l a t e s t  developments, 

Increased Ro1 e i n  Product  i on/Engi n e e r i  ng L i a i s o n  

S i n c e  t h e  Design Sec t ion  i s  r e s p o n s i b l e  f o r  t h e  development o f  t h e  key 
p lans,  ques t i ons  and problems t h a t  a r i s e  d u r i n g  development o f  y a r d  p lans  and N/C 
b u r n i n g  a r e  channeled th rough  t h e  Design Sec t ion  f o r  r e s o l u t i o n .  A1 though t h i s  
i s  n o t  a new f u n c t i o n  o f  t h e  Design Sect ion,  t h e  amount o f  day-to-day involvement 
h a s  i n t e n s i f i e d  due t o  t h e  i n c r e a s e d  d e t a i l  o f  t h e  a c t u a l  d e s i g n  work now 
undertaken. Also,  s i n c e  t h e  da ta  base maintenance r e q u i r e s  d a i l y  involvement,  
t h e  f l o w  o f  i n p u t  t o  and f rom t h e  Design Sec t ion  has i nc reased  d r a s t i c a l l y .  

B. H u l l  S t r u c t u r e s  Sec t ion  

P r i o r  t o  i n t r o d u c t i o n  o f  zone o u t f i t t i n g  a t  Avondale, t h e  h u l l  s t r u c t u r a l  
drawings were developed and presented t o  t h e  P roduc t ion  Department u t i  1 i z i n g  a 
system-by-system approach. The drawings were developed p r e s e n t i n g  t h e  decks as a 
system, t h e  s h e l l  as a system, t h e  web frames as a system, and so on. 

The system-by-system approach presented t h e  e n t i r e  s h e l l ,  deck, o r  
l o n g i t u d i n a l  bulkheads t o  t h e  L o f t ,  f rom which t h e  va r ious  s t r u c t u r a l  u n i t s  had 
t o  be e x t r a c t e d .  The system-by-system drawings d i d  i n d i c a t e  t h e  u n i t  breaks o r  
e r e c t i o n  j o i n t s ,  b u t  t h e  i n d i v i d u a l  u n i t ' s  e x t e n t  was n o t  so  d i s c e r n i b l e  
g r a p h i c a l  l y .  A d d i t i o n a l l y ,  t h e  system-by-system approach r e q u i r e d  t h e  user  t o  
p o s s e s s  o t h e r  s y s t e m  p l a n s  i n  o r d e r  t o  o b t a i n  t h e  know ledge  o f  a l l  o f  t h e  
components o f  a p a r t i c u l a r  u n i t .  Many r e f e r e n c e  p lans  were necessary. 

(1) Yard Plans 

The g r e a t e s t  i n f l u e n c e  t h a t  zone o u t f i t t i n g  had on t h e  f u n c t i o n s  o f  t h e  H u l l  
Sec t i on  was i n  t h e  development o f  t h e  h u l l  s t r u c t u r a l  p lans ,  o r  y a r d  p lans.  Zone 
o u t f i t t i n g  i n t r o d u c e d  f o u r  m a j o r  changes i n  m e t h o d o l o g y  f o r  p r o d u c i n g  t h e  
s t r u c t u r a l  drawings:  

- The s t r u c t u r e  would be developed and presented u n i t  by u n i t .  
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- The i n d i v i d u a l  u n i t s  would be developed f rom a  key p l a n  r a t h e r  than f rom a  
r o u g h  s c a n t l i n g  p lan.  The key p l a n  c o n c e p t u a l l y  i s  a  more complete s c a n t l i n g  
p l a n  de l  i n e a t i n g  secondary s t r u c t u r e  t o  a  more d e t a i l e d  l e v e l .  

- The s t r u c t u r a l  drawings would have t h e i r  r e s p e c t i v e  u n i t ' s  va r ious  components 
i d e n t i f i e d  by a  d e s i g n a t i o n  system t h a t  was keyed t o  t h e  i n tended  c o n s t r u c t i o n  
sequence o r  stages f o r  t h a t  p a r t i c u l a r  u n i t .  

- Each u n i t  d r a w i n g  w o u l d  be accompanied by  a  c o m p l e t e  a c c o u n t i n g  l i s t  o f  
m a t e r i a l  f o r  t h a t  u n i t ,  known as a  U n i t  P a r t s  L i s t .  

AS1 s t i l l  ma in ta ins  t h e  o b v i o u s l y  r e q u i r e d  system drawings,  such as t h e  
rudder  suppor t  system, moor ing system, and anchor h a n d l i n g  system. The 
development method01 ogy o f  t hese  system drawings has remained e s s e n t i a l  l y  
unchanged under t h e  zone o u t f i t t i n g  concept. 

( 2 )  Standards 

The adop t ion  o f  zone o u t f i t t i n g  has l e d  t o  c r e a t i o n  o f  a  l a r g e  number of 
s tandard i zed  s t r u c t u r a l  d e t a i  1  s. The adopt i o n  o f  s tandard i zed  s t r u c t u r a l  d e t a i l  s  
has l e d  t o  u n i f o r m i t y  i n  c o n f i g u r a t i o n  and appl i c a t i o n .  R e p e t i t i o u s  d e t a i l  
requirements a r e  s imply  r e f e r r e d  t o  t h e  standards.  

Some s tandard i zed  n o t a t i o n s ,  where c e r t a i n  l e t t e r s  o f  t h e  a1 phabet 
s i n g u l a r l y ,  o r  i n  combinat ion,  a r e  assigned c e r t a i n  meanings, a r e  used i n  t h e  
y a r d  p lans.  These s tandard i zed  n o t a t i o n s  a r e  d i r e c t l y  t i e d  t o  AS1 ' s  Standard 
S t r u c t u r a l  D e t a i l s .  

Symbol i c  Log ic  

The n e x t  area where t h e  adop t ion  o f  zone o u t f i t t i n g  has had an i n f l u e n c e  i s  
i n  t h e  use o f  symbol ic  l o g i c .  P r i o r  t o  zone o u t f i t t i n g ,  AS1 s t r u c t u r a l  p lans  
u t i l i z e d  symbol ic  l o g i c  t o  some degree. Now, t h e  use o f  symbol ic  l o g i c  has 
i n c r e a s e d  s i g n i f i c a n t l y .  Symbolic l o g i c  i s  now employed t o  denote mold l i n e  
s i d e ,  d i m e n s i o n e d  s i d e  o f  member, s t o c k  a l l o c a t i o n s ,  e t c .  I n  t h e  f u t u r e ,  
a d d i t i o n a l  s y m b o l i s m  w i l l  be u t i l i z e d  i n  an e f f o r t  t o  f u r t h e r  s t a n d a r d i z e  
r e p e t i t i o u s  meaning o r  i n t e n t ,  and thus  reduce wording o r  g raph ic  p r e s e n t a t i o n s  
on t h e  plans.  The a t t e n d i n g  c o s t  sav ing  i s  an obvious i n i t i a t i n g  f a c t o r .  

( 4 )  U n i t  Pa r t s  L i s t  

The nex t  area i n  which t h e  adop t ion  o f  zone o u t f i t t i n g  has a  s i g n i f i c a n t  
i n f l u e n c e  i s  i n  t h e  d e c i s i o n  t o  c r e a t e  a  document known as t h e  U n i t  Pa r t s  L i s t ,  
o r  UPL. E s s e n t i a l l y ,  t h e  UPL i s  a document t h a t  accounts f o r  a l l  t h e  p ieces  i n  a  
u n i t .  I n  a d d i t i o n  t o  accoun t ing  f o r  every  p iece,  t h e  UPL l i s t s  t h e  p ieces  i n  t h e  
o r d e r  o f  ascending stages o f  c o n s t r u c t i o n ,  grouped i n t o  t h e  va r ious  p a r t i a l  
s u b u n i t s  and subun i t s  r e q u i r e d  f o r  bo th  t h e  assembly and e r e c t i o n  stages o f  
c o n s t r u c t i o n .  The UPL i s  an account ing  system t h a t  p resents  i t s  i n f o r m a t i o n  i n  
t h e  same o rde r  as a  document produced by t h e  P roduc t ion  P lann ing Department, t h e  
" U n i t  Breakdown Summary Sheet." 
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The UPL i s  c o n s t r u c t e d  f rom t h e  " U n i t  Breakdown Summary Sheet." There a r e  
a d d i t i o n a l  i t ems  o f  i n f o r m a t i o n  i n  t h e  UPL. These i n c l u d e  n o t a t i o n s  t o  t h e  L o f t  
as  t o  what p ieces r e q u i r e  " l o f t e d "  dimensions, what p ieces r e q u i r e  s tock ,  what 
p ieces  r e q u i r e  s p e c i a l  a t t e n t i o n  i n  t h e  l o f t i n g  and manu fac tu r ing  stages, e t c .  
The UPL w i l l  be used a t  t h e  va r ious  work s t a t i o n s .  

T h e  UPL i s  a  b a s e l i n e  document t h a t  can be used  by  o t h e r  g roups  o r  
depar tments  i n  P roduc t ion  f o r  such f u n c t i o n s  as m a t e r i a l  account ing ,  s o r t i n g ,  
r o u t i n g ,  storage,  e t c .  

( 5 )  P e n e t r a t i o n s  

P e n e t r a t i o n s  i n  s t r u c t u r a l  components f o r  p i p i n g ,  v e n t i  1  a t  i on ,  mechanical 
and  e l e c t r i c a l  r o u t i n g s  a r e  shown i n  t h e  y a r d  p lans  when those p e n e t r a t i o n s  fa1  1  
i n t o  e i t h e r  one o f  two c a t e g o r i e s :  p e n e t r a t i o n s  r e q u i r i n g  s t r u c t u r a l  
re in fo rcemen t ,  and those t h a t  can be c u t  by numer ica l  burn ing.  

U n t i l  t h e  advent o f  zone o u t f i t t i n g ,  o n l y  t h e  p e n e t r a t i o n s  t h a t  r e q u i r e d  
s t r u c t u r a l  re in fo rcemen t  were shown. Zone o u t f i t t i n g  has p r o v i d e d  f o r  e a r l i e r  
i d e n t i f i c a t i o n  o f  system r o u t i n g s ,  w i t h  t h e  a t t e n d i n g  b e n e f i t  o f  be ing  a b l e  t o  
i n c l u d e  those p e n e t r a t i o n s  i n t o  t h e  y a r d  p lans.  

( 6 )  Process Lanes I n t e g r a t i o n  

The c o n c e p t  o f  process l anes  has been i n c o r p o r a t e d  i n t o  t h e  y a r d  p lan.  The 
n o t a t i o n s  f o r  t h e  v a r i o u s  s t r u c t u r a l  components, d e s i g n a t i n g  them as subun i ts ,  
p a r t i a l  subun i ts ,  combined p a r t i a l  subun i t s ,  o r  j u s t  i n d i v i d u a l  p ieces  t o  be l e f t  
l o o s e  u n t i l  assembly o r  e r e c t i o n ,  a r e  a  f u n c t i o n  o f  t h e  area o r  l o c a t i o n  o f  t h e i r  
manufacture. 

T h i s  d e s i g n a t e d  manu fac tu r ing  l o c a t i o n  i s  one of t h e  b a s i c  concepts o f  t h e  
process l a n e  p r i n c i p l e .  The y a r d  p l a n  n o t a t i o n s  a r e  ob ta ined  f rom t h e  U n i t  
Breakdown Summary Sheet prepared by t h e  P roduc t ion  P lann ing  Department. By 
k n o w i n g  t h e  meaning o f  t h e  process l a n e  cod ing n o t a t i o n s ,  one can determine t h e  
l o c a t  i o n  o f  manufacture o f  a  p a r t i c u l a r  s t r u c t u r a l  component. 

C. Mechanical Design Sec t ion  

The concept o f  p roduc ing  zone o u t f i t t i n g  drawings f o r  t h e  v a r i o u s  mechanical 
systems r e q u i r e s  a  new des ign ph i losophy and r e q u i r e s  t h a t  t h e  Mechanical Sec t i on  
change i t s  method o f  deve lop ing  drawings. T h i s  change increases t h e  eng ineer ing  
t i m e  r e q u i r e d  t o  produce t h e  v e s s e l ' s  design,  b u t  shou ld  be o f f s e t  by t h e  manhour 
sav ings which can be r e a l i z e d  by Product ion .  

T h i s  s e c t i o n  w i  11 d i scuss  t h e  major  e n g i n e e r i n g l d e s i g n  e f f o r t  r e q u i r e d  by 
t h e  Mechanical  Sec t i on  and b r i e f l y  show t h e  d i f f e r e n c e s  between t r a d i t i o n a l  
mechanical des ign and des ign i n c o r p o r a t i n g  zone o u t f i t t i n g .  

(1) Scope o f  t h e  Job 
The scope  o f  t h e  eng ineer ing  r e q u i r e d  f o r  any j o b  i s  p u t  i n t o  d e f i n i t i o n  by 

f a r m u l a t i o n  o f  t h e  p l a n  schedule r e q u i r e d  f o r  t h a t  job.  T r a d i t i o n a l l y ,  t h i s  has 
b e e n  e a s i l y  o b t a i n a b l e  b y  t h e  M e c h a n i c a l  S e c t i o n  a t  t h e  b e g i n n i n g  o f  t h e  
c o n t r a c t ,  s i n c e  e n g i n e e r i n g  drawings were system o r ien ted .  The p l a n  schedule 
p r o v i d e d  an e a r l y  and f a i r l y  accu ra te  d e f i n i t i o n  of t h e  job.  
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However, w i t h  zone o u t f i t t i n g ,  most Mechanical Sect ion drawings a re  no t  
system-or iented bu t  r a t h e r  a re  u n i t -  o r  zone-oriented. A f t e r  a u n i t  breakdown i s  
made by Product ion Planning, t h e  Mechanical Sect ion must determine i t s  drawing 
breakdown by u n i t s .  Time must be spent f o r  advanced p lann ing  i n  order  t o  def ine 
w h a t  systems a r e  c o n t a i n e d  i n  v a r i o u s  u n i t s .  T h i s  i s  accomp l i shed  w i t h  a 
comprehensive advance p lann ing  program f o r  system rou t ing .  

A t  A S I ,  t h e  Mechanical Sect ion has implemented what i s  c a l l e d  "Advance 
Des ign  Composite Study" (ADCS). ADCS's a re  produced by t op  designers t a k i n g  t he  
f u n c t i o n a l  system diagrams and making a schematic one-1 i n e  r o u t i n g  o f  t h e  systems 
on sca led arrangement drawings. When t he  designers are r o u t i n g  t he  systems, they 
must ensure t h a t  t h e  r o u t i n g  shown i s  obta inable .  The ADCS i s  g r e a t l y  improved 
i f the  designer has good s c a n t l i n g  drawings and major equipment drawings. A 
we1 1 - thought -out  ADCS by t o p  designers w i l l  completely de f i ne  t h e  scope o f  t h e  
job.  Then, f rom t h e  ADCS, a r e a l i s t i c  p l an  schedule f o r  Mechanical Sect jon 
drawings can be obtained. 

( 2 )  Composites 

Devel opment o f  d e t a i l e d  composites has changed from t h e  t r a d i t i o n a l  
development method01 ogy as f o l l ows :  

- The breakup o f  t he  composited area f o l l o w s  t h e  u n i t  breakdown r a t h e r  than t h e  
t r a d i t i o n a l  1 eve1 breakdown. 

- Development o f  t h e  compos i t es  i s  done b a s i c a l l y  u n i t - b y - u n i t  i n  1 i e u  o f  
system-by-system. The proposed r o u t i n g  which has p rev i ous l y  been determined 
on t he  ADCS's i s  fo l l owed as c l o s e l y  as poss ib le ,  

( 3  ) Arrangement Drawings 

Since Product ion personnel a re  o u t f i t t i n g  small p ieces o f  t he  sh ip  which a re  
b a s i c a l l y  unre la ted  t o  t h e  sh ip  as t he  whole, arrangement drawings are done 
u n i t - b y - u n i t  w i t h  accompanying 1 i s t s  of ma te r i a l  done un i  t -by-un i  t i n  1 i e u  of 
t he  t r a d i t i o n a l  system-by-system, I n  add i t i on ,  a1 1 ma te r i a l  and p i pe  spools must 
be coded t o  t h e  u n i t ,  so t h a t  Ma te r i a l  Cont ro l  can p a l l e t i z e  t h e  ma te r i a l  and 
d e l i v e r  i t  t o  the u n i t  o u t f i t t i n g  s i t e ,  

F o l l o w i n g  i s  a l i s t  o f  problems which had t o  be overcome by t h e  Mechanical 
S e c t i o n  i n  t he  implementat ion o f  zone o u t f i t t i n g  as i t  r e l a t e s  t o  arrangement 
drawing p repara t ion :  

- The t o t a l  q u a n t i t y  o f  drawings i s  increased, which increases t h e  bas ic  burden 
o f  i n t e r f a c e  c o n t r o l ,  drawing handl ing,  and d i s t r i b u t i o n .  

- A system change t h a t  would have a f f e c t e d  on l y  one drawing i n  t h e  t r a d i t i o n a l  
design may now cause r e v i s i o n s  t o  many arrangement drawings and assoc ia ted 
L/M1s and p ipe  spools. 

- A d d i t i o n a l  d e t a i l i n g  i s  requ i red  i n  dimensioning t h e  drawing, s ince  
t r a d i t i o n a l  re ference l i n e s  such as frame l i n e s  and s h i p ' s  c e n t e r l i n e  may be 
non-ex is tent  on p a r t i c u l a r  drawings. 
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- S i n c e  f i n i s h e d  p a i n t i n g  i s  p a r t  o f  t h e  zone o u t f i t t i n g  ph i losophy,  a l l  p i p e  
s p o o l  drawings must c o n t a i n  t h e  i n t e r n a l  and e x t e r n a l  c o a t i n g  requirements 
which a r e  dependent on system and l o c a t i o n .  

- Designers must be more aware o f  each sys tem's  requirements,  s i n c e  many systems 
a r e  i n v o l v e d  i n  each u n i t  drawing. M a t e r i a l s  can be e a s i l y  confused, s i n c e  
many diagrams must be used f o r  one drawing. There can be no system s p e c i a l i s t  
designers.  

- D e s i g n e r s  must be aware o f  which m a t e r i a l s  can be i n s t a l l e d  a t  va r ious  stages 
o f  c o n s t r u c t i o n  (e,g., f i b e r g l a s s  p i p i n g  cannot  be i n s t a l  l e d  be fo re  b l a s t i n g  
w i thou  t damage ) . 

- The sys tem arrangement must be developed t o  be compat ib le  w i t h  t h e  method of 
f a b r i c a t i o n  f o r  a  p a r t i c u l a r  u n i t  (e.g., i f  a  u n i t  i s  f a b r i c a t e d  w i t h  a  
bulkhead f a c i n g  down, p i p e  shou ld  n o t  be r o u t e d  on t h e  unders ide o f  t h a t  
bulkhead i f  a t  a l l  p o s s i b l e ) .  

( 4 )  Package U n i t s  

E n g i n e e r i n g  has organized,  w i t h i n  t h e  Mechanical Sect ion ,  a  Package U n i t  
Design ~ r o u p .  T h i s  group i s  r e s p o n s i b l e  f o r  t h e  complete des ign o f  a l l  machinery 
package u n i t s ,  i n c l u d i n g  p i p i n g ,  s t r u c t u r e ,  o u t f i t t i n g ,  i n s t r u m e n t a t i o n ,  
p a i n t i n g ,  l a b e l  p l a t e s ,  e t c .  H a v i n g  t h i s  d e s i g n  i n  one g r o u p  e n s u r e s  t h e  
i n t e g r a t i o n  o f  a l l  des ign face ts .  Th is  method a l s o  s i m p l i f i e s  t h e  development o f  
t h e  machinery space composites, s i n c e  a  package u n i t  becomes a  "mini-composite." 

( 5 )  P i p i n g  Racks 

As much as p o s s i b l e ,  AS1 t r i e s  t o  rack  p i p i n g  on s t r u c t u r a l  frames, which 
t h e n  c a n  be i n s t a l l e d  as  one c o m p l e t e  assembly .  The M e c h a n i c a l  p e r s o n n e l  
r e s p o n s i b l e  f o r  t h e  p i p i n g  racks  a r e  a l s o  r e s p o n s i b l e  f o r  t h e  d e t a i l i n g  o f  t h e  
rack s t r u c t u r e  t o  ensure i n t e g r a t i o n  o f  s t r u c t u r e  and p i p i n g .  

( 6 )  Computer-Aided D r a f t i n g  

AS1 i s  p r e s e n t l y  deve lop ing  a  computer-aided d r a f t i n g  system w i t h  Lockheed 
and IBM known as CADAM. A p i p e  s p o o l i n g  program i s  p r e s e n t l y  be ing used t o  
improve t h e  accuracy of t h e  p i p e  spool s  and inc rease  p r o d u c t i v i t y .  

( 7 )  M a t e r i a l  Procurement 

M a t e r i a l  procurement must be done a t  a  very e a r l y  stage o f  t h e  c o n t r a c t  f o r  
a l l  systems, because t h e  f i r s t  u n i t  p lanned by P roduc t ion  f o r  zone o u t f i t t i n g  may 
c o n t a i n  sma l l  p o r t i o n s  o f  many systems. There fore ,  i n  o rde r  t o  have m a t e r i a l  i n  
t i m e  f o r  P r o d u c t i o n ' s  needs, advanced o r d e r i n g  o f  m a t e r i a l  must t ake  p lace.  
Advanced o r d e r i n g  o f  l ong - lead  m a t e r i a l  i s  done f rom t h e  complete ADCS's, r a t h e r  
than  f rom f u n c t i o n a l  schemat i c  diagrams , s i n c e  a  more accu ra te  rnater i  a1 take -o f  f 
can be obtained,  

A1 1  m a t e r i a l  :on systems i s  coded t o  c o i n c i d e  w i t h  a c t u a l  f a b r i c a t i o n  and 
i n s t a l  l a t i o n  sequence, Th is  r e q u i r e s  c l o s e  work ing  c o n t a c t  w i t h  Product ion  
personnel .  
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( 8 )  Vendor In fo rma t  i on 

To do wor thwh i l e  advanced p lann ing ,  vendor i n f o r m a t i o n  i s  r e q u i r e d  a t  a much 
e a r l i e r  s tage i n  t h e  c o n t r a c t .  Th i s  i s  r e q u i r e d  f o r  f e a s i b i l i t y  o f  equipment 
hook-up and de te rm ina t ion  o f  any problems w i t h  t h e  phys i ca l  l o c a t i o n  o f  t h e  
equipment. Also,  t h e  arrangement o f  c e r t a i n  systems i s  dependent upon i n d i v i d u a l  
vendor - fu rn i  shed equipment. 

D. P i o i n a  and HVAC Sec t ion  

The advent o f  zone o u t f i t t i n g  techno logy has had many fa r - reach ing  e f f e c t s  
on t h e  o p e r a t i o n s  of  t h e  P i p i n g  and HVAC Sect ion .  Th is  i s  because perhaps no 
o t h e r  E n g i n e e r i n g  Sec t ion  was as "systems o r i e n t e d "  as was P i p i n g  and HVAC p r i o r  
t o  zone o u t f i t t i n g .  

Drawing p r e p a r a t i o n  has been compl icated,  i n  t h a t  t h e r e  a r e  more drawings t o  
be produced and they  a r e  more complex than  were systems drawings. Gone a r e  t h e  
days when des igners  c o u l d  s p e c i a l i z e  i n  a  handfu l  o f  systems t h a t  t hey  c o u l d  work 
f r o m  j o b  t o  job. Now a des igner  must be knowledgeable about many systems, 
because a l l  p i p i n g  systems w i t h i n  a  g i ven  u n i t  must be worked as t h e  p a r t i c u l a r  
u n i t  drawing i s  be ing  prepared. 

Gone a l s o  a r e  t h e  days when des igners  had o n l y  t o  know t h e  bas i cs  about 
p r o d u c t i o n  t e c h n i q u e s  t h a t  were  t o  be used. Now a d e s i g n e r  must  become 
i n t i m a t e l y  f a m i l i a r  w i t h  t h e  p a r t i c u l a r  method o f  f a b r i c a t i o n  t o  be used on each 
u n i t  he i s  t o  work. The document used t o  i n s t r u c t  Eng ineer ing  as t o  P r o d u c t i o n ' s  
f a b r i c a t i o n  methods i s  t h e  " U n i t  Breakdown Summary Sheet  and C o n s t r u c t i o n  
Procedure." Th is  document p rov ides  Eng ineer ing  w i t h  step-by-step d e t a i l s  about 
each u n i t ' s  c o n s t r u c t i o n  sequence. This,  then,  a1 lows Eng ineer ing  t o  p r o p e r l y  
code each p i e c e  o f  equipment - p ipe ,  f i t t i n g s ,  e t c .  - so t h a t  i t  a r r i v e s  a t  t h e  
c o r r e c t  j o b  s i t e  when r e q u i r e d  by Product ion .  

The i m p a c t  o f  r e v i s i o n  a c t i v i t y  has been g r e a t l y  i n c r e a s e d  due t o  t h e  
i nc reased  number o f  drawings. A change i n  a  p i p e  s i z e  on a  p a r t i c u l a r  diagram 
c o u l d  have  an e f f e c t  on numerous u n i t  drawings and t h e i r  appended l i s t s ,  whereas 
i n  t h e  p a s t ,  o n l y  t h e  system drawing a f f e c t e d  by t h e  diagram would have been 
a1 t e r e d .  There fore ,  i t  i s  c r i t i c a l  t h a t  des ign changes be k e p t  t o  an abso lu te  
minimum. 

Th is  s e c t i o n  w i l l  focus on t h e  p r e p a r a t i o n  o f  p i p i n g  drawings t o  accommodate 
zone o u t f i t t i n g .  Much o f  what i s  s a i d  o f  t hese  drawings i s  a p p l i c a b l e  a l s o  t o  
HVAC and Mechanical Machinery drawing p r e p a r a t i o n ,  as p r e v i o u s l y  a1 1 uded t o .  
P i p i n g  development e f f o r t  i s  subd iv ided  i n t o  t h e  f o l l o w i n g  areas f o r  a  t y p i c a l  
t anke r :  

- machinery composite - machinery space, tank  h e a t i n g  c o i l s ,  and inne rbo t tom 
- o u t s i d e  machinery space and main deck racks  - machinery package u n i t s  
- q u a r t e r s  
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The f i r s t  f ou r  areas w i l l  be examined w i t h  t h e  knowledge t h a t  t h e  same 
t e c h n i q u e s  app ly  t o  q u a r t e r s  p i p i n g  development. A l so  d iscussed w i l l  be t h e  way 
i n  w h i c h  t h e  p r e p a r a t i o n  o f  p i p i n g  d e t a j l s  (P /D1s )  and 1 i s t s  o f  m a t e r i a l  (L /M1s)  
have been a f f e c t e d  by zone o u t f i t t i n g  techno1 ogy. 

( 1  ) Machinery Composite 

For  over  twenty yea rs ,  Avondal e ' s  Machinery Composite Group has p rov ided  t h e  
p r i m a r y  des ign  f o r  machinery space and main deck arrangements. These composites 
a r e  n o t  mere ly  i n t e r f e r e n c e  checks b u t  a r e  used t o  p r o v i d e  t h e  arrangement groups 
w i t h  comple te ly  r o u t e d  systems f o r  work ing drawing development. 

B a s i  c a l  l y ,  t h e  procedure f o r  machinery composite development has remained 
t h e  same w i t h  zone o u t f i t t i n g .  The composites a r e  done a t  sca les  o f  112" t o  1" 
t o  t h e  f o o t ,  depending on area, and a r e  d i v i d e d  i n t o  t h e  r e q u i r e d  p l a n  and 
s e c t i o n  views t o  c l e a r l y  rep resen t  t h e  area dep ic ted.  The composites show a l l  
systems w i t h i n  t h e  machinery space, i n c l u d i n g  p i p i n g ,  HVAC, and wireways, as w e l l  
as  o u t f i t t i n g  i tems such as ladders ,  g r a t i n g s ,  and so on. The major  d i f f e r e n c e  
between composites now and b e f o r e  zone o u t f i t t i n g  i s  t h e  manner o f  p r e s e n t a t i o n  
t o  t h e  arrangement group. Before,  an e n t i r e  system was r o u t e d  on composite and 
then  forwarded t o  t h e  arrangement group f o r  development i n t o  work ing drawings. 
Now, t h e  composite group rou tes  a l l  t h e  systems w i t h i n  a p a r t i c u l a r  u n i t  and then 
forwards t h a t  u n i t  t o  t h e  arrangement group. 

S i n c e  machinery spaces a r e  developed f rom t h e  l ower  l e v e l s  up, t h e  obvious 
prob lem w i t h  zone o u t f i t t i n g  i s  t o  be c e r t a i n  t h a t  a l l  systems i n  a g iven u n i t  
have  been r o u t e d  p r i o r  t o  i s s u e  t o  t h e  arrangement group. Avondale 's answer t o  
t h i s  p r o b l e m  i s  t h e  Advanced Design Composite Study o r  ADCS. The ADCS i s  a 112" 
s c a l e ,  s i n g l e - l i n e  r o u t i n g  o f  a l l  systems i n  t h e  machinery space, main deck, o r  
o t h e r  congested area o f  t h e  vessel .  It shou ld  t a k e  approx imate ly  s i x  weeks f o r  
t h e  " p r e l i m i n a r y "  ADCS t o  be developed f o r  a vessel  l i k e  t h e  m u l t i - p r o d u c t  
c a r r i e r  Avondale i s  c u r r e n t l y  (1982) b u i l d i n g ,  and approx imate ly  t h r e e  months f o r  
t h e  f i n a l  ADCS t o  be developed. Th is ,  o f  course,  assumes t h a t  vendor i n f o r m a t i o n  
and c o n t r a c t  drawings a r e  ready a t  t h e  s t a r t  o f  ADCS development. It a l s o  
assumes t h a t  f i r s t - r a t e  des igne rs  a r e  a v a i l a b l e  t o  handle t h e  assignment. 

Another d i f f e r e n c e  between t h e  t r a d i t i o n a l  and t h e  new composites i s  t h a t  
now t h e  u n i t  breaks o r  j o i n t s  a r e  c l e a r l y  shown on t h e  composites. Th is  i s  t o  
e n s u r e  t h a t  machinery i s  n o t  l o c a t e d  on t h e  break l i n e s  and t o  ensure t h a t  
a1 lowance i s  made f o r  f l a n g i n g  make-up p i p e  p ieces  t o  b r i d g e  u n i t  breaks a f t e r  
e r e c t i o n .  

Machinery Space, Tank Hea t ing  C o i l s ,  and Innerbot tom 

It i s  a l ongs tand ing  procedure a t  Avondale t o  prepare  arrangement drawings 
f rom reduced photograph ic  cop ies  o f  machinery composites. Th is  procedure i s  
b e i n g  con t inued  f o r  t h e  drawings be ing  prepared f o r  zone o u t f i t t i n g .  The task  
i s ,  however, more d i f f i c u l t  t han  i n  t h e  past. Wi th  systems drawings, t h e  systems 
n o t  b e i n g  d e v e l o p e d  c o u l d  be subdued and t h e  s u b j e c t  s y s t e m  h i g h 1  i g h t e d .  
However ,  w i t h  zone o u t f i t t i n g ,  a l l  t h e  sys tems  i n  a g i v e n  u n i t  must  be 
h i g h l i g h t e d .  I n  e s p e c i a l l y  congested areas, such as t h e  machinery space lower  
l e v e l ,  t h i s  task  i s  a lmost  imposs ib le  t o  accomplish. What must be done i n  these 
s i t u a t i o n s  i s  t o  present  a number o f  views o f  t h e  same area, w i t h  each view 
d e p i c t i n g  a c e r t a i n  number o f  systems f o r  c l a r i t y .  
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( 3 )  Outs ide Machinery Space and Main Deck Racks 

The o u t s i d e  machinery space drawings a r e  prepared s i m i l a r l y  t o  t h e  machinery 
space drawings, w i t h  t h e  ma jo r  d i f f e r e n c e  be ing  t h a t  t hey  a r e  prepared w i t h o u t  
b e n e f i t  o f  des ign composites. The arrangement group must examine p i p i n g  diagrams 
and develop t h e  ADCS f rom which t h e  arrangement drawing i s  t hen  taken. 

The ma in  deck r a c k  d r a w i n g s  f o r  t h e  p r e s e n t  Exxon c o n t r a c t  a r e  q u i t e  
d i  f f e r e n t .  Composites s i m i l a r  t o  those  prepared f o r  t h e  machinery space area 
were  done f o r  t h e  main deck, which was then  d i v i d e d  i n t o  t h r e e  zones w i t h  s i x  t o  
e i g h t  r a c k s  i n  each zone. Each rack c o n t a i n s  s e c t i o n s  o f  p i p e  t o g e t h e r  w i t h  t h e  
necessary suppor t i ng  s t r u c t u r e ,  walkways, and g ra t i ngs .  It i s  q u i t e  an 
improvement t o  assemble t h e  rack  comple te ly  o u t f i t t e d  and l i f t  i t  i n  one p iece  
aboard sh ip ,  as opposed t o  t h e  t r a d i t i o n a l  procedure o f  assembl ing p i p e  s t r u c t u r e  
on t h e  s h i p  and then  add ing t h e  p ipe ,  p i e c e  by p iece,  As w i t h  t h e  tank heatl 'ng 
c o i  1 d r a w i n g s ,  t h e  P i p i n g  S e c t i o n  I s  r e s p o n s i b l e  f o r  d e v e l o p i n g  t h e  r a c k  
s t r u c t u r e ,  as w e l l  as t h e  p i p e  r o u t i n g  and d e t a i l i n g .  The O u t f i t t i n g  Sec t ion  
p rov ides  t h e  l adder  and g r a t i n g  drawings f o r  t h e  racks, 

On t h e  product  c a r r i e r  c o n t r a c t ,  model eng ineer ing  has been used r a t h e r  
e x t e n s i v e l y  t o  d e p i c t  t h e  main deck rack development. The model o f  t h e  main deck 
p i p e  r a c k  i s  composed o f  t h e  assembled racks  and can be broken down t o  d u p l i c a t e  
t h e  planned c o n s t r u c t i o n  technique.  Aside f r o ~ n  a s s i s t i n g  Avondal e Engineer ing,  
t h e  model has a1 ready proven t o  be a r e a l  b e n e f i t  f o r  Product ion ,  owners, and 
r e g u l a t o r y  bodies, 

4 Machinerv Packaae U n i t s  

A1 t h o u g h  Avondale has b u i l t  package u n i t s  i n  t h e  past ,  t h i s  c u r r e n t  e f f o r t  
i s  t h e  most comprehensive t o  da te  and c e r t a i n l y  t h e  most successfu l .  One of t h e  
major  f a c t o r s  i n  t h e  success of t h e  package u n i t  program has been t h e  
c o n s t r u c t i o n  o f  t h e  Machinery Package U n i t  Assembly Shop, a l a r g e  shop w i t h  
o v e r h e a d  cranes and a c lean  environment. The r a p p o r t  t h a t  has been e s t a b l i s h e d  
between t h e  shop foreman and Eng ineer ing  personnel  i s  e x c e l l e n t .  A good many 
more eng ineer ing  manhours beyond o r i g i n a l  p r o j e c t i o n s  have been expended on 
package u n i t  development; however, i n i t i a l  r e p o r t s  f rom t h e  shop i n d i c a t e d  t h a t  a 
P roduc t ion  man-hour sav ings i n  t h e  neighborhood o f  15 percent  may be hoped for .  

There a r e  two b a s i c  t ypes  of  package u n i t s .  F i r s t ,  t h e r e  i s  t h e  
c u s t o m - b u i l t  type,  which i s  designed t o  s u i t  c e r t a i n  c o n d i t i o n s  o f  t h e  vessel  
b e i n g  designed. These package u n i t s  w i l l  d i f f e r  f rom des ign t o  design and a r e  
u s u a l l y  found i n  congested areas, such as t h e  l ower  l e v e l  o f  t h e  machinery 
s p a c e - - f o r  example, t h e  b i l g e  and b a l l a s t  pump package u n i t .  The o t h e r  t ype  o f  
package u n i t  i s  t h e  s tandard i zed  type,  such as t h e  f u e l  o i l  pump package u n i t .  
These package u n i t s  a r e  s u i t a b l e  f o r  reuse on o t h e r  j obs  and a r e  u s u a l l y  found i n  
1 e s s  congested areas, such as t h e  upper l e v e l s  o f  a machinery space. Of course, 
t h e  u l t i m a t e  goal shou ld  always be t o  des ign package u n i t s  so t h a t  t hey  a r e  
reusable.  

L i k e  t h e  main deck racks ,  t h e  package u n i t  drawings a r e  se l f - con ta ined  and 
a r e  produced comple te ly  by t h e  P i p i n g  Sect ion.  Even ladders  and g r a t i n g s  a r e  
done by t h e  P i p i n g  Sect ion.  
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As w i t h  ma in  deck r a c k s ,  c o m p l i c a t e d  package u n i t  d r a w i n g s  have been 
p r e p a r e d  w i t h  t h e  ass i s tance  o f  des ign models. These models have been ex t remely  
u s e f u l  d u r i n g  t h e  des ign phase i n  c a t c h i n g  i n t e r f e r e n c e s  and o t h e r  problems t h a t  
m i g h t  o t h e r w i s e  have gone unnot iced.  T h e i r  r e a l  va lue i s  r e a l i z e d  as Product ion  
c o n s u l t s  them d u r i n g  a c t u a l  package u n i t  c o n s t r u c t i o n .  The models a r e  i n  a 
l o c a t i o n  c l o s e  t o  t h e  Package U n i t  Assembly Shop and a r e  used c o n s t a n t l y .  

( 5 )  P i p i n g  D e t a i l s  

Each u n i t ,  machinery package u n i t ,  and main deck rack con ta ins  a p i p i n g  
e t a i  1 drawing (P/D). The procedure f o r  p roduc ing  P/D ' s  under zone o u t f i t t i n g  
as n o t  changed a g rea t  deal  f rom t h e  t r a d i t i o n a l  method. The major  d i f f e r e n c e  
' e a l  l y  i s  t h e  a d d i t i o n  o f  t h e  p a l l e t  code number and t h e  a t t e n t i o n  t h a t  i s  p a i d  

t o  p i p e  shop work s t a t i o n  r o u t i n g  and c o a t i n g  procedures, Adding r o u t i n g  and 
c o a t i n g  i n f o r m a t i o n  i s  t h e  r e s u l t  o f  adap t ing  t o  Avondale 's new semiautomated 
P i p e  Shop t o  accommodate zone o u t f i t t i n g  techno logy,  and t h e  need f o r  more 
accu ra te  computer-aided schedu l i ng  r e q u i r e d  f o r  zone o u t f i t t i n g .  

The P i p e  Shop r o u t i n g  i s  d e t e r m i n e d  by a d e s i g n e r  f a m i l i a r  w i t h  p i p e  
f a b r i c a t i o n  who e n t e r s  t h e  i n f o r m a t i o n  i n t o  a computer program c a l l e d  COPICS. 
E n t e r e d  i n t o  t h i s  program i s  t h e  shop r o u t i n g ,  m a t e r i a l  l i s t i n g ,  and p a l l e t  
codes. COPICS then can a u t o m a t i c a l l y  schedule t h e  work i n  t h e  P ipe Shop i n  o r d e r  
t h a t  f a b r i c a t i o n  schedules a r e  met f o r  i n s t a l l a t i o n  o f  t h e  p i p i n g  i n  t h e  u n i t s  
and t o  l e v e l - l o a d  t h e  work i n  t h e  P ipe Shop a t  t h e  va r ious  work s t a t i o n s .  

( 6 )  L i s t s  o f  M a t e r i a l  

S e p a r a t e  l i s t s  o f  m a t e r i a l  a r e  prepared f o r  each u n i t  and main deck rack.  
The p r o c e d u r e  used now f o r  genera t i ng  t h e  l i s t  o f  m a t e r i a l  (LIM) i s  a lmost  
i d e n t i c a l  t o  t h e  procedure used p r i o r  t o  zone o u t f i t t i n g  technology,  w i t h  t h e  
e x c e p t i o n  t h a t  an L/M i s  prepared f o r  each u n i t  o r  rack  and t h e  L/M must c o n t a i n  
t h e  pa l  l e t  code f o r  each i tem. 

( 7 )  Concl u s i o n  

The P i p i n g  and H V A C  S e c t i o n s '  e n t r y  i n t o  t h e  r e a l m  o f  zone o u t f i t t i n g  
techno lgy  has been a t r u e  " t r i a l  by f i r e . "  Not o n l y  d i d  they  and a l l  o f  t h e  
o t h e r  Eng ineer ing  s e c t i o n s  have more t o  do than  ever  before ,  b u t  t hey  had l e s s  
t i m e  t o  do it. It was ex t remely  d i f f i c u l t  t o  e s t i m a t e  t h e  manhours t h a t  would be 
needed t o  accompl ish t h e  assigned tasks .  There have been budget overruns;  
h o w e v e r ,  t h e  s a v i n g s  t o  be r e a l i z e d  on t h e  P r o d u c t i o n  s i d e  w i l l  more t h a n  
compensate f o r  t h e  a d d i t i o n a l  expend i tu res  i n  eng ineer ing ,  

E, O u t f i t t i n s  Sec t i on  

Avondal e Eng ineer ing  ' s  response t o  zone o u t f i t t i n g  has been geared toward 
P roduc t ion  needs, especi  a1 l y  i n  t h e  areas o f  H u l l  S t r u c t u r e ,  P i  p ing ,  Machinery, 
and M a t e r i a l  Con t ro l .  I n  o r d e r  t o  suppor t  t h i s  e f f o r t  and t o  keep c u r r e n t  w i t h  
t h e  changing work procedures, t h e  O u t f i t t i n g  Eng ineer ing  Sec t ion  has at tempted t o  
r e s p o n d  t o  t h e  needs t h a t  have been c r e a t e d  by  t h e  i m p l e m e n t a t i o n  o f  zone 
o u t f i t t i n g  technology.  
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The O u t f i t t i n g  Sect ion responded i n  two main areas: 

- To p rov ide  engineer ing i n f o rma t i on  e a r l y  enough t o  support  t he  t i m e l y  
development o f  work i n  a1 1  o ther  engineer ing sect ions.  

- To respond t o  t he  Product ion Department needs created by zone o u t f i t t i n g ,  

(1)  O u t f i t t i n g  Response t o  Engineer ing Sec t i on ' s  Needs 

Because a  l ack  o f  o u t f i t t i n g  i n f o rma t i on  requ i r ed  by o the r  engineer ing 
sec t ions  i s  a  p o t e n t i a l  cause o f  schedule sl'ppage, these i tems must be addressed 
e a r l y  on, even i n  t h e  p recon t rac t  stage, if poss ib le .  I n  add i t i on ,  new U.S. 
Coast Guard regu la t i ons  r e q u i r e  submi t ta l  o f  drawings such as hazardous area 
d e f i n i t i o n s ,  f i r e  c o n t r o l  i n fo rmat ion ,  and bulkhead and deck c l a s s i f i c a t i o n s  "up 
f r o n t , "  r i g h t  a t  t he  beginn ing o f  t he  con t rac t .  As a  r e s u l t ,  t h i s  i n f o rma t i on  
must be scheduled f o r  development as e a r l y  as poss ib le .  

To s u p p o r t  zone o u t f i t t i n g ,  t h e  O u t f i t t i n g  Sect ion must have an e a r l y  s t a r t  
t o  p rov ide  t h e  f o l l o w i n g  i n f o rma t i on :  

- access i n f o rma t i on  
- compartmentation d e f i n i t i o n  
- equipment system d e f i n i t i o n  - p a i n t  i n f o rma t i on  - i d e n t i f i c a t i o n  and l o c a t i o n  o f  j o i n e r  systems 
- vendor i dent i f i c a t i o n  
- c l a s s i f i c a t i o n  o f  decks and bulkheads 
- i n s u l a t i o n  requirements 
- hazardous area d e f i n i t i o n s  
- weight i n f o rma t i on  

( 2 )  Outf  i t t i n a  Res~onse t o  Product ion Needs 

The Product ion Department needs from t h e  O u t f i t t i n g  Sect ion t o  support  zone 
o u t f i t t i n g  are s t r a i g h t f o r w a r d  and i n  t h e  f o u r  general areas o f  p roduc t ion  work: 

- m a t e r i a l  c o n t r o l  - ma te r i a l  f a b r i c a t i o n  - ma te r i a l  r o u t i n g  
- ma te r i a l  i n s t a l  l a t i o n  

The O u t f i t t i n g  Sect ion must respond as f o l l ows  i n  each o f  these areas. 

a. Ma te r i a l  Cont ro l  

P r o d u c t i o n ' s  need t o  c o n t r o l  m a t e r i a l  i s  o f  p r i m e  i m p o r t a n c e  t o  t h e  
imp1 ementat ion o f  zone o u t f i t t i n g  technology. Th is  con t ro l  i s  f a c i  1  i t a t e d  
t h r o u g h  t h e  use o f  c o m p u t e r i z e d  m a t e r i a l  c o n t r o l  systems such as COPICS. 
However, i n  order  f o r  any computerized system t o  work, t he re  must f i r s t  be an 
i d e n t i f i e r  f o r  t he  i t em  t o  be c o n t r o l l e d  so t h a t  t h e  computer w i l l  be ab le  t o  
d i s t i n g u i s h  each item. Th is  i s  best  accomplished by t he  use o f  a  raw ma te r i a l  
" c a t a l o g "  i n  which a l l  raw ma te r i a l  i tems a re  assigned a  yard-wide standard 
number. 
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O r i g i n a l l y ,  t h i s  " c a t a l o g "  e x i s t e d  f o r  o n l y  p i p i n g  m a t e r i a l s ,  bu t  now AS1 i s  
p r o c e e d i n g  w i t h  t h e  development o f  such a  c a t a l o g  f o r  a l l  raw m a t e r i a l s ,  and t h e  
O u t f i t t i n g  S e c t i o n  i s  h a n d l i n g  t h e  c a t a l o g  deve lopmen t  f o r  a l l  o u t f i t t i n g  
m a t e r i a l s .  The m a t e r i a l  c a t a l o g  numbers a r e  a l s o  be ing  added t o  t h e  drawings i n  
a n t i c i p a t i o n  o f  t h e  implementa t ion  of t h i s  computer system. 

b. M a t e r i a l  F a b r i c a t i o n  

Another development v ~ h i c h  has been i n c o r p o r a t e d  i n t o  t h e  drawings i s  t h e  
i s o l a t i o n  o f  t h e  f a b r i c a t i o n  i n f o r m a t i o n ,  so t h a t  o n l y  t h e  i n f o r m a t i o n  r e q u i r e d  
t o  f a b r i c a t e  a  g i ven  subassembly i s  shown. Once t h e  raw m a t e r i a l  i s  f a b r i c a t e d  
i n t o  f i n i s h e d  i tems, then  t h e  va r ious  raw m a t e r i a l  p i e c e  numbers can no l onger  be 
used  t o  t r a c k  t h e  m a t e r i a l  ; t h e r e f o r e ,  a  new i d e n t i f i e r  must be assigned, T h i s  
new i d e n t i f i e r  i s  c a l l e d  a  "Subassembly Number." For example, VL = V e r t i c a l  
Ladder, I L  = I n c l i n e d  Ladder, e t c ,  

A f t e r  hav ing gone a lmost  comple te ly  th rough  t h e  product  c a r r i e r  c o n t r a c t  and 
u s i n g  t h e  subassembly numbers th roughout ,  t h e  l i s t  o f  subassembly numbers i s  
s t i l l  s m a l l e r  than 100. That i s ,  t h e  f a b r i c a t e d  i tems which t h e  O u t f i t t i n g  
Sec t ion  s u p p l i e s  can be desc r ibed  o r  i d e n t i f i e d  by fewer than 100 components. 

Us ing t h e  subassembly numbers as a  heading, t h e  P roduc t ion  Department has 
t h e  c a p a b i l i t y  o f  l o a d i n g  i n t o  t h e  computer ized m a t e r i a l  c o n t r o l  system a l l  t h e  
r a w  m a t e r i a l  r e q u i r e d  t o  f a b r i c a t e  a  g i v e n  subassembly .  Some o f  t h e  more 
commonly used subassembly components a r e  i n  t h e  process o f  be ing  conver ted i n t o  
y a r d  standards,  which w i l l  e l i m i n a t e  t h e  need t o  draw t h e  same subassemblies ove r  
and over  again. 

M a t e r i a l  l i s t s  have been b r o k e n  down so  t h a t  t h e  m a t e r i a l  f o r  each  
subassembly i s  separa te  f rom t h e  nex t  subassembly t o  f a c i l i t a t e  easy e n t r y  i n t o  a  
computer  data  base. P a i n t i n g  i n f o r m a t i o n  i s  shown f o r  each subassembly i n  t h e  
same area as t h e  d e t a i l s  f o r  t h e  f a b r i c a t i o n .  

c. M a t e r i a l  Rout ing  

Because o f  t h e  process l anes  system, t h e r e  a r e  now many d i f f e r e n t  l o c a t i o n s  
i n  t h e  y a r d  where m a t e r i a l  i s  be ing  i n s t a l l e d  on t h e  va r ious  u n i t s .  Where a 
g i v e n  p i e c e  o f  o u t f i t t i n g  i s  t o  be r o u t e d  depends on many d i f f e r e n t  f a c t o r s ,  a1 1  
o f  which must be cons idered by t h e  o u t f i t t i n g  engineer.  Some o f  these f a c t o r s  
a re :  

- What u n i t  does i t  go on? 

- A t  wha t  t i m e  i n  t h e  c o n s t r u c t i o n  sequence i s  t h e  u n i t  i n  t h e  bes t  p o s i t i o n  f o r  
i n s t a l  l a t i o n ?  

- What hand1 i n g  i s  r e q u i r e d ?  

- I s  p a i n t i n g  a  problem? 

Once t h e s e  q u e s t i o n s  have been answered and a  d e c i s i o n  made, t h e n  t h e  
m a t e r i a l  i s  "addressed." The address i s  t h e  p a l l e t  code, a  s e r i e s  of numbers 
which r o u t e  t h e  m a t e r i a l  t o  a  s p e c i f i c  t i m e  and l o c a t i o n  'n  t h e  yard.  
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O u t f i t t i n g ' s  response  t o  P r o d u c t i o n ' s  r e q u e s t  f o r  m a t e r i a l  r o u t i n g  i s  t h e  
p r e l  i m i n a r y  assignment o f  t he  p a l l e t  code and t h e  arrangement o f  t h e  p a l l e t  code 
i n f o r m a t i o n  on t he  var ious drawings i n  such a  manner t h a t  t he  i n f o rma t i on  may be 
e a s i l y  entered i n t o  a  computer data base. 

Another f a c e t  o f  ma te r i a l  r o u t i n g  i s  the  arrdngement o f  t he  drawings i n  such 
a  way as t o  keep a l l  t h e  i n f o rma t i on  f o r  a  g iven u n i t  t oge the r  so t h a t  i t  i s  
p o s s i b l e  t o  read and work w i t h  t h e  drawing u n i t  by u n i t .  I n  some cases, t h e  
o u t f i t t i n g  drawings have been arranged so t h a t  i t  i s  poss ib l e  t o  l i t e r a l l y  take  
t h e  d raw ing  book le t  apar t  and each drawing w i l l  s t i l l  be complete f o r  each t r ade  
o r  work crew. 

Ma te r i a l  I n s t a l  1  a t i o n  

An impo r tan t  p a r t  o f  zone o u t f i t t i n g  technology i s  t h e  e l i m i n a t i o n  o f  as 
much f i e l d  f a b r i c a t i o n  as poss ib le .  The u l t i m a t e  aim i s  t o  conver t  t he  f i e l d  
worker from a  f a b r i c a t o r  i n t o  a  s k i l l e d  " i n s t a l l e r . "  Th is  i s  accomplished by t h e  
p r e f a b r i c a t i o n  o f  as many o u t f i t t i n g  i t e m s  as p o s s i b l e ,  and by s e p a r a t i n g  
i n s t a l l a t i o n  i n f o rma t i on  f rom f a b r i c a t i o n  in fo rmat ion .  

I f  a  g iven subassembly comes t o  t h e  i n s t a l l a t i o n  s i t e  i n  a  f i n i s h e d  o r  
p r e f a b r i c a t e d  s ta te ,  then t h e  person do ing t h e  i n s t a l l a t i o n  has no need f o r  any 
o f  t h e  f a b r i c a t i o n  in fo rmat ion ,  He on ly  needs t o  know where i t  goes and how i t  
i s  i n s t a l l e d ,  Of ten t h e  des igner  may b u i l d  i n t o  t h e  subassembly some fea tu re  
such as a  s l i p  j o i n t  t o  make t h e  j o b  o f  i n s t a l l a t i o n  eas ier .  He may ask f o r  
l o c a t i n g  "shop marks" as p a r t  o f  t he  f a b r i c a t i o n  process. These spec ia l  fea tu res  
a re  then noted on t he  i n s t a l l a t i o n  p a r t  o f  t h e  drawing. 

The t w o - d i g i t  subassembly numbering system i s  a  he lp  t o  t h e  i n s t a l l e r s ,  i n  
t h a t  over a  p e r i o d  o f  t ime  they develop a  s o r t  o f  ja rgon which w i l l  convey much 
more i n f o r m a t i o n  than p rev ious ly .  For example: "Get me one VL-10 and a  PT-6 
r i g h t  away," t e l l s  t h e  man immediately t h a t  t h e  sub jec ts  o f  t he  conversat ion a re  
a  1 0 ' - 0 "  v e r t i c a l  l a d d e r  and t y p e  6  p l a t f o r m .  The O u t f i t t i n g  S e c t i o n  i s  
develop ing arrangement drawings which show t h e  i n s t a l l a t i o n  o f  t he  subassemblies 
u s i n g  t h e  subassembly numbers only. The l o c a t i o n  dimensions on these drawings 
a r e  t o  t h e  n e a r e s t  s t r u c t u r e  o r  t o  a  datum l i n e  so as t o  ensu re  t h a t  t h e  
i n s t a l l e r  has a  " r e a l "  p lace  t o  measure from, because o f t e n  t h e  u n i t  i s  no t  
assembled i n t o  t h e  h u l l  form, and t h e  convent ional  datum l i n e s  may no t  be on t h e  
u n i t  a t  a l l .  

W i t h  much more ma te r i a l  being added t o  t he  u n i t s  be fo re  they a re  assembled 
one t o  another,  t h e  weight o f  t h e  added o u t f i t t i n g  ma te r i a l  becomes an impor tant  
f a c t o r  i n  u n i t  handling. The weight i s  a l s o  a  good i n d i c a t i o n  of t h e  percent 
c o m p l e t e  o f  t h e  s h i p .  F o r  example,  i f  100 t o n s  o f  o u t f i t t i n g  m a t e r i a l  i s  
assigned t o  a  given u n i t  o r  package and on l y  75 tons have been i n s t a l l e d ,  then 
t h a t  j o b  i s  75 pecent complete. 

A sp in -o f f  o f  t h e  separa t ion  o f  f a b r i c a t i o n  and i n s t a l  1  a t i o n  in fo rmat ion  on 
t h e  d raw ings  w i l l  be t h e  a b i l i t y  t o  reuse t h e  f a b r i c a t i o n  d e t a i l s  on o ther  
con t rac t s  q u i t e  e a s i l y ,  because i n  most cases t h e  o u t f i t t i n g  subassembly i s  drawn 
w i t h o u t  any re ference t o  t h e  s h i p ' s  s t r uc tu re .  Th is  makes i t  easy t o  apply t o  
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another  c o n t r a c t  by s imp ly  photocopy ing t h e  f a b r i c a t i o n  d e t a i l  and drawing new 
i n s t a l l a t i o n  d e t a i l s  t o  s u i t .  Th i s  can l e a d  t o  a  f i l e  o f  p re-eng ineered sheets 
w h i c h  a r e  i n s e r t e d  i n t o  t h e  drawings as needed o r  which may be conver ted  t o  y a r d  
standards.  

( 3 )  E f f e c t  on Drawing Development and I n f o r m a t i  on P resen ta t  i o n  

I n  o rde r  t o  suppor t  P roduc t ion  i n  t h e  implementa t ion  o f  zone o u t f i t t i n g ,  
o u t f i t t i n g  drawings had t o  undergo a  s i g n i f i c a n t  change f rom t h e i r  t r a d i t i o n a l  
c o n f i g u r a t i o n  and method o f  p repara t i on .  It i s  n o t  t h a t  e n t i r e l y  new i n f o r m a t i o n  
o r  d a t a  had t o  be created,  b u t  r a t h e r  t h a t  t h e  o l d  i n f o r m a t i o n  has had t o  be 
expanded and p laced  i n  d i f f e r e n t  o r d e r  on t h e  drawings and, i n  some cases, 
a d d i t i o n a l  d e t a i l s  and schedules had t o  be developed. 

( 4 )  E x a m ~ l e  o f  D e t a i l  Drawins D e v e l o ~ m e n t  

The bes t  way t o  show how t h e  O u t f i t t i n g  Sec t ion  has handled t h e  v a r i o u s  
P r o d u c t i o n  needs i s  by an i l l u s t r a t i o n  u s i n g  a  t y p i c a l  O u t f i t t i n g  Sec t ion  drawing 
t h a t  covers  a  l a r g e  area o f  t h e  s h i p  (a  m u l t i - u n i t  d rawing) .  The drawing w i l l  be 
d i s c u s s e d  i n  d e t a i l  and t h e  v a r i o u s  changes made t o  t h e  drawing t o  accommodate 
zone o u t f i t t i n g  techno logy exp la ined,  

a. T i t l e  B lock  

A s t i c k - o n  schedule has been added t o  t h e  t i t l e  sheet  under t h e  General 
No tes  area of t h e  drawing so t h a t  P r o d u c t i o n  w i l l  know a t  a  g lance t h e  t i m e  
sequence f o r  t h e  i n s t a l  l a t i o n  of  t h e  o u t f i t t i n g  i t ems  con ta ined  w i t h i n  t h e  
drawing, The a f f e c t e d  areas o f  t h e  s h i p  have been added t o  t h e  t i t l e  b lock  so 
t h a t  anyone r e a d i n g  t h e  t i t l e  w i l l  know what areas a r e  covered by t h e  drawing. 

b. Index Sheet 

The arrangement o f  t h e  sheets  w i t h i n  t h e  drawing has been made so t h a t  a l l  
o f  t h e  f a b r i c a t i o n  i n f o r m a t i o n  f o r  a  g i ven  subassembly may be removed f rom t h e  
drawing and w i l l  s tand  alone,  L ikewise,  a l l  o f  t h e  i n f o r m a t i o n  r e q u i r e d  t o  
i n s t a l l  t h e  subassembly can be removed and w i l l  s tand  alone. 

The f a b r i c a t i o n  i n f o r m a t i o n  f o r  one subassembly i s  a l s o  separa te  f rom t h e  
f a b r i c a t i o n  i n f o r m a t i o n  f o r  t h e  n e x t  subassembly. 

The o r d e r  o f  p r e s e n t a t i o n  i s  as f o l l o w s :  F i r s t  comes t h e  p a r t s  l i s t  
( p u r c h a s i n g  da ta ) ,  t hen  key p lans,  f a b r i c a t i o n  i n f o r m a t i o n ,  and f i n a l  l y  
i n s t a l  1  a t i o n  data.  T h i s  o r d e r  was chosen because i t  c l o s e l y  f o l l o w s  t h e  a c t u a l  
sequence of  o p e r a t i o n s  a t  ASI. 

c. General Notes 

I n  a d d i t i o n  t o  t h e  usua l  General Notes, t h e r e  has been added an e x p l a n a t i o n  
o f  t h e  v a r i o u s  subassembly numbers used i n  t h e  drawing t o  ensure t h a t  t hey  a r e  
u n d e r s t o o d .  A l s o  added t o  t h e  G e n e r a l  N o t e s  i s  an e x p l a n a t i o n  o f  how t h e  
subassembly i n f o r m a t i o n  i s  shown i n  t h e  key p lans.  T h i s  system o f  conveying 
i n f o r m a t i o n  has been developed because i t  i s  a  s imp le  way t o  i n f o r m  t h e  reader  
e x a c t l y  where t o  go t o  f i n d  o u t  how t o  f a b r i c a t e  o r  how t o  i n s t a l l  t h e  g i ven  
subassembly. 
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T o t a l  P a r t s  L i s t  ( M a t e r i a l  L i s t )  

T h i s  sheet serves as a  purchas ing document f o r  t h e  t o t a l  amount o f  raw 
m a t e r i a l  r e q u i r e d  t o  f a b r i c a t e  e v e r y t h i n g  on t h e  drawing. It i n c l u d e s ,  f o r  each 
p a r t ,  t h e  " u n i t  we igh t "  and "AS1 Standard P a r t  Number." The u n i t  we ight  column 
a1 l o w s  t h e  we ight  group t o  c a l c u l a t e  t h e  we igh t  o f  t h e  added o u t f i t t i n g  m a t e r i a l  
f o r  a  g i v e n  u n i t  f o r  purposes o f  u n i t  l i f t i n g  and hand l ing .  The AS1 Standard 
P a r t  Number a l l o w s  t h e  M a t e r i a l  C o n t r o l  Group t o  e n t e r  t h e  raw m a t e r i a l  
d e s i g n a t o r  i n t o  a  computer data  base where many d i f f e r e n t  k i n d s  o f  ope ra t i ons  may 
be performed on it. 

e, Subassembly P a r t s  L i s t  

The subassembly p a r t s  l i s t  i s  a  comp le te l y  new t y p e  o f  schedule which has 
been added t o  f a c i l i t a t e  computer ized m a t e r i a l  l i s t s  p e r  p a l l e t ,  p a r t s  l i s t s  f o r  
each subassembly, r e q u i s i t i o n s  f o r  m a t e r i a l  , and many o t h e r  func t i ons .  

I t s  most i m p o r t a n t  f u n c t i o n  i s  t o  p resen t  t h e  m a t e r i a l  on t h e  drawing broken 
down t o  such a  l e v e l  o f  s i m p l i c i t y ,  t h a t  when t h e  i n f o r m a t i o n  i s  p u t  i n t o  a 
c o m p u t e r  d a t a  base,  t h e  c o m p u t e r  w i l l  be a b l e  t o  " b u i l d "  o r  c o n n e c t  t h e  
i n f o r m a t i o n  i n  ways t h a t  w i l l  p r o v i d e  t h e  o p e r a t o r  w i t h  t h e  requ ' red answers t o  
such ques t ions  as, "How much m a t e r i a l  i s  i n  t h i s  p a l l e t ?  How much does i t  weigh? 
I s  a l l  t h e  m a t e r i a l  a v a i l a b l e ? "  

f. Key Plans 

The key p lans  have been added as a  v i s u a l  i n d i c a t i o n  o f  t h e  area o f  t h e  s h i p  
covered by t h e  drawing and t h e  approximate l o c a t i o n  o f  t h e  v a r i o u s  subassemblies. 
Each subassembly number i s  p laced  i n  a  hexagon w i t h  a  h o r i z o n t a l  l i n e  extended 
f rom it. A l l  i n f o r m a t i o n  r e l a t i n g  t o  t h e  f a b r i c a t i o n  o f  t h e  subassembly i s  above 
t h e  l i n e ,  and a l l  o f  t h e  i n f o r m a t i o n  r e l a t i n g  t o  t h e  i n s t a l l a t i o n  o f  t h e  
subassembly i s  below t h e  1  ine ,  Thus, t h e  key p l a n  becomes a  s o r t  o f  index f o r  
t h e  f a b r i c a t o r  o r  i n s t a l l e r .  

g. D e t a i l  T a b u l a t i o n  Sheets 

T a b u l a t i o n  sheets have been developed t o  supp ly  dimensions f o r  subassembl i e s  
w h i c h  a r e  t h e  same shape and c o n s t r u c t i o n  b u t  which have s i z e  d i f f e r e n c e s .  
V e r t i c a l  and i n c l  i ned ladders  a r e  good examples of these t ypes  of  subassembl i es .  

The d e t a i  1  tabu1 a t i o n  sheets a r e  f a b r i c a t i o n  documents and c o n t a i n  
i n f o r m a t i o n  which i s  f o r  f a b r i c a t i o n  on ly .  They g i v e  t h e  dimensions f o r  each 
subassembly one t i m e  on ly ,  no m a t t e r  how many t imes  t h e  subassembly i s  used on 
t h e  s h i p .  The q u a n t i t y  o f  each subassembly i s  n o t  g i ven  on t h i s  sheet  b u t  i s  
i nc luded ,  i ns tead ,  on t h e  subassembly p a r t s  1  i s t .  

h. Subassembly F a b r i c a t i o n  De ta i  1  Sheets 

The d e t a i l s  f o r  t h e  a c t u a l  f a b r i c a t i o n  o f  a  subassembly  a r e  g i v e n  i n  
p r e - e n g i n e e r e d  d e t a i l  s h e e t s  w h i c h  a r e  p h o t o g r a p h e d  and i n s e r t e d  i n t o  t h e  
d r a w i n g .  It i s  these pre-eng ineered f a b r i c a t i o n  d e t a i l  sheets which a r e  pr ime 
cand idates  f o r  a  program o f  s t a n d a r d i z a t i o n .  
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i . Loca t ion  Tabula t ion Sheets 

The l o c a t i o n  t a b u l a t i o n  sheet prov ides t h e  i n s t a l l e r  w i t h  the  exact 
i n f o rma t i on  he needs i n  o rder  t o  i n s t a l l  a  g iven subassembly. I t  i s  here such 
i tems  as datum l i n e s  f o r  " r e a l "  l o c a t i o n  p o i n t s  and a  column f o r  s p e c i a l  
i n s t a l  1 a t  i o n  d e t a i l s  which may be requ i r ed  a re  i d e n t i f i e d .  

I t  i s  on t h i s  s h e e t ,  a l s o ,  t h a t  t h e  p a l l e t  code o r  " add ress "  f o r  each 
subassembly i s  found. Because t h e  "address" may be d i f f e r e n t  f o r  each 
subassembly, though t h e  subassembly may be e x a c t l y  l i k e  o thers  and have t h e  same 
subassembly number, i t  must be l i s t e d  on i t s  own l i n e  i n  t he  l o c a t i o n  t a b u l a t i o n  
sheet. 

i. I n s t a l l a t i o n  D e t a i l  Sheets 

These sheets con ta in  d e t a i l s  which show spec ia l  problems r e l a t i n g  t o  t h e  
i n s t a l l a t i o n  o f  t h e  subassembly o r  e l s e  show t h e  o r i e n t a t i o n  aboard t he  ship. 
They serve as a  v i sua l  a i d  t o  t h e  i n s t a l l e r  and as an extens ion o f  t he  l o c a t i o n  
t a b u l a t i o n  sheet. 

( 5 )  E f f e c t  on Time Frame, Budget, and Personnel 

The need f o r  more i n f o rma t i on  "up f r o n t "  has caused t h e  O u t f i t t i n g  Sect ion 
more work a t  t h e  beginn ing o f  t h e  con t rac t ,  sometimes even a t  t h e  p recon t rac t  
s t a g e  o f  t he  job,  than has been done p rev ious ly .  Th is  means t h a t  more t ime and 
personnel  have t o  be made a v a i l a b l e  a t  a  t ime  when they may be needed t o  f i n i s h  
up on ano ther  con t rac t .  More t ime i s  needed t o  complete some drawings and, as a  
r e s u l t ,  they must be s t a r t e d  e a r l i e r  i n  o rder  t o  ho ld  Product ion need dates. 

The changes made t o  t h e  O u t f i t t i n g  S e c t i o n  d raw ings  as a  response  t o  
P roduc t i on  needs have gene ra l l y  r e s u l t e d  i n  a  drawing which i s  l a r g e r  than 
prev ious drawings o f  t he  same type. 

These drawings a re  more complex t o  pu t  toge ther  f o r  t he  O u t f i t t i n g  engineer 
because he has t o  pu t  on severa l  "ha ts "  i n  t h e  course o f  t he  drawing development 
( f a b r i c a t i o n ,  i n s t a l  l e r ,  ma te r i a l  c o n t r o l  , etc.  ) ,  w h i l e  t he  drawings a re  much 
s i m p l e r  f o r  Product ion because t h e  man i n  t h e  f i e l d  i s  no t  r equ i r ed  t o  wade 
t h rough  t h e  i n f o rma t i on  o f  another phase i n  o rder  t o  get t o  h i s  own area o f  
r e s p o n s i b i l i t y .  He doesn 't even need t o  have a  complete drawing f o r  h i s  work, 
o n l y  those sheets which p e r t a i n  t o  him. Therefore,  more manhours a re  r equ i r ed  
f o r  t h e  drawing development and l a r g e r  eng ineer ing  budgets a re  c a l l e d  f o r ,  a t  
l e a s t  f o r  t h e  i n i t i a l  con t rac t s  on which zone o u t f i t t i n g  i s  appl ied.  

S i n c e  t h e  Engineer ing budget on any con t rac t  i s  q u i t e  small i n  r e l a t i o n  t o  
t h e  budget f o r  Product ion,  and s ince t h e  r a t i o  o f  hours saved by Product ion t o  
hours used i n  Engineer ing i s  high, t h e  increased expendi ture i s  e a s i l y  j u s t i f i e d .  

E d u c a t i o n  o f  t h e  e n g i n e e r s  and d r a f t s m e n  i n  t h e  O u t f i t t i n g  S e c t i o n  i s  
a n o t h e r  aspect o f  zone o u t f i t t i n g  which should be mentioned. Once t he  i n i t i a l  
"shock" of f i n d i n g  ou t  t h a t  t h e  convent iona l  o r  " o l d  way" i s  no t  go ing t o  be good 
enough, and once t h e  i n s t i n c t i v e  res is tance  t o  change i s  overcome, then t h e  bas ic  
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comment o f  personnel  t o  t h i s  system has been favorab le .  Such comments as " i t ' s  
o n l y  common sense" and " i t ' s  s imple,  once you get  i n t o  i t "  have been heard. 
There i s  no ques t ion  t h a t  t h e r e  has been a  " l e a r n i n g  curve"  p r i c e  t o  pay i n  
adop t ing  t h i s  system. 

( 6 )  Fu tu re  Developments 

Increased use o f  computer techno1 ogy , development o f  y a r d  standards,  use o f  
pre-eng ineered d e t a i  1  sheets and/or computer d r a f t i n g ,  and v a l u a b l e  i n p u t  f rom 
P r o d u c t i o n  feedback, as w e l l  as improvements made by personnel  i n  t h e  sec t ion ,  
shou ld  combine t o  reduce t h e  e x t r a  i n  manhours cons ide rab ly  i n  t h e  f u t u r e .  

E l e c t r i c a l  Sect i o n  

O f  t h e  design eng ineer ing  d i s c i p l  ines,  E l e c t r i c a l  Eng ineer ing most c e r t a i n l y  
q u a l i f i e s  as one of t h e  l e a s t  a f f e c t e d  by zone o u t f i t t i n g .  The impact on t h e  
e l e c t r i c a l  eng ineer ing  implementat ion o f  zone o u t f i t t i n g  t o  a  p a r t i c u l a r  j o b  i s  
p r i m a r i l y  centered i n  changes t o  t h e  des ign o f  t h e  wireways and drawing format 
changes i n  t h e  l i s t  o f  m a t e r i a l s  f o r  deck p lans  and i s o m e t r i c  w i r i n g  diagrams. 

(1) I n s t a l l a t i o n  Procedures 

Due t o  t h e  n a t u r e  o f  e l e c t r i c a l  i n s t a l l a t i o n ,  most o f  t h e  equipment and 
c a b l i n g  a r e  i n s t a l l e d  d u r i n g  t h e  "on board" phase o f  zone o u t f i t t i n g .  For most 
equ ipment ,  t h i s  i s  necessary t o  ensure t h a t  t h e  e l e c t r i c a l  components a re  n o t  
s u b j e c t  t o  adverse environmental  f a c t o r s  such as weather, sandb las t ing,  dust  and 
p a i n t  spray, d u r i n g  t h e  e a r l y  stages o f  zone o u t f i t t i n g .  A d d i t i o n a l l y ,  t h e  
unwanted exposure o f  e l e c t r i c a l  equipment t o  these elements c o u l d  weaken t h e  
s h i p y a r d ' s  p o s i t i o n  i n  c la ims  n e g o t i a t i o n s  w i t h  vendors concern ing l i a b i l i t y  f o r  
subsequent warranty  d e f i c i e n c i e s .  E l e c t r i c a l  equipment i n s t a l  l e d  "on u n i t "  tends 
t o  be concent ra ted on vendor-appl i e d  module packages and sh ipyard-bu i  1  t machinery 
package u n i t s .  

Long r u n s  o f  cab le  through t h e  s h i p  a r e  i n s t a l l e d  i n  t h e  t r a d i t i o n a l  manner 
o f  p u l l i n g  t h e  cab le  f rom one endpoin t  t o  t h e  o ther .  Connection o f  t h e  cab les  
can t h e n  be handled by a  hook-up crew a t  a  l a t e r  date. An a l t e r n a t e  method o f  
i n s t a l  1  i n g  some o f  t h e  mu l t i - conduc to r  runs would be t o  p r e w i r e  each u n i t  t o  i t s  
own c e n t r a l  j u n c t i o n  box and then  connect these j u n c t i o n  boxes v i a  jumper cab les  
once t h e  u n i t s  a r e  j o i n e d  toge the r .  A t  p resent ,  t h i s  method i s  n o t  used a t  ASI, 
because t h e  r e s u l t a n t  l a r g e  inc rease  i n  connect ion t ime,  checkout t ime, and 
i n c r e a s e d  e l e c t r i c a l  system comp lex i t y  would n o t  rep resen t  a  r e a l  savings i n  t h e  
c o s t  o f  t h e  f i n a l  p roduct  t o  t h e  shipyard.  The p r o d u c t i o n  e l e c t r i c a l  foreman has 
t h e  o p t i o n  o f  i n s t a l l i n g  cab les  i n  a  u n i t  and c o i l i n g  t h e  ends o f  t h e  cables f o r  
f u t u r e  i n s t a l  l a t i o n  th rough  ad jacent  u n i t s  as they  a r e  j o i n e d  toge the r .  Th is  
t e c h n i q u e  i s  used on a  case b a s i s  where some s p e c i f i c  p roduc t ion  goal can be 
achieved. The disadvantage o f  c o i  1  i ng cab les  i s  t h e  d i s r u p t i o n  and inconvenience 
caused when t h e  c o i l s  o b s t r u c t  equipment o r  walkways. 

L o c a l  runs o f  cab les  i n  a  u n i t  a re  t r e a t e d  as f i e l d  i n s t a l l l a t i o n s  and a r e  
l e f t  t o  t h e  d i s c r e t i o n  o f  t h e  Produc t ion  Department. The p roduc t ion  foreman can 
i n s t a l l  these cables on u n i t  o r  on board as d i c t a t e d  by h i s  work order.  
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( 2 )  h i reway Design 

Wireway des ign i s  we1 1  s u i t e d  t o  modular c o n s t r u c t i o n  techniques.  The 
w i  reway hangers, be ing  made o f  s t e e l ,  can be phased i n  w i t h  t h e  o r d e r l y  e r e c t i o n  
o f  a  u n i t  d u r i n g  main assembly p r i o r  t o  b l a s t  and p a i n t .  I n  des ign ing  t h e  
w i  reways f o r  "on u n i t "  i n s t a l l a t i o n ,  AS1 has exper ienced an inc rease  i n  des ign 
t i m e  o f  approx imate ly  50 pe rcen t  due t o  t h e  i nc reased  l e v e l  o f  d e t a i l  r e q u i r e d  
f o r  m o d u l a r  c o n s t r u c t i o n  as  opposed t o  t h e  manner i n  w h i c h  w i r e w a y s  have  
h i s t o r i c a l l y  been designed. The inc reased  e f f o r t  a l s o  rep resen ts  a  s h i f t  i n  
m a t e r i a l  t a k e o f f  and h o l e  l o c a t i o n  e f f o r t s  f rom t h e  p r o d u c t i o n  foreman t o  t h e  
w i  reway des igner .  

Us ing  t h e  zone o u t f i t t i n g  concept ,  w i  reway arrangement drawings a r e  
segmented by u n i t  number t o  a l l o w  t h e  p r o d u c t i o n  foreman t o  i d e n t i f y  e x a c t l y  
w h i c h  hangers  a r e  i n  each u n i t .  The l i s t  o f  m a t e r i a l  i s  broken down by u n i t s  t o  
show t h e  number o f  hangers o f  each type.  Each t y p e  o f  hanger i s  d e t a i l e d .  Each 
s l  i g h t  v a r i a t i o n  o f  one hanger f rom another  generates a  new hanger d e t a i l .  The 
end  r e s u l  t o f  t h e  a d d i t i o n a l  d e t a i l i n g  i s  t o  genera te  a  un ique p i e c e  mark number 
f o r  each hanger which can then  be en te red  i n t o  a  computer program f o r  t r a c k i n g  
p u r p o s e s  by P roduc t ion  P lann ing  and Management. U l t i m a t e l y ,  i t  would then  be 
p o s s i b l e  t o  know how many hangers o f  each t y p e  a r e  a v a i l a b l e  i n  t h e  y a r d  f o r  a l l  
jobs ,  T h i s  would a1 low s t o c k p i l i n g  o f  commonly used hanger t ypes  and reduce 
d i s r u p t i o n  o f  t h e  work f l o w  on a  g i ven  j o b  when requ i rements  f o r  new hangers a r e  
generated a f t e r  t h e  b u l k  o f  t h e  hangers f o r  t h e  j o b  have a l ready  been 
c o n s t r u c t e d .  It would be p o s s i b l e  t o  screen a l l  j obs  t o  l o c a t e  p r e s e n t l y  unused 
hangers of  t h e  t y p e  needed f o r  t h e  new hanger requirements.  

The f a b r i c a t i o n  and i n s t a l  l a t i o n  o f  wireway non-wa te r t i gh t  c o l l a r s  i s  an 
a r e a  where zone o u t f i t t i n g  has made a  s i g n i f i c a n t  c o n t r i b u t i o n .  Us ing t h e  
t r a d i t i o n a l  manner o f  c o l  1  a r  f a b r i c a t i o n ,  t h e  p r o d u c t i o n  foreman ob ta ined  
d i m e n s i o n s  f rom h o l e  1  i s t s  and then  had t h e  c o l l a r s  c o n s t r u c t e d  by a  s p e c i a l i s t  
i n  h i s  e l e c t r i c a l  d e p a r t m e n t .  B e f o r e  i n s t a l l a t i o n  o f  t h e  c o l l a r s  i n  t h e  
bulkheads, t h e  ho les  would be burned o u t  by h i s  l a y o u t  crew, u t i l i z i n g  dimensions 
p r o v i d e d  by t h e  h o l e  l i s t .  I n  zone o u t f i t t i n g ,  however, t h e  p r o d u c t i o n  f i e l d  
c r e w ' s  work e f f o r t ,  i s  reduced cons iderab ly .  C o l l a r s  a r e  s tandard i zed  t o  a  
1  i m i  t e d  number o f  commonly used s i zes .  

E a r l y  i n  t h e  des ign o f  t h e  vesse l ,  d imensional  i n f o r m a t i o n  f o r  numerical  
h o l e  c u t t i n g  by automat ic  b u r n i n g  machines i s  p r o v i d e d  t o  t h e  M o l d l o f t .  Th i s  
a l l o w s  t h e  ho les  f o r  t h e  wireways t o  be a c c u r a t e l y  c u t  by t h e  automat ic  burners  
d u r i n g  t h e  e r e c t i o n  of t h e  u n i t  i n  main assembly. E f f e c t i v e l y ,  t h e  e l e c t r i c a l  
f i e l d  p r o d u c t i o n  c rew's  respons i  b i l  i t y  f o r  n o n - w a t e r t i g h t  c o l l a r  f a b r i c a t i o n  and 
i n s t a l l a t i o n  i s  reduced t o  s imp ly  o b t a i n i n g  t h e  p r e c u t  n o n - w a t e r t i g h t  c o l l a r s  and 
i n s t a l l i n g  these  c o l l a r s  i n  p r e c u t  ho les .  A l o g i c a l  ex tens ion  o f  t h i s  work 
r e d u c t i o n  e f f o r t  would be t o  remove t h e  e l e c t r i c a l  work crew comple te ly  f rom t h e  
p r o c e s s  by hav ing t h e  c o l l a r s  i n s t a l l e d  by t h e  s t e e l  workers d u r i n g  e r e c t i o n  o f  
t h e  u n i t .  C o l l a r s  f o r  bulkhead t r a n s i t s  a r e  s t i l l  made i n  t h e  t r a d i t i o n a l  manner 
due t o  t h e  c l o s e  t o l e r a n c e s  r e q u i r e d  t o  f i t  t h e  t r a n s i t  t o  t h e  c o l l a r .  However, 
t h e  ho les  f o r  these c o l l a r s  a r e  a l s o  n u m e r i c a l l y  c u t  by t h e  automat ic  bu rn ing  
machines, 
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The n e t  r e s u l t  o f  t h e  i nc rease  i n  eng ineer ing  e f f o r t  i n  wireway des ign i s  t o  
reduce t h e  comp lex i t y  o f  t h e  wireway i n s t a l  l a t i o n  t o  t h e  e l e c t r i c a l  p r o d u c t i o n  
c rew,  thereby a l l o w i n g  t h e  use o f  l e s s  s k i l l e d  workers do ing  l e s s  manual l a b o r  
than  t h e  t r a d i t i o n a l  method o f  wireway i n s t a l  l a t i o n .  

( 3 )  Drawing Format Changes 

To f a c i l i t a t e  zone o u t f i t t i n g ,  t h e  fo rmats  o f  e l e c t r i c a l  deck p lans  and 
i s o m e t r i c  w i r i n g  diagrams have been r e v i s e d  t o  i n c l u d e  a d d i t i o n a l  u n i t  
c o n s t r u c t  i o n  i n f o r m a t i o n .  P rev ious l y ,  t hese  drawings d e p i c t e d  t h e  e l e c t r i c a l  
s y s t e m  i n  t h e  body o f  t h e  p l a n  w i t h  a  l i s t  o f  m a t e r i a l s  wh ich  p rov ided  t o t a l  
q u a n t i t i e s  f o r  t h e  m a t e r i a l  d i s t r i b u t e d  t h r o u g h o u t  t h e  d r a w i n g .  F o r  zone 
o u t f i t t i n g ,  however, these same drawings now have l e a d e r  1  i n e s  i n  t h e  body o f  t h e  
p l a n  which segment t h e  s h i p  i n t o  t h e  va r ious  zones. Also,  t h e  f r o n t  o f  t h e  
d r a w i n g  has a  t a b l e  above t h e  t i t l e  b lock  which i n d i c a t e s  f o r  cu rso ry  drawing 
r e v i e w e r s  t h a t  t h e  drawing c o n t a i n s  m a t e r i a l  which must be i n s t a l l e d  i n  any o f  
t w e l v e  d i f f e r e n t  stages of  c o n s t r u c t i o n ,  such as d u r i n g  subassembly on u n i t  o r  
b e f o r e  c l o s i n g  i n  on board. As a  f u r t h e r  a i d ,  t h e  t i t l e  b lock  i t s e l f  i d e n t i f i e s  
t h e  s h i p  zones a f f e c t e d  by t h e  e l e c t r i c a l  system shown on t h e  drawing. 

The 1  i s t  o f  m a t e r i a l  f o r  deck p l a n s  and i s o m e t r i c  drawings i s  subd iv ided  by 
t h e  p a l l e t  codes assoc ia ted  w i t h  each u n i t  o r  zone. Under each p a l l e t  code i s  
1  i s t e d  t h e  e l e c t r i c a l  m a t e r i a l  con ta ined  on t h e  drawing which w i  11 be i n s t a l  l e d  
i n  t h a t  p a r t i c u l a r  u n i t  o r  zone. An excep t ion  t o  t h i s  techn ique  o f  m a t e r i a l  
1  i s t i n g  i s  t h e  l i s t i n g  o f  c a b l e  q u a n t i t i e s .  Cables a r e  summarized a t  t h e  end o f  
t h e  l i s t  o f  m a t e r i a l  w i t h  no re fe rence  t o  any p a r t i c u l a r  u n i t  o r  zone, The 
r e a s o n  f o r  t h i s  apparent  anomaly i s  r e l a t e d  t o  t h e  manner i n  which c a b l e  i s  
h a n d l e d  and i n s t a l l e d  i n  t h e  s h i p y a r d .  C a b l e s  a r e  p u r c h a s e d ,  s t o r e d ,  and 
t r a n s p o r t e d  t o  t h e  w o r k s i t e  on r e e l s .  As t h e  c a b l e  i s  be ing  i n s t a l l e d ,  t h e  
e l e c t r i c a l  crew c u t s  t h e  l e n g t h  r e q u i r e d  f o r  t h e  i n s t a l l a t i o n  f rom t h e  r e e l .  The 
p r o d u c t i o n  foreman coord ina tes  t h e  o v e r a l l  c a b l e  i n s t a l  l a t i o n  t o  min imize c a b l e  
waste ,  S ince c a b l e  i s  expensive and i s  a  l o n g  l e a d  i t e m  f o r  procurement, c a b l e  
foo tage  must c o n s t a n t l y  be moni tored,  There fore ,  t o  i d e n t i f y  s p e c i f i c  c a b l e  
l e n g t h s  i n  each p a l l e t  would n o t  c o n t r i b u t e  t o  a  more e f f i c i e n t ,  l e s s  c o s t l y  
i n s t a l  l l a t i o n .  

On some i s o m e t r i c  w i r i n g  diagrams, such as t h e  general  a la rm system, t h e r e  
e x i s t s  a  s i z e a b l e  number o f  i d e n t i c a l  p ieces  o f  e l e c t r i c a l  equipment d i s t r i b u t e d  
t h r o u g h o u t  many o f  t h e  zones on t h e  sh ip .  I f  t h e  l i s t  o f  m a t e r i a l s  was d i v i d e d  
based on t h e  d i f f e r e n t  p a l  l e t s ,  t h e  r e s u l t i n g  1  i s t  would be e x c e s s i v e l y  long, To 
a l l e v i a t e  t h i s  problem, a  m a t r i x  arrangement f o r  i d e n t i c a l  equipment i n  a  1  i s t  o f  
m a t e r i a l  has  been d e v i s e d .  Each e q u i p m e n t  p i e c e  mark number i s  l i s t e d  i n  
h o r i z o n t a l  rows and p a l l e t  codes a r e  l i s t e d  i n  t h e  v e r t i c a l  columns. A number 
p laced  i n  t h e  f i e l d  o f  t h e  m a t r i x  would i n d i c a t e  t h e  q u a n t i t y  o f  a  s p e c i f i c  p i e c e  
m a r k  number f o r  a  s p e c i f i c  p a l l e t .  P r e s e n t  p i e c e  mark numbers used  f o r  
e l e c t r i c a l  equipment a t  AS1 remain i d e n t i c a l  t o  t h e  numbering system used i n  t h e  
p a s t .  However, when t h e  c o m p u t e r  p r o g r a m  a s s o c i a t e d  w i t h  zone o u t f i t t i n g  
d e v e l o p s  t o  t h e  p o i n t  where  a  p a r t i c u l a r  n u m b e r i n g  s y s t e m  f o r  e l e c t r i c a l  
equipment can be u t i l  i zed ,  t hen  t h a t  numbering system w i l l  be used on f u t u r e  s h i p  
c o n s t r u c t i o n  p r o j e c t s .  
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Keeping t h e  body o f  t he  deck p l an  and i some t r i c  w i r i n g  diagrams 
s u b s t a n t i a l l y  t h e  same as on p r e v i o u s  j o b s  a l l o w s  an easy t r a n s i t i o n  o f  
p roduc t ion  workers i n t o  t h e  new technique of zone o u t f i t t i n g .  Also, t h e  drawings 
have n o t  become so s p e c i a l i z e d  and fragmented t h a t  they would be unsu i t ab l e  f o r  
system rev iew by represen ta t i ves  o f  t he  var ious cognizant r egu la to r y  bodies and 
owners, who may be unfami l  i a r  w i t h  zone o u t f i t t i n g .  

( 4 )  Package Un i t s  

Machinery package u n i t s  const ructed by t h e  sh ipyard  r e q u i r e  coord ina t ion  
d u r i n g  t h e  design phase o f  a j o b  t o  ensure t h a t  a l l  devices belonging on t h e  
p a c k a g e  u n i t  a r e  i n s t a l l e d  d u r i n g  assembly o f  t h e  package u n i t .  T y p i c a l  
e l e c t r i c a l  devices which a re  i n s t a l l e d  on t he  package u n i t  a re  motors, motor 
c o n t r o l l e r s ,  pushbutton s t a t i o n s ,  so lenoids,  sensors, and heat t r a c i n g  cab l ing .  
The l o c a t i o n s  o f  these devices a re  es tab l i shed  by t h e  package u n i t  designers, 
w i t h  i npu t s  suppl i e d  f rom t h e  var ious engineer ing d i s c i p l  ines,  i n c l u d i n g  
e l e c t r i c a l .  

P a r t i c u l a r  a t t e n t i o n  i s  p a i d  t o  e l e c t r i c a l  equipment and cab l i ng  which w i l l  
be i n s t a l l e d  on tanks, t h a t  a re  a p a r t  o f  t h e  package u n i t ,  t o  ensure t h a t  t h e  
proper p rov i s i ons  have been made f o r  foundat ions and cable  studs. Since t he  tank 
w i  11 be f u l l y  cons t ruc ted  and t e s t e d  before i t  leaves t he  package u n i t  shop, any 
w e l d i n g  t o  t h e  tank e x t e r i o r  i n  t he  f i e l d  would r e s u l t  i n  damage t o  t he  tank 
i n t e r i o r  coat ing,  which would r equ i r e  r e t e s t i n g  o f  t h e  tank. 

I n  some instances, t he  machinery package u n i t  i s  designed be fo re  c e r t i f i e d  
d r a w i  ngs a re  rece ived from t h e  e l e c t r i c a l  equipment vendors. To m i  n imi  ze t he  
d i s r u p t i o n  t o  t h e  package u n i t  des i gn ,  t h e  s i z e  o f  d e v i c e s  such as mo to r  
c o n t r o l l e r s  and pushbutton s t a t i o n s  i s  est imated based on prev ious experience 
w i t h  t h e  p a r t i c u l a r  equipment. Also, by us ing  motor c o n t r o l  centers ,  many o f  t h e  
v a g a r i e s  o f  motor c o n t r o l l e r  s i zes  a re  e l im ina ted  as t h e  c o n t r o l l e r s  would then 
be p a r t  o f  a motor c o n t r o l  cen te r  remote from t h e  package u n i t .  

I n  keeping w i t h  t h e  zone o u t f i t t i n g  concept, i t  i s  necessary t h a t  
vendor- furnished package u n i t s  be supp l ied  as complete as poss ib le .  Typ ica l  
vendor- furn ished package u n i t s  would be such machinery as p u r i f i e r s ,  p ropu ls ion  
engines, engine-generator sets,  and reduc t ion  gears. For example, p ropu ls ion  
e n g i n e s  have been supp l ied  t o  t he  sh ipyard i n  t h e  past  w i t h  numerous sensors no t  
i n s t a l l e d  on t h e  engine, even though they were requ i r ed  by t h e  s h i p ' s  
s p e c i f i c a t i o n .  Also, e l e c t r i c a l  devices on t h e  engine were no t  w i red  t o  a common 
connec t i on  po in t .  A f t e r  i n s t a l l a t i o n  of t h e  engine on t h e  sh ip ,  i t  then became 
t h e  f i e l d  p roduc t ion  crew's  r e s p o n s i b i l i t y  t o  mount t h e  m iss ing  sensors and t o  
r u n  c a b l i n g  over t h e  surface of t h e  engine. To ob ta i n  a complete package u n i t ,  
t h e  vendor i s  now requ i r ed  by h i s  purchase o rder  t o  f u rn i sh  and i n s t a l l  a l l  o f  
t h e  e l e c t r i c a l  devices on h i s  equipment and t o  w i r e  these devices ou t  t o  a common 
p o i n t ,  such as a connect ion box, where sh ipyard  c a b l i n g  can terminate.  Dur ing 
vendor  p l an  approval, h i s  design i s  checked t o  con f i rm  t h a t  ASI 's  e l e c t r i c a l  
p roduc t ion  crew w i l l  have minimal work e f f o r t  t o  connect t o  t he  engine e l e c t r i c a l  
devices. 
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( 5 )  Added E l e c t r i c a l  Engineer ing Responsi b i  1  i t i e s  

O the r  E l e c t r i c a l  Engineer ing Sect ion responsi  b i  1  i t i e s  a re  generated due t o  
t h e  implementat ion o f  zone o u t f i t t i n g .  One o f  these added responsi  b i l  i t i e s  i s  
t h e  E l e c t r i c a l  Engineer ing Sec t ion 's  p a r t i c i p a t i o n  i n  t he  pre-engineer ing phase 
o f  t h e  j o b  on an "as needed" basis.  A t y p i c a l  example would be t h e  generat ion o f  
t h e  one-1 i n e  diagram by t h e  sh ipyard 's  Market ing Department. E l e c t r i c a l  
Engineer ing d r a f t s  t he  one-1 i n e  diagram based on t he  conceptual ideas obta ined 
f rom Market ing and prov ides comments t o  Market ing on t h e  s u i t a b i l i t y  o f  t he  
d e s i  gn based on prev ious exper ience w i t h  var ious regu la t ions  and Product ion 
Department requirements. The f i n i s h e d  one-1 i n e  diagram then becomes a  con t rac t  
document. 

Another responsi b i  1  i t y  o f  t he  E l e c t r i c a l  Engineer ing Sect ion i s  t o  p rov ide  
meaningful and t i m e l y  i n t e r f a c e  w i t h  o the r  Engineer ing groups du r i ng  t h e  
development o f  eng ineer ing designs, T r a d i t i o n a l l y ,  t he  bu lk  o f  e l e c t r i c a l  
e n g i n e e r i n g  design i s  s t a r t e d  long  a f t e r  most o f  t he  o ther  engineer ing groups 
have completed subs tan t i  a1 po r t i ons  o f  t h e i r  designs. However, t o  develop 
accurate zone o u t f i t t i n g  designs, i t  i s  necessary f o r  t h e  E l e c t r i c a l  Engineer ing 
design t o  begin e a r l i e r  t o  keep pace w i t h  o the r  engineer ing d i s c i p l i n e s .  

A f u r t h e r  r e s p o n s i b i l i t y  o f  t h e  E l e c t r i c a l  E n g i n e e r i n g  S e c t i o n  i s  t o  
p a r t i c i p a t e  i n  cons t ruc t i on  p lanning meetings w i t h  t h e  product ion p lann ing  group 
o f  t h e  Product ion Department, I n  these meetings, p o t e n t i a l  problems and cost  
s a v i n g s  ideas a re  discussed, and engineer ing designs f o r  t h e  j ob  a re  reviewed. 
As has o f t en  happened, t h e  Product ion Department can request mod i f i ca t i ons  t o  t h e  
des igns  t o  f a c i l i t a t e  ease o f  i n s t a l  l a t i o n .  Engineer ing i s  expected t o  honor 
these requests, i f  a t  a l l  poss ib le ,  even though i t  means, i n  many cases, t h a t  
d raw ings  must be remade. Also, E l e c t r i c a l  Engineer ing i s  expected t o  review 
Product ion Planning e r e c t i o n  summaries f o r  poss ib le  comment. 

I V. ENGINEERING DEPARTMENT INTERFACES 

I n  rev iewing engineer ing opera t ing  p rac t i ces  and procedures, t he  goal was 
always t o  change on ly  what had t o  be changed, so t h a t  t he  impact o f  t h e  move t o  
zone o u t f i t t i n g  cou ld  be cushioned as much as poss ib l e  w i t h  t h i ngs  f a m i l i a r .  For 
example, on ly  two Engineer ing sec t ions  underwent s l  i g h t  reorganizat ion.  The 
Mechanical Sect ion addded a  "Machinery Package Group" t o  handle t h e  e n t i r e  
deve l  opment o f  machinery package u n i t s ,  and t he  Engineer ing Admin is t ra t ion  
Sect i on  added an "Operat ions Services Group" t o  handle t he  1 i f t i n g  arrangements 
r e q u i r e d  by Product ion,  so t h a t  o u t f i t t e d  s t r u c t u r a l  u n i t s  cou ld  be l i f t e d  w i t h  
safe ty .  Avondale Engineer ing has demonstrated t h a t  zone o u t f i t t i n g  can be 
absorbed i n t o  t he  design o rgan i za t i on  w i t hou t  t h e  need f o r  v i o l e n t  i n t e r n a l  
reorganizat ion.  

A.  Planning/Schedul i n g  I n t e r f a c e  w i t h  Engineer ing 

The e a r l i e r  t he  s t a r t  t h a t  Engineer ing has, t h e  b e t t e r  the  chance t h a t  a l l  
r e q u i r e d  engineer ing work w i l l  be completed a t  s t a r t  o f  p re fab r i ca t i on .  To t h i s  
end, i t  i s  most des i r ab le  t h a t  engineer ing work s t a r t  p r i o r  t o  con t rac t  s ign ing,  
i f  a t  a l l  poss ib le .  Th is  can be done through a  " l e t t e r  o f  i n t e n t "  arrangement o r  
t h r o u g h  some o ther  means, bu t  t h e  owner, as w e l l  as t h e  shipyard,  . w i l l  reap 
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b e n e f i t s  f o r  money spent d u r i n g  t h e  " p r e c o n t r a c t "  phase. I f  a  " p r e c o n t r a c t "  
s t a r t  i s  n o t  p o s s i b l e ,  t h e  eng ineer ing  e f f o r t  must commence immediately upon 
c o n t r a c t  s ign ing .  I n  e i t h e r  case, p o t e n t i a l  problems w i l l  come t o  l i g h t  a t  an 
e a r l y  s tage,  t h e  chance f o r  t i m e l y  m a t e r i a l  procurement o f  l ong - lead  i tems w i l l  
be enhanced, t h e  shor tened b u i l d i n g  p e r i o d  t h a t  zone o u t f i t t i n g  o f f e r s  w i l l  be 
p r o t e c t e d ,  and i n i t i a l  r e g u l a t o r y  rev iews can be conducted e a r l y .  

P r e c o n t r a c t  eng ineer ing  e f f o r t  shou ld  i n c l u d e  work on mechanical system 
diagrams, we ight  es t ima te ,  l o n g i t u d i n a l  s t r e n g t h ,  h y d r o s t a t i c s ,  tank c a p a c i t i e s ,  
bon jeans  curves,  i n t a c t  t r i m  and s t a b i l  i t y  data,  l o a d i n g  c o n d i t i o n s ,  damaged 
s t a b i l  i t y  e v a l u a t i o n ,  wake survey,  r e s i s t a n c e  and s e l f - p r o p e l l e d  t e s t s ,  e l e c t r i c  
1  oad a n a l y s i s ,  e l e c t r i c  one-1 i n e  diagram, vent  system development, and duc t  
opening, as we1 1  as t h e  devel  oprnent o f  procurement s p e c i f i c a t i o n s  on 1  ong-lead 
m a t e r i a l  i tems such as main p r o p u l s i o n  engines,  d i e s e l  generators ,  cargo o i l  
pumps, anchor w ind lass ,  s t e e r i n g  gear, e tc .  

Dur ing  t h e  p recon t  r a c t  phase, a  cons tan t  d i  a1 ogue must be ma in ta ined  between 
Eng ineer ing  and Produc t ion  concern ing such areas as p r e l i m i n a r y  u n i t  d e f i n i t i o n ,  
i d e n t i f i c a t i o n  o f  c o n s t r u c t i o n  method, t h e  es tab l i shment  o f  o u t f i t t i n g  zones f o r  
purchasing,  and t h e  p r e l  i m i n a r y  assignment o f  machinery package u n i t s  and p i p e  
r a c k s  f o r  ma in  deck.  T h i s  d i a l o g u e ,  w h i c h  b e g i n s  d u r i n g  p r e c o n t r a c t ,  i s  
e s s e n t i a l  t o  t h e  successful  implementat ion of  zone o u t f i t t i n g  techn iques and must 
c o n t i n u e  throughout  c o n t r a c t  des ign development and c o n s t r u c t i o n .  I n  f a c t ,  t h e  
major  b e n e f i c i a l  " f a 1  l o u t "  o f  t h e  implementat ion o f  zone o u t f i t t i n g  a t  Avondale 
has been t h e  renewed s p i r i t  of coopera t ion  between t h e  Engineer ing and Produc t ion  
o rgan iza t ions .  

B. The Eng ineer ing IProduc t ion  P lann ing I n t e r f a c e  

The i n t e r f a c e  between t h e  H u l l  Sec t ion  and t h e  Produc t ion  Estab l ishment  can 
be broken down i n t o  two broad types. The f i r s t  t y p e  o f  i n t e r f a c e  i s  necessary 
f o r  t h e  H u l l  Sec t ion  t o  accompl ish work f o r  which i t  i s  r e s ~ o n s i b l e .  Th is  t w e  
o f  i n t e r f a c e  i s  termed p r i m a r y '  i n t e r f a c e .  The second t y p e  o f  i n t e r f a c e  i s  o n e i n  
w h i c h  t h e  H u l l  Sec t ion  engages t o  a s s i s t  o t h e r  e n t i t i e s  t o  accompl ish t h e i r  
ass igned tasks.  T h i s  t y p e  o f  i n t e r f a c e  i s  termed suppor t  i n t e r f a c e .  

(1) Pr imary  I n t e r f a c e  

The p r imary  i n t e r f a c e  between t h e  H u l l  Sec t ion  and t h e  Produc t ion  
Es tab l i shment  l i e s  ma in l y  i n  t h e  i n f o r m a t i o n  t h a t  t h e  Produc t ion  Estab l ishment  
p r o v i d e s  t o  t h e  H u l l  Sec t ion  p r i o r  t o ,  and f o r  use i n ,  p r e p a r i n g  t h e  y a r d  plans.  
T h i  s  p r imary  i n t e r f a c e  p rov ides  i n f o r m a t i o n  f o r  t h r e e  d i s t i n c t  systems which 
appear on t h e  y a r d  p lans :  

- Ship E r e c t i o n  Breakdown - P l a t e  Edge P r e p a r a t i o n  - Ship U n i t  C o n s t r u c t i o n  Method 

The t h r e e  above-mentioned systems a r e  governed by p r o d u c t i o n  c o n s i d e r a t i o n s  
and t h e  need t o  accommodate p r o d u c t i o n  techn iques and methods. The t h r e e  systems 
and t h e i r  i n t e r a c t i o n  p r o f i l e  w i t h  t h e  p r o d u c t i o n  es tab l i shment  w i l l  be b r i e f l y  
reviewed. 
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a. Ship Erec t ion  Breakdown 

Sh ip  e r e c t i o n  breakdown s t a r t s  w i t h  t he  Product ion Planning Department 
break ing up t he  vessel ' s  h u l l  i n t o  main and subassemblies. Once t he  major planes 
o f  d i v i s i o n  a re  es tab l i shed  by Product ion Planning, t h i s  in fo rmat ion  i s  passed t o  
t h e  H u l l  Sect ion i n  t h e  form o f  a  document known as t he  "Hul l  U n i t  Arrangement ," 
f r o m  which t h e  y a r d  p lans a re  developed t o  incorpora te  t he  des i red  e rec t i on  
p l anes .  I f  a  Product ion Department break i s  no t  des i r ab le  f rom an Engineer ing 
c o n s i d e r a t i o n ,  t h e n  t h i s  s t r u c t u r a l  d i v i s i o n  l i n e  i s  b r o u g h t  back t o  t h e  
P r o d u c t i o n  P l a n n i n g  Depar tment ,  where a  compromise e r e c t i o n  j o i n t  l i n e  i s  
es tab l  ished. Th is  i n t e r f ace ,  the re fo re ,  es tab l  i shes a  s t r u c t u r a l  e rec t i on  1  i n e  
t h a t  preserves both sound t echn i ca l  parameters and p roduc t ion  f a b r i c a t i o n  
method01 ogy. 

P l a t e  Edge Preparat ion 

Every y a r d  p lan  addressing i t s e l f  t o  main h u l l  and supers t ruc tu re  
cons t ruc t i on  d i sp l ays  p l a t e  edge p repara t ion  weld i d e n t i f i c a t i o n  no ta t ions .  The 
s e l e c t i o n  o f  t he  proper edge p repara t ion  i s  a  r e s u l t  o f  i n t e r f a c e  between t he  
Produc t ion  Welding Department and t h e  Product ion Planning Department and Hu l l  
S e c t i o n ,  whereby t h e  j o i n t  d e s i g n  i s  d i s c u s s e d  and t h e  P r o d u c t i o n  We ld ing  
Department recommendations a re  incorporated. 

Ship U n i t  Const ruct ion Method 

The Product ion Planning Department issues a  document t o  t he  H u l l  sec t ion  
known as a  "Un i t  Breakdown Summary Sheet." This document descr ibes i n  great 
d e t a i l  t he  intended methods t o  be used t o  manufacture t h e  u n i t  i n  quest ion.  Th is  
document assigns p a r t i a l  subassembl ies ,  subassembl ies ,  and main assembl i e s  o f  t he  
u n i t  t o  t he  s p e c i f i c  manufactur ing process lanes. This document i s  u t i l i z e d  t o  
deve lop  t h e  y a r d  p l an  and U n i t  Par ts  L i s t .  I n t e r a c t i o n  d iscuss ion i s  c a r r i e d  on 
between t he  Product ion P lanning Department and t h e  H u l l  Sect ion ,  whereby 
re f inements  are made t o  t h e  U n i t  Breakdown Summary Sheet i nco rpo ra t i ng  
Engineer ing cons iderat ions.  

One more area o f  pr imary i n t e r f a c e  cons i s t s  o f  e s t a b l i s h i n g  drawing 
p roduc t ion  need dates. The Product ion Pl  anning Department prov ides t he  H u l l  
Sect ion w i t h  product ion- requi  red  need dates f o r  a1 1  s t r u c t u r a l  drawings. A f t e r  
r e c e i p t  of t h e  product ion need dates, a  review i s  conducted i n  t h e  Hu l l  Sect ion 
and, i f  any changes a re  des i red,  t h e  Product ion Planning Group i s  requested t o  
r e v i e w  i t s  i n i t i a l  requirements and p rov ide  rev i sed  dates, i f  poss ib le .  The 
p roduc t i on - requ i  r ed  need dates p rov ide  t h e  H u l l  Sect ion w i t h  t h e  necessary 
i n f o rma t i on  f o r  the  development o f  t h e  drawing schedule which, i n  tu rn ,  
del  ineates t h e  requ i red  o rder  o f  drawing development . 
( 2 )  Secondary I n t e r f a c e  

The secondary i n t e r f a c e  between t h e  H u l l  Sect ion and t h e  Product ion 
Establ  ishment e x i s t s  p r i m a r i l y  i n  p rov i d i ng  t h e  Product ion Establ  i shment w i t h  
i n f o r m a t i o n  on ma te r i a l  and w i t h  y a r d  plans and shop drawings i n  t he  case o f  
systems such as mooring, anchor handl ing,  etc.  For example, d iscussions w i t h  t he  
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Machine Shop Super intendent are c a r r i e d  on du r i ng  t he  development o f  the  rudder 
s u p p o r t  system i n  order  t o  appr i se  t he  shop o f  s p e c i f i c  engineer ing requirements 
as we1 1  as rece ive  i n f o rma t i on  on manufactur ing 1  i m i t a t i o n s ,  procedures, 
requirements, e tc .  

With regard t o  t he  y a r d  plans, t he  H u l l  Sect ion i s  i n  constant  communication 
w i t h  t h e  M o l d l o f t  d u r i n g  t h e  L o f t ' s  development o f  t h e  u n i t  c o n t r o l  manuals. The 
H u l l  S e c t i o n  works c l o s e l y  w i t h  t he  Produc t ion 's  Accuracy Cont ro l  Sect ion i n  i t s  
r e s e a r c h  and i nves t i ga t i ons .  An area o f  p a r t i c u l a r  concern f o r  t h e  Hu l l  Sect ion 
and Accuracy Cont ro l  i s  weld ing design t o  minimize d i s t o r t i o n .  Where poss ib le ,  
s u g g e s t i o n s  made by t h e  Accuracy C o n t r o l  S e c t i o n  a r e  implemented a t  once. 
Another area which demonstrates t h e  c lose  cooperat ion between these two groups i s  
i n  t h e  i n c l u s i o n  o f  a t  l e a s t  one datum l i n e  w i t h i n  each s t r u c t u r a l  u n i t  t o  
f a c i  1  i t a t e  Product ion operat ions.  Th is  suggest ion was made by Accuracy Cont ro l  
and implemented by t h e  H u l l  Sect ion.  

V. SUMMARY 

Thus f a r ,  Avondale Engineer ing 's  implementat ion o f  zone o u t f i t t i n g  
t e c h n i q u e s  has been most s a t i s f a c t o r y .  By and l a rge ,  t h e  problems encountered 
a r e  many o f  t h e  same ones w h i c h  p l a g u e  t h e  e n g i n e e r i n g  e f f o r t  u t i l i z i n g  
convent iona l  design techniques--1 ack o f  vendor in fo rmat ion ,  1  ack o f  i ndus t r y  
standards,  customer changes, etc.  However, w i t h  zone o u t f i t t i n g ,  t h e  
consequences o f  these problems are more acute than w i t h  convent ional  design 
t echn iques ,  The ph i losophy t h a t  must be adopted by an engineer ing o rgan i za t i on  
t h a t  i s  going t o  implement zone o u t f i t t i n g  techniques cou ld  be condensed i n t o  t h e  
f o l  lowing key i tems: 

- START ASAP, be fo re  c o n t r a c t  s ign ing,  i f  a t  a l l  poss ib le .  

- COMMUNICATE w i t h  Product ion f rom the  s t a r t .  

- MATERIAL SPECIFIED AND ORDERED ASAP: Have vendors ready t o  go upon con t rac t  
s  i g n i  ng. The sooner purchase orders  a re  issued, t h e  sooner vendor in fo rmat ion  
requ i  r ed  f o r  drawing devel opment w i  1  1  be rece i  ved. 

- PLAN AND SCHEDULE ENGINEERING WORK: With a l l  t h e  drawings needed, and t h e  
shor t  amount o f  t ime t o  do them, a  good p l an  and a  good schedule a re  c r u c i a l .  

- REMEMBER TO MAKE I T  HAPPEN: With zone o u t f i t t i n g ,  t he re  i s  no t ime t o  s i t  
around and w a i t  f o r  t h e  "o ther  guy" t o  c a l l .  I f  something i s  needed, get it. 

V I .  SOURCE MATERIAL FOR CHAPTER 3  
The f o l l o w i n g  l e c t u r e s  i n  t he  Technology Trans fe r  seminars were used as 

source ma te r i a l  f i r  Chapter 3. They a re  l i s t e d  i n  t h e  Appendix. Lectures 6, 11, 
12, 13, 14, 15, 16, 17, 18, 31, 47. 
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CHAPTER 4 

MOLDLOFT 

INTRODUCTION 

M o l d l o f t  management worked w i t h  I H I  t e c h n i c i a n s  f o r  a  p e r i o d  o f  two years ,  
d u r i n g  which t i m e  t h e r e  was an i n t e r f a c e  o f  Japanese and American s h i p b u i l d i n g  
c o n c e p t s  and methodology. Those two yea rs  o f  work r e s u l t e d  I n  many innova t ions  
i n  t h e  M o l d l o f t .  

Many o f  t h e s e  i n n o v a t i o n s  were  e a s i l y  merged i n t o ,  o r  s u b s t i t u t e d  f o r  
e x i s t i n g  systems i n  t h e  Mol d l o f t .  Those procedures t h a t  were unusable because o f  
t h e  v a s t  d i f f e r e n c e s  i n  our  two computer systems were m o d i f i e d  t o  s u i t  AS1 needs 
w h i l e  t r y i n g '  t o  r e t a i n  t h e  o r i g i n a l  I H I  concepts. Change was implemented t o  
e i t h e r  improve t h e  e x i s t i n g  AS1 system o r  t o  r e p l a c e  an e x i s t i n g  system w i t h  a  
more e f f i c i e n t  one. The system t h a t  u l t i m a t e l y  evo lved i s  a  combinat ion  o f  AS1 
and I H I  procedures, and t h e  new procedures desc r ibed  i n  t h i s  chap te r  i n c l u d e :  

- M o l d l o f t  p lann ing ,  
- Schedul ing by stages,  
- U n i t  c o n t r o l  manuals, - S tee l  t ape  system, - L i n e  h e a t i n g  method, - P i n  j i g  u t i l i z a t i o n ,  
- P iece numbering system, 
- Key l i n e s ,  - Shr inkage f a c t o r .  

A d d i t i o n a l  manning was r e q u i r e d  f o r  some procedures such as s t e e l  t ape  
p r o d u c t i o n ;  some areas were a  t r a d e - o f f  i n  manpower. Manhours u t i l i z e d  f o r  l i n e  
h e a t  t e m p l a t e s  were p a r t i a l l y  absorbed by t h e  e l i m i n a t i o n  o f  s t e e l  p l a t e  fo rm ing  
j i g s ,  f o r  example. 

The g r e a t e s t  a d d i t i o n a l  c o s t  i n c u r r e d  by t h e  M o l d l o f t  was t h e  f o r m a t i o n  o f  
t h e  U n i t  Con t ro l  Manual group. Th is  group p r o v i d e s  t h e  y a r d  w i t h  t h e  f a b r i c a t i o n  
d r a w i n g s  f o r  a l l  s tages o f  s h i p  c o n s t r u c t i o n ,  p l u s  a l l  o f  t h e  data  necessary t o  
c u t  s t r u c t u r a l s  and p l a t e s .  The UCM concept, a l t hough  n o t  d i r e c t l y  a  r e s u l t  o f  
I H I  t echno logy ,  was developed i n  c o n j u n c t i o n  w i t h  t h e  va r ious  I H I  systems. The 
UCM concept  was a l s o  compa t ib le  w i t h  t h e  Japanese idea  o f  "s tage plans," which 
a r e  d r a w i n g s  r e l a t i n g  t o  each s tage o f  s h i p  c o n s t r u c t i o n  and f o l l o w i n g  t h e  "need 
t o  know" ph i losophy.  

The i m p a c t  on N/C programming work was minimal .  S p e c i a l i z e d  programs were 
f o r m u l a t e d  by members o f  t h e  N/C programming group t o  c r e a t e  t h e  data  r e q u i r e d  
f o r  p r o d u c t i o n  o f  s t e e l  t a p e s  and k e y  l i n e s .  The i m p a c t  on t h e  N e s t i n g  
Department by implementa t ion  o f  I H I .  techno logy was a l s o  minimal .  Some 
recommendations f o r  e a r l i e r  o r d e r i n g  o f  s t e e l  and f o r  a d i f f e r e n t  sequence of 
n e s t i n g  were s tud ied,  w i t h  t h e  r e s u l t s  be ing  b e n e f i c i a l  t o  t h e  process lanes 
c o n c e p t .  Accuracy c o n t r o l  dimensions and accuracy check p o i n t s  f o r  N/C bu rn ing  
tapes were i n c o r p o r a t e d  i n t o  t h e  system by t h e  Accuracy Con t ro l  Sect ion.  
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I H I ' s  g r e a t e s t  i n f l u e n c e  on t h e  c o n v e n t i o n a l  M o l d l o f t  r e s u l t e d  i n  t h e  
a d d i t i o n a l  r e s p o n s i b i l i t y  o f  p roduc ing l i n e  h e a t i n g  templa tes  and t h e  s t e e l  
tapes. 

I I. MOLDLOFT ORGANIZATION 

A v o n d a l e ' s  M o l d l o f t  i s  i n  t h e  rea lm o f  P roduc t ion  and r e p o r t s  d i r e c t l y  t o  
t h e  V ice-Pres ident  i n  Charge o f  P roduc t ion  Engineer ing.  The o p e r a t i o n  c o n s i s t s  
o f  f o u r  separa te  departments, each hav ing i t s  own area o f  r e s p o n s i b i l i t y ,  

The P a r t  Generat ion Sec t ion  employs N/C programmers t o  p r o v i d e  numerical  
c o n t r o l  p a r t s  which a r e  programmed and e x t r a c t e d  f rom t h e  "SPADES" da ta  base. 
T h i s  g roup  a1 so p rov ides  t h e  sketches f o r  c u t t i n g  s t r u c t u r a l  s, Each s t r u c t u r a l  
i s  p laced  on i t s  pa ren t  p a r t  and v a l i d a t e d  f o r  accuracy by u t i l i z i n g  CADAM CRT 
u n i t s .  The Nes t ing  Group uses these N / C  p a r t s  i n  p r e p a r i n g  computer ized b u r n i n g  
d a t a  f o r  t h e  N/C c u t t i n g  machines. The U n i t  Con t ro l  Manual (UCM) Department 
p r o v i d e s  t h e  p r e f a b r i c a t i o n  and f a b r i c a t i o n  drawings f o r  h u l l  work w i t h i n  t h e  
s h i p y a r d .  T h i s  task  i s  automated and computer ized t o  a  g r e a t  e x t e n t  by t h e  
merger o f  t h e  CADAM and SPADES programs. These UCM work packages a r e  d i s t r i b u t e d  
and m a i n t a i n e d  by t h e  L o f t .  The Convent ional  L o f t  p rov ides  t h e  wooden templa tes  
such as r o l l  se ts ,  l i n e  h e a t i n g  templa tes ,  e t c .  

Much c o m p u t e r i z a t i o n  i s  e v i d e n t  i n  t h e  M o l d l o f t .  The e x t e n s i v e  use o f  CRT 
u n i t s  w i t h  SPADES and CADAM programs p r o v i d e s  t h e  L o f t  w i t h  t h e  f l e x i b i l i t y  t o  
accommodate any job. 

I I I, MOLDLOFT PLANNING 

The e s t a b l i s h m e n t  o f  a  M o l d l o f t  P lann ing  Group was an I H I  i n n o v a t i o n  t h a t  
was n e c e s s i t a t e d  by t h e  huge amount o f  da ta  f l o w i n g  th rough  t h e  M o l d l o f t  f rom 
o t h e r  departments. 

Many o f  t h e  i n c o n s i s t e n c i e s  t h a t  used t o  occur  on a  d a i l y  b a s i s  due t o  t h e  
l a r g e  vo lume o f  l o f t i n g  m a t e r i a l  have d i s a p p e a r e d  by  t h e  e x t e n s i v e  use  o f  
comprehensive s tandard  procedure  manual s. As problem areas a r e  d i scove red  by t h e  
p lanners ,  meet ings a r e  he ld ,  t h e  problems discussed,  and t h e  r e s o l u t i o n  
i n c o r p o r a t e d  i n t o  a  s t a n d a r d .  Thus, t h e  M o l d l o f t  p l a n n e r s  have  a i d e d  t h e  
p r o g r a m m e r s  and  l o f t s m a n  t o  become more e f f i c i e n t  i n  t h e i r  work  and have  
c o n t r i b u t e d  i n  s t a n d a r d i z a t i o n  o f  i n f o r m a t i o n  fo rwarded t o  t h e  f i e l d .  

I V .  SCHEDULING BY STAGES 

Development o f  process lanes,  l e v e l  l o a d i n g  a t  stages, and shop p l a n n i n g  
r e q u i r e  t h e  L o f t  t o  do d e t a i l e d  s c h e d u l i n g  o f  each  c o n t r a c t  v e r y  e a r l y .  
S c a n t l i n g  drawings and o t h e r  p e r t i n e n t  data  a r e  examined t o  make p r e l i m i n a r y  
schedules f o r :  

- N/C P a r t s  Genera t ion  (by u n i t ) ,  - N/C Nes t ing  (number o f  b u r n i n g  tapes ) ,  
- U n i t  Con t ro l  Manual Group (number o f  documents), 
- She1 1  P la tes ,  
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As more d e t a i l e d  drawings a re  received, t h e  p re l im ina ry  p lann ing  e f f o r t  i s  
enhanced t o  i nc l ude  such i tems as number o f  she1 1  p l a tes  t h a t  have t o  be 1  i n e  
hea ted ,  r o l l e d ,  o r  formed, stock requirements,  and a  l i s t  o f  raw ma te r i a l  s i zes  
t o  be provided. 

Curved s h e l l  p l a t e s  a re  c l a s s i f i e d  accord ing t o  t h e  area o f  the  vessel on 
which they appear: 

- Afterbody, 
- Engine Room, - Cargo Area, 
- Forebody. 

It i s  then poss ib l e  t o  determine and t a b u l a t e  t h e  amount and type  o f  bending, 
r o l l i n g ,  o r  hea t ing  process requ i r ed  f o r  each curved p l a te .  Apply ing manhours 
r e q u i r e d  f o r  each opera t ion  aga ins t  these f i g u r e s  enables planners t o  produce a  
l e v e l  - loaded schedule f o r  t h e  B lacksmi th  and P l a t e  Shops, 

Other d e t a i l  schedules a re  produced f o r  each stage o f  cons t ruc t i on  t h a t  
u t i  1  i z e s  i n f o rma t i on  produced by t h e  M o l d l o f t .  Schedules a re  prov ided f o r :  

- Completion o f  N / C  pa r t s ,  
- Completion o f  bu rn ing  tapes, - Completion o f  templates,  - Completion o f  key 1  i n e  tapes, 
- J i g  scheduling. 

The documents i n  t h e  U n i t  Cont ro l  Manual a re  separa te ly  scheduled, based on 
1  eve1 -1 oaded shop and p roduc t ion  schedules. 

Mold1 o f t  p lanners then have t h e  v i s i  b i  1  i t y  , based on d e t a i l e d  schedul i ng, t o  
foresee problem areas. As t h i s  occurs, they can i n f o rm  t h e  shop planners so t h a t  
p roduc t ion  schedules can be mod i f i ed  w i t h  as l i t t l e  d i s r u p t i o n  as poss ib le .  

4 

V. UNIT CONTROL MANUAL 

The U n i t  C o n t r o l  Manual (UCM) i s  a  g roup  o f  seven d i f f e r e n t  documents 
d e s i g n e d  t o  be used by t h e  y a r d  workers i n  every stage o f  h u l l  cons t ruc t i on  from 
p r e f a b r i c a t i o n  t o  t h e  e r e c t i o n  o f  a  u n i t  on t h e  ship. The o b j e c t i v e  o f  t h e  UCM 
e f f o r t  i s  t o  break down t h e  Engineer ing Yard Plan i n t o  bas ic  components so t h a t  
t h e  average worker i n  t h e  sh ipyard  w i l l  be ab le  t o  understand and f o l l o w  these 
s i m p l i f i e d  i n s t r u c t i o n s  and thus  t o  work accura te ly  and qu i ck l y .  

The seven documents compris ing t h e  UCM and t h e  stages o f  cons t ruc t i on  i n  
which each i s  u t i l i z e d  a re  as f o l l ows :  

Document 

C u t t i n g  L i s t  
Panel L ine  Book le t  
P a r t i a l  Subuni t  Bookl e t  
Subassembly Bookl e t  

Construct ion.  Stage 

P r e f a b r i c a t i o n  
P r e f a b r i c a t i o n  
Fab r i ca t i on  
Subassembly 
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Document C o n s t r u c t i o n  Stage 

Mai n  Assembly Book1 e t  Main Assembly 
E r e c t i o n  Book1 e t  E r e c t i o n  
L i f t i n g  Lug Arrangements E r e c t i o n  

Each o f  t h e s e  documents i s  re leased  s e p a r a t e l y  t o  t h e  s h i p y a r d  p r i o r  t o  t h e  
work e f f o r t  addressed. The i n f o r m a t i o n  i n  a  document i s  c o n f i n e d  t o  t h e  s p e c i f i c  
t y p e  o f  work t o  be done i n  each s tage of c o n s t r u c t i o n  so t h a t  t h e  worker has 
t h a t  i n f o r m a t i o n  needed  t o  c o m p l e t e  h i s  s p e c i f i c  t a s k ,  t h u s  r e d u c i n g  t h e  
p o s s i b i l i t y  o f  m i s i n t e r p r e t a t i o n  of  nonessen t ia l  i n f o r m a t i o n  t h a t  c o u l d  r e s u l t  i n  
e r r o r s .  

UCM p r o d u c t i o n  i s  accompl ished by t h e  use o f  t h e  SPADES Numerical C o n t r o l  
Sys tem and t h e  CADAM i n t e r a c t i v e  g raph ics  system. Spec ia l  programs were w r i t t e n  
by AS1 t o  develop i n t e r f a c e s  t h a t  a1 low t h e  merger o f  t hese  two systems. 

The d a t a  used f o r  p r o d u c t i o n  o f  UCM b o o k l e t s  i s  s t o r e d  i n  t h e  CADAM data  
base. The Numerical C o n t r o l  p a r t s  genera t  i o n  group p rov ides  s t r u c t u r a l  and p l a t e  
components which a r e  s t o r e d  i n  t h e  computer and used as a  base f o r  t h e  UCM shop 
drawings.  UCM p r o d u c t i o n  i s  i n t e r f a c e d  w i t h  t h e  SPADES da ta  base, so t h a t  t h e  
UCM dra f tsman can u t i l i z e  as much data  as p o s s i b l e  f rom t h e  computer. Var ious 
components, as r e q u i r e d  f o r  t h e  drawing,  can be r e t r i e v e d  f rom t h e  SPADES da ta  
b a s e  a n d  d i s p l a y e d  s i m u l t a n e o u s l y  on t h e  CRT s c r e e n .  The m e r g e r  o f  t h e s e  
components and t h e  a d d i t i o n  o f  necessary d e t a i l s  c r e a t e s  t h e  d e s i r e d  drawing. 
Each d r a w i n g  i s  t hen  f i l e d  by module and subgroup i n t o  t h e  CADAM f i l e s .  The 
CADAM s tandards  f i l e  i s  c o n s t a n t l y  u t i l i z e d  and e n t e r e d  d i r e c t l y  on t h e  drawing 
w i t h o u t  hav ing  t o  redraw t h e  v a r i o u s  d e t a i l s  each t ime. As new s tandards  a r e  
c rea ted ,  t h e y  a r e  added t o  these  f i l e s .  F i n a l  o u t p u t  i s  a  ha rd  copy o f  t h e  
d r a w i n g  by means o f  a  Versatec  e l e c t r o s t a t i c  p l o t t e r .  Turnaround can be w i t h i n  
minutes  when necessary. The books a r e  then  assembled, copied,  and d i s t r i b u t e d  by 
t h e  L o f t .  

I n f o r m a t i o n  t h a t  can be found on UCM drawings v a r i e s ,  depending on t h e  s tage  
o f  c o n s t r u c t i o n  t h e  drawing addresses. 

A. C u t t i n g  L i s t  and Panel L i n e  B o o k l e t  

The c u t t i n g  l i s t  i s  t h e  f i r s t  document t o  be re leased  t o  t h e  s h i p y a r d  and i s  
u l t i m a t e l y  u t i l i z e d  by t h e  P l a t e  Shop. C u t t i n g  l i s t s  a r e  prepared f rom t h e  UPL 
( U n i t  P a r t s  L i s t )  f rom Engineer ing ,  w i t h  t h e  M o l d l o f t  add ing a d d i t i o n a l  da ta  as 
necessary .  A  t o t a l  c u t t i n g  package i n c l u d e s  UCM c u t t i n g  l i s t s ,  N/C b u r n i n g  
tapes,  s t r u c t u r a l  sketches,  frame bending data ,  templa tes ,  p i n  j i g  data,  and 
Panel L i n e  drawings,  as i n d i c a t e d  i n  F i g u r e  4-1. Each u n i t  i s  scheduled w i t h  i t s  
own " s t a r t  p r e f a b r i c a t i o n n  d a t e  as e s t a b l i s h e d  by t h e  shop p lanners  i n  accordance 
w i t h  t h e  process 1  anes d i  r e c t i  ve and 1  eve1 -1 oaded p l  a t e  shop schedules. Once 
p r e f a b r i c a t i o n  commences and s t e e l  i s  be ing  c u t  acco rd ing  t o  t h e  schedule, t h e  
p a r t s  a r e  p a l l e t i z e d  acco rd ing  t o  need d a t e  and s e n t  t o  t h e  v a r i o u s  p l a t e n s  where 
t h e y  w i  11 be used. Storage o f  p a r t s  has been v i r t u a l l y  e l i m i n a t e d  by schedu l i ng  
a  smooth f l o w  o f  m a t e r i a l  t o  t h e  f a b r i c a t i o n  p la tens .  
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Figure 4-1 P r e f a b r i c a t i o n  In fo rmat ion  !n U.C.M. 

PREFABRICATION INFORMATION TYPE OF INFORMATION PLATE SHOP 
IN U.C.M. WILL RECEIVE LABELING MEDIUM 

N / C  Burn ing Tape Numbers 1. 1" sca le  drawing represen t ing  1" sca le  burn ing 
s tee l  p l a t e  t o  be burned tape drawing 

2 .  Burning data s t o red  on IBM 
System 7 

Servo (Servograph) F u l l  s i z e  o p t i c a l  t r a c i n g  F u l l  s i z e  servo- 
temp1 a t e  ( f  i lm) graph temp1 a t e  

Temp. (Template) F u l l  s i z e  wooden o r  paper F u l l  s i z e  wooden 
temp1 a t e  o r  paper temp1 a te  

N.T. (No Template) Cut t o  s i z e  g iven i n  U.C.M. C u t t i n g  
"Dimensions' column o f  L i s t  
U.C.M. C u t t i n g  L i s t  

Exacto No. (Exactograph) Exactograph Sketch Exactograph Sketch 

FRBD (Frame Bending) 1. "Frame bending computer Frame bending 
p r i n t o u t  o f  i nverse  curve computer p r i n t o u t  

2. Paper end c u t  templates 

MLCSK No. ( M o l d l o f t  
C u t t i n g  Sketch) 

PLCSK (Panel L ine  
C u t t i n g  Sketch) 

1. Sketch o f  s t r u c t u r a l  M o l d l o f t  C u t t i n g  
showing dimensions and Sketch 
process ing i n s t r u c t i o n s  

2. Standard end c u t  template  
( i f  appl i c a b l e )  

Sketch o f  panel ( b u t t  s t a t i o n )  B u t t  S t a t i o n  
i n d i c a t i n g  lengths,  w id ths and Drawing ( found i n  
bevels o f  p l a t e s  t o  be c u t  on panel 1 i n e  book le t  
exacto machine 
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The c u t t i n g  1  i s t  c o n t a i n s  such I n f o r m a t i o n  as p i e c e  numbers, q u a n t i t i e s  
r e q u i r e d ,  t y p e  o f  m a t e r i a l ,  and c u t t i n g  medium i n f o r m a t i o n  f o r  every  p a r t  i n  a  
g i ven  u n i t  t o  be burned, w i t h  t h e  excep t ion  o f  f ounda t ions  and o u t f i t t i n g  i tems. 

B. P a r t i a l  Subun i t  B o o k l e t  (F igu res  4-2 and 4-3) 

T h i s  b o o k l e t  i s  d i s t r i b u t e d  t o  c e r t a i n  p l a t e n  areas where i n i t i a l  
f a b r i c a t i o n  o f  p ieces  i s  t o  be done. The i n f o r m a t i o n  con ta ined  i n  t h i s  b o o k l e t  
i n c l u d e s  p a r t s  l i s t  and p i c t o r i a l  re ferences showing how t o  f i t  and weld  a l l  t h e  
p i e c e s  t o g e t h e r  t h a t  app ly  t o  t h i s  f a b r i c a t i o n  stage. U t i l i z i n g  t h e  y a r d  p l a n  
and UPL, t h e  CADAM dra f tsman e x t r a c t s  those d e t a i l s  r e q u i r e d  f rom t h e  y a r d  p l a n  
t o  p r o d u c e  a  shop drawing. Only i n f o r m a t i o n  e s s e n t i a l  t o  t h e  f a b r i c a t i o n  o f  one 
p a r t i a l  s u b u n i t  (PSU), p resented i n  i t s  s i m p l e s t  form, i s  g i ven  t o  t h e  worker i n  
t h e  y a r d  who w i l l  be do ing  t h e  f a b r i c a t i o n .  Many hours o f  d rawing research a r e  
e l i m i n a t e d  and a  l e s s  s k i l l e d  w o r k e r  can  be used,  s i n c e  b l u e p r i n t  r e a d i n g  
requ i rements  a r e  minimized.  

A PSU can  be as s imp le  as f a b r i c a t i n g  a  f l a t  b a r  t o  a  b r a c k e t  o r  as complex 
as f a b r i c a t i n g  shaped f l o o r s  t o  a  g i r d e r .  Each PSU has i t s  own UCM drawing and 
u n i q u e  i d e n t i t y  i n  t h e  system. Note t h a t  t h e  "p ieces "  i n  a  more complex PSU may 
t h e m s e l v e s  be p r e v i o u s l y  f a b r i c a t e d  PSU's. Thus, t h e  PSU o f  F i g u r e  4-2 i s  a  
p i e c e  i n  F i g u r e  4-3. 

C. Subassembly Book le t  ( F i g u r e  4-4) 

T h i s  document i s  d i s t r i b u t e d  t o  work areas where subassembly work i s  t o  be 
performed. T h i s  f a b r i c a t i o n  i n v o l v e s  t h e  combinat ion  o f  1  a r g e r  assembl i e s  as 
opposed t o  i n d i v i d u a l  p ieces  be ing  welded toge the r .  The b o o k l e t  c o n t a i n s  a  
sequence  o f  c o n s t r u c t i o n ,  p a r t  l i s t s  f o r  each subassembly be ing  b u i l t  ( i f  more 
than  one),  and an i s o m e t r i c  drawing of  t h e  subassembly w i t h  a l l  necessary d e t a i l s  
needed t o  complete t h e  d e s i r e d  work. The p a r t s  1  i s t  i n c l u d e s  PSU's as we1 1  as 
i n d i v i d u a l  p ieces.  

D. Main Assembly Book le t  (F igu res  4-5 and 4-6) 

The work  e f f o r t  addressed by t h i s  document dea ls  w i t h  t h e  c l o s u r e  o f  a  u n i t  
by combining a  subassembly w i t h  a  panel  o f  p l a t i n g  a long  w i t h  misce l laneous i tems 
s u c h  as c o l l a r  p l a t e s ,  c l i p s ,  chocks, e t c .  The b o o k l e t  c o n t a i n s  a  sequence o f  
c o n s t r u c t i o n ,  a  p a r t s  1  i s t  and a1 1  necessary drawings ( i n c l u d i n g  d e t a i l s )  t o  
complete t h e  f i n a l  h u l l  work on a  g i ven  u n i t .  

E. E r e c t i o n  Book le t  ( F i g u r e  4-7) 

T h i s  i s  t h e  f i n a l  b o o k l e t  r e q u i r e d  f o r  a c t u a l  h u l l  assembly. It p rov ides  
i n f o r m a t i o n  concern ing l e v e l  i n g  requ i rements  and at tachment o f  t h e  u n i t  t o  t h e  
e r e c t e d  p o r t i o n  o f  t h e  h u l l ,  w i t h  r e l e v a n t  d e t a i l s  f o r  f a b r i c a t i o n  o f  
m isce l l aneous  i t ems  t h a t  c o u l d  n o t  be b u i l t  w i t h  t h e  u n i t  a t  an e a r l i e r  stage. 

The u n i t  c o n t r o l  manual was used i n  t h e  Exxon c o n t r a c t  and proved t o  be an 
i n v a l u a b l e  t o o l .  Many o f  t h e  I H I  i n n o v a t i o n s  a r e  u t i l i z e d  as p a r t  o f  t h e  data  
f o u n d  i n  t h e  UCM documents. A l though t h e  UCM was developed a t  Avondale p r i o r  t o  
t h e  I H I  techno logy t r a n s f e r ,  i t  r e a d i l y  serves t h e  same purpose as t h e  Japanese 

Page 103 



Page 104 



Figure 4-3 Larger  P a r t i a l  Subunit  Drawing 
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F igure  4-6 Main Assembly Drawing, Completed U n i t  
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c o n c e p t  o f  S tage  P l a n s .  A t o t a l  o f  635  U C M  b o o k l e t s  were  p r o v i d e d  t o  t h e  
s h i p y a r d  workers on t h e  Exxon c o n t r a c t .  Such I H I  i n n o v a t i o n s  as s t e e l  tape 
i d e n t i f i c a t i o n  numbers and datum l i n e s  a r e  con ta ined  i n  t h e  UCM's. 

A mos t  impor tan t  advantage o f  t h e  UCM i s  t h a t  i t  i s  a  s imp le  document t h a t  
t h e  a v e r a g e  y a r d  w o r k e r  can e a s i l y  u n d e r s t a n d .  The UCM i m p r o v e s  w o r k e r  
e f f i c i e n c y  and a1 lows y a r d  s u p e r v i s o r s  more t i m e  t o  d i r e c t l y  manage t h e  workers 
r a t h e r  than t o  i n t e r p r e t  documents f o r  them, 

V I .  STEEL TAPE SYSTEM 

To lessen t h e  use o f  measur ing dev ices  and assure c o n t i n u i t y  across s e c t i o n s  
j o i n e d  t o g e t h e r ,  t h e  I H I  s t e e l  t ape  system was i n c o r p o r a t e d  i n t o  t h e  M o l d l o f t ' s  
e f f o r t .  The t a p e s  a r e  f a b r i c a t e d  f r o m  s t e e l  bands and p r o d u c e d  by t h e  
c o n v e n t i o n a l  M o l d l o f t .  A s p e c i a l  measuring t a b l e  was c o n s t r u c t e d  which a i d s  t h e  
l o f t sman  i n  t h i s  work. 

The N / C  L o f t  p rov ides  computer programs which a r e  u t i l i z e d  t o  e x t r a c t  t h e  
t e e 1  tape  data, These programs p r o v i d e  a  p r i n t o u t  t o  t h e  l o f t sman  f o r  marking 
he g i r t h s ,  etc., on t h e  tapes. S tee l  tapes a r e  used e x t e n s i v e l y  by t h e  y a r d  i n  

t h e  f a b r i c a t i n g  and e r e c t i o n  processes, The t o t a l  number o f  s t e e l  tapes f o r  
a c t i v e  j obs  w i t h i n  t h e  y a r d  i n  mid-1984 was 693 s t e e l  tapes. Each tape  i s  
ca ta logued and prepared i n  d u p l i c a t e  i n  case o f  l o s s  o r  breakage. 

Each s t e e l  t ape  i s  u n i q u e l y  numbered w i t h  one s i d e  o f  t h e  tape  p r o v i d i n g  
f i n i s h e d  dimensions and t h e  o t h e r  s i d e  o f  t h e  tape  p r o v i d i n g  "expanded" 
d i m e n s i o n s  b e f o r e  welding,  UCM documents gu ide t h e  workers by i n d i c a t i n g  where 
and  what s t e e l  tapes a r e  t o  be used. S tee l  tapes a r e  marked w i t h  a  s c r a t c h  awl 
and show l o c a t i o n s  o f  s t r u c t u r a l  elements such as frames, g i r d e r s ,  l o n g i t u d i n a l s ,  
decks, and s t r i n g e r s ,  A l so  shown a r e  p l a t e  seams, key r e f e r e n c e  l i n e s ,  and 
expanded g i  r t h s .  

S t e e l  t a p e s  a r e  p r o v i d e d  f o r  a l l  s t a g e s  o f  s h i p  c o n s t r u c t i o n .  They 
e l  i m i n a t e  t h e  use o f  measuring r u l e r s  and t h e  e r r o r s  assoc ia ted  w i t h  u s i n g  those 
d e v i c e s ,  The same i n f o r m a t i o n  i s  used over  and over,  which increases accuracy 
and  cons is tency  when f a b r i c a t i n g  t h e  u n i t s ,  S tee l  tapes have c o n t r i b u t e d  t o  
reduced c o s t s  a t  t h e  e r e c t i o n  s i t e  and an o v e r a l l  r e d u c t i o n  i n  f i t t i n g  problems. 

V I I .  LINE HEATING 

T r a d i t i o n a l l y ,  s h e l l  p l a t e s  i n  t h e  s h i p y a r d  were  shaped by  one o f  t h e  
f o l l o w i n g  methods: 

- R o l l i n g  - P u l l i n g  i n  p l a c e  on u n i t  w i t h  j a c k s  o r  we ight  b locks  
- Furnaced p l a t e s  f rom t h e  b l a c k s m i t h  shop 

W i t h  t h e  implementa t ion  o f  1  i n e  h e a t i n g  techno logy,  t hese  processes have 
v i r t u a l l y  been e l i m i n a t e d  ( w i t h  t h e  excep t ion  o f  r o l l i n g )  i n  t h e  shipyard.  S h e l l  
p l a t e s  w i t h  compound shape t h a t  c u s t o m a r i l y  cause f i t t i n g ,  we ld ing,  and 
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d i s t o r t i o n  problems t o  t h e  u n i t s  have been rep laced  w i t h  shel  1 p l a t e s  a c c u r a t e l y  
p re fo rmed  t o  t h e  c o n f i g u r a t i o n  o f  t h e  u n i t .  Exper ience on t h e  Exxon shsps has 
shown t h a t  p r a c t i c a l l y  every  shel  1  p l a t e  w i t h  some compound shape was e v e n t u a l l y  
1  i ne heated. 

As each  u n i t  i s  processed by t h e  M o l d l o f t ,  t h e  convent iona l  l o f t  p rov ides  
fo rm templa tes  ( u s u a l l y  on frame l i n e s )  w i t h  s i g h t  edges and s i g h t  l i n e s  f o r  l i n e  
h e a t i n g  c l e a r l y  marked. The s i g h t  l i n e s  a r e  on an a x i s  normal t o  t h e  r o l l  a x i s  
o f  t h e  p l a t e ,  The d e c l i v i t y  ang le  f o r  each frame i s  a l s o  i n d i c a t e d ,  so t h a t  t h e  
t e m p l a t e s  a r e  h e l d  i n  t h e  p roper  o r i e n t a t i o n .  The r o l l  s e t  templa tes  g i v e  t h e  
d e s i r e d  t r a n s v e r s e  shape. The p lane  e s t a b l i s h e d  normal t o  t h e  r o l l  a x i s  a t  each 
f r a m e  g i v e s  t h e  amount o f  t w i s t ;  t h e  t h r e a d  l i n e  o r  s i g h t  l i n e ,  when 
s t r a i g h t e n e d ,  determines t h e  amount o f  l o n g i t u d i n a l  shape. A p l a t e  has t h e  
c o r r e c t  shape o n l y  when t h e  r o l l  se ts  f i t  t h e  p l a t e  on t h e  p r e s c r i b e d  d e c l i v i t y ,  
t h e  v e r t i c a l  p lane  i s  s i g h t e d  as f l a t ,  and t h e  s i g h t  l i n e  i s  s t r a i g h t .  (See 
F i g u r e  4-8. ) 

R e s u l t s  o f  t h e  l i n e  h e a t i n g  process as a p p l i e d  t o  t h e  Exxon tanke rs  were 
e x c e l l e n t .  Each u n i t  was c a r e f u l l y  moni to red as t h e  s h e l l  p l a t e s  were i n s t a l l e d ,  
c h e c k i n g  t o l e r a n c e s  f o r  shape and o v e r a l l  f i t  t o  t h e  u n i t s .  Not every s h e l l  
p l a t e  f i t  t h e  j i g  o r  u n i t  w i t h o u t  some ad jus tment ,  b u t  t h e  number o f  m i s f i t s  was 
minimal  and adjustments were e a s i l y  made. 

A t o t a l  o f  600 s h e l l  p l a t e s  were  l i n e  h e a t e d  o v e r  t h e  c o u r s e  o f  t h e  
t h r e e - s h i p  Exxon c o n t r a c t .  A s i m i l a r  method i s  used t o  t w i s t  formed 
l o n g i t u d i n a l s .  

The b e n e f i t s  a l ready  r e a l i z e d  by u t i l i z i n g  t h e  l i n e  h e a t i n g  method are :  

- e l i m i n a t i o n  o f  t h e  fu rnaced p l a t e s ;  
- more a c c u r a t e l y  shaped p l a t e s ;  - l e s s  f i t t i n g  t i m e  on t h e  p l a t e n s ;  
- e l i m i n a t i n g  dogs, c l i p s ,  and l u g s  and hav ing t o  r e s t o r e  su r faces ;  
- r e d u c t i o n  i n  misa l ignment  across u n i t s ;  
- l a r g e r  p l a t e s  can be u t i l i z e d  w i t h o u t  f u rnace  s i z e  r e s t r i c t i o n s .  

V I I I .  PIN JIGS 

The implementa t ion  o f  p i n  j i g s  a t  AS1 has reduced some o f  t h e  c o s t  o f  N/C 
c o d i n g  and nes t i ng .  P r i o r  t o  t h e  Exxon c o n t r a c t ,  a l l  f a b r i c a t i o n  j i g s  were c u t  
f r o m  p l a t e  and assembled i n  an assigned area. Th is  o p e r a t i o n  was c o s t l y  t o  t h e  
y a r d  because o f  manhours and m a t e r i a l  i n v o l v e d  w i t h  t h e  f a b r i c a t i o n ,  storage,  and 
c u t t i n g  o f  s t e e l  f o r  t h e  j i g .  M o l d l o f t  c o s t s  were a l s o  i n v o l v e d  because a l l  j i g s  
were N/C burned. The p i n  j i g  concept has reduced these c o s t s  by approx imate ly  50 
percent .  

F o r t y  c o n s t r u c t i o n  j i g s  were used on t h e  Exxon c o n t r a c t .  Twenty-one o f  
t h e s e  j i g s  were p i n  j i g s ,  n ine teen  were f i x e d  o r  s o l i d  j i g s .  Those u n i t s  t h a t  
r e q u i r e d  a  s o l i d  j i g  were u n i t s  t h a t  had excess ive  cu rva tu re ,  excess ive  t w i s t ,  o r  
a  w i d t h  t o o  narrow t o  be s u i t a b l e  f o r  p i n  j i g  f a b r i c a t i o n .  Most o f  them were i n  
t h e  f o r e  peak o r  a f t  peak. 
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D a t a  r e q u i r e d  by p r o d u c t i o n  t o  s e t  t h e  p i n  h e i g h t s ,  check dimensions,  etc. ,  
a r e  d e r i v e d  f rom t h e  SPADES p i n  j i g  computer programs. T h i s  i n f o r m a t i o n ,  a long  
w i t h  a  ske tch  o f  p i n s  t o  be u t i l i z e d ,  i s  used t o  s e t  t h e  j i g  f o r  t h e  u n i t .  

Success o f  p i n  j i g  imp lementa t ion  i s  d i r e c t l y  a t t r i b u t e d  t o  a c c u r a t e l y  l i n e  
h e a t e d  s h e l l  p l a t e s .  The s h e l l  p l a t e s  must f i t  i n  t h e  j i g  c o r r e c t l y .  Once 
p l a t e s  a r e  i n s t a l l e d  on t h e  p ins ,  t hey  cannot be " p u l l e d "  down i n t o  p o s i t i o n  as 
on a  f i x e d  j i g .  Fa l se  frames a t  t h e  ends o f  t h e  u n i t  a r e  a  p r e r e q u i s i t e  when 
u s i n g  t h e  p i n  j i g  method. Fa lse  frames a r e  used t o  a l i g n  s h e l l  p l a t e s  and 
l o n g i t u d i n a l s  i n  t h e  p i n  j i g  t o  assure  f a i r n e s s  a t  t h e  e r e c t i o n  stage.  

A c c u r a t e  l a y o u t  o f  t h e  frames and l o n g i t u d i n a l s  i s  p r o v i d e d  by t h e  "Key 
L i n e "  method and s t e e l  tapes.  

Some of t h e  advantages t o  be ga ined by u t i l i z i n g  p i n  j i g s  a r e :  

( 1 )  M o l d l o f t  c o s t l e f f o r t  i s  reduced. 

( 2 )  Setup t i m e  i n  t h e  f i e l d  i s  s h o r t e r .  

( 3 )  The c o s t l y  s to rage  o f  f i x e d  j i g s  i s  e l i m i n a t e d .  

( 4 )  The m a t e r i a l  c o s t s  o f  s t e e l  p l a t e s  f o r  f i x e d  j i g s  i s  e l i m i n a t e d .  

( 5 )  Welding c o s t s  and f i t t i n g  c o s t s  f o r  f i x e d  j i g s  i s  e l i m i n a t e d ,  

( 6 )  The c o s t  o f  N / C  b u r n i n g  t h e  f i x e d  j i g s  i s  e l  im inated,  

( 7 )  P i n  j i g s  a r e  reusab le  f o r  d i f f e r e n t  u n i t s .  

I X ,  PIECE NUMBER SYSTEM 

A  ma'jor f a c t o r  i n  t h e  success fu l  use of process l anes  was t h e  new p i e c e  
n u m b e r i n g  system. T h i s  number c o n s i s t s  o f  a  t w e l v e  d i g i t  h u l l  p i e c e  
i d e n t i f i c a t i o n  number. The s t a g i n g  o r  c o n s t r u c t i o n  r o u t e  of a  p a r t  i s  i n d i c a t e d  
by  t h i s  number. I n d i v i d u a l  h u l l  components a r e  numbered on t h e  h u l l  eng ineer ing  
drawing.  These drawings a r e  used by t h e  h u l l  p r o d u c t i o n  p lanner  t o  ass ign  t h e  
s t a g i n g  p i e c e  number i n  t h e  fo rm o f  a  p a r t s  l i s t .  The drawings a r e  a l s o  used t o  
w r i t e  a  u n i t  summary sheet  o f  how t h e  u n i t  i s  t o  be b u i l t .  

The f o u r  b a s i c  components used i n  t h e  p i e c e  numbering ( F i g u r e  4-9) a re :  

- U n i t  Number 
- Subun i t  Number 
- P a r t i a l  Subun i t  Number 
- P iece Number 

I n d i v i d u a l  p ieces  a r e  f a b r i c a t e d  t o g e t h e r  t o  fo rm a  p a r t i a l  s u b u n i t  (PSU). 
The c o m b i n a t i o n  o f  PSU w i t h  o t h e r  PSU's and/or  ' n d i v i d u a l  p ieces,  depending on 
t h e  f a b r i c a t i o n  s i t e ,  c r e a t e s  a  u n i q u e l y  numbered, 1  a r g e r  p a r t i a l  subun i t .  The 
f a b r i c a t i o n  o f  a  subassembly t o  another  subassembly w i  11 c r e a t e  another  un ique 
s u b u n i t .  If t h e  work i s  done a t  t h e  main assembly s i t e ,  t h e  r e s u l t  i s  t h e  main 
assembly of  t h e  u n i t .  
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I n  a l l  c a s e s ,  t h e  l o c a t i o n  o f  t h e  f a b r i c a t i o n  work done on p i e c e s  o r  
a s s e m b l i e s  determines t h e  t y p e  o f  assembly produced. If t h e  work i s  done on an 
i n i t i a l  f a b r i c a t i o n  p l a t e n ,  t h e n  t h e  r e s u l t  i s  d e s i g n a t e d  as  a  PSU.  I f  
f d b r i c a t i o n  i s  done on a  subassembly o r  main assembly p l a t e n ,  t hen  t h e  r e s u l t  i s  
a  subassembly o r  main assembly, r e s p e c t i v e l y .  An i n d i v i d u a l  p i e c e  ( b e f o r e  
f a b r i c a t i o n )  w i l l  always have t h e  f o l l  owing numbering c o n f i g u r a t i o n :  

U n i t  No. - Subun i t  No. - P a r t i a l  Subun i t  No. - Piece No. 
Fo r  example, 003 - 001 - 017 - 143 

A p a r t i a l  s u b u n i t  w i l l  a lways have t h i s  c o n f i g u r a t i o n :  

U n i t  No. - Subun i t  No. - P a r t i a l  Subun i t  No, 
Fo r  example, 003 - 001 - 017 

T h a t  i s ,  t h e  p i e c e  number i s  no l o n g e r  needed a f t e r  f a b r i c a t i o n  t o  c r e a t e  
a  PSU. S i m i l a r l y ,  a  subassembly (003-001) l o s e s  i t s  PSU i d e n t i t i e s ,  and a t  t h e  
f i n a l  o r  grand assembly, t h e  assembly i s  i d e n t i f i e d  w i t h  o n l y  t h e  u n i t  number. 
S p e c i a l  codes a r e  used t o  des igna te  i t ems  r o u t e d  d i r e c t l y  t o  t h e  e r e c t i o n  s tage 
w i t h o u t  subassembly. Thus, t h e  i n f o r m a t i o n  g i ven  by t h e  p i e c e  number exp l  i c i  t l y  
i n d i c a t e s  n o t  o n l y  t h e  un ique i d e n t i t y  o f  a  p a r t  o r  assembly b u t  a l s o  i t s  n e x t  
d e s t i n a t i o n  i n  t h e  process lane.  

X. THE KEY LINE METHOD FOR MARKING SHELL LAYOUT 

I n t e g r a t e d  i n t o  t h e  M o l f l o f t  ' s  procedures i s  t h e  I H I  method f o r  check ing N/C 
o r  manual  l a y o u t s  on cu rved  s h e l l  u n i t s .  The key 1  i n e  method u t i l i z e s  a  s e r i e s  
o f  s t e e l  mark ing tapes and wooden temp la tes  t o  v e r i f y  t h e  mark ing on a  s h e l l  
p l a t e  i n  a  j i g  o f  t h e  l o c a t i o n s  o f  s t r u c t u r a l  e n t i t i e s  such as bulkheads, s h e l l  
l o n g i t u d i n a l s ,  and frames. The key l i n e  method i s  used t o  check an e x i s t i n g  
l a y o u t  e i t h e r  f rom N / C  b u r n i n g  o r  f rom a  manual l a y o u t .  The use of  t h e  g i r t h  
t a b l e  i s  n o t  enough t o  o b t a i n  accu ra te  curved s h e l l  u n i t s  because t h e  g i r t h  
t a b 1  e  i n d i c a t e s  d i s t a n c e s ' o f  s t r u c t u r e s  f rom t h e  cen te r1  i n e  o f  t h e  sh ip .  S ince 
many u n i t s  do n o t  c o n t a i n  t h e  s h i p  c e n t e r l i n e ,  i t  i s  d i f f i c u l t  t o  determine what 
seam p o s i t i o n  shou ld  be t h e  s t a r t i n g  p o i n t .  

I n  o r d e r  t o  o b t a i n  a c c u r a t e  curved u n i t s ,  i t  i s  necessary t o  e s t a b l i s h  two 
key 1  i n e s  which a r e  p e r p e n d i c u l a r  t o  each o t h e r  on t h e  curved s h e l l .  One i s  t h e  
f rame l i n e  neares t  t h e  c e n t e r  o f  t h e  u n i t  (Key Frame) and t h e  o t h e r  (Key L i n e )  
i s  a  1  i n e  p e r p e n d i c u l a r  t o  t h e  key frame and near  t h e  c e n t e r  between seams. 
(See F i g u r e  4-10.) From these  key l i n e s ,  t h e  c u r v a t u r e  of t h e  p l a t e  i n  bo th  
d i r e c t i o n s  and t h e  1  o c a t i o n s  o f  a1 1  s t r u c t u r a l  at tachments a r e  measured u s i n g  
t h e  p r e p a r e d  s t e e l  tapes,  t h r e a d  l i n e s ,  and ang le  templa tes ,  as shown i n  F i g u r e  
4-11, f o r  example. 

Computer programs have been w r i t t e n  t o  p r o v i d e  t h e  complex da ta  r e q u i r e d  f o r  
t h e  key  l i n e  l a y o u t .  V a r i a b l e  names f o r  s i g h t  edges, etc.,  a r e  p u t  i n t o  these  
p r o g r a m s  and t h e  o u t p u t  i s  r e t r i e v e d  f rom t h e  s h i p ' s  d a t a  base. These computer 
p r i n t o u t s  a r e  p r o v i d e d  t o  t h e  l o f t s m a n  t o  genera te  t h e  s t e e l  tapes and d e c l i v i t y  
d a t a  r e q u i r e d  f o r  a  key l i n e  l a y o u t .  The key l i n e  method f o r  mark ing s h e l l  
p l a t e  1  a y o u t s  i n  f a b r i c a t i o n  j i g s  has been used e x t e n s i v e l y  a t  ASI. A l l  o f  t h e  
u n i t s  r e q u i r i n g  j i g s  on t h e  Exxon c o n t r a c t  ( a p p r o x i m a t e l y  50 u n i t s )  were  
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v e r i f i e d  by u s i n g  t h e  key l i n e  method. The r e s u l t s  were very  favo rab le ,  w i t h  
reduced c o s t s  and a  r e d u c t i o n  o f  rework f o r  those u n i t s  b u i l t  i n  j i g s .  Other 
b e n e f i t s  were t h e  e l i m i n a t i o n  o f  s tock  i n  c e r t a i n  areas o f  t h e  s h i p  and h i g h e r  
accuracy ob ta ined  a t  t h e  e r e c t i o n  s i t e .  

X I .  SHRINKAGE FACTOR FOR WELDING 

One o f  t h e  pr ime o b j e c t i v e s  i n  ASI ' s  s t u d i e s  w i t h  I H I  was t o  produce more 
a c c u r a t e  ou tpu t  p e r t a i n i n g  t o  we ld ing  shr inkage f a c t o r s .  Over t h e  pas t  f i f t e e n  
y e a r s ,  based on feedback f rom t h e  f i e l d ,  t hese  f a c t o r s  have been m o d i f i e d  many 
t i m e s ,  sometimes add ing e x t r a  m a t e r i a l ,  sometimes reduc ing  m a t e r i a l  as 
c o n d i t i o n s  warranted.  T h i s  da ta  was assembled and examined by a  committee o f  
A v o n d a l e  superv i so rs  and I H I  exper ts .  Many meet ings were h e l d  t o  examine pas t  
per formance a t  Avondale a g a i n s t  p resent  p r a c t i c e s  a t  I H I ,  f rom which i t  was 
c o n c l u d e d  t h a t  t h e  e x i s t i n g  e x p a n s i o n  f a c t o r s  c o u l d  be r e f i n e d .  A c l o s e  
e x a m i n a t i o n  o f  what was be ing  done i n  Japan i d e n t i f i e d  these  d i f f e r e n c e s  i n  t h e  
two methods: 

- Japanese s h i p b u i l d e r s  do n o t  i n t r o d u c e  any shr inkage f a c t o r  i n t o  s t r u c t u r a l  
components ( i .e.,  angles,  t e e  beams, e t c .  ). 

- Expansion f a c t o r s  a r e  accumulated acco rd ing  t o  stage ( i  .e., f a c t o r  r e q u i r e d  a t  
PSU s tage i s  u t i l i z e d  b u t  some excess remains f o r  subassembly, i f  r e q u i r e d ) .  

- A f a c t o r  i s  i n t r o d u c e d  f o r  1  i n e  heat ing .  

- D i f f e r e n t  f a c t o r s  a r e  used f o r  manual and automat ic  weld ing.  

As a  r e s u l t  o f  these s t u d i e s ,  AS1 developed graphs and t a b l e s  o f  shr inkage 
f a c t o r s  based on number o f  s t i f f e n e r s ,  amount o f  we ld ing,  t h i c k n e s s  o f  p l a t e ,  and 
1  e n g t h  o f  p l a t e  t o  be welded. T h i s  system i s  f a r  s u p e r i o r  t o  what has been done 
i n  t h e  past .  As exper ience inc reases  and as accuracy c o n t r o l  engineers (See 
C h a p t e r  6 )  c o l l e c t  measurements  i n  t h e  y a r d ,  t h e s e  t a b l e s  w i l l  expand t o  
encompass such i tems as t y p e  o f  we ld ing  and beve l i ng ,  

X I  I. STANDARDS 

The o b j e c t  o f  implement ing eng ineer ing  s tandards  was t o  reduce t h e  number of 
d i f f e r e n t  convent ions  and c o n f i g u r a t i o n s  o f  d e t a i  1  s  found on eng ineer ing  drawings 
a n d  t o  g i v e  t h e  d r a f t s m e n  and l o f t s m e n  g u i d e s  t o  i m p r o v e  e f f i c i e n c y  and 
cons is tency  i n  t h e i r  work output .  Through cons tan t  use, s tandards  u l t i m a t e l y  
become recogn izab le  t o  t h e  workers i n  t h e  yard .  

Many areas o f  t h e  e n g i n e e r i n g  drawing were standardized.  A committee o f  
L o f t  and Eng ineer ing  r e p r e s e n t a t i v e s  spent  many manhours and count1 ess 
d i scuss ions  rev iew ing  p a s t  p r a c t i c e s  r e g a r d i n g  standards.  For  example, p rev ious  
c o n t r a c t s  were reviewed and a l l  o f  t hose  s t r u c t u r a l  c u t o u t s  f o r  s i d e  s h e l l  
l o n g i t u d i n a l s ,  etc. ,  t h a t  were used i n  t h e  p a s t  were s c r u t i n i z e d .  Data used i n  
t h e  SPADES program was a l s o  i nvo lved .  One o b j e c t i v e  was t o  have a  correspondence 
between t h e  symbolism used i n  t h e  SPADES da ta  base and t h e  n o t a t i o n  used on t h e  
eng ineer ing  drawings. 
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A comprehensive s tandard  book has been assembled by Eng ineer ing  and i s  
e x t e n s i v e l y  used by t h e  M o l d l o f t .  These s tandards  have reduced t h e  m a t r i x  o f  
i t ems  t h a t  t h e  L o f t  and t h e  y a r d  must u t ' l  i z e  on a d a i l y  bas is .  

Standards have been adopted f o r :  

- b r a c k e t  c o n f i g u r a t i o n  
- c l i p s  and c o l l a r s  (See F i g u r e  4-12 f o r  example) - s t r u c t u r a l  c u t o u t s  
- r a t h o l e s  and wa te rs tops  
- chocks 
- d r a i n  and a i r  ho les ,  

I n  a d d i t i o n  t o  t h e  e n g i n e e r i n g  s tandards ,  a s e t  o f  m o l d l o f t  s tandards  f o r  
work ing  procedures was developed by t h e  L o f t .  As these  s tandards  were developed, 
each  one was c a r e f u l l y  rev iewed by those departments i n f l u e n c e d  by t h e  standard.  
The s t a n d a r d s  system i n  t h e  M o l d l o f t  serves as a "how-to" gu ide f o r  a l l  L o f t  
personne l  ( F i g u r e  4-13, f o r  example). P e r i o d i c a l  l y ,  new s tandards  a r e  added, 
reviewed, and imp1 emented. Adopt ion  o f  Mol d l o f t  s tandards has reduced t h e  
s u p e r v i s o r s  ' t i m e  spent  answer ing r o u t i n e ,  p rocedura l  t y p e  ques t ions .  More 
c o n s i s t e n t  work i s  e v i d e n t ,  w i t h  a good r e d u c t i o n  i n  e r r o r s .  

SOURCE MATERIAL FOR CHAPTER 4 

The f o l l o w i n g  l e c t u r e s  i n  t h e  Technology T rans fe r  seminars were used as 
source m a t e r i a l  f o r  Chapter  4. They a r e  l i s t e d  i n  t h e  Appendix. Lec tu res  7, 21, 
27, 45. 
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I 

FOR 7 x 4 x 318 ANGLE 

Figure  4-12 Typical  Engineering Standard - Col 1 ars 
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LABELING.  
aHEN LABELING A PART OR TEMPLATE. 
If THE PLATE I S  TO BE KNUCKLED I N  
7dE O1REC:ION OF THE SIOE OF THE 
PLATE THAT I S  CENTERPUNCHED, THE 
CORRECT LABEL I S  'KNU. UP TO- 
(DEGREESI'. I F  THE PLATE I S  TO 
KNUCKLE AWAY FPOM THE CENTERPUNCH- 

'ED S i J E  , THE CORRECT LABEL I S  'KNU. 
DOWN TO-(DEGREES)' THE LABEL 
"TRANSFER CENTERPUMCH ANO KNU. UP*. 
I S  INCORRECT. SEE EXAMPLES BELOW. 

1 I E V I S I O N S z  1 OATE 1 QEV. 
I I 

THE RESULTING ANGLE ( IN NUMBER- I 
OF DEGREES1 I S  TO BE LABELED 1 
ON THE PART OR TEMPLATE. ONLY I 
SPECIAL CONOITIONS M I L L  ALLOY I 
THE USE OF THE LABEL,'KNU.TO 
SET* SEE SUPERVISOR I F  I T  I S  
NOT POSSIBLE TO LABEL THE 
KNUCKLE I N  DEGREES. 

THE DEGREE S Y M ~ O L  ( *  1 WILL 
NOT BE USED IN LABELING THE 
KNUCKLE ANGLE. ONLY THE NUMBER 
OF DEGREES, ROUNOEO OFF TO THE 
NEAREST I / 2  DECREE, M I L L  BE I 

INOICATED. A TYPICAL LABEL 
YOULO aE 'KNU. UP TO 120' I 
MEANING THAT THE RESULTING 
ANGLE CREATED OH THE PLATE 1s 
120 DEGREES. SEE EXAMPLE BE- 

q3.:, , 43 
LOW. 

I 
I r'l{ 

5 9  

~ ~ ~ ~ p E E s  

F l  gure 4-13 Typical Moldlof t  Standard 

SOURCE OF ~NFORMATIONI PROOUCTION MEETING WITH 
GENERAL FOREMEN BUTCH L IVACCARI .  BOOGIE GALATAS, 
K .  HONOA ON 7-14-81.  
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CHAPTER 5 

PROCESS LANES 

I. INTRODUCTION 

I n  t h i s  chap te r ,  t h e  s e q u e n t i a l  development o f  t h e  process l anes  concept  a t  
A v o n d a l e  i s  t raced .  The concept  i s  descr ibed,  as i s  t h e  subsequent a p p l i c a t i o n  
o f  t h e  process l anes  p r i n c i p l e s  w i t h i n  t h e  Avondale environment.  It i s  ve ry  
i m p o r t a n t  t o  n o t e  t h a t  t h e  many s i g n i f i c a n t  f ea tu res  of  process l anes  can be 
developed and implemented independen t l y  o r  i n  v a r y i n g  comb'nations i n  t h e  p u r s u i t  
o f  a c h i e v i n g  a t o t a l  system.' T h i s  p o i n t  h i g h l i g h t s  t h e  i m p o r t a n t  f l e x i b i l i t y  
f e a t u r e  o f  t h e  process l anes  appl  i c a t i o n .  

T'HE PROCESS LANES CONCEPT 

The process l anes  concept  means ve ry  s imp ly  t h e  c a t e g o r i z a t i o n  and 
s e p a r a t i o n  o f  " l i k e "  k i n d s  o f  work and subsequent development o f  work c e n t e r s  
s p e c i f i c a l l y  designed t o  e f f i c i e n t l y  and economical l y  produce t h a t  k i n d  of  work. 
Process 1 anes e s t a b l i s h e s  t h e  g r e a t e s t  amount o f  " l e a r n i n g  cu rve "  e f f i c i e n c y  by 
h a v i n g  t h e  same peop le  a t  t h e  same work c e n t e r s  do ing  r e p e t i t i v e  t ypes  o f  work 
every  day w i t h  t h e  suppor t  o f  a w e l l  o rgan ized  and e f f i c i e n t  f l o w  o f  m a t e r i a l .  

The p rocess  l anes  concept  o f  c a t e g o r i z a t i o n  and f l o w  i s  n o t  so new i n  t h i s  
c o u n t r y ,  j u s t  new t o  t h e  s h i p b u i l d i n g  community. I n  f a c t ,  American ya rds  have 
been u s i n g  a few o f  t h e  b a s i c  p r i n c i p l e s  o f  process l anes  i n  s h i p b u i l d i n g  on 
s p e c i f i c  i s o l a t e d  processes f o r  some t ime. 

I 1  I. THE REQUIREMENTS OF PROCESS LANES 

Obv ious ly ,  w i t h  t h e  advent of t h e  process l anes  s tudy  and a sound 
comprehens ion o f  t h e  concept ,  i t  was determined t h a t  t h e  p r i n c i p l e s  o f  process 
l a n e s ,  as w e l l  as many o f  t h e  c o n t r o l s ,  d i d  n o t  e x i s t  a t  Avondale. I n  f a c t ,  
t hose  c o n d i t i o n s  c o n t r a r y  t o  process 1 anes and p r e v a l e n t  i n  t h e  conven t iona l  
c o n s t r u c t i o n  method d i d  indeed e x i s t  as f o l  lows:  

- D i f f e r e n t  t ypes  o f  u n i t s  were assembled a t  t h e  same l o c a t i o n .  

- The same u n i t s  r e q u i r e d  v a r i o u s  assembly d u r a t i o n  t imes.  

- There were d i f f e r e n t  t y p e s  o f  assembly p l a t e n ,  

- D i f f e r e n t  types o f  m a t e r i a l  were r e q u i r e d  a t  each assembly p la ten .  

- M a t e r i a l  f l o w  presented o n - s i t e  s t o r a g e  problems, t h u s  i n c r e a s i n g  m a t e r i a l  
hand1 i n g  and s to rage  costs .  

These c o n d i t i o n s  o f  conven t iona l  c o n s t r u c t i o n  methods tended t o  decrease 
e f f i c i e n c y ,  p r o d u c t i v i t y ,  and accuracy o f  t h e  product ,  N a t u r a l l y ,  these 
o b s e r v a t i o n s  p resen t  a v a r i e t y  o f  o b s t a c l e s  t h a t  must be overcome i n  t h e  course 
of devel  op ing  and implement ing  t h e  requ i rements  o f  an e f f e c t i v e  process l anes  
system. 
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The i m p l e m e n t a t i o n  of an e f f e c t i v e  process l anes  system a t  A S 1  has p laced  
d e t a i l e d  emphasis on seve ra l  r e q u i  rements wh ich  i n c l u d e  t h e  p h y s i c a l  aspect  o f  
p rocess l anes  ( f a c i l  i t i e s ) ,  u n i t  breakdown, m a t e r i a l  f l ow ,  cod ing systems, c o s t  
system, p l a n n i n g  systems, schedu l i ng  systems, and c o n t r o l  systems. The 
p r i n c i p l e s  o f  t h e  Product  Work Breakdown System (PWBS) p r o v i d e  t h e  base f o r  
e v o l  vement o f  t h e  above- iden t i  f i e d  requirements.  

Pr ime i n g r e d i e n t s  t o  t h e  success o f  deve lop ing  and e x e c u t i n g  t h e  process 
l a n e s  sys tem a r e  d i s c i p l i n e  and a t t e n t i o n  t o  d e t a i l  i n  every  phase o f  des ign and 
c o n s t r u c t i o n ,  and t o  every  i n t e r i m  product .  

Process l anes  schedule development p r o v i d e s  t h e  c o n t r o l s  and v i s i  b i l  i t y  
e s s e n t i a l  t o  d e t e r m i n i n g  work c e n t e r  c o s t  and e f f i c i e n c y .  The d e t a i l  emphasis on 
t h e  e n t i r e  process enhances b o t h  f l e x i b i l i t y  and c o n t r o l ,  and ach ieves a  u n i f o r m  
work f l o w  w i t h i n  each work c e n t e r  and c o o r d i n a t e d  ou tpu ts  f o r  a l l  work centers .  

The I H I  concept  r e q u i r e s  t h a t  i n d u s t r i a l  eng ineers  be ass igned t o  work 
c e n t e r s  f o r  each s tage o f  c o n s t r u c t i o n ,  t o  s tudy and e s t a b l i s h  work c e n t e r  
s c h e d u l e s ,  t o  c o l l e c t  and m o n i t o r  performance and adherence t o  schedule o f  each 
work  c e n t e r  foreman d a i l y ,  and t o  p repare  management r e p o r t s .  Avondale has 
adopted a  s i m i l a r  approach i n  which P roduc t ion  P lann ing  m o n i t o r s  and r e p o r t s  
schedu le  progress  on each work cen te r .  D a i l y  d e t a i l  a t t e n t i o n  t o  each work 
c e n t e r ' s  progress  i s  p r o v i d e d  by t h e  a d d i t i o n  o f  a  s t r o n g  shop p l a n n i n g  f u n c t i o n .  
I n  a d d i t i o n ,  P roduc t ion  Eng ineer ing  r o u t i n e l y  mon i to rs  and r e p o r t s  each work 
c e n t e r ' s  c o s t  and a c t u a l  manhour c o s t  p e r  t o n  versus p r o j e c t e d  c o s t  p e r  t o n  
e f f i c i e n c y .  T h i s  system a l l o w s  feedback f rom t h e  work c e n t e r s  t o  be ac ted  on and 
o p t i o n s  e x e r c i s e d  t o  assure  t h a t  c o r r e c t i v e  a c t i o n  i s  taken,  i f  requ i red .  

I t  i s  q u i t e  s imp le  t o  e n v i s i o n  change i n  techno logy;  i t  i s  q u i t e  another  
m a t t e r  t o  implement change. The t r a n s i t i o n  f rom conven t iona l  methods t o  t h e  
p r o c e s s  l anes  concept  has demanded ha rd  work and r e t r a i n i n g  on t h e  p a r t  o f  a l l  
departments, b u t  t h i s  has been suppor ted by e x e c u t i v e  management commitment . The 
development and implementa t ion  o f  t h e  process l anes  system has been achieved w i t h  
a  w i d e  c r o s s - s e c t i o n  o f  AS1 personnel  which i n c l u d e s  t h e  management and workers 
o f  P r o d u c t i o n ,  Design, and t h e  suppor t  departments. Adv iso ry  s e r v i c e s  f rom I H I  
have  c o n t r i b u t e d  immensely t o  i t s  success. The system j u s t i f i e s  t h e  e f f o r t ;  i t  
i s  f e a s i b l e ;  i t  i s  w o r k a b l e ;  i t  has d e f i n a b l e  b e n e f i t s ;  and, f u r t h e r m o r e ,  
Avonda le  i s  f u l l y  commit ted t o  accept  t h e  new techno logy as a  b a s i c  f u n c t i o n a l  
way o f  do ing  business.  

I V .  PHYSICAL PROCESS LANES 

It was obv ious a t  t h e  onset  o f  t h e  process l anes  s tudy  t h a t  t h e  p h y s i c a l  
y a r d  p l a t f o r m  l a y o u t  would r e q u i r e  c o n s i d e r a b l e  thought  t o  suppor t  t h e  new 
concept. Area requirements,  c rane c a p a c i t i e s ,  and m a t e r i a l  f l o w  were major  
c o n s i d e r a t i o n s .  I n  t h e  s e l e c t i o n  of t h e  assembly, subassembly, and f a b r i c a t i o n  
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s i t e s ,  t h e  volume o f  work f o r  each category  and t h e  method o f  c o n s t r u c t i o n  o f  
each  u n i t  had t o  be considered.  The s i x  c a t e g o r i e s  o f  u n i t s ,  desc r ibed  more 
f u l l y  i n  Chapter 2, a r e  as f o l l o w s :  

CATEGORY NUMBER DESCRIPTION % HULL WEIGHT (TANKER) 

1 F l a t  Panel U n i t s  48 
2  Curved S h e l l  U n i t s  5  
3  S u p e r s t r u c t u r e  U n i t s  28 
4  Forepeak and A f t  Peak 10 
5  Engine Room Innerbot toms 5 
6 Spec ia l  U n i t s  (Skegs, Rudders, e tc .  ) 4  

N a t u r a l  l y ,  on vesse ls  w i t h  a  s i g n i f i c a n t  amount o f  shape, Category 2  u n i t s  
w i l l  c o m p r i s e  a  much h i g h e r  p e r c e n t a g e  o f  u n i t s .  Based on t h e  p r e v i o u s l y  
ment ioned c r i t e r i a ,  t h e  'assembly p l a t f o r m s  were s e l e c t e d  and l a i d  out .  

A. P l a t e n  No. 20 

P l a t e n  No. 20 was s e l e c t e d  as t h e  s i t e  f o r  t h e  c o n s t r u c t i o n  o f  Category 1 
u n i t s  because o f  t h e  h i g h  work volume i t  can produce, i t s  nearness t o  t h e  panel 
1  i n e ,  and t h e  ease o f  m a t e r i a l  f l o w  f rom f a b r i c a t i o n  P la tens  23 and 24. The 
p r o d u c t i o n  e f f o r t  on t h i s  p l a t e n  i s  d i v i d e d  i n t o  f o u r  s p e c i f i c  stages. 

F i r s t  Subassembly Stage (36,000 Sq. F t .  ) 

A t  t h i s  s tage ,  most t y p i c a l l y  two o r  t h r e e  web frames o r  t h e  f l o o r s  and 
g i r d e r s  a r e  f i t t e d  and welded t o  t h e  base panel o f  t h e  u n i t  which was produced a t  
t h e  p a n e l  l i n e .  The a r e a  has been d i v i d e d  i n t o  a  g r i d w o r k  o f  t w e l v e  u n i t  
p l a t f o r m s ,  each 48 f t .  by 52 f t .  Each g r i d  i s  c l e a r l y  d e l i n e a t e d  by f l a t  ba rs  
c o l o r e d  w i t h  p a i n t .  Upon comple t ion  o f  t h e  work a t  t h e  subassembly stage,  t h e  
u n i t s  a r e  moved t o  t h e  ad jacen t  p r e o u t f i t t i n g  stage. 

( 2 )  P r e o u t f i t t i n g  Stage (16,032 Sq. F t . )  

O u t f i t t i n g  work i s  accompl ished i n  t h i s  area w h i l e  t h e  u n i t  i s  open, which 
reduces s u b s t a n t i a l l y  h i g h  p o s i t i o n  work and t h u s  i nc reases  e f f i c i e n c y .  There i s  
a  g r i d w o r k  o f  e i g h t  ( 8 )  p la t fo rms .  Upon comp le t i on  o f  o u t f i t t i n g ,  t h e  subun i t s  
a r e  sen t  t o  t h e  main assembly stage. The excep t ions  would be c e n t e r l i n e  main 
decks and s i m i l a r  t y p e  u n i t s  which a r e  f i n i s h e d  a t  t h i s  stage. 

( 3 )  Main Assembly Stage (18,240 Sq. F t . )  

Here ,  s u b u n i t s  a r e  combined t o  make u n i t s .  T h i s  i s  where s c a f f o l d i n g  work, 
as  necessa ry ,  i s  accomplished. A t o t a l  o f  s i x  ( 6 )  p l a t f o r m s  have been ded ica ted  
f o r  use by t h i s  stage. Upon comple t ion ,  t h e  u n i t  i s  sent  t o  t h e  f i n a l  assembly 
stage. 

( 4 )  F i n a l  Assembly Stage (15,840 Sq. F t . )  

Mos t  t y p i c a l  l y ,  t h e  connec t ion  work o f  o u t f i t t i n g ,  i n s p e c t i o n ,  and weld  
c o m p l e t i o n  i s  accomplished a t  t h i s  stage. Upon comple t ion ,  t h e  u n i t  i s  sent  t o  
b l a s t  and p a i n t .  
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The above stages e s t a b l i s h  s p e c i f i c  l o c a t i o n s  on t h e  work c e n t e r s  f o r  each 
stage. The es tab l i shmen t  o f  t h e  f o u r  c o n s t r u c t i o n  stages on P l a t e n  No. 20 a l l ows  
f o r  t h e  same k i n d  o f  work t o  be performed every  day by t h e  same personnel  a t  a  
s p e c i f i c  l o c a t i o n ,  u t i  1  i z i n g  t h e  same t o o l s ,  we ld ing  machines, etc.,  f o r  
accompl ish ing t h e  d e f i n e d  work. The work moves t o  t h e  personnel  i n s t e a d  o f  
r e 1  o c a t i n g  workers. T h i s  i s  a  fas t -mov ing p l a t e n  area f o r  e a s i l y  c o n s t r u c t e d  
u n i t s  w i t h  s h o r t  c o n s t r u c t i o n  t ime. The p r e o u t f i t t i n g  work s tage p rov ides  a  work 
queue s t o r a g e  o f  on -un i t  p a l l e t s  f o r  one week's back log o f  work. O u t f i t t i n g  can 
proceed w i t h o u t  d i s r u p t i o n  f rom t h e  subassembly process which preceded. A f t e r  
main assembly, t h e  u n i t  i s  tu rned,  as requ i red ,  t o  accommodate " f i n a l "  
p r e o u t f i  t t i n g ,  we ld ing,  and i n s p e c t i o n .  A f t e r  comple t ion  o f  downhand we1 d i n g  and 
p r e o u t f i t t i n g ,  t h e  u n i t  t hen  moves t o  b l a s t  and p a i n t  p r i o r  t o  e r e c t i o n .  

P l a t e n  No. 17 

P l a t e n  No. 17 was s e l e c t e d  as t h e  s i t e  f o r  Category 2 curved s h e l l  u n i t s .  
Category 2 u n i t s  a r e  a l l  curved s i d e  s h e l l  u n i t s  r e q u i r i n g  t h e  use of  curved s i d e  
she1 1 j i g s ,  e i t h e r  t h e  f i x e d  o r  p i n  type,  depending on t h e  degree of curvature .  
These u n i t s  are,  i n  genera l ,  Inore complex i n  c o n s t r u c t i o n ,  r e q u i r i n g  d i f f e r e n t  
c o n s t r u c t i o n  methods and techn iques and more elapsed t i m e  i n  assembly p o s i t i o n  
t h a n  t h e  Category 1 u n i t s .  Since these  u n i t s  r e q u i r e  a  separa te  process lane,  
a p a r t  f rom t h e  fas ter -mov ing Category 1 u n i t s ,  P l a t e n  No. 17 was s e l e c t e d  as 
b e i  ng  t h e  most app rop r ia te .  I t s  1  o c a t i o n  i s  conven ient  t o  t h e  p r e f a b r i c a t i o n  
shops f o r  economical m a t e r i a l  f l o w  and conven ient  t o  t h e  b l a s t  and p a i n t  area. 
A f t e r  u n i t s  a r e  removed f rom t h e  j i g s ,  t hey  can proceed t o  t h e  b u f f e r l p r e o u t f i t  
a rea o f  No. 17 o r  s t r a i g h t  t o  b l a s t  and p a i n t .  

C. P l a t e n  No. 14 

P l a t e n  No. 14 was chosen t o  c o n s t r u c t  C a t e g o r y  5  u n i t s  because o f  t h e  
l o c a t i o n  t o  t h e  P l a t e  Shop w i t h  i t s  p a n e l  l i n e  and t h e  m a t e r i a l  f l o w  f r o m  
f a b r i c a t i o n  P l a t e n  No. 16. 

A work queue area (back log  f o r  t h e  nex t  week's work)  i s  a t  one end o f  t h e  
p l a t e n .  Misce l laneous m a t e r i a l  coming f rom t h e  p r e f a b r i c a t i o n  and f a b r i c a t i o n  
s t a g e s  i s  s t o r e d  he re  f o r  sub and main assembly. A subassembly stage area 
separa tes  t h e  m isce l  1  aneous' work queue f rom t h e  panel 1  i n e  work queue. 

T h e r e  a r e  f i v e  a r e a s  s e t  a s i d e  f o r  m a i n  assemb ly  o f  f i v e  e n g i n e  room 
doub le-bot tom- type u n i t s  s imul taneous ly ,  i f  requ i red ,  a long w i t h  an area s e t  
a s i d e  a t  one end o f  t h e  p l a t e n  as a  b u f f e r  o r  u n i t  o u t f i t t i n g  area f o r  two 
a d d i t i o n a l  u n i t s .  A t  t h e  extreme end i s  a  work q u e u e l o u t f i t t i n g  subassembly 
a  rea. 

A t h r e e - f o o t - h i  gh f l a t  p l a t e n  c o n s t r u c t i o n  j i g  ex tend ing  t h e  e n t i r e  l e n g t h  
o f  t h e  p l a t e n  i s  r e q u i r e d  t o  suppor t  t h i s  c o n s t r u c t i o n .  Category 5  u n i t s  r e q u i r e  
1  ong c o n s t r u c t i o n  t i m e  because o f  t h e  c o m p l e x i t i e s  of c l o s e - f  i t t i n g  t o 1  erances, 
s i ze ,  and o u t f i t t i n g  work. 
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D. P l a t e n  No. 10 

On P l a t e n  No. 10, s u p e r s t r u c t u r e  u n i t s  (Category 3)  and heavy engine f l a t  
u n i t s  a r e  assembled. Four teen p la t fo rms  a r e  a v a i l a b l e ,  seven f o r  heavy u n i t s  and 
seven f o r  l i g h t  u n i t s .  No o u t f i t t i n g  i s  done i n  t h i s  area. A f t e r  a l l  t h e  h u l l  
work i s  completed, t h e  u n i t s  a r e  moved t o  t h e  l ower  y a r d  b u i l d i n g  ways and t h e  
o u t f i t t i n g  i s  completed the re .  P l a t e n  No. 16 suppl  i e s  t h e  f a b r i c a t e d  m a t e r i a l .  

E. P l a t e n  No. 307 

Grand assembly and main assembly o f  Category 4  u n i t s  a r e  completed i n  t h i s  
a r e a .  There  a r e  f i f t e e n  p l a t f o r m s  i n  t h i s  work area, and they  a r e  used f o r  main 
assembly work on ly .  There i s  no need f o r  p l a t f o r m s  f o r  grand assembly because a t  
t h a t  p o i n t ,  mos t  u n i t s  have  t o  be b l o c k e d  up, P l a t e n  No, 16 s u p p l i e s  t h e  
f a b r i c a t e d  m a t e r i a l .  

F. P l a t e n  No. 16 

P l a t e n  No. 16 f a b r i c a t e s  f o r  Category Types 2, 3, 4, 5 and 6 u n i t s .  The 
f a b r i c a t i o n  c o n s i s t s  o f  web frames, stringers, b u i l t - u p  members, rn iscel  laneous 
b u l  kheads ,  h o r i z o n t a l  g i r d e r s ,  f l o o r ,  g i r d e r s ,  and brackets .  A t  t h e  extreme end 
o f  t h e  p l a t e n  i s  a  work queue f o r  incoming m a t e r i a l  f rom t h e  p r e f a b r i c a t i o n  
s tages f o r  t h e  upcoming week's schedule o f  work. 

G. P l a t e n s  No. 23 and No. 24 

P l a t e n s  No. 23 and No. 24 f a b r i c a t e  f o r  Category 1 u n i t s .  P l a t e n  No. 23 
f a b r i c a t e s  f l o o r s ,  g i r d e r s ,  and m i s c e l l  aneous b racke ts .  P l a t e n  No. 24 f a b r i c a t e s  
web frames and g i r d e r s .  A p o r t i o n  o f  t h e s e  p l a t e n s  i s  ded ica ted  t o  t u r n  over  f o r  
w e l d i n g ,  ch ipp ing ,  and g r i n d i n g .  The area between t h e  two p l a t e n s  i s  t h e  work 
queue f o r  bo th  p la tens .  M a t e r i a l  f rom t h e  p r e f a b r i c a t i o n  stages i s  s t o r e d  he re  
f o r  t h e  n e x t  week's scheduled work. 

H e  P r e f a b r i c a t i o n  

P r e f a b r i c a t i o n  i s  broken down i n t o  t h r e e  p r imary  c a t e g o r i e s .  They a r e :  

( 1 )  Sk in  P l a t e s  

a )  S t r a i g h t  ( s t r a i g h t  c u t )  
b )  Curved ( i r r e g u l a r  c u t s )  

( 2 )  I n t e r n a l  Members ( P l a t e s )  

a )  Main P l a t e s  (NIC c u t )  
b )  A t tached P l a t e s  ( N / C ,  servo,  shear o r  manual c u t )  

( 3 )  I n t e r n a l  Members ( S t r u c t u r a l  ) 

a )  "T" Beams 
b )  Bui  1  t - u p  Beams 
c )  Angles 
d )  F l a t  Bars 
e )  M i  s c e l  1  aneous Others  
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The o b j e c t i v e  of t h e  p r e f a b r i c a t i o n  shops i s  t o  c u t  and shape t h e  h u l l  p a r t s  
t o  t h e  exac t  s i z e  w i t h  t h e  g r e a t e s t  accuracy p o s s i b l e  t o  a l l o w  qu ick  assembly and 
c o n s t r u c t i o n  th rough  t h e  ass igned work c e n t e r s  and t o  min imize h a n d l i n g  and 
movement o f  m a t e r i a l .  The work methods of t h e  v a r i o u s  p r e f a b r i c a t i o n  opera t i ons  
need n o t  be m o d i f i e d  f rom e x i s t i n g  methods. 

The P l a t e  Shop r e c e i v e s  about 700 tons  o f  raw s t e e l  p l a t e  p e r  week t o  feed  
N/C, exacto ,  and se rvo  burn ing.  T h i s  process c u t s  f l o o r ,  g i r d e r s ,  and 
m i  s c e l  1  aneous b racke ts ,  1  ong i  t u d i  n a l  bu l  kheads , t r a n s v e r s e  bulkheads, s i d e  she1 1  
p l a t e s ,  and f l a t s .  

Some o f  t hese  p l a t e s  move t o  another  area i n  t h e  shop f o r  r o l l i n g ,  bending, 
o r  c u t t i n g  o f  tabs ,  w h i l e  o t h e r s  go t o  t h e  panel  l i n e  f o r  f a b r i c a t i o n .  A l l  
m a t e r i a l  (except  panel l i n e  m a t e r i a l  ) i s  separa ted and pa l  l e t i z e d  i n  t h e  shop and 
sen t  t o  t h e  a p p r o p r i a t e  f a b r i c a t i o n  work queue. 

P l a t e n  No. 18 i s  des igna ted  as t h e  s t r u c t u r a l  s t e e l  p r e f a b r i c a t i o n  process 
1  ane. It c o n t a i n s  t h e  punch press ,  frame and ang le  benders r e l o c a t e d  f rom t h e  
P l a t e  Shop. It can process approx imate ly  300 tons  o f  s t r u c t u r a l  s t e e l  p e r  week, 
On comp le t i on  o f  a1 1  c u t t i n g ,  punching, and forming,  s t r u c t u r a l s  a r e  pa l  l e t i z e d  
and sen t  t o  t h e  a p p r o p r i a t e  f a b r i c a t i o n  s tage work queues, 

V. FACILITY CAPACITY LOADING 

Based on t h e  main y a r d  assembly c a p a c i t y  of  4,200 s h o r t  t ons  p e r  month, 
Avonda l  e  p lans  c u r r e n t  and p r o s p e c t i v e  work l oads  i n  a  manner which ensures f u l l  
c a p a c i t y  u t i l i z a t i o n  w i t h o u t  c r e a t i n g  over loaded f a c i l i t i e s .  T h i s  concept  i s  o f  
p r i m a r y  impor tance when t h e  work c u r r e n t l y  i n  progress  and known f u t u r e  work i s  
p l o t t e d  acco rd ing  t o  key events  o f  t hose  c o n t r a c t s ,  u s i n g  e r e c t i o n  tonnage as a  
base  1  ine .  I t  i s  i m p o r t a n t  t o  n o t e  t h a t  when schedu l i ng  m u l t i p l e  c o n t r a c t s  o r  
mu1 t i  - h u l l  c o n t r a c t s ,  c o n s i d e r a t i o n  must be g i ven  t o  t h e  p r o j e c t e d  e r e c t i o n  
sequence and ca tegory  of  u n i t s  t o  be e r e c t e d  on t h e  h u l l s  concerned. 

The o b j e c t i v e  i s  t o  p reven t  t h e  o v e r l o a d i n g  o f  assembly work c e n t e r s  which 
i s  t h e  AS1 c o n t r o l  p o i n t  o f  h u l l  c o n s t r u c t i o n ,  w h i l e  rema in ing  as c l o s e  as 
p o s s i b l e  t o  t h e  t o t a l  y a r d  assembly c a p a c i t y  o f  4,200 t o n s  p e r  month. The task  
o f  l e v e l  l o a d i n g  and p l a c i n g  f a b r i c a t e d  components/uni ts  i n  s to rage  o r  work 
queues i s  t h e  means t o  t h a t  end. T h i s  d e t a i l e d  l e v e l  o f  p l a n n i n g  i s  a  c o n s t a n t l y  
changing process which c r e a t e s  t h e  f l e x i  b i l  i t y  t o  accommodate v a r i a t i o n s  between 
a c t u a l  p r o g r e s s  and t h e  p r o j e c t  p l a n  and t o  absorb t h e  impact  o f  a d d i t i o n a l  work 
c r e a t e d  by new c o n t r a c t  s i g n i n g .  

V I .  SOURCE MATERIAL FOR CHAPTER 5 
The f o l l o w i n g  l e c t u r e s  i n  t h e  Technology T r a n s f e r  seminars were used as 

s o u r c e  m a t e r i a l  f o r  Chapter  5. They a r e  l i s t e d  i n  t h e  Appendix. Lec tu res  
35, 36, 37. 
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CHAPTER 6 

PRODUCTION CONTROL 

I, INTRODUCTION 

Process l anes  has r e s u l t e d  i n  many changes t o  A S I ' s  P roduc t ion  Eng ineer ing  
p o l  i c i e s  and techniques.  P roduc t ion  E n g i n e e r i n g ' s  most i m p o r t a n t  document, t h e  
P r o d u c t i o n  Est imate ,  i s  used as a  guide by t h e  p r o d u c t i o n  eng ineers  t o  i s s u e  
b u d g e t s  t o  t h e  work cen te rs .  Th is  document has undergone a  major  change i n  
fo rmat .  C a t e g o r i z i n g  h u l l  s t r u c t u r e  i n t o  s i m i l a r  k i n d s  of work and s e t t i n g  as ide  
s p e c i f i c  work c e n t e r s  a1 lows t h e  p r o d u c t i o n  eng ineer  t h e  f l e x i b i l i t y  t o  e s t a b l i s h  
a c o s t  code system f o r  each work cen te r .  The new c o s t  code makes each work 
c e n t e r  a  c o s t  c e n t e r ,  t h e r e b y  a l l o w i n g  management t o  o b s e r v e  work c e n t e r  
e f f i c i e n c y  as w e l l  as t o  m o n i t o r  j o b  cos t .  

O u t f i t t i n g  m a t e r i a l s  a r e  now be ing  marsha l l ed  by t h e  M a t e r i a l  C o n t r o l  Group 
and pa l  l e t i z e d  f rom pa l  l e t  code 1  i s t i n g s  f u r n i s h e d  by t h e  P roduc t ion  P lann ing 
Department. P r i o r  t o  process l anes  methods, o u t f i t t i n g  i tems s u f f e r e d  c o s t l y  
damage and d e t e r i o r a t i o n  f rom t h e  elements. 

The b a s i c  concept o f  good m a t e r i a l  c o n t r o l  i s  e f f e c t i v e  m a t e r i a l  f low.  The 
ma in  o b j e c t i v e  has been t o  m in im ize  t h e  number and l e n g t h  o f  m a t e r i a l  movements, 
reduce b o t t l e n e c k s ,  meet p r o d u c t i o n  schedules, and reduce t h e  r a t i o  o f  m a t e r i a l  
hand1 i n g  t i m e  t o  p r o d u c t i o n  t ime. 

Wi th  process lanes,  s t e e l  c u t t i n g  i s  scheduled and work s tages l e v e l - l o a d e d  
t o  t h e  p o i n t  t h a t  92 pe rcen t  o f  c u t  s t e e l  f l o w s  d i r e c t l y  t o  t h e  f a b r i c a t i o n  
p l a t e n s ,  t he reby  reduc ing  t h e  c o s t  o f  s t e e l  t r a n s p o r t  by 85 percent .  

The Accuracy  Con t ro l  Department i s  a  newly formed group c o n s i s t i n g  o f  f o u r  
q u a l i f i e d  engineers.  The e f f o r t s  o f  t h i s  group a r e  aimed a t  development o f  
accuracy standards and assembly sequences t o  be used by each p r o d u c t i o n  s tage f o r  
p roper  accuracy c o n t r o l .  

The Accuracy Group i n t e r f a c e s  w i t h  a l l  departments o f  t h e  sh ipyard .  They 
have  been i n s t r u m e n t a l  i n  u p d a t i n g  expansion f a c t o r s  used i n  t h e  M o l d l o f t  f o r  
p a r t s  genera t ion .  They have caused des ign changes which have r e s u l t e d  i n  c o s t  
savings.  They have determined c e r t a i n  i t ems  o f  work which shou ld  be r o u t e d  
th rough  o t h e r  process lanes f o r  improved cost .  The a c t i v i t i e s  of t h i s  group have 
been v e r y  successfu l  i n  improv ing  dimensional  and accuracy c o n t r o l  o f  work be ing  
performed a t  Avondal e  Shipyards, 

I I. PRODUCTION ENGINEERING 

The Avondale Product  i o n  Eng ineer ing  Department c o n s i s t s  o f  t h r e e  s e c t i o n s :  
H u l l  , O u t f i t t i n g ,  and Mechanical .  Each s e c t i o n  works f rom standards which have 
been developed f rom pas t  h i  s t o r y ,  and t h e  respons i  b i  1  i t  i e s  o f  t h e  p roduc t  i o n  
e n g i n e e r s  vary  among t h e  sec t i ons .  Each p r o d u c t i o n  eng ineer  i s  exper ienced i n  
s o l v i n g  t h e  p r o d u c t i o n  problems o f  t h e  c r a f t s  and d i s c i p l i n e s  work ing  w i t h i n  h i s  
sec t i on .  
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A. Resoonsi b i l  i t i e s  o f  t h e  P roduc t ion  Enqineer 

A l though t h e  standards and problems vary  among t h e  sec t i ons ,  t h e r e  a r e  
r e s p o n s i b i l i t i e s  which a r e  common t o  a l l  t h r e e :  

- t o  make work ing drawing t a k e - o f f s  and prepare  d i r e c t  l a b o r  c o s t  es t ima tes ;  

- t o  prepare  work o rde rs  f o r  t h e  va r ious  manufac tur ing  f a c i l i t i e s  i n  accordance 
w i t h  t h e  P roduc t ion  P lan  and t h e  va r ious  h u l l ,  o u t f i t t i n g ,  machinery, and 
t e s t i n g  schedules; 

- t o  a s s i s t  t h e  p l a n n i n g  eng ineers  i n  t h e  p r e p a r a t i o n  o f  schedules and 
i n f o r m a t i o n  r e g a r d i n g  t h e  most economical and p r a c t i c a l  manu fac tu r ing  areas i n  
which t o  p lace  c o n s t r u c t i o n ;  

- t o  m o n i t o r  t h e  p r o d u c t i o n  progress  o f  t h e  program and t o  ensure i t s  comple t ion  
i n  a t i m e l y  and economical manner; 

- t o  work  c l o s e l y  w i t h  t h e  D e s i g n  E n g i n e e r i n g  D e p a r t m e n t  t o  e n s u r e  t h a t  
economi c a l  p roduct  i o n  techn iques and p r a c t i c e s  a r e  used; 

- t o  s tudy c o s t  r e p o r t s  t o  s t a y  abreast  o f  t h e  d i r e c t  l a b o r  expend i tu res ;  

- t o  prepare  c o s t  p r o j e c t i o n s  as may be r e q u i r e d  by management; 

- t o  m o n i t o r  work as r e q u i r e d  t o  determine p r o d u c t i o n  e f f i c i e n c y  and t o  v e r i f y  
work standards;  

- t o  make and/or propose changes i n  t h e  p r o d u c t i o n  e f f o r t ,  where c o s t  over runs 
a r e  p r o j e c t e d .  

Las t ,  and perhaps most impor tan t ,  t h e  P roduc t ion  Engineer must p r o v i d e  t h e  
l e a d e r s h i p  and assume t h e  i n i t i a t i v e  t o  ach ieve maximum p r o d u c t i o n  e f f i c i e n c y  by 
persuad ing a l l  departments t o  g i v e  t h e i r  bes t  e f f o r t s  toward t h a t  end. 

8. P r e r e q u i s i t e  P roduc t ion  E f f o r t  

The work o rde r  i s  management's p r imary  i ns t rumen t  t o  i n i t i a t e  a1 1 p r o d u c t i o n  
work and t o  m o n i t o r  cos t ,  work progress,  and e f f i c i e n c y .  Be fo re  t h e  work o rde r  
can be prepared and used as a c o s t  c o l l e c t i o n  t o o l ,  c e r t a i n  o t h e r  p r o d u c t i o n  
f u n c t i o n s  must, i n  o rde r  o f  p r i o r i t y ,  t a k e  p lace.  They a r e  l i s t e d  below and 
desc r ibed  f u l l y  i n  Chapter  2. 

(1) M a s t e r  P lan  - an o u t l i n e  o f  t h e  s p e c i f i c  ma jo r  c o n t r a c t u a l  requ i rements  of  
t h e  job ,  such as key event  dates l e a d i n g  up t o  and i n c l u d i n g  d e l i v e r y  and 
any s p e c i a l  c r i t e r i a  f o r  t h e  development o f  schedules and proposed methods 
o f  c o n s t r u c t i o n .  

( 2 )  H u l l  U n i t  Arrangement - a breakdown o f  t h e  h u l l  c o n f i g u r a t i o n  i n t o  u n i t s ,  
p repared by t h e  Product  i o n  P lann ing  Sect ion .  
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( 3 )  H u l l  U n i t  Summary - prepared by t h e  P roduc t ion  P lann ing Sect ion ,  descr ibes  
i n  d e t a i l  how, and a t  which work cen te r ,  t h e  h u l l  u n i t  c o n s t r u c t i o n  w i l l  
t a k e  place.  

( 4 )  Long-Term Schedule - prepared by t h e  P roduc t ion  P lann ing  Sec t ion  t o  r e f l e c t  
t h e  b e s t  o v e r a l l  c o n s t r u c t i o n  schedule w h i l e  p r o v i d i n g  f o r  work c e n t e r  
l e v e l - l o a d i n g  f o r  steady f l o w  o f  p roduct  and a cons tan t  l e v e l  o f  manning. 

( 5 )  Short -Term Schedule - a h u l l  work schedule prepared t o  ensure a steady 
day-by-day f l o w  o f  m a t e r i a l  and manufactured product .  

( 6 )  U n i t  Weight  and Centers C a l c u l a t i o n  - prepared by t h e  H u l l  and S t r u c t u r a l  
Sect i o n  o f  t h e  Design Eng ineer ing  Department. 

( 7 )  C o n t r a c t  S p e c i f i c a t i o n s  and Developed Eng ineer ing  Drawings - prepared and 
f u r n i s h e d  t o  t h e  P roduc t ion  Department by Con t rac t  A d m i n i s t r a t  i o n  and t h e  
v a r i o u s  Design Eng ineer ing  groups. 

( 8 )  U n i t  C o n t r o l  Manual (UCM) - a s e t  o f  c o n s t r u c t i o n  drawings and i n f o r m a t i o n  
i n  b o o k l e t  fo rm f o r  each s tage o f  h u l l  u n i t  c o n s t r u c t i o n  f o r  each h u l l  u n i t ,  
p repared by t h e  M o l d l o f t .  

( 9 )  P r o d u c t i o n  P lan and Summary Es t ima te  - a d e t a i l e d  breakdown o f  d i r e c t  l a b o r  
i n  inanhours prepared by t h e  P roduc t ion  Eng ineer ing  Sect ion .  The Produc t ion  
P l a n  a l l o c a t e s  t h e  o v e r a l l  manhour budget f o r  each vessel  o f  a c o n t r a c t  
d i v i d e d  i n t o  t r a d e  o r  c r a f t  c o s t  groups, subgroups, and i tems i n  accordance 
w i t h  work l cos t  c e n t e r  schedules, o u t f i t t i n g  schedules, and t h e  Cost Code 
Manual  produced and ma in ta ined  by t h e  Compt ro l l e r .  The Summary Est imate  i s  
p r e p a r e d  as t h e  " t o p  sheet "  o f  t h e  P roduc t ion  P lan and summarizes t h e  c r a f t  
budget t o t a l s .  An example o f  a Summary Es t ima te  i s  shown i n  F i g u r e  6-1. 

C. Work Order E s t i m a t i n g  and Prepara t i on  

Work o rde rs  a r e  prepared by t h e  P roduc t ion  Eng ineer ing  Department i n  two 
d i f f e r e n t  forms: 

( 1 )  Sho O r d e r  - ( F i g u r e  6 - 2 )  - used  p r i m a r i l y  f o r  packages o f  work t o  be 
*ed a t  a s p e c i f i c  machine w i t h i n  a work cen te r ,  such as a l a t h e  i n  
t h e  machine shop o r  a numer ica l  c o n t r o l  b u r n i n g  machine. 

( 2 )  Work O r d e r  - ( F i g u r e  6 - 3 )  - used  p r i m a r i l y  when t h e  work  e f f o r t  has 
progressed beyond t h e  p r e f a b r i c a t i o n  s tage and usual  l y  descr ibes  
f a b r i c a t  i on ,  assembly, e r e c t i o n ,  o r  i n s t a l  1 a t i o n  work. 

The work o rde r  c o n t a i n s  t h e  f o l l o w i n g  i n f o r m a t i o n :  

- j o b  number; 

- c o s t  group, subgroup, i t e m  number, and vessel  number (ob ta ined  f rom 
p r o d u c t i o n  p l a n )  ; 

- w e i g h t  ( i n  t o n s )  o b t a i n e d  f rom t h e  S h i p  P r o d u c t i o n  and C o n t r o l  R e p o r t  
(SPAC ) ; 
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Figure 6-1 Production P l a n  Summary Estimate 
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- manhour es t ima te ,  p repared by t h e  P r o d u c t i o n  Engineer th rough  d e t a i  1  ed 
drawing t a k e - o f f  and "we ighted"  w i t h  t h e  p r o d u c t i o n  p l a n  manhour-per-ton 
e s t i m a t e s  f o r  t h e  s t a g e  o f  c o n s t r u c t i o n  and w o r k / c o s t  c e n t e r .  T h i s  
i n d i v i d u a l  work o r d e r  e s t i m a t e  has t h e  n e t  e f f e c t  o f  i s s u i n g  t h e  manhours 
( r e f l e c t e d  i n  t h e  c o s t  " i t ems"  i n  t h e  p r o d u c t i o n  p l a n )  t o  t h e  manu fac tu r ing  
super in tenden t  i n  smal l  , measured increments  which can be c l o s e l y  moni to red;  

- i n d i c a t e s  t h e  w o r k l c o s t  c e n t e r  and a u t h o r i z e s  t h e  manu fac tu r ing  
super in tenden t  t o  accompl i s h  t h e  work ; 

- desc r ibes  t h e  work t o  be accompl ished based on i n s t r u c t i o n s  c o n t a i n e d  i n  t h e  
H u l l  U n i t  Summary and t h e  UCM c o n s t r u c t i o n  d e t a i l s ;  

- i n d i c a t e s  t h e  s t a r t i n g  d a t e  and comp le t i on  da te  o b t a i n e d  f rom t h e  s h o r t -  o r  
1  ong-term schedul es ; 

- s e r i a l  number t o  i d e n t i f y  t h e  work o r d e r  f o r  da ta  p rocess ing  t r a c k i n g  and 
c o n t r o l  . 
The work  o rde r  a l s o  serves as a  v e h i c l e  f o r  a c c u ~ n u l a t i n g  d a i l y  d i r e c t  l a b o r  

c o s t s  expended a t  each w o r k l c o s t  c e n t e r .  The mechanism by which such data  i s  
c o l  1  e c t e d  and ana lyzed i s  desc r ibed  be1 ow. 

D. Es tab l i shmen t  o f  Work/Cost Centers 

U n i t  c a t e g o r i z a t i o n ,  t h e  g r o u p i n g  o f  s i m i l a r  k i n d s  o f  w o r k ,  and t h e  
a s s i g n i n g  o f  a  s p e c i f i c  work c e n t e r  t o  per form each t y p e  o f  work, has enabled 
A v o n d a l e  t o  cons ide r  each work c e n t e r  a  c o s t  center .  I n  t h e  p a s t  a t  Avondale, a  
g i v e n  work c e n t e r  c o u l d  n o t  be a  s p e c i f i c  c o s t  c e n t e r  because t h e  t ypes  o f  
c o n s t r u c t i o n  and t h e  r e s u l t i n g  c o s t  p e r  t o n  a t  each work c e n t e r  v a r i e d  t o o  w i d e l y  
t o  p r o v i d e  meaningfu l  m o n i t o r i n g  o f  work c e n t e r  e f f i c i e n c y ,  The f l o w  o f  v a r i e d  
k i n d s  o f  m a t e r i a l ,  b o t h  p r e f a b r i c a t e d  s t e e l  and  p u r c h a s e d  o u t f i t t i n g ,  was 
i n e f f i c i e n t  and c o s t l y .  

Process 1  anes now has prov 'ded s p e c i f i c  work /cos t  c e n t e r s  f o r  f a b r i c a t i o n ,  
subassembly, p r e o u t f i t t i n g ,  and main assembly f o r  each o f  t h e  s i x  ma jo r  
c a t e g o r i e s  o f  u n i t s .  Each o f  t hese  work c e n t e r s  has been ass igned a  un ique c o s t  
code which  i s  c a r r i e d  by t h e  i n d i v i d u a l  work o r d e r  when i ssued  t o  t h e  work c e n t e r  
f o r  c o n s t r u c t i o n  o f  a  s p e c i f i c  b l o c k  o f  work. 

When t h e  P roduc t ion  Eng ineer  re leases  a  work o r d e r  t o  a  work cen te r ,  a  copy 
goes t o  t h e  Data Process ing Department where DIP cards  a r e  key punched w i t h  t h e  
c o s t  codes, es t ima te ,  we ight ,  s e r i a l  number, etc.,  and r e t u r n e d  t o  t h e  P roduc t ion  
E n g i n e e r i n g  Department a f f i x e d  t o  t h e  s u p e r i n t e n d e n t ' s  copy. Data Process ing 
a l s o  e n t e r s  t h e  work o r d e r  i n t o  t h e  computer da ta  base. As t h e  work p r e s c r i b e d  
i n  t h e  t e x t  o f  t h e  work o r d e r  progresses,  t h e  a c t u a l  d i r e c t  l a b o r  manhours a r e  
e n t e r e d  d i r e c t l y  i n t o  t h e  computer d a t a  base by t h e  w o r k l c o s t  c e n t e r  
super in tenden t  a t  a  l o c a l  t e r m i n a l .  The computer accumulates t h e  manhour charges 
and d a i l y  DIP p r i n t o u t s  a r e  r u n  and forwarded t o  t h e  P roduc t ion  Engineer f o r  
cont inuous m o n i t o r i n g  o f  p rog ress  (pe rcen t  comp le t i on )  and c o s t  ( a c t u a l  spending 
versus es t ima te ) ,  DIP p r i n t o u t s  can be s o r t e d  i n  v a r i o u s  ways t o  f a c i l i t a t e  
o v e r a l l  j o b  mon i to r i ng ,  such as t h e  l i s t i n g  o f  a l l  " a c t i v e "  work o rde rs  on one 

Page 134 



r e p o r t  and a l l  " c losed"  work o rde rs  on another.  The d a i l y  r e p o r t s  a r e  used t o  
m o n i t o r  i n d i v i d u a l  work o rde r  e f f i c i e n c y  and progress ,  whereas t h e  "c losed"  and 
" a c t i v e "  r e p o r t s  a r e  used f o r  de te rm in ing  o v e r a l l  percent  comple t ion  and a  
p r o j e c t i o n  o f  work remain ing t o  be accompl ished.  

E. Work Center  Cost C o l l e c t i o n  and Moni t o r i n a  

Th ree  EDP r e p o r t s  used f o r  c o n t r o l s  and which u t i l i z e  t h e  work o r d e r  as a  
p r imary  source o f  i n f o r m a t i o n  a re :  

- The Combined Work Order Report  
- The Closed Work Order Report  
- The "La te  Complete" Work Order Report  

A1 1 t h r e e  r e p o r t s  draw i n f o r m a t i o n  f rom t h e  work o rde r  f i l e  and a r e  used i n  
a  number o f  a p p l i c a t i o n s  w i t h i n  t h e  system. The Combined Work Order Report,  as 
i t  r e l a t e s  t o  process l anes  technology,  is a  source document supp ly ing  
i n f o r m a t i o n  concern ing t o t a l  d i r e c t  1  abor manhours i ssued  on bo th  a c t i v e  and 
c l o s e d  work orders ,  a long  w i t h  t h e  t o t a l  accumulated tonnage i ssued  t o  any g i ven  
p r o c e s s  l a n e  work center .  The Closed Work Order Report  i s  a  source document 
which s u p p l i e s  t h e  same i n f o r m a t i o n  b u t  on c losed  and completed work o rde rs  on ly .  
The i n f o r m a t i o n  s u p p l i e d  by these two r e p o r t s  i s  u t i l i z e d  as t h e  b a s i s  f o r  t h e  
Process Lanes H u l l  Work E f f i c i e n c y  Report.  

The "Late  Complete" Work Order Report  f l a g s  those work o rde rs  which were n o t  
c l o s e d  as be ing  complete on t h e  scheduled comple t ion  date, Th is  c o n t r o l  a l e r t s  
b o t h  t h e  P roduc t ion  Engineer and t h e  P lann ing  Engineer so t h a t  subsequent rev iew 
can be done and a p p r o p r i a t e  a c t i o n  taken, 

A f t e r  each work c e n t e r ' s  l o a d i n g  and schedule a r e  prepared,  t h e  P roduc t ion  
Eng ineer ing  Sec t ion  analyzes t h e  scope o f  work ass igned t o  t h e  c e n t e r  and a p p l i e s  
a p p r o p r i a t e  l a b o r  r a t e  standards t o  e s t a b l i s h  each work c e n t e r  budget. Charts 
a r e  t h e n  prepared t o  r e f l e c t  t h e  t a r g e t e d  tonnage, t a r g e t e d  manhour budget, and 
t a r g e t e d  manhour l ton e f f i c i e n c y ,  as shown by t h e  broken l i n e s  i n  F i g u r e  6-4. 

As work progresses th rough  t h e  cen te r ,  t h e  a c t u a l  accumulated manhours and 
a c t u a l  completed tonnage a r e  p l o t t e d  f o r  c o n t i n u a l  m o n i t o r i n g  o f  a c t u a l  c o s t  o f  
work  compared t o  t h e  budget. The s o l i d  l i n e s  i n  F i g u r e  6-4 show t h e  a c t u a l  
manhours and tonnages f o r  comparison t o  t h e  t a r g e t e d  values. 

F. Hul lwo rk  E f f i c i e n c y  Report  

The Hu l lwork  E f f i c i e n c y  Report  ( F i g u r e  6-5)  i s  an ex t remely  u s e f u l  c o n t r o l  
u t  i 1  i z e d  by t h e  P roduc t ion  Engineer, The r e p o r t  i s  generated f o r  every  process 
1  ane work c e n t e r  and i s  updated and reviewed weekly. From t h e  Combined Work 
O r d e r  Repor t ,  t h e  t o t a l  manhours and tonnage i ssued  t o  t h e  work c e n t e r  a r e  i n p u t  
and t h e  subsequent manhour l ton e f f i c i e n c y  t h a t  those work o rde rs  represent  i s  
c a l  c u l  a t e d .  T h i s  c o n t r o l  p r o v i d e s  a  c o n t i n u o u s  e v a l u a t i o n  o f  work o r d e r  
e s t i m a t e s  t o  be sure  t h a t  each work o rde r  e s t i m a t e  i s  c o n s i s t e n t  w i t h  o v e r a l l  
t a r g e t e d  budget. Ac tua l  tonnage and manhour data  f rom t h e  Closed Work Order 
R e p o r t s  a r e  a l s o  i n p u t ,  and t h e  manhour pe r  t o n  e f f i c i e n c y  be ing  exper ienced i s  
c o m p u t e d .  P e r i o d  a c t u a l s  a r e  t h e n  i n p u t  t o  r e v i e w  t h e  w e e k l y  p r o d u c t i o n  
e f f i c i e n c y ,  as w e l l  as t o  serve as a  source document f o r  subsequent f o r e c a s t i n g  
analyses. 
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The p r o c e s s  l anes  concept  o f  h u l l  c o n s t r u c t i o n  has opened t h e  door  t o  app ly  
1 i near  r e g r e s s i o n  f o r e c a s t i n g  method01 ogy. P r i o r  t o  process l anes  techno1 ogy , 
t h i s  t y p e  o f  a n a l y s i s  was n e i t h e r  f e a s i b l e  o r  p o s s i b l e  a t  t h e  work c e n t e r  l e v e l .  
The p e r i o d  a c t u a l s  from t h e  H u l l  E f f i c i e n c y  Report  serve as t h e  s t a t i s t i c a l  b a s i s  
f o r  f o r e c a s t i n g  computat ions.  The weekly tonnage " a c t u a l s "  a r e  i n p u t  as t h e  
independent o r  p r e d i c t o r  v a r i a b l e ,  and t h e  weekly manhour " a c t u a l  s "  become t h e  
b a s i s  f o r  comput ing t h e  dependent o r  response v a r i a b l e .  The r e s u l t s  o f  t h e  
a n a l y s i s  p r o d u c e  mean manhours  p e r  week,  mean t o n n a g e  p e r  week, s t a n d a r d  
d e v i a t i o n  o f  bo th  tonnage and manhours, i n t e r c e p t ,  s lope ,  c o r r e l a t i o n  
c o e f f i c i e n t ,  and t h e  p r o j e c t e d  comp le t i on  manhours. 

G. B e n e f i t s  

The b e n e f i t s  o f  t h i s  c o s t  c e n t e r  da ta  c o l l e c t i o n  e f f o r t  a re :  

- fewer work o r d e r s  t o  prepare ,  i ssue,  and m o n i t o r ;  

- l e s s  paperwork f o r  f i e l d  s u p e r v i s i o n  and Data Process ing t o  manage; 

- t h e  manhour p e r  t o n  e f f i c i e n c y  r a t i o  t h u s  e s t a b l i s h e d  f o r  each category  i s  
usab le  f o r  a l l  c o n s t r u c t i o n  of s i m i l a r  t ypes  o f  sh ips .  

Management can thus  observe t h e  p rog ress  of t h e  j o b  and i t s  p r o j e c t e d  c o s t  
and determine t h e  o v e r a l l  e f f i c i e n c y  of t h e  work c e n t e r  and i t s  s u p e r v i s i o n .  

Thus t h e  t o t a l  e n g i n e e r i n g  and p r o d u c t i o n  e f f o r t  i s  a  f i n e l y  meshed system 
which c e n t e r s  around, c o n t r i b u t e s  t o ,  and c o o r d i n a t e s  w i t h  t h e  process l anes  
concept .  From i n i  t i  a1 p lann ing ,  d rawing p r e p a r a t i o n ,  schedul i ng, work c e n t e r  
1  oading,  budget ing ,  o r d e r  re lease ,  c o s t  c o n t r o l  , t o  c o s t  a n a l y s i s  and 
p r o j e c t i o n s  , t h e  systems a1 1  compl ement and enhance t h e  process 1  anes concept, 

I I I, MATERIAL CONTROL 

M a t e r i a l  C o n t r o l  i s  one o f  t h e  most e s s e n t i a l  a c t i v i t i e s  f o r  p r o d u c t i v e  
s h i p b u i l d i n g .  I n  t h i s  heavy i n d u s t r y ,  m a t e r i a l  c o s t s  account  f o r  about  60 t o  70 
pe rcen t  o f  a1 1 t h e  s h i p b u i l d i n g  cos ts .  There fo re  m a t e r i a l  c o n t r o l  d i r e c t l y  
a f f e c t s  i n t e r e s t  payable,  h a n d l i n g  c o s t ,  s to rage  area,  as w e l l  as t h e  d i s r u p t i o n  
o f  t h e  p r o d u c t i o n  schedule and t h e  c o s t  o f  t h e  m a t e r i a l .  The fundamental t a r g e t  
f o r  m a t e r i a l  c o n t r o l  i s  t o  save these  k i n d s  o f  u n d e s i r a b l e  s u r p l u s  cos ts .  

The a p p l i c a t i o n  o f  t h e  I H I  techno logy has e f f e c t e d  s i g n i f i c a n t  c o s t  sav ings 
th rough  m a t e r i a l  c o n t r o l  a t  ASI. These c o s t  sav ings a r e  n o t  n e c e s s a r i l y  r e a l i z e d  
i n  t h e  M a t e r i a l  C o n t r o l  Branch i t s e l f  b u t  t h roughou t  t h e  v a r i o u s  c r a f t s  served by 
t h e  M a t e r i  a1 C o n t r o l  Branch. 

A. M a t e r i a l  Flow and F a c i l i t y  Layout  A n a l y s i s  

One r e q u i r e m e n t  o f  good p l a n t  l a y o u t  i s  e f f e c t i v e  m a t e r i a l  f l o w .  The 
o b j e c t i v e  i s  t o  m in im ize  t h e  number and l e n g t h  o f  r o u t e s  and e l i m i n a t e  any 
unnecessary movements such as back-haul s, c ross-hau l  s, t r a n s f e r s ,  e t c ,  M a t e r i a l  
f l ow  problems can a r i s e  because of changes i n  t h e  des ign o f  a  process o r  t hey  may 
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d e v e l o p  because o f  gradual  changes over  t i m e  t h a t  f i n a l  l y  m a n i f e s t  themselves as 
b o t t l e n e c k s  i n  p roduc t i on ,  crowded c o n d i t i o n s ,  poor housekeeping, f a i l  u r e  t o  meet 
schedules, and a  h i g h  r a t i o  o f  m a t e r i a l  h a n d l i n g  t i m e  t o  p r o d u c t i o n  t ime. 

P r i o r  t o  process l anes  implementa t ion ,  a  m a t e r i a l  f l o w  a n a l y s i s  was 
per formed a t  Avondale, c o n c e n t r a t i n g  on some q u a n t i t a t i v e  measures o f  m a t e r i a l  
movement between departments, work cen te rs ,  and a c t i v i t i e s .  S ince t h e  sh ipya rd  
l a y o u t  had a l ready  been designed t o  f a c i l i t a t e  t h e  f l o w  o f  t h e  product ,  t h i s  
a n a l y s i s  was concerned w i t h  t h e  f l o w  o f  m a t e r i a l s .  Some o f  t h e  f a c t o r s  t h a t  
a f f e c t  m a t e r i d l  f l o w  are:  

- e x t e r n a l  t r a n s p o r t a t i o n  f a c i l  i t i e s ;  - t h e  number o f  i tems t o  be moved; 
- t h e  number o f  u n i t s  t o  be produced; 
- m a t e r i a l  s torage 1  ocat  i ons ; 
- 1  oca t  i on o f  manu fac tu r i  ng s e r v i c e  areas. 

The a n a l y s i s  employed f l ow  d i  agrams--yard maps on which m a t e r i  a1 f 1  ow r o u t e s  
a r e  i n d i c a t e d - - t o  determine t h e  d i s t a n c e s  i n v o l  ved. Comprehensive l o g s  of  
m a t e r i a l  movements e x t r a c t e d  f rom M a t e r i a l  Con t ro l  Department and mob i l e  crane 
s e r v i c i n g  area r e p o r t s  were used t o  c o n s t r u c t  "From-To" c h a r t s  which t a l l i e d  and 
summed t h e  number o f  p ieces  moved between each o f  39 o r i g i n s  and d e s t i n a t i o n s  
w i t h i n  t h e  ya rd .  Two t ypes  o f  m a t e r i a l s  were t r a c k e d :  

- p l a t e s  and s t r u c t u r a l s ,  and 
- f a b r i c a t e d  p ieces  between p l a t e n s  and o t h e r  s i t e s .  

The outcomes o f  t h e  s tudy,  conducted i n  a  ten-week p e r i o d  i n  1981, a r e  shown 
i n  t h e  "Pas t  Method" columns o f  F igu res  6-6 and 6-7. To assess t h e  impact o f  
process 1  anes o p e r a t i o n  on m a t e r i a l  f l ow ,  t h e  Process Lanes Committee r e r o u t e d  
t h e  same m a t e r i a l s  t o  t h e  work  s i t e s  a p p r o p r i a t e  t o  t h e  pew methods o f  
c o n s t r u c t i o n .  The r e s u l t  i s  shown i n  t h e  "Process Lanes" column on t h e  f i g u r e s .  

I n  t h e  pas t ,  many s t e e l  p l a t e s  and s t r u c t u r a l s ,  a f t e r  t hey  were c u t  o r  
f a b r i c a t e d ,  were sent  t o  t h e  s t e e l  f a b r i c a t i o n  s to rage  area. T h i s  was t h e  r e s u l t  
o f  mu1 t i - h u l l  c u t t i n g  and f a b r i c a t i n g .  The process 1  anes concept e l  im ina tes  
mu1 t i - h u l l  c u t t i n g  and f a b r i c a t i o n ,  t he reby  e l  i m i n a t i n g  m a t e r i a l  f l ow  (except  
O u t f i t t i n g )  t o  t h e  f a b r i c a t i o n  s to rage  area. M a t e r i a l s  go d i r e c t l y  t o  t h e  work 
s i t e  s t o r a g e  queue i n  wh ich  t h e r e  i s  one week's back log o f  e i t h e r  p r e c u t  raw 
m a t e r i a l  f o r  a  f a b r i c a t i o n  p l a t e n  o r  a  week's work back log o f  f a b r i c a t e d  p ieces 
f o r  an assembly p la ten .  The end r e s u l t  i s  a  very l a r g e  r e d u c t i o n  o f  m a t e r i a l  
g o i n g  t o  s to rage  and an a p p r o p r i a t e  i nc rease  i n  m a t e r i a l  go ing t o  t h e  work s i t e s  
f rom t h e  P l a t e  Shop and P l a t e n  No. 18, where t h e  s t r u c t u r a l s  a r e  cu t .  

A compar ison o f  t h e  two methods shows t h a t  under t h e  pas t  f a c i l i t y  l a y o u t  
and s to rage  method 9,174 p ieces  were moved p e r  week, o f  which 60.7 percent  was 
moved t o  o r  f rom t h e  f a b r i c a t i o n  s to rage  area. The process l anes  method moves 
6,571 p ieces  p e r  week o f  which o n l y  8  pe rcen t  i s  i n v o l v e d  w i t h  t h e  f a b r i c a t i o n  
s t o r a g e  a rea .  The r e d u c t i o n  o f  2,603 p i e c e s  p e r  week i s  due t o  t h e  l a r g e  
r e d u c t i o n  i n  double hand l ing .  A r e d u c t i o n  o f  28.4 pe rcen t  i n  t h e  number o f  
p i e c e s  hand led  p e r  week i s  r e a l i z e d  by t h e  process lanes concept, w i t h  t h e  
a t t e n d a n t  sav ing  i n  manhours. 
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HULL STEEL 
MATERIAL MOVEMENT 

COMPARISON 
BY PIECES 

Figure 6-6 In-Yard Material Movement 
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HULL STEEL 
MATERIAL MOVEMENT 

COMPARISON 
BY TRIPS AND DISTANCE 

1 f igure 6-7 In-Yard Mater ia l  Movement 
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The former method had a  t o t a l  s t e e l  m a t e r i a l  movement o f  66.6 i n - p l a n t  m i l e s  
p e r  week, o f  which 60 pe rcen t  was t o  and f rom t h e  f a b r i c a t i o n  s to rage  area. 
Under  t h e  process l anes  method, movement i s  43.4 m i l e s  p e r  week, o f  which 13.6 
p e r c e n t  i s  t o  and f rom t h e  f a b r i c a t i o n  s to rage  area. A r e d u c t i o n  o f  23.2 m i l e s  
p e r  week (34.8 p e r c e n t )  i s  r e a l i z e d  under t h e  process lanes concept. 

There were 177 d i s t i n c t  moves f rom area t o  area under t h e  p a s t  m a t e r i a l  f l o w  
method.  Under t h e  process l a n e s  method, t h i s  i s  reduced by 58 f o r  a  t o t a l  o f  
119, r e s u l t i n g  i n  a  32.8 p e r c e n t  decrease i n  t h e  number o f  d i s t i n c t  moves. 

I n  summary, a  sav ings o f  app rox ima te l y  30 pe rcen t  i n  t h e  h a n d l i n g  o f  s t e e l  
i s  r e a l  i zed as a  r e s u l t  o f  t h e  implementa t ion  o f  t h e  process l anes  concept. The 
a p p r o p r i a t e  c o s t  sav ings can be o b t a i n e d  by e v a l u a t i n g  t h e  manpower, equipment, 
and energy r e d u c t i o n s  wh ich  r e s u l t  f rom a  30 pe rcen t  r e d u c t i o n  i n  t h e  handl i n g  o f  
s t e e l  m a t e r i a l .  It i s  e v i d e n t  f rom t h e  a n a l y s i s  shown here  t h a t  one o f  t h e  major  
r e a s o n s  f o r  p r o c e s s  l a n e s  i m p l e m e n t a t i o n  i s  t h e  e v o l u t i o n  t o w a r d  an i d e a l  
m a t e r i a l  handl i n g  system. 

B. E f f e c t s  o f  U n i t  C o n s t r u c t i o n  and Zone O u t f i t t i n g  

I n  t h e  past ,  t h e  b a s i c  r a t i o n a l e  f o r  t h e  l i s t i n g ,  reques t ing ,  p r o c u r i n g ,  
r e c e i v i n g ,  and i s s u i n g  o f  m a t e r i a l  was on a  system bas is ,  as compared t o  t h e  new 
t e c h n i q u e  o f  u n i t ,  zone, and subzone method employed today.  The b a s i c  p h y s i c a l  
c o n t r o l  o f  m a t e r i a l  i s  enhanced by t h i s  new techn ique,  i n  t h a t  i t  i n v o l v e s  
smal l e r  increments  o f  m a t e r i a l  t o  be handled, w i t h  much l e s s  s t o r a g e  t i m e  i n  t h e  
f i e l d .  

M a t e r i a l  i s  now requested and p rocu red  t o  t h e  u n i t  and zone l e v e l .  Advance 
pu rchas ing  zones a r e  s e t  up e a r l y  i n  t h e  job ,  Procurement i s  t imed  t o  s a t i s f y  
f a b r i c a t e d  m a t e r i a l  requ i rements  and purchased m a t e r i a l  requ i rement  dates. 

The b a s i c  i n s t r u m e n t  f o r  zone o u t f i t t i n g  i n  t h e  I H I  concept  i s  t h e  p a l l e t ,  
u n d e r  whose number t h e  packages o f  o u t f i t t i n g  m a t e r i a l  a r e  grouped. The t e r m  
" p a l l e t "  i n  t h e  c o n t e x t  o f  zone o u t f i t t i n g  techno logy does n o t  r e f e r  t o  t h e  
f a m i l i a r  wooden p l a t f o r m  used t o  move m a t e r i a l  about  w i t h  a  f o r k l i f t  t r u c k .  

The p a l l e t  f o r  zone o u t f i t t i n g  c o n s i s t s  o f :  

( 1 )  A work  package, o r  k i t  o f  o u t f i t t i n g  m a t e r i a l ,  t o  be i n s t a l l e d  i n  t h e  h u l l  
o f  a  s h i p  i n  a  s p e c i f i c  p l a c e  and a t  a  s p e c i f i c  advantageous t i m e  d u r i n g  
c o n s t r u c t i o n ,  

( 2 )  The manhours a l l o w e d  f o r  i t s  i n s t a l l a t i o n ,  I d e a l l y ,  t h e  p a l l e t  shou ld  
r e q u i r e  app rox ima te l y  100 manhours t o  i n s t a l  1  , about one week's work f o r  two 
men. 

( 3 )  A p a l  1  e t  number wh ich  i d e n t i f i e s  t h e  m a t e r i a l  and which i s  b o t h  s i g n i f i c a n t  
and unique. 

An o v e r a l l  M a t e r i a l  M a r s h a l l i n g  P lan  has been implemented t o  accompl ish  t h e  
r e c o r d i n g ,  e x p e d i t i n g ,  p a l  l e t i n g ,  and d e l  i v e r i n g  t h e  va r ious  c a t e g o r i e s  o f  
m a t e r i a l  t o  t h e  process lanes.  
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Two departments a t  Avondale have respons i  b i  1  i t y  f o r  m a t e r i a l  c o n t r o l .  Raw 
s t e e l  ( p l a t e s  and s t r u c t u r a l s )  i s  handled by t h e  S tee l  Con t ro l  Sect ion .  M a t e r i a l  
handled by t h e  M a t e r i a l  C o n t r o l  Sec t i on  i s  c a t e g o r i z e d  i n t o  t h e  f o l l o w i n g  types:  

- p r e f a b r i c a t e d  s t e e l  ; 

- f a b r i c a t e d  p r e o u t f i t t i n g  i tems (such as manholes, W.T. doors,  deck f i t t i n g s ,  
f ounda t ions ,  e t c .  ) ;  

- warehoused (purchased) m a t e r i a l s  ; 

- raw p i p i n g  m a t e r i a l  'nput  t o  P ipe Shop; 

- f a b r i c a t e d  p i p e  d e t a i l s  f rom t h e  P ipe Shop. 

Procedures f o r  t h e  h a n d l i n g  o f  each t y p e  o f  m a t e r i a l  a r e  d iscussed below. 

C. Raw S tee l  P l a t e s  and S t r u c t u r a l s  

The main o b j e c t i v e  o f  t h e  S tee l  Con t ro l  Sec t i on  i s  t o  assure  f o r  a l l  j obs  
t h a t  s t e e l  w i l l  be a v a i l a b l e  i n  accordance w i t h  t h e  Long-Term Schedule. Fu r the r ,  
S t e e l  C o n t r o l  m a i n t a i n s  S tee l  Tonnage Reports,  d e b i t s  and c r e d i t s  by c o s t  code 
and v e s s e l ,  w i t h  t h e  o b j e c t i v e  o f  making c o s t  p r o j e c t i o n s  i n  t h e  e a r l y  stages o f  
each job.  

S tee l  Procurement 

Eng ineer ing  ( H u l l  S e c t i o n )  prepares a  S tee l  Request o r  S tee l  Summary from 
t h e  advance h u l l  drawings. The S tee l  Summary i s  grouped by u n i t ,  and l i s t s  
p l a t e s  and s t r u c t u r a l s  by grades. 

Upon r e c e i p t  o f  an advance copy of t h e  S tee l  Summary, S tee l  Con t ro l  e n t e r s  
a1 1  r e q u e s t e d  i t ems  i n t o  a  computer program f o r  we ight  computat ion,  s o r t i n g ,  and 
sequencing. The program "screens" t h e  l i s t  a g a i n s t  s tock ;  t h a t  i s ,  i t  checks t h e  
summary a g a i n s t  i n v e n t o r y  o f  s tock  a l ready  i n  t h e  y a r d  b u t  n o t  assigned t o  a  job.  
The f i n a l  l i s t  i s  t hus  separa ted i n t o  a  l i s t  o f  screened ( i n  s t o c k )  i tems and a  
1  i s t  o f  i t ems  t o  be purchased. Each S tee l  Summary i t e m  i s  ass igned a  s p e c i f i c  
d a t e  n e e d e d  i n  y a r d  ( 4  weeks p r i o r  t o  p r e f a b ) ,  a c c o r d i n g  t o  t h e  Long-Term 
Schedule. T h i s  computer r u n  then  rep laces  t h e  w r i t t e n  s t e e l  request  and i t  i s  
u s e d  by Purchasing t o  i s s u e  Purchase Orders i n  t h e  same b a s i c  o rde r  as prefab,  
O u t f i t t i n g  and f i t t i n g  reques ts  b a s i c a l l y  f o l l o w  t h e  same procedure as t h e  S tee l  
Summary. 

A t i m e  s c h e d u l e  f o r  each  p u r c h a s e  l o t ,  o r  "buy,"  i s  d e t e r m i n e d  by t h e  
p r e f a b r i c a t i o n  dates  on t h e  Long-Term Schedule, The r e l e a s e  o f  t h e  S tee l  Summary 
f r o m  Eng ineer ing  i s  t o  be 12 weeks b e f o r e  t h e  commencement o f  d e l i v e r y  f rom t h e  
s t e e l  m i l l  f o r  a  g i ven  "buy," o r  22 weeks b e f o r e  p r e f a b r i c a t i o n .  The 12 weeks 
a l l o w  one week f o r  S tee l  Con t ro l  screening,  one week f o r  r e l e a s e  o f  Purchase 
O r d e r s  by  Purchasing,  and 10 weeks f o r  s t e e l  m i l l s  t o  schedule and r o l l .  P l a t e s  
a r e  n o r m a l l y  r o l l e d  i n  8 weeks and s t r u c t u r a l s  a r e  r o l l e d  i n  accordance w i t h  t h e  
s t e e l  m i l  1  ' s  r o l l  i n g  schedule, 
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( 2 )  S torage o f  S tee l  

G r i d s  f o r  s to rage  a r e  s e t  up by u n i t s  i n  t h e  same o r d e r  as t h e  
p r e f a b r i c a t i o n  o f  u n i t s .  Therefore,  t h e  s to rage  area becomes a v a i l a b l e  f o r  
f u t u r e  j obs  as t h e  s u b j e c t  j o b  progresses t h r o u g h  u n i  t - b y - u n i  t c o n s t r u c t i o n ,  
F i g u r e  6-8 shows t h a t  on t h e  t h r e e - s h i p  Exxon c o n t r a c t ,  s t e e l  tonnage i n  s to rage  
w o u l d  peak a t  13,000 tons. As t h e  shipments a r e  r e c e i v e d  f rom t h e  s t e e l  m i l l s ,  
a l l  p l a t e s  a r e  s o r t e d  and s t o r e d  i n  t h e i r  p roper  g r i d .  S t r u c t u r a l s  a r e  s t o r e d  by 
s e c t i o n s ,  s i zes ,  and grades. U n l i k e  p l a t e s ,  a  s p e c i f i c  s t r u c t u r a l  member i s  n o t  
a l l o c a t e d  f o r  a  s p e c i f i c  u n i t  u n t i l  i t  i s  p i c k e d  up f o r  d e l i v e r y  by t h e  t r a n s f e r  
system. 

( 3 )  S tee l  T r a n s f e r  System 

A s t e e l  t r a n s f e r  i s  a  document, b e a r i n g  an i n d i v i d u a l  c o n t r o l  o r  
i d e n t i  f i c a t i o n  number, used f o r  c o n t r o l  1  i ng t h e  movement and accountab i  1  i t y  o f  
any s t e e l .  

Upon r e c e i p t  o f  t h e  re leased  UCM f rom t h e  M o l d l o f t  and i n  accordance w i t h  
t h e  Long-Term Schedule, t h e  S tee l  C o n t r o l  Department prepares  t h e  necessary 
t r a n s f e r s  f o r  a  g i ven  u n i t .  These t r a n s f e r s  l i s t  purchased s i z e s  of  p l a t e s  o r  
s t r u c t u r a l s  f o r  a  g i ven  u n i t  and s p e c i f y  wh ich  components o f  t h e  u n i t  a r e  c u t  
f rom them. Separate p l a t e  t r a n s f e r s  a r e  w r i t t e n  f o r  d i f f e r e n t  b u r n i n g  opera t i ons  
o r  f u n c t i o n s  ( f o r  example, tapeograph, exactograph,  servograph, shears) .  
S t r u c t u r a l  t r a n s f e r s  r e q u i r e  l e s s  breakdown because a l l  c u t t i n g  of s t r u c t u r a l s  i s  
done i n  one area under one superv i so r .  

T r a n s f e r s  a r e  i ssued  a t  l e a s t  t h r e e  weeks b e f o r e  t h e  scheduled s t a r t  o f  
p r e f a b r i c a t i o n .  T h i s  a1 lows enough t i m e  f o r  P r o d u c t i o n  Eng ineer ing  p rocess ing  
and  t i m e  f o r  t h e  p r e f a b r i c a t i o n  s u p e r v i s o r  t o  program t h e  s t e e l  i n t o  t h e  b u r n i n g  
s c h e d u l e .  Copies o f  t h e  t r a n s f e r s  a r e  fo rwarded t o  t h e  P r o d u c t i o n  Engineer,  who 
w r i t e s  work o rde rs  comp le t i ng  a  work package. These work packages (work orders ,  
t r a n s f e r s ,  and UCM) a r e  sen t  t o  t h e  P r e f a b r i c a t i o n  Department. 

( 4 )  B l a s t i n g ,  P a i n t i n g ,  and D e l i v e r y  

I n  accordance w i t h  t h e i r  work l o a d  and schedule, t h e  p r e f a b r i c a t i o n  
s u p e r v i  s o r s  o r d e r  o u t  t h e  t r a n s f e r s ,  d e s i g n a t i n g  t h e  d e l i  very  1  oca t ion .  Th is  i s  
n o r m a l l y  done f i v e  work days b e f o r e  t h e  b u r n i n g  date.  Upon b e i n g  ordered,  
t r a n s f e r s  a r e  p u t  on an a c t i v e  o r  work ing  board  and a  p i ck -up  work sheet  i s  made 
i n  acco rdance  t o  t h e  o rde red  sequence o f  t h e  p r e f a b r i c a t i o n  superv i so r .  P l  a tes  
a n d  s t r u c t u r a l s  a r e  t h e n  p i c k e d  up f r o m  t h e i r  r e s p e c t i v e  s t o r a g e  a r e a  and 
processed th rough  t h e  P l a t e  and S t r u c t u r a l  Shot B l a s t  Systems. 

A P l a t e  Shot B l a s t  Sheet reco rds  a l l  p l a t e s  processed th rough  shot  b l a s t .  
These s h e e t s  a r e  used as a  s i g n  o f f  o r  d e l i v e r y  acceptance by p r e f a b  s u p e r v i s o r s  
and a l s o  f o r  computa t ion  o f  t o n s  i ssued  f o r  t h e  Weekly S tee l  Disbursement Report.  
Y a r d  Movement Documents s e r v e  t h e  same p u r p o s e  f o r  t h e  a c c o u n t a b i l i t y  o f  
s t r u c t u r a l s  as t h e  Shot B l a s t  Sheet does f o r  p l a t e s .  
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( 5 )  I n v e n t o r y  

The Kardex Card System i s  t h e  main t o o l  used i n  keep ing s t e e l  i n v e n t o r y  
c o n t r o l .  I n f o r m a t i o n  f rom t h e  Purchase Orders i s  pos ted on t h e  t o p  c a r d  t o  show 
q u a n t i t i e s  on o r d e r ,  summary i t e m  numbers,  and  u n i t  numbers.  As s t e e l  i s  
r e c e !  ved, a1 1  r e c e i v i n g  r e p o r t s  a r e  posted on cards ,  and as s t e e l  d e l i v e r i e s  a r e  
made, t h e  s t e e l  t r a n s f e r  i s  a l s o  posted.  The Kardex Cards always r e f l e c t  an 
on-hand ba lance and s to rage  l o c a t i o n ,  Phys i ca l  counts  a r e  done annua l l y  and 
c o r r e c t i v e  a c t i o n  i s  prompt. 

E f f i c i e n c y  o f  t h e  System 

The e f f i c i e n c y  o f  s t e e l  handl i ng depends g r e a t l y  on t h e  d e t a i l e d  i n f o r m a t i o n  
a v a i  1  a b l  e  a t  t h e  t i m e  o f  purchasing.  Much p rog ress  has been made s i n c e  t h e  days 
o f  t h e  s t e e l  request  o r d e r i n g  square f e e t  o f  p l a t e  and l i n e a l  f s e t  o f  
s t r u c t u r a l s .  Grouping t h e  s t e e l  summary by u n i t s  increases t h e  e f f i c i e n c y  o f  
s to rage  area, 

As a  r e s u l t  o f  imp lement ing  Process Lanes, t h e  c o s t  o f  r e c e i v i n g  s t e e l  has 
i n c r e a s e d  by 8 percent .  T h i s  i s  caused by t h e  o r d e r i n g  sequence n o t  be ing  
a d h e r e d  t o  by t h e  s t e e l  m i l l s ,  so t h a t  s o r t i n g  o f  p l a t e s  i s  r e q u i r e d  on a r r i v a l ,  
B u t  t h e  c o s t  o f  d e l i v e r i n g  s t e e l  t o  t h e  p re fab  work area has decreased by 16 
pe rcen t  because a l l  t h e  s t e e l  i s  s t o r e d  by u n i t s ,  The combined a c t i v i t i e s  o f  
r e c e i v i n g  and d e l i v e r y  a r e  r e a l i z i n g  an 8 p e r c e n t  r e d u c t i o n  i n  t h e  handl i n g  o f  
raw s t e e l .  

A l so  i n  t h e  past ,  about  18 pe rcen t  o f  t h e  e n t i r e  s t e e l  h a n d l i n g  t i m e  was 
devoted t o  handl  i n g  beve l  p la tes- -deck,  bulkhead,  she1 1  , innerbot tom,  and 
r e c t a n g u l  a r  p l a t e s  burned ahead o f  schedule. W i t h  t h e  e l  i m i n a t i o n  o f  mu1 t i - s h i p  
b u r n i n g  and p roper  schedu l ing ,  beve l  p l a t e  s to rage  has been comple te ly  
e l  im inated.  

D. P r e f a b r i c a t e d  S tee l  

P r i o r  t o  implement ing  t h e  zone o u t f i t t i n g  and process l anes  techn ique,  
v i r t u a l l y  a l l  p r e f a b r i c a t e d  s t e e l  moved f rom t h e  p l a t e  shop t o  i n t e r i m  s to rage  a t  
t h e  f a b r i c a t e d  s t e e l  s t o r a g e  area. Now o n l y  a  smal l  p o r t i o n  o f  p r e f a b r i c a t e d  
s t e e l  moves t o  i n t e r i m  s torage,  w h i l e  t h e  overwhelming b u l k  moves d i r e c t l y  t o  
process 1  anes. 

I n c o r p o r a t i n g  s to rage  queues a t  t h e  process l anes  work s i t e  has g r e a t l y  
a i d e d  t h e  c o n t i n u a l ,  smooth f l o w  o f  m a t e r i a l ,  The normal s to rage  t i m e  i n  queue 
a t  t h e  work s i t e  i s  one week, b u t  o c c a s i o n a l l y  two weeks s to rage  i s  t o l e r a t e d .  

The p r e f a b r i c a t e d  s t e e l  f o r  p a r t i a l  subun i t s ,  subun i t s ,  and u n i t s  i s ,  i n  
g e n e r a l ,  t r a c k e d  th rough  t h e  p l a t e  shop and process l anes  work p l a t e n s  by t h e  
s u p e r v i s o r s  o f  t h e  shop and p l a t e n s  r a t h e r  t h a n  by t h e  M a t e r i a l  Con t ro l  Group. 
Constant  m o n j t o r i n g  by t h e  shop p lanners  has ach ieved s i g n i f i c a n t  c o s t  savings.  

Adherence t o  schedules by b o t h  t h e  p l a t e  shop and t h e  process l anes  i s  o f  
paramount importance i n  m a i n t a i n i n g  a  smooth, o r d e r l y  f l o w  o f  p r e f a b r i c a t e d  
s t e e l .  Occas iona l l y ,  a  process l a n e  may f a l l  beh ind  schedule because o f ,  f o r  
example ,  inc lement  weather. I n  a n t i c i p a t i o n  o f  such an event ,  a  cont ingency has 
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been b u i l t  i n  t o  a l l o w  o r d e r l y  marsha l l i ng .  A three-week de lay  cont ingency can 
be h a n d l e d  by s e t t i n g  a s i d e  a  m a r s h a l l i n g  area f o r  p r e f a b r i c a t e d  s t e e l .  An area 
c o n t a i n i n g  s to rage  g r i d s  (about  3 weeks o u t p u t  a t  14 subun i t s  p e r  week) r e q u i r e s  
a b o u t  50,000 square f e e t .  T h i s  i s  much s m a l l e r  than former s to rage  requirements 
and, most impor tan t ,  t r a c k i n g  t h e  s t o r e d  m a t e r i a l  i s  v a s t l y  simp1 i f  ied,  

E. F a b r i c a t e d  P r e o u t f i  t t i n g  M a t e r i a l  

F a b r i c a t e d  p r e o u t f i  t t i n g  i tems, such as foundat ions,  ladders ,  W.T. doors, 
manholes,  etc.,  were f o r m e r l y  f a b r i c a t e d  i n  e n t i r e  mu1 t i - h u l l  j obse ts ,  t hus  
c r e a t i n g  many m a t e r i a l  handl i n g  problems, f o r  example: 

- t h e  need f o r  a  very  l a r g e  s to rage  f a c i l i t y ,  
- double and t r i p l e  handl i n g ,  
- d e t e r i o r a t i o n  due t o  long- term s torage,  
- 1  oss o f  m a t e r i a l ,  
- damaged m a t e r i a l ,  - obsolescence o f  s t o r e d  m a t e r i a l  due t o  des ign r e v i s i o n .  

The process l anes  concept, w i t h  i t s  t h r u s t  f o r  l e v e l  l oad ing ,  d i c t a t e s  a  new 
a p p r o a c h  i n  t h i s  c a t e g o r y  o f  m a t e r i a l .  W i t h  a  few e x c e p t i o n s ,  f a b r i c a t e d  
p r e o u t f i t t i n g  i tems w i l l  n o t  be f a b r i c a t e d  i n  e n t i r e  sh ipse ts ,  o r  even i n  e n t i r e  
j o b s e t s .  Ins tead,  t hey  w i l l  be c o n t r o l  l e d  i n  s m a l l e r  groupings compat ib le  w i t h  
s h o r t - t e r m  schedul i n g  needs. Th is  very  e f f e c t i v e l y  e l  im ina tes  most o f  t h e  
h a n d l i n g  and s torage problems fo rmer l y  encountered. 

I n  t h e  former method, some f a b r i c a t e d  p r e o u t f i  t t i n g  i tems moved d i r e c t l y  
f r o m  t h e  f a b r i c a t i o n  shop t o  t h e  j o b s i t e ,  c a u s i n g  t h e  e n t i r e  s h i p s e t ,  o r  
sh ipse ts ,  o f  m a t e r i a l  t o  be a t  t h e  j o b s i t e  much t o o  e a r l y  f o r  ' n s t a l l a t i o n .  Now, 
a l l  o f  t h i s  m a t e r i a l  moves t o  i n t e r i m  s to rage  f o r  p a l l e t i z a t i o n  by u n i t s ,  o r  
zone,  t h u s  n e c e s s i t a t i n g  more l i n e  i t ems  t o  be handled by M a t e r i a l  Cont ro l .  The 
c o s t  o f  t h i s  smal l  a d d i t i o n a l  volume o f  p ieces  t o  be handled i s  more than  o f f s e t  
by t h e  r e d u c t i o n  o f  remakes. 

T h i s  m a t e r i a l  i s  c o n t r o l l e d  by t h e  p a l l e t  system. Requirements f o r  p a l l e t  
l o a d i n g  a r e  ob ta ined  f rom t h e  u n i t  and zone o u t f i t t i n g  l i s t s  prepared by t h e  
P lann ing  and Schedul i n g  Department, M a t e r i a l  Con t ro l  can then exped i te  t h i s  
m a t e r i a l  t h rough  t h e  shops, u s i n g  t h e  p a l l e t  r e l e a s e  date  minus a  l e a d  t i m e  o f  
t w o  t o  f o u r  weeks, Former ly,  t h i s  e x p e d i t i n g  e f f o r t  was l a c k i n g  and, thus ,  w i t h  
a much more c l e a r l y  d e f i n e d  management system, g r e a t e r  c o s t  sav ings a r e  be ing  
r e a l  i zed.  

Warehoused (Purchased) M a t e r i  a1 

Warehoused o r  purchased m a t e r i a l ,  o t h e r  than  p i p i n g ,  i s  s t i l l  purchased i n  
group l o t s ,  b u t  a l l o c a t e d  a g a i n s t  u n i t s  and zones. Th is  m a t e r i a l  i s  rece ived  and 
s t o r e d  by m a t e r i a l  f a m i l y  groupings,  by j o b  and purchase o r d e r  number. 

W o r k i n g  w i t h  t h e  u n i t  and  zone p r e o u t f i t t i n g  l i s t s ,  t h i s  m a t e r i a l  i s  
p a l  1  e t  i zed a t  t h e  warehouse i n  accordance w i t h  c r a f t  type. M a t e r i a l  Con t ro l  i s  
r e s p o n s i b l e  t o  d e l i v e r  i t  t o  t h e  work s i t e  by t h e  r e q u i r e d  p a l l e t  re lease  date, 
If any i t e m  o f  m a t e r i a l  i s  sho r t ,  M a t e r i a l  Con t ro l  n o t i f i e s  t h e  e x p e d i t i n g  
s e c t i o n  of Purchasing t h a t  t h e r e  i s  a  d e f i c i e n c y ,  mon i to rs  t h i s  shor tage and, 
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upon r e c e i p t  o f  t h e  i tem,  n o t i f i e s  P roduc t ion  and determines t h e  p roper  p o i n t  o f  
i s s u e  ( i t  may have moved f rom u n i t  t o  zone). R i g i d  c o n t r o l  o f  t h e  f l o w  o f  
m a t e r i a l  t o  t h e  work s i t e  e s t a b l i s h e s  a  d i s c i p l i n e  t h a t  demands a  s p e c i f i e d  work 
e f f o r t .  Over load ing work areas w i t h  m a t e r i a l s  o r  f a i l u r e  t o  d e l i v e r  t h e  proper  
q u a n t i t y  o f  m a t e r i a l  a t  t h e  p roper  t i m e  causes a  pro found l o s s  i n  p r o d u c t i v i t y  
and r e s u l t a n t  1  oss i n  e f f i c i e n c y  and compet i t i veness, 

G, Raw P i p i n g  M a t e r i a l  I n p u t  t o  P ipe Shop 

F a b r i c a t e d  p i p e  d e t a i  1  s  a r e  p r e s e n t l y  be ing  implemented f o r  f a b r i c a t  i o n  i n  a  
semi automated p i p e  shop. The eng ineer ing  and shop f a b r i c a t i o n  e f f o r t  i s  d r i v e n  
by  a  CADAM/COPICS EDP program. Whi le t h e  d e t a i l s  o f  t h i s  system f o r  enhancing 
t h e  eng ineer ing  and f a b r i c a t i o n  e f f o r t  i s  covered e l  sewhere, t h e  m a t e r i a l  c o n t r o l  
aspect  o f  t h i s  o p e r a t i o n  i s  examined here. 

Under t h e  o l d  system o f  o u t f i t t i n g  procedures,  t h e  Mechanical Sec t i on  o f  t h e  
E n g i n e e r i n g  Department would produce a  p i p e  d e t a i l  (P/D) drawing f o r  each p i p i n g  
system. Th is  P/D drawing and i t s  a t t e n d a n t  l i s t  o f  m a t e r i a l s  ( L / M )  con ta ined  
b o t h  shop f a b r i c a t i o n  and "on s h i p "  i n s t a l l a t i o n  i n f o r m a t i o n ,  which had t o  be 
separa ted by t h e  M a t e r i a l  Department t o  determine which m a t e r i a l s  were "shop 
l o a d "  and which were t o  be i n s t a l l e d  "on board." I n  t h e  meantime, advance l i s t s  
o f  m a t e r i a l s  based on p r e l i m i n a r y  system diagrammat ics were used t o  e s t a b l i s h  
m a t e r i a l  l edgers ,  t o  be screened a g a i n s t  s u r p l u s  s tock ,  and t o  generate purchase 
o rde rs ,  e x p e d i t i n g ,  r e c e i p t ,  and i ssue  i n f o r m a t i o n .  Subsequent drawing changes 
i n  t h e  f i n a l  P/D1s f r e q u e n t l y  caused d u p l i c a t i o n  o f  bookkeeping and r e c e i p t  of 
unnecessary s u r p l  us m a t e r i a l .  

Wi th  t h e  new u n i t / z o n e  o u t f i t t i n g  procedures,  t h e  Mechanical Sec t i on  o f  t h e  
E n g i n e e r i n g  Department produces a  p i p e  d e t a i l  drawing f o r  each u n i t .  These 
d r a w i n g s  i n c l u d e  a l l  shop f a b r i c a t e d  p i p i n g  w i t h i n  t h e  con f ines  o f  t h e  u n i t ,  and 
each  i s  ass igned a  p a l l e t  code, work s t a t i o n  r o u t i n g ,  and c o a t i n g  i n fo rma t ion .  
The P/D drawings c o n t a i n  a l l  t h e  p i p e  d e t a i l s  t h a t  a r e  t o  be f a b r i c a t e d  f o r  t h e  
u n i t ,  r e g a r d l e s s  o f  which system they  be long t o .  The i n f o r m a t i o n  on each P / D  i s  
t h e n  i n p u t  t o  an EDP program c a l l e d  "Copies," which i s  used t o  schedule t h e  
p a l  l e t s ,  P/D1s, and t h e  i n d i v i d u a l  p ieces  t h a t  make up each P/D acco rd ing  t o  i t s  
p a l  l e t  number. From a1 1  o f  t h i s  i n f o r m a t i o n ,  a  weekly shop l o a d  1 i s t  i s  produced 
c o n t a i n i n g  a l l  o f  t h e  m a t e r i a l  r e q u i r e d  f o r  P/D f a b r i c a t i o n  f o r  each p a l l e t  t h a t  
i s  scheduled t o  s t a r t  f a b r i c a t i o n  t h a t  week. 

T h i s  l i s t  o f  m a t e r i a l  i s  reviewed by t h e  M a t e r i a l  Con t ro l  Department t o  
d e t e r m i n e  i f  a l l  m a t e r i a l s  a r e  on hand. S ince o n l y  p a r t s  o f  systems and, i n  
f a c t ,  o n l y  p a r t s  o f  u n i t s  a r e  f a b r i c a t e d  weekly, a  manual m a t e r i a l  t a k e - o f f  would 
be very  i m p r a c t i c a l ,  The computer 1  i s t i n g  makes t h i s  procedure unnecessary. 

The procedures f o l  1  owed under t h e  01 d sys tem-or ien ted method f o r  i s s u i n g  
m a t e r i a l s  t o  t h e  P ipe Shop were t r i g g e r e d  by t h e  p r o d u c t i o n  work order .  One work 
o r d e r  was w r i t t e n  t o  schedule a  whole p i p i n g  system o f  f a b r i c a t e d  p ieces  th rough  
t h e  shop a t  one t ime,  w i t h  o n l y  a  t e n t a t i v e  s t a r t  and complete date.  Before 
r e l e a s i n g  any m a t e r i a l  t o  t h e  P ipe Shop, however, i t  was necessary t o  confer  w i t h  
t h e  P ipe Shop super in tenden t  t o  determine i f  t h e  shop l o a d  was such t h a t  t h i s  
m a t e r i a l  c o u l d  be accommodated a t  t h a t  t i m e ,  s i n c e  shop l o a d i n g  was n o t  
c o n s i d e r e d  i n  t h e  o v e r a l l  schedule, I f  i t  was determined a t  t h a t  t i m e  t h a t  t h e  
P ipe  Shop c o u l d  handle t h e  system i n  ques t i on ,  t h e  M a t e r i a l  eng ineer  re leased  t h e  
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m a t e r i a l  r e q u i s i t i o n s  t o  t h e  Warehouse f o r  i s s u e  and, a t  t h e  same t ime,  sent  a  
copy o f  a l l  shortages l i s t e d  a g a i n s t  t h a t  system t o  t h e  P ipe Shop f o r  i n fo rma t ion  
and t o  t h e  E x p e d i t i n g  Department o f  Purchasing f o r  a c t i o n .  The Warehouse would 
t h e n  f i l l  a l l  t h e  m a t e r i a l  r e q u i s i t i o n s  and send a l l  t h e  m a t e r i a l  a v a i l a b l e  t o  
f a b r i c a t e  t h e  whole system t o  t h e  P ipe Shop. A l l  m a t e r i a l s  n o t  on hand were 
a s s i g n e d  t o  t h e  " d e l i v e r  on a r r i v a l "  ca tegory  and sent  t o  t h e  P ipe Shop whenever 
t h e y  a r r i v e d .  I f ,  a f t e r  c o n s u l t a t i o n  w i t h  t h e  p i p e  super in tendent ,  i t  was 
dec ided n o t  t o  f a b r i c a t e  t h e  system due t o  shop l o a d i n g  o r  ove r load ing ,  t h e  
m a t e r i a l  r e q u i s i t i o n s  were h e l d  by t h e  M a t e r i a l  eng ineers  u n t i l  c a l l e d  f o r  by t h e  
p i p e  super in tendent .  I n  e f f e c t ,  t h e  P ipe Shop scheduled i t s  own work, based more 
on shop l o a d i n g  than on schedule requirements.  

The system f o r  i s s u i n g  m a t e r i a l s  t o  P ipe Shop under t h e  new "shop 
management, u n i t  o u t f i t t i n g "  procedures i s  somewhat reversed f rom t h e  o l d  method. 
A f t e r  r e v i e w i n g  t h e  m a t e r i a l  l i s t i n g  f rom Data P rocess ing ' s  weekly l o a d  l i s t ,  t h e  
M a t e r i a l  eng ineer  determines those P/D1s f o r  which a1 1 o f  t h e  r e q u i r e d  m a t e r i a l s  
a r e  on hand. These P/D's a r e  then re leased  v i a  a  CRT i n  t h e  M a t e r i a l  Con t ro l  
Depar tment  and become a v a i l a b l e  f o r  f a b r i c a t i o n  on t h e  scheduled date. T h i s  
i n f o r m a t i o n  i s  f e d  t o  P roduc t ion  eng ineers  so t h a t  work o rde rs  can be w r i t t e n  
o n l y  f o r  t hose  P/D1s re leased  and t o  t h e  P ipe  Shop so t h a t  t h e  m a t e r i a l s  and t h e  
P / D 1 s  t o  be b u i l t  w i l l  co inc ide .  As w i t h  t h e  o l d  system, m a t e r i a l  r e q u i s i t i o n s  
a r e  then  w r i t t e n  t o  t h e  Warehouse f o r  i s s u e  t o  t h e  P ipe Shop. The m a t e r i a l s  sent  
t o  t h e  P i p e  Shop w i l l  be separa ted by c a t e g o r i e s ,  such as f l anges ,  e l  bows, 
reducers ,  etc.,  f o r  ease o f  machine s t a t i o n  l o a d i n g  i n  t h e  P ipe  Shop. P/D1s t h a t  
w e r e  s c h e d u l e d  d u r i n g  t h i s  t i m e  p e r i o d ,  b u t  n o t  r e l e a s e d  due t o  a  l a c k  o f  
m a t e r i a l ,  a r e  reviewed each week and re leased  t o  t h e  P ipe Shop when t h e  m a t e r i a l  
a r r i v e s .  

U n l  i k e  t h e  o l d  system, t h e  P ipe Shop super in tenden t  i s  n o t  con tac ted  p r i o r  
t o  d e l i v e r i e s ,  n o r  does he have t h e  o p t i o n  t o  h a l t  d e l i v e r i e s  due t o  shop 
o v e r l o a d i n g .  Rather, he must t a k e  o t h e r  c o r r e c t i v e  s teps such as i n c r e a s i n g  
c a p a c i t y  by work ing e x t r a  s h i f t s ,  r e r o u t i n g ,  over t ime,  o r  subcon t rac t i ng .  The 
zone o u t f i t t i n g  concept f o r c e s  t h i s  d i s c i p l i n e  upon everyone because i t  i s  more 
i m p o r t a n t  t o  t h e  o v e r a l l  s u c c e s s  o f  t h e  s h i p b u i l d i n g  p r o c e s s  t h a n  i s  shop 
l e v e l  -1 oading. 

H. F a b r i c a t e d  P ipe D e t a i l s  f rom t h e  P ipe  Shop 

The s to rage  and i s s u i n g  o f  f i n i s h e d  p i p e  d e t a i l s  under t h e  o l d  system method 
presented t h e  M a t e r i  a1 Department w i t h  many hand1 i n g  and record-keep ing problems. 
As p i p e  d e t a i l s  were f a b r i c a t e d  i n  t h e  P ipe  Shop w i t h  perhaps seve ra l  systems 
b e i n g  b u i l t  a t  one t ime,  t h e y  were sent  d i r e c t l y  t o  t h e  f a b r i c a t e d  p i p e  s torage 
y a r d  where  they  were o f f - l o a d e d  on t o  o t h e r  t r a i l e r s  depending upon t h e  coa t ings  
r e q u i r e d ;  o r ,  i f  no c o a t i n g s  were requ i red ,  t h e  p i p e  was p a l l e t i z e d ,  s tored,  and 
1  o c a t e d  i n  a  manual l o c a t o r  system. As coated p i p e  d e t a i l s  were r e t u r n e d  t o  t h e  
s t o r a g e  area,  t h e y  t o o  were p a l l e t i z e d ,  s t o r e d  a t  random, and recorded. Th is  
r e s u l t e d  i n  t h e  components of one system be ing  s t o r e d  on many p a l l e t s  i n  many 
l o c a t i o n s .  When t h e  i n s t a l l a t i o n  work o r d e r  was w r i t t e n ,  i t  was t o  i n s t a l l  t h e  
e n t i r e  sys tem over  a  r a t h e r  l o n g  p e r i o d  o f  t ime. S ince i t  was i m p r a c t i c a l  t o  
i s s u e  a1 1 t h e  P/D's f o r  an e n t i r e  system a t  one t ime,  t h e  i n s t a l l i n g  foreman 
w o u l d  c a l l  f o r  P/D1s as he needed them. T h i s  r e s u l t e d  i n  t a k i n g  t h e  a p p r o p r i a t e  
P/D1s f rom a  p a l l e t  c o n t a i n i n g  o t h e r  P/D1s, i n  e f f e c t ,  double h a n d l i n g  n e a r l y  a l l  
P / D 1 s .  The l e n g t h  o f  t i m e  t h e  P/D1s remained i n  s torage o f t e n  caused o t h e r  
problems such as d e t e r i o r a t i o n ,  damage, o r  1  oss. 
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Today, p i p e  d e t a i l s  a r e  r e c e i v e d  f rom t h e  P ipe  Shop as t h e y  a r e  b u i l t  and 
o f f - l o a d e d  t o  t h e  v a r i o u s  c o a t i n g  areas much as under t h e  o l d  system. However, 
each  P / D  i s  now p a l l e t  coded and p laced  i n t o  a  metal  c o n t a i n e r  w i t h  o t h e r  P/D1s 
des igna ted  f o r  t h a t  p a r t i c u l a r  p a l l e t .  S ince t h e  P ipe Shop i s  b u i l d i n g  t o  a  much 
s h o r t e r  schedule due t o  t h e  fewer P/D1s r e q u i r e d  i n  a  u n i t  as compared t o  a  
system, P/D1s remain i n  s to rage  a  r e l a t i v e l y  s h o r t  t ime.  When a l l  P/D1s r e q u i r e d  
f o r  a  p a l l e t  a r e  r e c e i v e d  and ready f o r  i n s t a l l a t i o n ,  t h e  meta l  c o n t a i n e r s  a r e  
banded and o n l y  a w a i t  t h e  scheduled i n s t a l l a t i o n  d a t e  t o  be issued.  Th is  method 
r e s u l t s  i n  a  smoother f l o w  o f  f a b r i c a t e d  p a r t s  t o  t h e  b u i l d i n g  areas,  a long  w i t h  
a  reduced amount o f  h a n d l i n g  by t h e  M a t e r i a l  Department. 

I. Summary o f  B e n e f i t s  

To d a t e ,  AS I1s  exper ience  w i t h  t h e  I H I  concept  o f  u n i t  and zone o u t f i t t i n g  
i s  p r o v i n g  t h a t  i t  i s  a  v a l u a b l e  management t o o l .  From a  m a t e r i a l  management 
p o i n t  o f  view, i t  p r o v i d e s  t h e  c a p a b i l i t y  t o  rev iew  m a t e r i a l  needs i n  s m a l l e r ,  
more c o n t r o l l a b l e  packages and i n  a  much more t i m e l y  manner. The savings f rom 
p r o c e s s  l a n e s  i m p l e m e n t a t i o n  i s  r e a l  and m e a s u r a b l e .  The r e t u r n s  f r o m  a  
r e d u c t i o n  o f  l o s t  m a t e r i a l  a lone  a r e  s i g n i f i c a n t .  The sav ings ob ta ined  f rom 
s t a n d a r d i z a t i o n  o f  p ieces  i n c l u d i n g  1  i f t i n g  l u g s  and padeyes g r e a t l y  reduces t h e  
o v e r a l l  cos t .  The e l i m i n a t i o n  o f  m u l t i - s h i p  b u r n i n g  has g r e a t l y  reduced rework 
c o s t  v i a  e s t a b l i s h e d  procedures f o r  m a t e r i a l  f l o w  th rough  process lanes.  

The methods t h a t  have been developed ove r  t h e  p a s t  few y e a r s  a r e  a  g i a n t  
s t e p  f o r w a r d  toward a  complete and f u l l y  o p e r a t i o n a l  zone o u t f i t t i n g  m a t e r i a l  
c o n t r o l  system. Obstac les  s t i l l  remain t o  be overcome b u t  c o n t i n u e d  advances, 
e s p e c i a l l y  i n  compu te r i za t i on ,  shou ld  f i n d  AS1 i n  a  p o s i t i o n  t o  respond t o  f u t u r e  
c h a n g e s  and advances  w i t h  a  minimum o f  d i s r u p t i o n .  The h a r d e s t  p a r t - - t h e  
unders tand ing  o f  how t h e  zone o u t f i t t i n g  methods f u n c t  ion--has been accompl ished,  
and t h e  g r e a t e s t  ga ins  i n  p r o d u c t i v i t y  a r e  y e t  t o  be r e a l i z e d .  

I V .  ACCURACY CONTROL 

I f  a b s o l u t e  accuracy were r e q u i r e d  i n  s h i p  c o n s t r u c t i o n ,  i t  would i m p l y  t h a t  
t h e  f i n i s h e d  i n d i v i d u a l  p a r t s ,  and u l t i m a t e l y  t h e  s h i p  i t s e l f ,  would e x a c t l y  
c o i n c i d e  w i t h  a1 1  des ign dimensions and d e t a i l s .  Obv ious ly ,  no such exactness 
c o u l d  be expected t o  a c t u a l l y  e x i s t .  Measurements show t h a t  t h e r e  i s  no such 
t h i n g  as a b s o l u t e  accuracy,  because v a r i a t i o n s  f rom s p e c i f i e d  d imension o f  a  
w o r k p i e c e  a r e  always measurable and normal, One o f  t h e  f u n c t i o n s ,  perhaps even 
t h e  p r imary  f u n c t i o n ,  o f  an Accuracy C o n t r o l  Department i s  t o  e s t a b l i s h  r e a l i s t i c  
g o a l s  w i t h i n  n o r m a l l y  a c h i e v e d  r a n g e s  o f  a c c u r a c y  w i t h i n  w h i c h  a  s h i p y a r d  
P r o d u c t i o n  Department can opera te ,  w i t h  p roper  c o n s i d e r a t i o n  be ing  g i ven  t o  t h e  
demands o f  b o t h  qua1 i t y  workmanshi p  and sound economi cs. 

The word "Cont ro l  " shou ld  be q u i t e  1  i t e r a l  l y  accepted; t h e  r e q u i r e d  c o n t r o l s  
shou ld  be implemented i n  such manner as t o  ensure  t h e  degree o f  accuracy des i red.  

Thus, t h e  two i n i t i a l  f u n c t i o n s  o f  an Accuracy C o n t r o l  Department are:  

- t h e  es tab l i shmen t  o f  r e a l i s t i c  goa ls  i n  t h e  area o f  accuracy;  

- t h e  d e v e l  opment o f  p roper  procedures o r  c o n t r o l s  t o  p e r m i t  t h e  achievement of 
t hose  accuracy goal  s. 
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S u c c e s s f u l  imp lementa t ion  o f  accuracy c o n t r o l  i n  s h i p b u i l d i n g  presupposes a 
b a s i c  ph i l osophy  i n  management t h a t  i s  commit ted n o t  t o  j u s t  do jng  a j o b  t h e  bes t  
way p o s s i b l e ,  u t i l i z i n g  a l l  t h e  f a c i l i t i e s  t h a t  a r e  a v a i l a b l e ,  b u t  i s  r a t h e r  
commi t ted  t o  do ing  t h a t  j o b  t h e  bes t  way p o s s i b l e  t h e  very  f i r s t  t i m e  i t  i s  
a t tempted.  Any o t h e r  ph i l osophy  i s  a p o s i t i v e  commitment t o  t h e  n e c e s s i t y  o f  
rework. The e l i m i n a t i o n  o f  rework shou ld  be i n h e r e n t  i n  a l l  o f  t h e  a c t i v i t i e s  o f  
an Accuracy C o n t r o l  Department. 

A. A c t i v i t i e s  o f  an Accuracy Con t ro l  Department 

The a c t i v i t i e s  o f  an Accuracy C o n t r o l  Department shou ld  span a1 1 phases o f  
c o n s t r u c t i o n  f rom t h e  b u r n i n g  o f  t h e  p l a t e  and s t r u c t u r a l s  t o  t h e  f i n a l  e r e c t i o n  
o f  a l l  m a t e r i a l  i n  t h e  completed sh ip .  These a c t i v i t e s  may be r o u g h l y  d i v i d e d  
i n t o  t h r e e  c a t e g o r i e s :  

- Checks 
- C o n t r o l s  
- S t a t i s t i c s  

A l though these  a r e  d i s t i n c t  and separa te  a c t i v i t i e s ,  t hey  a r e  so t h o r o u g h l y  
i n t e r r e l a t e d  t h a t  any one cannot  be e f f e c t u a l  w i t h o u t  t h e  invo lvement  o f  t h e  
o t h e r  two. 

These e f f o r t s  shou ld  have a dual  impact :  t h e  improvement o f  immediate work 
and t h e  improvement o f  f u t u r e  work. Wi thout  an accuracy c o n t r o l  program, a poor 
p r o d u c t  i s  t h e  p r e d i c t a b l e  end r e s u l t ,  b o t h  f o r  immediate and f u t u r e  work. 
Checks a1 one w i l l  i d e n t i f y  i n a c c u r a c i e s  b u t  cannot  improve t h e  end product .  The 
deve lopmen t  and implementa t ion  o f  c o n t r o l s ,  i n  a d d i t i o n  t o  checks, r e s u l t s  i n  an 
i m p r o v e d  p r o d u c t  f o r  i m m e d i a t e  work  b u t  d e v e l o p s  l i t t l e  p o t e n t i a l  f o r  t h e  
improvement o f  f u t u r e  work. Wi th  t h e  implementa t ion  o f  a w e l l  c o o r d i n a t e d  
Accuracy Con t ro l  Department, u t i l  i z i n g  checks, c o n t r o l s ,  and s t a t i s t i c a l  r e c o r d  
keep ing ,  t h e  r e s u l t s  a r e  a good p roduc t  i n  immediate work, t h e  p o t e n t i a l  f o r  a 
good p roduc t  i n  f u t u r e  work, and t h e  p o t e n t i a l  f o r  improved des ign concepts, 
improved eng ineer ing  concepts,  and improved p roduc t  i o n  concepts. 

(1) Checks 

Checks a r e  u t i l i z e d  f o r  t h r e e  p r imary  purposes: 

- To i s o l a t e  s p e c i f i c  problems o f  i naccu racy  t h a t  r e q u i r e  c o n t r o l s .  

- To m o n i t o r  c o n s t r u c t i o n  t o , e n s u r e  t h a t  p roper  c o n t r o l s  a r e  be ing  u t i l i z e d  
and are, i n  f a c t ,  e f f e c t i v e .  

- To i d e n t i f y  and a s s i s t  i n  m i n i m i z i n g  human e r r o r s .  

Accuracy C o n t r o l  eng ineers  spend a g r e a t  p a r t  of t h e i r  t i m e  measuring--slow, 
method ica l ,  p a i n s t a k i n g ,  t e d i o u s  measuring. T h i s  can a t  t imes  seem l i k e  t h e  most 
p l o d d i n g  o f  work, b u t  i t  i s  a l s o  t h e  most necessary o f  work. From c a r e f u l  
measu rements, method ica l  l y  recorded and s t a t i s t i c a l  l y  analyzed, p roper  c o n t r o l s  
may be developed.  A component 1 i k e  a web frame ( F i g u r e  6 -9)  must be measured 
b e f o r e  t h e  b u t t s  a r e  welded, a f t e r  t h e  b u t t s  a r e  welded, and a f t e r  t h e  s t i f f e n e r s  
and face  p l a t e  a r e  welded. T h i s  i s  necessary t o  determine average shr inkage 
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f a c t o r s  t o  be u t i l i z e d  i n  t h e  c u t t i n g  o f  component p l a t i n g .  T h i s  i n f o r m a t i o n  i s  
a1 so used t o  develop assembly procedures t h a t  w i l l  m in imize de fo rma t ion  o f  t h e  
component.  The dimensions shown on each component's r e p o r t i n g  fo rm p r o v i d e  a l l  
t h e  i n f o r m a t i o n  necessary t o  make p o s s i b l e  these  e v a l u a t i o n s .  

U t i  1  i z i n g  t y p i c a l  measurements o f  t h i s  k i n d  and r a t h e r  uncompl i c a t e d  
p rog rams  t h a t  can be f e d  i n t o  hand-held c a l c u l a t o r s ,  i t  i s  p o s s i b l e  t o  p r e d i c t  
t h e  f i n a l  shape and measurements  o f  t h e  mos t  common t y p e s  o f  u n i t s .  Such 
procedures o f  measur ing and check ing have a lmost  u n l  i m i t e d  p o t e n t i a l  f o r  
improv ing  t h e  accuracy o f  f u t u r e  p roduc t  ion .  

( 2 )  C o n t r o l s  

C o n t r o l  L ines  

C o n t r o l  l i n e s ,  o the rw ise  c a l l e d  master  l i n e s  o r  datum l i n e s ,  a r e  wa te r  
1  i n e s ,  f rame l i n e s ,  o r  b u t t o c k s  t h a t  a r e  l a i d  o u t  on v a r i o u s  components o f  u n i t s  
t o  f a c i l i t a t e  t h e  b u i l d i n g  and e r e c t i o n  o f  t h e  u n i t .  These 1  i n e s  must be l o c a t e d  
w i t h  u n v a r y i n g  accuracy. They a r e  i n c o r p o r a t e d  i n t o  t h e  e n g i n e e r i n g  drawings i n  
t h e  UCM and a r e  t r a n s f e r r e d  t o  t h e  s t r u c t u r a l  e lements by u s i n g  t h e  s t e e l  tapes 
produced by t h e  M o l d l o f t .  

b. Bu rn ing  Procedures 

T h e  a c c u r a t e  b u r n i n g  o f  a l l  p i e c e s  o f  u n i t s ,  s u b u n i t s ,  o r  p a r t i a l  
s u b u n i t s  i s  o f  p r imary  importance,  because a n y t h i n g  e l s e  i s  a  commitment t o  
rework .  F i g u r e  6-10 shows seve ra l  areas where t h i s  accuracy i s  demanded, The 
f i t  o f  f l o o r  s t i f f e n e r s  t o  s h e l l  l o n g i t u d i n a l s  r e q u i r e s  n o t  o n l y  t h a t  t h e  
s t i f f e n e r  be c u t  t o  p roper  l e n g t h  b u t  t h a t  t h e  s h e l l  l o n g i t u d i n a l  must a l s o  be 
t r i m m e d  t o  t h e  p roper  h e i g h t .  A minimum gap o f  1 /4 "  r e q u i r e s  t h a t  each o f  t hese  
members be c u t  w i t h i n  118" to le rance .  A f i t  t h a t  w i l l  always ensure no b u r n i n g  
a t  assembly r e q u i r e s  even c l o s e r  b u r n i n g  to le rance .  

The f i t  o f  f l o o r  t o  g i r d e r  r e q u i r e s  a  b u r n i n g  t o l e r a n c e  o f  1/32" i f  a l l  o f  
t h e  f l o o r s  a r e  t o  be f i t t e d  on a  u n i t  w i t h o u t  rebu rn ing .  U n i t  No. 17, t h e  f i r s t  
u n i t  comp le ted  on t h e  Exxon c o n t r a c t ,  w i t h  t h e  e x c e p t i o n  o f  one s h e l l  p l a t e  t h a t  
had  s t o c k  on i t  when i t  shou ld  have been neat ,  was comple te ly  assembled w i t h o u t  
t h e  use o f  a  t o r c h  d u r i n g  assembly. 

c. Un i fo rm Shr inkaae Fac to rs  

Few a c t i v i t i e s  a r e  o f  g r e a t e r  consequence t h a n  t h e  development o f  u n i f o r m  
s h r i n k a g e  f a c t o r s .  A c c u r a t e  b u r n i n g  i s  o f  l i t t l e  consequence  w i t h o u t  t h e  
u t i l i z a t i o n  of such f a c t o r s .  F l o o r s ,  as shown i n  F i g u r e  6-10 w i t h  an excess ive  
s h r i n k a g e  f a c t o r  b u i l t  i n ,  w o u l d  r e q u i r e  o c c a s i o n a l  r e b u r n i n g  t o  o f f s e t  a  
cumul a t i v e  b u i l  d-up, even i f  i n d i v i d u a l  f l o o r s  were o n l y  1/16" ove rs i ze .  Web 
frames (See F i g u r e  6-9)  r e q u i r e  a  d i f f e r e n t  sh r inkage  f a c t o r  t han  t h e  
l o n g i t u d i n a l  bulkhead t o  wh ich  they  must be f i t t e d .  S p e c i f i c  f a c t o r s  must be 
d e v e l o p e d  f o r  a l l  components o f  a u n i t .  Data gathered and ana lyzed by Accuracy 
C o n t r o l  eng ineers  a r e  used t o  determine sh r inkage  f a c t o r s  f o r  each t y p e  and s tage 
o f  c o n s t r u c t i o n .  
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d. C o n s t r u c t i o n  Procedures 

P r o p e r  c o n s t r u c t i o n  procedures such as f i t t i n g  and we1 d i  ng sequences may 
w e l l  o f f e r  t h e  most p o s i t i v e  and immediate reward f o r  t h e  e f f o r t s  o f  an Accuracy 
C o n t r o l  Department. 

Many d e t a i l e d  f a b r i c a t i o n  and e r e c t i o n  sequences have been developed a t  ASI. 
A t y p i c a l  a n a l y s i s  f o l l o w s .  U n i t  No. 7 i s  a  f a i r l y  t y p i c a l  i nne rbo t tom u n i t ,  
w h i c h  m i g h t  be found on most contemporary des ign sh ips  (See F i g u r e  6-11). Three 
m a j o r  areas o f  heat  i n t r o d u c t i o n  by we ld ing  can cause b u i l t - i n  s t resses  o r  
deformat ions  o f  t h i s  u n i t :  

- b u t t  welds; 
- v e r t i c a l  we1 ds, f 1  oors  t o  g i r d e r s  ; 
- we ld ing  o f  l oose  s h e l l  l o n g i t u d i n a l s .  

S i n c e  t h i s  u n i t  was b u i l t  ups ide down and t h e  tank t o p  was d e l i v e r e d  t o  t h e  
p l a t e n  f u l l y  welded w i t h  a1 1  l o n g i t u d i n a l  s t i f f e n e r s  f i t t e d  and welded, these 
p a r t s  d i d  n o t  c o n t r i b u t e  t o  any de fo rma t ion  o f  t h e  u n i t .  The l o n g i t u d i n a l  
g i r d e r s  were d e l i v e r e d  t o  t h e  p l a t e n  w i t h  t h e  f l o o r s  immediate ly outboard  a l ready  
f i t t e d  and welded. Th is ,  then,  n e c e s s i t a t e d  f i t t i n g  o f  a l l  g i r d e r s  and a t tached  
f l o o r s  t o  t h e  tank top ,  t h e  f i t t i n g  o f  a l l  f l o o r s  t o  g i r d e r s  immediate ly i nboard  
o f  them, t h e  f i t t i n g  o f  a l l  l oose  s h e l l  l o n g i t u d i n a l s  and t h e  f i t t i n g  o f  a l l  
s h e l l  p l a t i n g  t o  g i r d e r s ,  f l o o r s ,  l o n g i t u d i n a l s  and t o  t h e  tank  top.  

Each o f  t hese  s teps presented a  very  d i s t i n c t  p o t e n t i a l  f o r  de forming t h e  
u n i t  . No predetermined c o n s t r u c t i o n  sequence was u t i l  i z e d  i n  t h e  b u i  1  d i n g  o f  
U n i t  No. 7 on H u l l  No. 1. F i g u r e  6-12 ( H u l l  1) i s  a  p r o f i l e  t h a t  was developed 
f r o m  measurements taken  on t h e  i nne rbo t tom p l a t i n g  o f  t h e  u n i t  a f t e r  assembly 
( v e r t i c a l  s c a l e  exaggerated).  A crown i n  excess o f  518" developed on t h e  tank  
t o p  o f  t h i s  u n i t .  Other  s i m i l a r ,  b u t  l a r g e r ,  u n i t s  developed crowns up t o  718". 

Var ious a t tempts  were made t o  min imize t h i s  deformat ion ,  i n c l u d i n g  b u i l d i n g  
i n  a  r e v e r s e  crown, b u t  most o f  these e f f o r t s  tended t o  be i n e f f e c t i v e  ( H u l l  2 ) .  
U l t i m a t e l y ,  a  d e t a i l e d  c o n s t r u c t i o n  sequence was developed and implemented (See 
F i g u r e  6-13). 

T h i s  p rocedure  c o n t r o l  l e d  t h e  t h r e e  b a s i c  problem areas. It d i d  n o t  reduce 
t h e  heat  i n t r o d u c t i o n ,  b u t  o n l y  p e r m i t t e d  t h e  components t o  deform i n  such a  
manner as t o  min imize t h e  cumu la t i ve  de fo rma t ion  o f  t h e  f i n a l  assembly. The 
r e s u l t i n g  u n i t  on H u l l  No. 3  ( F i g u r e  6-12) was v i r t u a l l y  f l a t .  

The deformat ion  o f  u n i t s  l i k e  t h i s  one r e s u l t e d  p r i m a r i l y  f rom t h e  
i n t r o d u c t i o n  o f  heat ,  i n  t h e  fo rm o f  weld ing,  a t  t h e  s h e l l  p l a t e  s i d e  o f  t h e  u n i t  
w h i l e  t h e  tank  t o p  o f  t h e  u n i t  was t o t a l l y  r e s t r a i n e d  by p r i o r  f i t t i n g  and 
weld ing,  Th is  r e s u l t e d  i n  h o r i z o n t a l  movement i.n excess o f  5 /16  o f  an i n c h  on 
t h e  s h e l l  p l a t e  s i d e  o f  t h e  u n i t .  Since t h e  tank  t o p  s i d e  o f  t h e  u n i t  was 
r e s t r a i n e d  and n o t  p e r m i t t e d  t o  move, t h e  c r o w n i n g  o f  t h e  u n i t  was t h e  
u n a v o i d a b l e  r e s u l t .  T h i s  r e s u l t  i s  bo th  p r e d i c t a b l e  and c a l c u l a b l e .  The e n t i r e  
c o n s t r u c t i o n  sequence was developed t o  p e r m i t  a  u n i f o r m  movement o f  t h e  
components o f  t h e  u n i t ,  t he reby  m i n i m i z i n g  t h e  cumu la t i ve  deformat ion.  
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Figure 6-13 Main Assembly C o n s t r u c t i o n  Sequence 

1. Lay down tank t o p  pane ls  on p l a t e n .  

Hang g i r d e r s  t o  which f l o o r s  have been p r e v i o u s l y  f i t t e d  and welded. 

F i t  g i r d e r s  t o  tank  top .  ( 2 ' - 0 "  fwd. and a f t .  o f  each frame shou ld  l e f t  f r e e  
o f  t a c k s )  

Level  u n i t .  (Tack t o  p l a t e n  w i t h  c l i p s )  

F i t  f l o o r s  t o  g i r d e r s .  (Do n o t  f i t  f l o o r s  t o  tank t o p )  

Weld a l l  f l o o r s  t o  g i r d e r s ,  backs tepp ing f o u r  t imes.  

F i t  f l o o r s  t o  tank  top .  

F l a t  we ld  a l l  g i r d e r s  and f l o o r s  t o  tank  top ,  

F i t  a l l  s t i f f e n e r s ,  c o l l a r s ,  b racke ts ,  c l i p s ,  etc, ,  a t  tank  top .  

Weld s t i f f e n e r s ,  c o l l a r s ,  etc. ,  a t  tank  top .  
Note: No p i p i n g  t o  be i n s t a l l e d  p r i o r  t o  t h i s  stage o f  c o n s t r u c t i o n .  - 
Hang and f i t  a l l  l oose  s h e l l  l o n g i t u d i n a l s .  

Weld c l i p s  o r  c o l l a r s  a t  s h e l l  l o n g i t u d i n a l s .  

Hang and f i t  s h e l l  p l a t e  nea res t  t o  c e n t e r l i n e  o f  sh ip .  ( I f  t h i s  i s  a 
b l a n k e t ,  f i t  e n t i r e  b l a n k e t ,  t a c k i n g  t o  f l o o r s ,  g i r d e r s  and l o n g i t u d i n a l  s )  

Hang ad jacen t  s h e l l  p l a t e .  

Weld s h e l l  p l a t e  b u t t .  

Repeat  procedure  p r e s c r i b e d  i n  i t e m  #14 f o r  each o f  remain ing s h e l l  p l a t e s  
up t o  extreme outboard  p l a t e .  

Hang ex t reme outboard  s h e l l  p l a t e ,  I f  s h e l l  l o n g i t u d i n a l s  f a l l  under t h i s  
p l a t e ,  f i t  as p r e v i o u s l y  descr ibed.  Otherwise f i t  s h e l l  p l a t e  t o  f l o o r s ,  
u t i l i z i n g  we ld ing  c l i p s ,  (Do n o t  f i t  t o  f l o o r s )  Do n o t  f i t  t o  tank  t o p  a t  
t h i s  t i m e !  

Weld l a s t  s h e l l  p l a t e  b u t t .  

F i t  s h e l l  p l a t e  t o  tank  top .  

F l a t  we ld  s h e l l  p l a t e  t o  tank  top .  

Turn u n i t  r i g h t  s i d e  up and f i n i s h  f i t t i n g  a t  s h e l l .  

F l a t  we ld  f l o o r s ,  g i r d e r s  and l o n g i t u d i n a l s  and backgouge and we ld  b u t t s ,  

Check ends o f  a l l  g i r d e r s  and l o n g i t u d i n a l s  f o r  p r o p e r  a l i g n m e n t  w i t h  
ad jacen t  u n i t s .  F a i r  if necessary. 

Page 158 



e. E r e c t i o n  Procedures 

The Accu racy  C o n t r o l  Department a t  AS1 i s  p r i m a r i l y  i n v o l v e d  i n  work d u r i n g  
s t a g e s  p r i o r  t o  e r e c t i o n .  However, e r e c t i o n  i s  a  p r i n c i p a l  b e n e f i c i a r y  o f  t h e  
u s e  o f  c o n t r o l  l i n e s .  These l i n e s ,  when l a i d  o u t  w i t h  p r e d i c t a b l e  accuracy,  a r e  
an i n v a l u a b l e  a i d  i n  s e t t i n g  u n i t s  a t  e r e c t i o n .  Also,  t h e  e l i m i n a t i o n  o f  s tock ,  
o r  excess m a t e r i a l ,  i s  v i r t u a l l y  imposs ib le  w i t h o u t  t h e  use o f  these l i n e s .  

f. C o n s t r u c t i o n  A ids  

Many t o o l s  may be d e v e l o p e d  t o  a s s i s t  t h e  S h i p f i t t i n g  D e p a r t m e n t  i n  
comp le t i ng  a c c u r a t e l y  b u i l t  u n i t s ,  b u t  t h e  e r e c t i o n  j o i n t  s t e e l  tapes,  desc r ibed  
p r e v i o u s l y ,  have perhaps t h e  g r e a t e s t  p r a c t i c a l  value.  They show t h e  p roper  
p o s i t i o n  o f  a l l  s t r u c t u r a l s  a t  each e r e c t i o n  j o i n t .  Where they  a r e  u t i l i z e d  
p r o p e r l y  and i n  c o n j u n c t i o n  w i t h  o t h e r  procedures,  t hey  make i t  ? o s s i b l e  t o  
l o c a t e  such s t r u c t u r a l s  w i t h i n  a  t o l e r a n c e  o f  one q u a r t e r  i n c h  o r  l ess .  Th is  
p r o c e d u r e  has p r o v e n  i t s e l f  so  e f f e c t i v e  t h a t  i t  i s  r o u t i n e l y  used  a t  a l l  
e r e c t i o n  j o i n t s .  

F i g u r e  6-14 shows a  backs ide marker. T h i s  p i e c e  o f  equipment p e r m i t s  t h e  
a c c u r a t e  t r a n s f e r r a l  o f  centerpunch marks f rom t h e  l a y o u t  s i d e  o f  p l a t i n g  t o  t h e  
o p p o s i t e  s ide .  Accuracy i s  r e q u i r e d  i n  t h e  l o c a t i o n  o f  c o n t r o l  l i n e s  t o  be used 
i n  t h e  c o n s t r u c t i o n  and e r e c t i o n  o f  t h e  sh ip .  

( 3 )  S t a t i s t i c s  

An A c c u r a c y  C o n t r o l  E n g i n e e r  m i g h t  be more a p t l y  c a l l e d  a  S t a t i s t i c a l  
E n g i n e e r .  The " s t a t i s t i c i a n "  d e t e r m i n e s  t h e  g o a l s  t o  be a c h i e v e d  and t h e  
" e n g i n e e r "  develops t h e  c o n t r o l s  necessary t o  ach ieve these  goals.  It then  
r e m a i n s  o n l y  f o r  t h i s  i n f o r m a t i o n  t o  be p r o p e r l y  and p r e c i s e l y  communicated t o  
t h e  v a r i o u s  agencies o f  t h e  s h i p y a r d  so t h a t  t h e  necessary c o n t r o l s  can be 
implemented. Communicating h i s  f i n d i n g s  can be t h e  most demanding p a r t  o f  an 
Accuracy Con t ro l  E n g i n e e r ' s  job ,  because i t  r e q u i r e s  such d e t a i l e d  and documented 
and e f f e c t i v e l y  p resen ted  i n f o r m a t i o n  t h a t  he can make h i s  case c o n c l u s i v e l y  
enough t o  overcome preconce ived ideas t h a t  m igh t  r u n  coun te r  t o  i t .  

S t a t i s t i c s  ana lyzed by accuracy c o n t r o l  eng ineers  may be d i v i d e d  i n t o  two 
c a t e g o r i e s  : 

- Those t h a t  a r e  a p p l i c a b l e  t o  s h i p f i t t i n g  work th roughout  t h e  s h i p ,  

and 

- Those t h a t  a r e  a p p l i c a b l e  t o  a  s p e c i f i c  u n i t ,  t h a t  i s ,  a  u n i t  h i s t o r y .  

B a s i c  s t a t i s t i c a l  p r i n c i p l e s  f o r  c a l c u l a t i n g  t h e  mean va lues and s tandard  
d e v i a t i o n s  o f  measurements taken f rom s i n g l e  processes (marking,  c u t t i n g ,  
b e n d i n g ,  w e l d i n g )  and merged processes a r e  a p p l i e d  t o  a l l  s h i p f i t t i n g  work t o  
develop s tandards  f o r  sh r inkage  f a c t o r s ,  excess m a t e r i a l  a l lowances,  e t c .  

U n i t  h i s t o r i e s  a r e  mere ly  t h e  method ica l  r e c o r d i n g  o f  a l l  problems 
encountered i n  t h e  p r o d u c t i o n  of a  s p e c i f i c  u n i t .  A l l  s tages i n  t h e  e v o l u t i o n  o f  
a  u n i t  a r e  i n c l u d e d  i n  e s t a b l i s h i n g  a  u n i t  h i s t o r y  - f rom eng ineer ing ,  m o l d l o f t ,  
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and  numer i ca l  c o n t r o l  t h rough  burn ing ,  f i t t i n g  of s t r u c t u r a l s ,  we ld ing ,  and 
hand l i ng .  Th i s  d a t a  i s  used i n  t h e  development o f  procedures t h a t  w i l l  a s s i s t  i n  
m i n i m i z i n g  t h e  e f f e c t  o f  any p a r t i c u l a r  p rob lem on subsequent u n i t s .  T h i s  i s  
p a r t i c u l a r l y  u s e f u l  on mu1 t i  - s h i p  c o n t r a c t s .  

V. SOURCE MATERIAL FOR CHAPTER 6  

The f o l l o w i n g  l e c t u r e s  i n  t h e  Technology T r a n s f e r  seminars were used as 
s o u r c e  m a t e r i a l  f o r  Chapter  6. They a r e  l i s t e d  i n  t h e  Appendix, Lec tu res  5, 8, 
9, 22, 23, 25, 26, 28, 29, 32, 38, 39, 42, 46. 
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APPEND I X 

LIST OF LECTURES PRESENTED AT THE SHIPBUILDING TECHNOLOGY TRANSFEK S E M I N A R S  

Seminar #1, P lann ing and Schedul i ng ,  May 1982 [Reference ( 3 9 ) ]  

1. Overview and Background, O.H. G a t l i n  

2. H u l l  P lann ing and Schedul i n g ,  C.J. Starkenburg 

3. D e t a i l s  o f  H u l l  P lann ing:  Process Lanes Procedures, 0. Sours; Long-Term 
Schedules, D. Smith 

4. O u t f i t  P lann ing and Schedul i ng ,  C. Starkenburg 

5. D e t a i l s  o f  O u t f i t  P lann ing,  G.B. Gr imsley 

6. Eng ineer ing I n t e r f a c e ,  J.J. 0  'Ca l l  ahan 

7. M o l d l o f t  and Produc t ion  Engineer ing I n t e r f a c e ,  E.E. Blanchard, J r .  

8. M a t e r i a l  Con t ro l  I n t e r f a c e ,  F. Logue 

9, Accuracy Con t ro l  I n t e r f a c e ,  J. T a y l o r  and W, Weidman 

Seminar $2, Design Eng ineer ing  f o r  Zone O u t f i t t i n g ,  J u l y  1982 [Reference ( 4 0 ) l  

10. Overview and Background, O.H. G a t l i n  

11. Engineer ing I n t r o d u c t i o n ,  T. Doussan 

12. P r e c o n t r a c t  E f f o r t  and Key Plans, A N ierenberg 

13. Design Sec t ion  (Key P lans) ,  D. N i o l e t  

14. H u l l  Sec t ion  (Yard P lans) ,  W. S e i b e r t  

15. Mechanical Design Sect ion,  A. N ierenberg 

16. P i p i n g  and HVAC Sect ion,  S. Caronna 

17. O u t f i t t i n g  Sect ion,  W. C a l v i n  

18. E l e c t r i c a l  Sect ion,  D. Mouney 

19. Eng ineer ing P lann ing  and Schedul i n g  Sect ion,  J.  Busch 
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20. P roduc t ion  P lann ing  I n t e r f a c e ,  C. Starkenburg 

21. M o l d l o f t  I n t e r f a c e ,  B. Pourc iau 

22. M a t e r i a l  Con t ro l  I n t e r f a c e ,  D. Decedue 

23. Accuracy Con t ro l  I n t e r f a c e ,  J. T a y l o r  

Seminar #3, M o l d l o f t ,  P roduc t ion  Con t ro l  , Accuracy Con t ro l  , November 1982 
[Reference ( 4 1  ) 1 

24. Overview and Background, O.H. G a t l i n  

25. I n t r o d u c t i o n ,  E.E. Blanchard,  J r .  

26. P roduc t ion  Engineer ing,  R. Oehmichen 

27. M o l d l o f t ,  Be Pourc iau 

28. M a t e r i a l  Con t ro l ,  F. Logue and D. Decedue 

29. Accuracy Con t ro l ,  J. T a y l o r  and W. Weidman 

30. P roduc t ion  P lann ing  I n t e r f a c e ,  C. S tarkenburg 

31. Eng ineer ing  Department I n t e r f a c e ,  T.H. Doussan 

32. S tee l  Con t ro l  I n t e r f a c e ,  F. Marks 

33. P roduc t ion  Operat ions I n t e r f a c e ,  E. T a y l o r  and J. Hartman 
0 

Seminar  #4, Process Lanes and Design Eng ineer ing  f o r  Zone O u t f i t t i n g ,  June 1984 
[Reference ( 4 2 )  1 

34. Background and I n t r o d u c t i o n ,  R.A. P r i c e  

35. Process Lanes Concept, E. L. James 

36. Phys ica l  Process Lanes, D. Smith 

37. U n i t  Breakdown and Scheduling, D. Smith 

38. Coding System, A. Dufrene 

39. M a t e r i a l  Flow, G. Gr imsley 

40. Schedule P lann ing f o r  H u l l  Cons t ruc t ion ,  E.L. James 

41. P lann ing  C o n t r o l s  under Process Lanes, D. Bergeron 
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42. P r o d u c t i o n  Cost C o n t r o l  s, R.  Oehmichen 

43. P roduc t i on  P lann ing  and C o n t r o l ,  D, Bergeron 

44. Zone O u t f i t t i n g  Concepts, G. Gr imsl  ey 

45, M o l d l o f t ,  B. Pourc iau  

46. Accuracy Con t ro l  I n t e r f a c e ,  J. T a y l o r  and W. Weidman 

47. Design Eng inee r ing  f o r  Zone O u t f i t t i n g ,  J.R. W i l k i n s ,  J r ,  
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