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PROCESS LANES AND
DESIGN ENGINEERING FOR ZONE OUTFITTING

BACKGROUND AND INTRODUCTION

I . INTRODUCTION

M a r A d ,  o v e r  t h e  p a s t  s e v e r a l  y e a r s , s p o n s o r e d  a  s e r i e s  o f  s t u -
d i e s  o n  t h e  l e v e l  o f  t e c h n o l o g y  i n  U . S .  s h i p y a r d s . I n  f i s c a l
y e a r  1 9 8 0 ,  M a r A d  a n d  A v o n d a l e  c o o p e r a t e d  o n  a  “ T e c h n i c a l
E v a l u a t i o n  o f  A v o n d a l e ’ s  P r o d u c t i o n  O p e r a t i o n s  a n d  O r g a n i z a -
t i o n , t h e  D e v e l o p m e n t  o f  a  L o n g  R a n g e  F a c i l i t i e s  P l a n ,  a n d  t h e
I n t e g r a t i o n  o f  B o t h , ”  u n d e r  C o n t r a c t  N o .  M 9 - 8 O - D O C - O 1 O 1 7 . The
t e c h n i c a l  e v a l u a t i o n  o f  A v o n d a l e ’ s  P r o d u c t i o n  O p e r a t i o n s  a n d
O r g a n i z a t i o n  w a s  p e r f o r m e d  b y  I s h i k a w a j i m a - H a r i m a  H e a v y
I n d u s t r i e s  ( I H I ) , I n  t h i s  s t u d y , A v o n d a l e  c o n c l u d e d  t h a t  t h e y
c o u l d  s i g n i f i c a n t l y  m p r o u e  t h e i r  p r o d u c t i v i t y  b y  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 e r e  a r e  s o  m a n y  a r e a s  t h a t  c o u l d  b e
a f f e c t e d -  m a n y  o f  w h i c h  a r e  o u t s i d e  t h e  s h i p y a r d  c o n t r o l  -
t h a t  A v o n d a l e  c o u l d  n o t  i m p l e m e n t  a l l  o f  t h e  r e c o m m e n d e d
c h a n g e s  a t  o n e  t i m e .

I n  o r d e r  t o  i m p r o v e  p r o d u c t i v i t y  t h e  m o s t  w i t h  t h e  l e a s t  a m o u n t
o f  d i s r u p t i o n , A u o n d a l e  p r o p o s 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
s y s t e m s  r e c o m m e n d e d  i n  t h e  T e c h n i c a l  E v a l u a t i o n , T h e y  a r e :

A c c u r a c y  C o n t r o l

P r o d u c t i o n  P l a n n i n g

-   D e s i g n  E n g i n e e r i n g  f o r  Z o n e  O u t f i t t i n g

P r o c e s s  L a n e s

T h i s  e f f o r t  w a s  t o  b e  a  d e m o n s t r a t i o n  i n t e n d e d  n o t  o n l y  f o r  t h e
b e n e f i t  o f  A v o n d a l e ,  b u t  o f  a l l  U . S .  s h i p y a r d s . A v o n d a l e  w a s
r e q u i r e d  t o  w o r k  c l o s e l y  w i t h  M a r A d  a n d  t h e  U . S .  s h i p b u i l d i n g
c o m m u n i t y  t o  i n s u r e  a d e q u a t e  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 .

I I .  O B J E C T I V E S

T h e  o b j e c t i v e s  w e r e  t o  d e c r e a s e  t h e  t i m e  b e t w e e n  t h e  c o n t r a c t
d a t e  a n d  s h i p  d e l i v e r y  a n d  t o  i n c r e a s e  p r o d u c t i v i t y  a n d  r e d u c e
c o s t .

T h e  f o l l o w i n g  s p e c i f i c  o b j e c t i v e s  a r o s e  o u t  o f  t h e  T e c h n o l o g y
E v a l u a t i o n :
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imp lemen t  t he  IH I  sys tem o f  accu racy  con t ro l  a t  Avonda le ;

imp lemen t  t he  IH I  sys tem o f  p roduc t i on  p lann ing  a t  Avonda le ;

imp lemen t  t he  IH I  sys tem o f  des ign  eng inee r i ng  w i t h  p rocu re -
m e n t  s p e c i f i c a t i o n s  a t  A v o n d a l e .

Process Lanes

Each of  the four  sys tems were broad and extens ive. I n  o r d e r  t o
implement  the systems, t h e  f o l l o w i n g  a c t i o n  w a s  t a k e n :

A )  We  se lec ted  t he  spec i f i c  e l emen ts  w i t h i n  each  o f  t he  f ou r
s y s t e m s  w h i c h  r e a l i z e  t h e  m o s t  s i g n i f i c a n t  i m p r o v e m e n t  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  a m o u n t  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  p e r i o d .

B)  We determined to  what  extent  the se lected e lements  must  be
ta i l o red  f o r  adop t i on  f o r  Avonda le  and  f o r  use  as  an  Amer i -
can i zed  ve rs i on  o f  Japanese  t echno logy .

C)  We determined what  e lements  o f  the four  systems are meas-
urab le  and that  a  compar ison can be made between the method
p rec ious l y  be ing  used  and  t he  me thod  f i na l l y  adop ted .

The  sub jec t  o f  t h i s  sem ina r  i s  P rocess  Lanes  and  Des ign
E n g i n e e r i n g  f o r  Z o n e  O u t f i t t i n g . An agenda of  the seminar  is
i nc luded  i n  t he  handbook .

Th i s  i s  t he  l as t  o f  t he  Techno logy  Semina rs  and  we  fee l  t he
f o r m a t  i s  s u i t a b l e  t o  d e m o n s t r a t e  t h a t  i m p l e m e n t i n g  t h i s
techno logy  requ i res  t ha t  a l l  depa r tmen ts  o f  a  company  mus t  wo rk
a s  a  t e a m  a n d  r e - a l i g n  t h e i r  t h i n k i n g  i n  o r d e r  t o  s u c c e e d .
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PROCESS LANES AND DESIGN ENGINEERING
FOR ZONE Out f i t t ing

PROCESS LANES CONCEPT

I . INTRODUCTION TO PROCESS LANES

T h e  h i s t o r i c a l  e v o l u t i o n  o f  J a p a n e s e  t e c h n o l o g y  t r a n s f e r  t o
Amer ican sh ipbui ld ing has been adequate ly  covered in  many
p r e v i o u s  s e m i n a r s  a n d  d i s c u s s i o n s  a n d ,  t h e r e f o r e ,  w i l l  n o t  b e
d i s c u s s e d  t o  a n y  d e t a i l  i n  t h e  p r e s e n t a t i o n  g i v e n  t o d a y .

I n  t o d a y ’ s  s e s s i o n s  w e  w i l l  f o c u s  s p e c i f i c a l l y  o n  t h e  s e q u e n -
t i a l  deve lopmen t  o f  t he  p rocess  l anes  concep t  a t  Avonda le . We
w i l l  d i s c u s s  t h e  c o n c e p t  a n d  t h e  s u b s e q u e n t  a p p l i c a t i o n  o f  t h e
p r o c e s s  l a n e s  p r i n c i p l e s ,  s p e c i f i c a l l y ,  w i t h i n  t h e  A v o n d a l e
env i ronmen t , T h i s  r e p r e s e n t s  t h e  t a s k  o f  a s s i m i l a t i n g  t h e  I H I
t echno logy  p r i nc ip l es  and  adap t i ng  t hem to  ou r  own  sh ipbu i l d i ng
env i ronmen t .

I t  i s  v e r y  i m p o r t a n t  t o  n o t e  t h r o u g h o u t  t h e  p r e s e n t a t i o n s  t o d a y
tha t  t he  many  s i gn i f i can t  f ea tu res  o f  p rocess  l anes  can  be
deve loped  and  imp lemen ted  i ndependen t l y  and /o r  i n  va ry ing
c o m b i n a t i o n s  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  s y s t e m . 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
p r o c e s s  l a n e s  a p p l i c a t i o n .

II. THE PROCESS LANES CONCEPT – DEFINED (GRAPH NO. PL-01)

“The  p rocess  l anes  concep t  means  ve ry  s imp l y  t he  ca tego r i za t i on
and  sepa ra t i on  o f ‘ l i k e ’  k i n d s  o f  w o r k  a n d  s u b s e q u e n t  d e v e l o p -
m e n t  o f  w o r k  c e n t e r s  s p e c i f i c a l l y  d e s i g n e d  t o  e f f i c i e n t l y  a n d
economica l l y  p roduce  t ha t  k i nd  o f  wo rk . P rocess  l anes  es tab -
l i s h e s  t h e  g r e a t e s t  a m o u n t  o f  ‘ l e a r n i n g  c u r u e ’  e f f i c i e n c y  b y
hav ing  t he  same  peop le  a t  t he  same  work  cen te rs  do ing  repe t i -
t i ve  t ypes  o f  wo rk  eve ry  day  w i t h  t he  suppo r t  o f  a  we l l
o r g a n i z e d  a n d  e f f i c e n t  f l o w  o f  m a t e r i a l . ”

We  w i l l  d i scuss  t he  wo rk  cen te r s  and  t he  concep t  o f  ca tego r i -
z a t i o n  i n  m o r e  d e t a i l  i n  t h e  n e x t  s e v e r a l  p r e s e n t a t i o n s ,  b u t
f o r  now  j us t  v i sua l i ze  how  Gene ra l  Mo to rs  has  a r ranged  the i r
p roduc t  assemb ly  l i nes . The Chevro le t  Capr ice is  assembled on
o n e  l i n e , a  Mon te  Ca r l o  on  ano the r  l i ne ,  a  Co rve t t e  on  ye t
a n o t h e r  l i n e  a n d  f i n a l l y  t h e  C h e v e t t e . Why has GM set up such
a process? Very  s imp l y , t h e  d u r a t i o n  t i m e  a n d  t h e  t o o l i n g
r e q u i r e m e n t s  a r e  v e r y  d i f f e r e n t . Can you imagine the
d i s r u p t i o n  t o  t h e  a s s e m b l y  l i n e  o f  a  C a p r i c e  r e q u i r i n g  a
spec i f i c  s i ze  t o rque  w rench  when  con f ron ted  w i t h  a  Cheve t t e
requ i r i ng  a  f i ve  m inu te  du ra t i on  and  the  wo rke r  has  t o
r e - t o o l . T h e  f l o w  o f  m a t e r i a l  a n d  l i k e  w o r k  w o u l d  c e r t a i n l y  b e
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u n f a v o r a b l e , and  t he  cos t  o f  t he  Cheve t t e  cou ld  f eas ib l y  equa l
t h a t  o f  t h e  C a p r i c e . I n  essence , t h e  f a c t o r y  c o n c e p t  a n d / o r
t he  p rocess  l anes  concep t  o f  ca tego r i za t i on  and  f l ow  i s  no t  so
n e w  i n  t h i s  c o u n t r y , j u s t  n e w  t o  t h e  s h i p b u i l d i n g  c o m m u n i t y .
I n  f a c t ,  w e  h a v e  b e e n  u t i l i z i n g  t h e  b a s i c  p r i n c i p l e s  o f  p r o c e s s
l a n e s  e v e n  i n  s h i p b u i l d i n g  o n  s p e c i f i c  i s o l a t e d  p r o c e s s e s .

III. THE REQUIREMENTS OF PROCESS LANES

O b v i o u s l y , w i t h  t he  adven t  o f  t he  p rocess  l anes  s tudy  and  a
sound  comprehens ion  o f  t he  concep t ,  i t  was  de te rm ined  t ha t  t he
p r i n c i p l e s  o f  p r o c e s s  l a n e s , as  we l l  as  many  o f  t he  con t ro l s ,
d i d  n o t  e x i s t  a t  A v o n d a l e . I n  f a c t ,  t h o s e  c o n d i t i o n s  c o n t r a r y
t o  p r o c e s s  l a n e s  a n d  p r e v a l e n t  t o  t h e  c o n v e n t i o n a l  c o n s t r u c t i o n
method d id  indeed ex is t  as fo l lows (GRAPH PL-02) :

D i f f e ren t  t ypes  o f  un i t s  we re  assemb led  a t  t he  same  l oca t i on

-  T h e  s a m e  u n i t s  r e q u i r e d  v a r i o u s  a s s e m b l y  d u r a t i o n  t i m e s .

-  T h e r e  w e r e  d i f f e r e n t  t y p e s  o f  a s s e m b l y  p l a t e n

-  D i f f e r e n t  t y p e s  o f  m a t e r i a l  w e r e  r e q u i r e d  a t  e a c h  a s s e m b l y
p l a t e n

-  M a t e r i a l  f l o w  p r e s e n t e d  o n  s i t e  s t o r a g e  p r o b l e m s  i n c r e a s i n g
m a t e r i a l  h a n d l i n g  a n d  s t o r a g e  c o s t .

The  above  men t i oned  cond i t i ons  and /o r  symp toms  o f  conven t i ona l
c o n s t r u c t i o n  m e t h o d s  t e n d e d  t o  d e c r e a s e  e f f i c i e n c y ,  p r o d u c t i -
v i t y  and  accu racy  o f  t he  p roduc t . N a t u r a l l y , t hese  obse rva -
t i ons  p resen ted  a  va r i e t y  o f  obs tac l es  t ha t  mus t  be  ove rcome  i n
the  cou rse  o f  deve lop ing  and  imp lemen t i ng  t he  requ i remen ts  o f
an  e f f ec t i ve  p rocess  l anes  sys tem.

The  imp lemen ta t i on  o f  an  e f f ec t i ve  p rocess  l anes  sys tem a t  AS I
has  p laced  de ta i l ed  emphas i s  on  seve ra l  r equ i remen ts  wh i ch
i n c l u d e s  t h e  p h y s i c a l  a s p e c t  o f  p r o c e s s  l a n e s  ( f a c i l i t i e s ) ,
un i t  b reakdown ,  ma te r i a l  f l ow ,  cod ing  sys tems ,  cos t  sys tem,
p lann ing  sys tems , schedul ing sys tems and cont ro l  sys tems (SEE
GRAPH PL-03). The  p r i nc ip l es  o f  t he  P roduc t  Work  B reakdown
System (PWBS) prov ide the base for  evo lvement  o f  the above
i d e n t i f i e d  r e q u i r e m e n t s .

De ta i l  p rocess  l anes  schedu le  deve lopmen t ,  wh i ch  w i l l  be
d i scussed  i n  much  more  de ta i l  l a t e r , p r o v i d e s  t h e  c o n t r o l s  a n d
r 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  t h e  w o r k  c e n t e r  c o s t  a n d
e f f i c i e n c y  The  de ta i l  emphas i s  on  t he  en t i r e  p rocess  enhances
b o t h  f l e x i b i l i t y  a n d  c o n t r o l . I t  i s  t h r o u g h  d e t a i l  a t t e n t i o n
to  t hese  concep ts  t ha t  a  un i f o rm  work  f l ow  w i t h i n  each  wo rk
c e n t e r  a n d  c o o r d i n a t e d  o u t p u t s  f o r  a l l  w o r k  c e n t e r s  a r e
ach ieved . P r ime  i ng red ien t  t o  t he  success  o f  deve lop ing  and
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e x e c u t i n g  t h e  p r o c e s s  l a n e s  s y s t e m  i s  d i s c i p l i n e  a n d  a t t e n t i o n
t o  d e t a i l . I t  i s  t h i s  d e t a i l  a t t e n t i o n  t o  t h e  i n t e r i m  p r o d u c t
w h i c h  f u r t h e r  e n h a n c e s  t h e  f l e x i b i l i t y  a s p e c t  o f  t h e  s y s t e m .

T h e  I H I  c o n c e p t  r e q u i r e s  t h a t  i n d u s t r i a l  e n g i n e e r s  b e  a s s i g n e d
to  wo rk  cen te r s  f o r  each  s tage  o f  cons t ruc t i on ,  t o  s t udy  and
e s t a b l i s h  d e t a i l  w o r k  c e n t e r  s c h e d u l e s , t o  c o l l e c t  a n d  m o n i t o r
per formance and adherence to  schedule  f rom the work  center
foreman dai ly  and to  prepare management  repor ts . F o r  t h i s
p h i l o s o p h y , Avondale has adopted a s imi lar  approach,  whereby
Produc t i on  P lann ing  mon i t o r s  and  repo r t s  schedu le  p rog ress  on
each work  center , D a i l y  d e t a i l  a t t e n t i o n  t o  e a c h  w o r k  c e n t e r
p r o g r e s s  i s  p r o v i d e d  W i t h  t h e  a d d i t i o n  o f  a  s t r o n g  s h o p  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 r o d u c t i o n  E n g i n e e r i n g  r o u t i n e l y
mon i t o r s  and  repo r t s  each  wo rk  cen te r  cos t  and  ac tua l  manhou r
c o s t  p e r  t o n  v e r s u s  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 e  d e t a i l  a n d  f l e x i b i l i t y  o f  t h e  s y s t e m  a l l o w s  f e e d b a c k  f r o m
the  wo rk  cen te r s  t o  be  ac ted  on  and  op t i ons  exe rc i sed  t o  assu re
t h a t  t h e  n e c e s s a r y  c o r r e c t i v e  a c t i o n  i s  t a k e n ,  i f  r e q u i r e d .

I t  i s  q u i t e  s i m p l e  t o  e n v i s i o n  c h a n g e  i n  t e c h n o l o g y ;  h o w e v e r ,
i t  i s  q u i t e  a n o t h e r  m a t t e r  i n  t h e  i m p l e m e n t a t i o n  o f  c h a n g e .
The  t r ans i t i on  f r om conven t i ona l  me thods  t o  t he  p rocess  l anes
c o n c e p t  g i v e s  r i s e  t o  a l l  t h e  w e l l  k n o w n  o b j e c t i v e s  a n d  c l i q u e s
assoc ia ted  w i t h  change . We  have  expe r i enced  a l l  o f  t hese ,  bu t
we have en joyed the good for tune of  execut ive management  com-
m i tmen t . The development  and implementat ion of  the process
lanes system has been ach ieved wi th  a  wide cross sect ion o f  ASI
personnel  which inc ludes the management  and workers  o f  Produc-
t i o n , Des ign  and  t he  suppo r t  depa r tmen ts . A d v i s o r y  s e r v i c e s
f rom IH I  have  con t r i bu ted  immense l y  t o  t he  success  o f  de r i v i ng
t h i s  s y s t e m . T h e  s y s t e m  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  h a s  d e f i n a b l e  b e n e f i t s ;  a n d ,  f u r t h e r m o r e ,  a t
Avondale we are commit ted. We accept the new technology as a
b a s i c  f u n c t i o n a l  p a r t  o f  d o i n g  b u s i n e s s .

The  rema inde r  o f  t he  day  w i l l  be  ded i ca ted  t o  t he  de ta i l
requ i rements  o f  process lanes as h igh l ighted on GRAPH PL–03.
N e x t ,  w e  w i l l  d i s c u s s  s o m e  o f  t h e  b a s i c  i n i t i a l  r e q u i r e m e n t s  o f
t h e  p h y s i c a l  p r o c e s s  l a n e s .

QUESTIONS/ANSWERS

INTRODUCE NEXT SPEAKER
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PROCESS LANES CONCEPT

DEFINED:

THE PROCESS LANES CONCEPT MEANS VERY SIMPLY

THE CATEGORIZATION AND SEPARATION OF “LIKE”

KINDS OF WORK, AND THE SUBSEQUENT DEVELOPMENT

OF WORK CENTERS SPECIFICALLY DESIGNED TO

EFFICIENTLY AND ECONOMICALLY PRODUCE THAT KIND

OF WORK. PROCESS LANES ESTABLISHES THE GREATEST

AMOUNT OF ‘LEARNING CURVE” EFFICIENCY BY HAVING

THE SAME PEOPLE AT THE SAME WORK CENTERS DOING

REPETITIVE TYPES OF WORK EVERY DAY WITH THE

SUPPORT OF A WELL ORGANIZED AND EFFICIENT FLOW

OF MATERIAL.

GRAPH PL-01



EXISTING CONDITIONS CONTRARY TO

PROCESS LANES

1) DIFFERENT TYPES OF UNITS WERE ASSEMBLED

AT THE SAME LOCATION.

2) THE SAME UNITS REQUIRED VARIOUS ASSEMBLY

DURATION TIMES.

3) THERE WERE DIFFERENT TYPES OF ASSEMBLY

PLATENS.

4) DIFFERENT TYPES OF MATERIAL WERE REQUIRED

AT EACH ASSEMBLY PLATEN.

5) MATERIAL FLOW PRESENTED ON-SITE STORAGE

PROBLEMS INCREASING MATERIAL HANDLING

AND STORAGE COST.

GRAPH Pl - O2



THE KEY REQUIREMENTS OF PROCESS LANES

1 )  P H Y S I C A L  P R O C E S S  L A N E S

(FACILITIES,  PLATENS, ETC.)

2 )  U N I T  B R E A K D O W N

3 )  C O D I N G  S Y S T E M S

4 )  M A T E R I A L  F L O W

5 )  H U L L  P L A N N I N G  A N D  S C H E D U L I N G

6 )  P L A N N I N G  C O N T R O L  S Y S T E M S

7 )  C O S T  C O N T R O L  S Y S T E M S

GRAPH PL-03
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PROCESS LANES AND DESIGN ENGINEERING
FOR ZONE OUTFITT-ING

PHYSICAL PROCESS LANES

I . INTRODUCTION

Process Lanes, i n  t he  p reced ing  d i scuss ion ,  was  de f i ned  as  t he
c a t e g o r i z a t i o n  a n d  s e p a r a t i o n  o f  l i k e  k i n d s  o f  w o r k  a n d  t h e
d e v e l o p m e n t  o f  w o r k  c e n t e r s  s p e c i f i c a l l y  d e s i g n e d  t o  e f f i -
c i en t l y  and  economica l l y  p roduce  t ha t  k i nd  o f  wo rk . Process
L a n e s  e s t a b l i s h e d  t h e  g r e a t e s t  a m o u n t  o f  “ l e a r n i n g  c u r v e ”  e f f i –
c i en t l y  by  hav ing  t he  same  peop le ,  a t  t he  same  wo rk  cen te rs ,
do ing the same type o f  work  every  day wi th  a  constant  organized
e f f i c i e n t  f l o w  o f  m a t e r i a l .

I t  was  obv ious , a t  t h e  o n s e t  o f  t h e  p r o c e s s  l a n e s  s t u d y ,  t h a t
o u r  p h y s i c a l  p l a t f o r m  l a y o u t  w o u l d  r e q u i r e  c o n s i d e r a b l e  t h o u g h t
t o  suppo r t  t he  new  concep t . A rea  requ i remen ts ,  c rane  capac i–
t i e s , and  ma te r i a l  f l ow  wou ld  be  ma jo r  cons ide ra t i ons . I n  t h e
s e l e c t i o n  o f  t h e  a s s e m b l y ,  s u b - a s s e m b l y ,  a n d  f a b r i c a t i o n  s i t e s ,
we  a l so  had  t o  cons ide r  t he  vo lume  o f  wo rk  f o r  each  ca tego ry
and  t he  me thod  o f  cons t ruc t i on . W h i l e  w e  d i s c u s s  u n i t  c a t e g o r -
i z a t i o n  i n  m o r e  d e t a i l ,  d u r i n g  t h e  l a t e r  p a r t  o f  t h i s  p r e s e n t a -
t i o n , w e  w i l l  t a k e  a  c u r s o r y  l o o k  a t  t h e  b a s i c  t y p e s  o f  u n i t
c a t e g o r i e s  t o  a p p r e c i a t e  f u r t h e r  d i s c u s s i o n  o f  t h e  p h y s i c a l
layout (SEE GRAPH PL-04).

CATEGORY NUMBER DESCRIPTION

1 F l a t  P a n e l  U n i t s
2 Curved  She l l  Un i t s
3 S u p e r s t r u c t u r e  U n i t s
4 Forepeak and Aft Peak
5 Engine Room Innerbottoms
6 S p e c i a l  U n i t s  ( S k e g s ,  R u d d e r s ,  e t c . )

I t  s h o u l d  b e  n o t e d ,  a t  t h i s  p o i n t ,  t h a t  C a t e g o r y  1  u n i t s
w i l l  c o m p r i s e  a p p r o x i m a t e l y  5 0 %  o f  t h e  t o t a l  h u l l  w e i g h t  o f
a  t yp i ca l  t anke r  w i t h  an  ave rage  amoun t  o f  t yp i ca l  m id -
body. N a t u r a l l y , o n  v e s s e l s  w i t h  a  s i g n i f i c a n t  a m o u n t  o f
shape ,  Ca tego ry  2  un i t s  w i l l  compr i se  a  much  h ighe r  pe rcen t -
a g e  o f  u n i t s . Fo r  ca tego ry  pe rcen tages  on  a  t yp i ca l  Exxon
t y p e  t a n k e r , see GRAPH PL–05.
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II. ASSEMBLY PLATFORM LAYOUTS (PHYSICAL PLATENS)

B a s e d  o n  t h e  p r e c i o u s l y  m e n t i o n e d  c r i t e r i a ,  t h e  a s s e m b l y  p l a t -
f o rm  l ayou ts  we re  se lec ted  and  l a i d  ou t . S t a r t i n g  w i t h
Assembly  P la t form No. 20 ,  we  w i l l  d i scuss  t he  l ayou t  and  t he
u n i t  a s s e m b l y  f o r m  a s s o c i a t e d  w i t h  i t . See GRAPH PL–06 for
g e n e r a l  y a r d  p l a t e n  l a y o u t .

A) PLATEN NO. 20

Platen No. 2 0  w a s  s e l e c t e d  a s  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  Ca tego ry  1  un i t s  because  o f  t he  h i gh  wo rk  vo lume  i t  can
p r o d u c e ,  t h e  r e l a t i o n s h i p  t o  t h e  p a n e l  l i n e ,  a n d  t h e
ma te r i a l  f l ow  f rom P la ten  No .  23  and  No .  24 . T h e s e  c r i t e r i a
make Platen No. 20  t he  mos t  su i t ab le  p l a ten  f o r  Ca tego ry  1
u n i t s . T h e  p r o d u c t i o n  e f f o r t  o n  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  s t a g e s .

1) F i rs t  Sub–Assembly Stage (See Figure 1)

A t  t h i s  s t a g e , mos t  t yp i ca l l y  two  o r  t h ree  web  f r ames  o r
t h e  f l o o r s  a n d  g i r d e r s  a r e  f i t t e d  a n d  w e l d e d  t o  t h e  b a s e
pane l  o f  t he  un i t  wh i ch  was  p roduced  a t  t he  pane l  l i ne .
The  a rea  has  been  d i v i ded  i n to  a  g r i dwork  o f  twe l ve  (12 )
u n i t  p l a t f o r m s  t h a t  a r e  4 8 ’  x  5 2 ’ . I t  is  recommended
t h a t  e a c h  g r i d  b e  c l e a r l y  d i s t i n g u i s h e d  b y  f l a t  b a r s
c o l o r e d  w i t h  p a i n t . They are known by the name S1, S2,
S3, e t c , Upon  comp le t i on  o f  t he  wo rk  a t  t he  sub -
assembly  s tage, t he  un i t s  a re  moved  t o  t he  p ro -
o u t f i t t i n g  s t a g e .

2) P r e - O u t f i t t i n g Stage (See Figure 2)

O u t f i t t i n g  w o r k  i s  a c c o m p l i s h e d  i n  t h i s  a r e a  w h i l e  t h e
u n i t  i s  o p e n . I t  a l s o  r e d u c e s  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  w o r k  a n d ,  t h u s , i n c r e a s e s  e f f i c i e n c y . The re  i s  a
g r i d w o r k  o f  e i g h t  ( 8 )  p l a t f o r m s ,  w h i c h  a l s o  s h o u l d  b e
c l e a r l y  i d e n t i f i e d . U p o n  c o m p l e t i o n  o f  o u t f i t t i n g ,  t h e
sub -un i t s  a re  sen t  t o  t he  ma in  assemb ly  s tage . The
excep t i ons  wou ld  be  cen te r l i ne  ma in  decks  and  s im i l a r
t y p e  u n i t s  w h i c h  a r e  f i n i s h e d  a t  t h i s  s t a g e .

3) Main Assembly Stage (See Figure 2)

Here, sub -un i t s  a re  comb ined  t o  make  cub i c  un i t s . T h i s
i s  whe re  sca f f o l d i ng  wo rk ,  as  necessa ry ,  i s  accomp–
l i s h e d . A  t o t a l  o f  s i x  ( 6 )  p l a t f o r m s  h a v e  b e e n  d e d i -
ca ted  f o r  use  by  t h i s  s t age . U p o n  c o m p l e t i o n ,  t h e  u n i t
w i l l  b e  s e n t  t o  t h e  f i n a l  a s s e m b l y  s t a g e .
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4 ) Fina l  Assembly  Stage (See Figure 2)

M o s t  t y p i c a l l y , t h e  c o n n e c t i o n  w o r k  o f  o u t f i t t i n g ,
i n s p e c t i o n , and  we ld  comp le t i on  i s  accomp l i shed  a t  t h i s
s tage . Upon complet ion, t h e  u n i t  i s  s e n t  t o  b l a s t  a n d
p a i n t .

The  above  s tages  es tab l i sh  spec i f i c  l oca t i on  on  t he  wo rk
cen te r s  f o r  each  s tage . T h e  e s t a b l i s h m e n t  o f  t h e  f o u r
cons t ruc t i on  s tages  on  P la ten  No .  20  a l l ows  f o r  t he  same
kind of  work  to  be per formed every  day by the same personnel
a t  a  s p e c i f i c  l o c a t i o n , u t i l i z i n g  t h e  s a m e  t o o l s ,  w e l d i n g
mach ines ,  e t c . f o r  a c c o m p l s i h i n g  t h e  d e f i n e d  w o r k . The work
m o u e s  t o  t h e  p e r s o n n e l  i n  l i e u  o f  r e l o c a t i n g . T h i s  i s  a
f a s t  m o v i n g  p l a t e n  a r e a  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  d u r a t i o n s . T h e  p r e - o u t f i t t i n g  w o r k  s t a g e  p r o v i d e s  a
work  queue  s to rage  o f  on–un i t  pa l l e t s  f o r  one  (1 )  week ’ s
back log  o f  wo rk . O u t f i t t i n g  c a n  p r o c e e d  w i t h o u t  d i s r u p t i o n
f rom the sub–assembly  process which preceded. A f t e r  m a i n
assemb ly ,  t he  un i t  i s  t u rned ,  as  requ i red ,  t o  accommoda te
“ f i n a l ”  p r e – o u t f i t t i n g  w e l d i n g  a n d  i n s p e c t i o n . A f t e r
c o m p l e t i o n  o f  d o w n  h a n d  w e l d i n g  a n d  p r e – o u t f i t t i n g ,  t h e  u n i t
t h e n  m o u e s  t o  b l a s t  a n d  p a i n t  p r i o r  t o  e r e c t i o n .

B) PLATEN NO. 17

Platen No. 17  was  se lec ted  as  t he  s i t e  f o r  Ca tego ry  2  cu rved
s h e l l  u n i t s . C a t e g o r y  2  u n i t s  a r e  a l l  c u r v e d  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  u s e  o f  c u r v e d  s i d e  s h e l l  j i g s ,  e i t h e r
t he  f i xed  o r  p i n  t ype  depend ing  on  t he  deg ree  o f  cu rva tu re .
T h e s e  u n i t s  a r e ,  i n  g e n e r a l , mo re  comp lex  i n  cons t ruc t i on
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  m e t h o d s  a n d  t e c h n i q u e s  a n d
more  e lapsed  t ime  i n  assemb ly  pos i t i on  t han  t he  Ca tego ry  1
u n i t s . T h e r e f o r e , s i n c e  t h e s e  u n i t s  r e q u i r e  a  s e p a r a t e
p rocess  l ane , apa r t  f r om the  f as te r  mov ing  Ca tego ry  1  un i t s ,
P la ten No. 17  i s  se lec ted  as  be ing  t he  mos t  app rop r i a te
apa r t  f r om P la ten  No .  20 . I t s  l o c a t i o n  i s  c o n v e n i e n t  t o  t h e
p r e - f a b r i c a t i o n  s h o p s  f o r  e c o n o m i c a l  m a t e r i a l  f l o w  a n d
conven ien t  t o  t he  b l as t  and  pa in t  a rea ,  upon  t he  comp le t i on
o f  u n i t s . A f t e r  un i t s  a re  removed  f r om the  j i gs ,  t hey  can
p r o c e e d  t o  t h e  b u f f e r / p r e - o u t f i t  a r e a  o f  N o .  1 7  o r  s t r a i g h t
t o  b l a s t  a n d  p a i n t .

C) PLATEN NO. 14

Platen No. 14 was chosen to  const ruc t  Category  5  un i ts
because  o f  t he  l oca t i on  t o  t he  P la te  Shop  w i t h  i t s  pane l
l i ne  and  the  ma te r i a l  f l ow  f rom P la ten  No .  16 .

The  wo rk  queue  (back log  f o r  t he  nex t  week ’ s  wo rk )  i s  a t  t he
up r i ve r  end  o f  t he  p la ten  nea r  t he  roadway  sepa ra t i ng  P la ten
No. 13 from No. 17. M isce l l aneous  ma te r i a l  com ing  f r om the
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p r e - f a b r i c a t i o n  a n d  f a b r i c a t i o n  s t a g e s  w i l l  b e  s t o r e d  h e r e
for  sub and main assembly . A sub–assembly stage area separ-
a tes  t he  m isce l l aneous  wo rk  queue  f rom the  pane l  l i ne  wo rk
queue.

The re  a re  f i ve  (5 )  a reas  se t  as i de  f o r  ma in  assemb ly  o f  f i ve
( 5 )  e n g i n e  r o o m  d o u b l e  b o t t o m  t y p e  u n i t s  s i m u l t a n e o u s l y ,  i f
r e q u i r e d , a long  w i t h  a rea  se t  as ide  a t  t he  down  r i ve r  end  o f
t h e  p l a t e n  a s  a  b u f f e r / o r  u n i t  o u t f i t t i n g  a r e a  f o r  t w o  ( 2 )
a d d i t i o n a l  u n i t s . At  the ext reme down r iver  end is  a  work
q u e u e / o u t f i t t i n g  s u b – a s s e m b l y  a r e a .

A three (3) foot high flat platen construction jig for the
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  s u p p o r t  t h i s  c o n s t r u c –
t i o n , As  p rec ious l y  men t i oned , Ca tego ry  5  un i t s  a re  t he
engine room double bot toms. T h e s e  u n i t s , a l o n g  w i t h  t h e
Ca tego ry  4  un i t s , w i l l  r e q u i r e  l o n g e r  c o n s t r u c t i o n  t i m e
b e c a u s e  o f  t h e  c o m p l e x i t y  o f  c l o s e  f i t t i n g  t o l e r a n c e ,  s i z e ,
a n d  o u t f i t t i n g  w o r k  n e c e s s i t a t i n g  a  s e p a r a t e  p r o c e s s  l a n e .
T h i s  i s  t h e  e q u i v a l e n t  o f  L i n c o l n  a s s e m b l y  l i n e , We do not
wan t  t o  m ix  eng ine  room doub le  bo t t oms  w i t h  f l a t  pane l  un i t s
o r  c u r v e d  s i d e  s h e l l  u n i t s .

D) PLATEN NO. 10

Here on Platen No. 1 0 ,  t h e  s u p e r s t r u c t u r e  u n i t s  ( C a t e g o r y  4 )
and  heavy  eng ine  f l a t  un i t s  a re  assemb led . Fou r teen  (14 )
p la t f o rms  a re  ava i l ab le  f o r  use  on  P la ten  No .  10 ,  seven  (7 )
f o r  h e a v y  u n i t s  a n d  s e v e n  ( 7 )  f o r  l i g h t  u n i t s . N o  o u t f i t -
t i n g  w i l l  b e  d o n e  i n  t h i s  a r e a . A f t e r  a l l  t h e  h u l l  w o r k  i s
completed, t h e  u n i t s  w i l l  b e  m o v e d  t o  t h e  l o w e r  y a r d  b u i l –
d i n g  w a y s  a n d  t h e  o u t f i t t i n g  w i l l  b e  c o m p l e t e d  a t  t h i s
t i m e , Platen No. 1 6  w i l l  s u p p l y  t h e  f a b r i c a t e d  m a t e r i a l .

E) PLATEN NO. 307

Grand assembly  and main assembly  o f  Category  4  un i ts  are
c o m p l e t e d  i n  t h i s  a r e a . W e  p r e p a r e d  f i f t e e n  ( 1 5 )  p l a t f o r m s
f o r  t h i s  w o r k  a r e a , and they are used for  main assembly  work
o n l y . The re  i s  no  need  fo r  p l a t f o rms  fo r  g rand  assemb ly
because  i n  mos t  cases  we  w i l l  have  t o  b l ock  up  un i t s .
P la ten No. 1 6  w i l l  s u p p l y  t h e  f a b r i c a t e d  m a t e r i a l .

F) PLATEN NO. 16

Platen No. 1 6  w i l l  f a b r i c a t e  f o r  C a t e g o r y  T y p e s  2 ,  3 ,  4 ,  5
and  6  un i t s . T h e  f a b r i c a t i o n  w i l l  c o n s i s t  o f  w e b  f r a m e s ,
s t r i n g e r s , bu i l t - up  members , m i s c e l l a n e o u s  b u l k h e a d s ,  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  a n d  d o c k i n g  b r a c k e t s . A t  t he
ex t reme  down  r i ve r  end  o f  t he  p la ten  i s  t he  wo rk  queue  fo r
i n c o m i n g  m a t e r i a l  f r o m  t h e  p r e - f a b r i c a t i o n  s t a g e s  f o r  t h e
upcoming week’s- schedule of work.
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G) PLATENS NO. 23 AND NO. 24

Platens No. 23 and No. 2 4  w i l l  f a b r i c a t e  f o r  C a t e g o r y  T y p e  1
units. P la ten No. 2 3  w i l l  f a b r i c a t e  f l o o r s ,  g i r d e r s ,  a n d
m i s c e l l a n e o u s  b r a c k e t s . P laten No. 2 4  w i l l  f a b r i c a t e  w e b
f rames  and  g i rde rs . A portion of these platens is dedicated
t o  t u r n  o v e r  f o r  w e l d i n g ,  c h i p p i n g ,  a n d  g r i n d i n g . The area
be tween  the  two  p la tens  i s  t he  wo rk  queue  fo r  bo th  p l a tens .
M a t e r i a l  f r o m  t h e  p r e - f a b r i c a t e d  s t a g e s  w i l l  b e  s t o r e d  h e r e
fo r  t he  nex t  week ’ s  schedu led  wo rk .

H) PRE-FABRICARTION

P r e - f a b r i c a t i o n  i s  b r o k e n  d o w n  i n t o  t h r e e  ( 3 )  p r i m a r y
c a t e g o r i e s . They are:

1)

2)

3)

S k i n  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 )  C u r v e d  ( i r r e g u l a r  c u t s )

In te rna l  Members ( P l a t e s )

a )  Ma in  P la tes  (N /C  cu t )
b )  A t t ached  P la tes  (N /C ,  se rvo ,  shea r ,  o r  manua l  cu t )

I n te rna l  Members ( S t r u c t u r a l )

“T” Beams
Built–Up Beams
A n g l e s  
F l a t  B a r s
M i s c e l l a n e o u s

T h e  o b j e c t i v e  o f  t h e
s h a p e  t h e  h u l l  p a r t s
a c c u r a c y  p o s s i b l e  t o
th rough  t he  ass igned

Othe rs

p r e – f a b r i c a t i o n  s h o p s  i s  t o  c u t  a n d
t o  t h e  e x a c t  s i z e  w i t h  t h e  g r e a t e s t
a l l ow  qu i ck  assemb ly  and  cons t ruc t i on
w o r k  c e n t e r s .

T h e  o b j e c t i v e  i n  p r e – f a b r i c a t i o n  a l s o  i s  t o  m i n i m i z e  h a n d –
l i ng  and  movemen t  o f  ma te r i a l  and  to  wo rk  t he  same  th ings  i n
t h e  s a m e  p l a c e  w h i c h  w i l l  c r e a t e  g r e a t e r  e f f i c i e n c y  a n d
reduce  cos t . The  wo rk  me thods  o f  t he  va r i ous  p re - f ab r i ca–
t i on  ope ra t i ons  need  no t  be  mod i f i ed  f r om ex i s t i ng  me thods .

The  P la te  Shop  w i l l  r ece i ve  700  tons  o f  r aw  s tee l  p l a te  pe r
week to  feed N/C, exac to  and  se rvo  bu rn ing . Th i s  p rocess
c u t s  f l o o r , g i r d e r s  a n d  m i s c e l l a n e o u s  b r a c k e t s ,  l o n g i t u d i n a l
bu l kheads , t r a n s v e r s e  b u l k h e a d s ,  s i d e  s h e l l  p l a t e s ,  a n d
f l a t s .

Some of  these p la tes moue to  another  area in  the shop for
r o l l i n g ,  b e n d i n g ,  o r  c u t t i n g  o f  t a b s ,  w h i l e  o t h e r s  g o  t o  t h e
p a n e l  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  ( e x c e p t  p a n e l  l i n e
m a t e r i a l )  i s  s e p a r a t e d  a n d  p a l l e t i z e d  i n  t h e  s h o p  a n d  s e n 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  w o r k  q u e u e .
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Platen No. 1 8  i s  d e s i g n a t e d  a s  t h e  s t r u c t u r a l  s t e e l  p r e -
f ab r i ca t i on  p rocess  l ane . W i t h  t h i s  r e l o c a t i o n  o f  t h e  p u n c h
p ress ,  f r ame  and  ang le  bende rs  f r om the  P la te  Shop ,  t he
p l a t e n  w i l l  p r o c e s s  a p p r o x i m a t e l y  3 0 0  t o n s  o f  s t r u c t u r a l
s tee l  pe r  week .

S t r u c t u r a l  m o v e  f r o m  t h e  d o w n  r i v e r  e n d  o f  t h e  p l a t e n
toward  t he  up r i ve r  end  and , o n  c o m p l e t i o n  o f  a l l  c u t t i n g ,
punch ing  and  fo rm ing , w i l l  b e  p a l l e t i z e d  a n d  s e n 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 t a g e  w o r k  q u e u e s .

O b v i o u s l y , we  have  o the r  p l a tens  wh i ch  can  be  u t i l i zed  f o r
spec i f i c  needs ;  howeve r , we  have  devo ted  d i scuss ion  he re  t o
those  key  p l a tens  ded i ca ted  t o  t he  p rocess  l anes  f l ow .

III. UNIT CATEGORIZATION

U n i t  c a t e g o r i z a t i o n  o f  t h e  s h i p ’ s  h u l l  c o m p o n e n t s  i s  o n e  o f  t h e
mos t  impo r tan t  p rocesses  o f  t he  p rocess  l anes  sys tem. It is a
m u s t  f o r  t h e  p l a n n i n g  a n d  s c h e d u l i n g  e v o l u t i o n s  t h a t  t h e  
P lann ing  Depa r tmen t  w i l l  unde r take .

C a t e g o r i z a t i o n  i s  e s s e n t i a l  t o  d e t e r m i n i n g  w h e r e  p a r t i a l  s u b -
u n i t s  a n d  s u b – u n i t s  w i l l  b e  f a b r i c a t e d  a n d  w h a t  d u r a t i o n  o f
t i m e  w i l l  b e  r e q u i r e d .

C a t e g o r i z a t i o n  i s  t h e  p r o c e s s  o f  d i v i d i n g  t h e  s h i p  u n i t s  i n t o
c a t e g o r i e s  b a s e d  o n  t h e i r  s i z e , shape,  weight  and method of
c o n s t r u c t i o n . E a c h  c a t e g o r y  r e q u i r e s  d i f f e r e n t  a s s e m b l y  j i g s
a n d  s p e c i a l i z e d  e q u i p m e n t  o r  t o o l s . A t  t h i s  t i m e ,  i t  i s  p e r t i -
nen t  t o  no te  t ha t  wo rke rs  who  a re  f am i l i a r  w i t h  t he  me thods  o f
b u i l d i n g  a  f l a t  p a n e l  u n i t  w o u l d  b e  l e s s  e f f i c i e n t  w o r k i n g  a
c u r v e d  u n i t . When  the  ma te r i a l  f l ow  p rob lems  a re  added ,  i t
he lps  t o  comprehend  the  need  f o r  ca tego r i za t i on  and  es tab l i sh -
men t  o f  p rocess  l anes  f o r  each  ca tego ry  o f  hu l l  un i t s .

T h e  c a t e g o r i z a t i o n  p r o c e s s  i s  r e q u i r e d  b y  t h e  d e t a i l  p l a n n i n g
 a n d  s c h e d u l i n g  p r o c e s s  a n d  e s t a b l i s h e s  a n  o r d e r l y  f l o w  o f

m a t e r i a l . I t  a l l ows  the  de te rm ina t i on  t o  be  made  o f  whe re  t he
v a r i o u s  c o m p o n e n t s  o f  a  u n i t  w i l l  b e  c o n s t r u c t e d ,  i n  a d d i t i o n
to  t he  du ra t i on  t h rough  p rocess  l anes . To  accomp l i sh  ca tego r i –
z a t i o n  t h e  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  ( 6 )  b a s i c  t y p e s ,  a s
p r e c i o u s l y  n o t e d . (SEE GRAPH PL-04)

We  w i l l  spend  the  nex t  f ew  m inu tes  rev iew ing  t he  ca tego ry  t ypes
i n  m o r e  d e t a i l  a s  f o l l o w s .
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A) CATEGORY TYPE I - FLAT PANEL UNIT (GRAPH PL–07)

These  un i t s  a re  compr i sed  o f  pane l  l i ne  componen ts  and
assemb led  on  a  f l a t  su r f ace  as  t he  base  o f  t he  un i t ;
however, i t  i s  n o t  l i m i t e d  t o  s t r i c t l y  p a n e l  l i n e
components. T h i s  f l a t  s u r f a c e  c a n  b e  a  d e c k ,  i n n e r b o t t o m ,
b u l k h e a d ,  a n d  s o m e t i m e s  a  f l a t  s h e l l  p l a t e . T h i s  c a t e g o r y
i s  c o m p r i s e d  o f  r e l a t i v e l y  s i m p l e  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 i m e  r e q u i r e d . The maximum weight  would be approx i -
ma te l y  140  t ons . C a t e g o r y  1  u n i t s , o n  a  t y p i c a l  t a n k e r  w i t h
an average amount  o f  typ ica l  mid–body,  would  compr ise
a p p r o x i m a t e l y  5 0 %  o f  t h e  t o t a l  h u l l  w e i g h t .

P la ten No. 2 0  i s  t h e  m o s t  a p p r o p r i a t e  s i t e  f o r  t h e  s u b –
a s s e m b l y ,  p r e - o u t f i t t i n g , and  ma in  assemb ly  f o r  t hese  un i t s ,
d u e  t o  t h e  d i r e c t  c o n n e c t i o n  w i t h  t h e  p a n e l  l i n e . F a b r i c a –
t i o n  f o r  C a t e g o r y  1  u n i t s  w i l l  b e  a c c o m p l i s h e d  a t  P l a t e n s
No. 23 and No. 24. Platen No. 2 0  i s  s u b - d i u i d e d  i n t o  f o u r
(4 )  s t age  a reas  – s u b - a s s e m b l y ,  p r e - o u t f i t t i n g ,  m a i n  a s s e m -
b l y , and  f i na l  assemb ly .

B) CATEGORY TYPE II – CURvED SHELL UNITS (GRAPH PL-08)

These  un i t s  a re  assemb led  on  cu rved  she l l ,  knuck led  l ong i t u -
d i n a l  b u l k h e a d ,  o r  i n n e r b o t t o m  i n  a  f i x e d  j i g  o r  a  p i n  j i g .
Such  un i t s  wou ld  be  ou tboa rd  w i t h  t anks  o r  ou tboa rd  sec t i ons
o f  s h e l l  p l a t e s  f o r  e n g i n e  r o o m  f l a t s  a n d  f o r e p e a k s .

C) CATEGORY TYPE III – SUPERSTRUCTURE TYPE UNITS (GRAPH PL–09)

T h e s e  u n i t s  a r e  t y p i c a l l y  t h o s e  b u i l t  o n  a  d e c k  o r  f l a t  a s
t h e  b a s e  o f  t h e  u n i t . Bu lkheads, s t a n c h i o n s ,  a n d  s i d e
s h e l l s , a l o n g  w i t h  a l l  p r e - o u t f i t t i n g ,  a r e  a c c o m p l i s h e d .
These  un i t s  rema in  i n  ma in  assemb ly  f o r  l onge r  pe r i ods  o f
t ime  than  Ca tego r i es  1  o r  2  un i t s . Examples would be super–
s t r u c t u r e  d e c k s , h u l l  d e c k s  o r  f l a t s  –  w i t h  b u l k h e a d s ,
s t a n c h i o n s , s i d e  s h e l l s ,  s t a c k s , p i l o t  h o u s e  a s s e m b l i e s  o r ,
in  some cases,  vent  houses. Category  3  would  be const ructed
a t  P la tens  No .  8 ,  No .  9  o r  No .  11  because  o f  t he i r  r e l a t i on–
s h i p  t o  t h e  h u l l  e r e c t i o n  s i t e  ( u p r i v e r  o r  d o w n  r i v e r ) .

D) CATEGORY TYPE IV - LARGE AND HEAVY MODULAR UNITS
(GRAPH PL-10)

These un i ts  are large and very  heavy wi th  a  long assembly
a n d  o u t f i t t i n g  p e r i o d . They requi re  much p iecemeal  and
c l o s e  t o l e r a n c e  f i t t i n g , such  as  f o repeak  w i t h  bow  th rus te r
and  bu lb ,  a f t  peak  w i t h  rudde r  pos t  and  s te rn  f r ame
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c a s t i n g s , and engine room double bot tom wi th  main engine
f o u n d a t i o n . The assembly  locat ion would be Pla ten No.  10,
No, 13 or Area No. 3 0 7  b e i n g  c l o s e  t o  t h e  e r e c t i o n  s i t e .
F a b r i c a t i o n  i s  s u p p l i e d  f r o m  P l a t e n  N o .  1 6 .

E) CATEGORY TYPE V – MACHINERY SPACE DOUBLE BOTTOMS
(GRAPH PL-11)

T h e s e  u n i t s  a r e  u s u a l l y  b u i l t  w i t h  t a n k  t o p s  a s  t h e  b a s e  o f
t h e  u n i t , and  they  requ i re  a  l ong  pe r i od  o f  t ime  i n  ma in
assembly . P r e – o u t f i t t i n g  r e q u i r e s  m o r e  t i m e  i n  t h i s  a r e a  o f
the sh ip  (due to  enormous amounts  o f  p ipe) . S h e l l  p l a t i n g
i s  u s u a l l y  p i e c e m e a l e d , r e q u i r i n g  m o r e  t i m e  f o r  f i t t i n g  a n d
w e l d i n g .

F) CATEGORY TYPE VI – SPECAL WELDMENTS (GRAPH PL-12)

These  a re  spec ia l t y  un i t s ,  such  as  rudde rs ,  s kegs ,  ancho r
p o c k e t s ,  b i l g e  k e e l s ,  c o a m i n g s ,  b o x  g i r d e r s ,  a n d  b u l w a r k s .

I n  t h e  n e x t  s e c t i o n , w e  w i l l  t a k e  a  c l o s e r  l o o k  a t  t h e  d e t a i l
un i t  b reakdown  p rocess , p l a t e n  c a p a c i t y  l o a d i n g ,  a n d  t h e
development  o f  the Long Term Process Lanes Schedules.

QUESTIONS/ANSWERS
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U N I T  C A T E G O R Y  P E R C E N T A G E S  O N  A

T Y P I C A L  T A N K E R

C A T E G O R Y  N O . D E S C R I P T I O N  P E R C E N T A G E

1 F L A T  P A N E L  U N I T S 4 8 %

2 C U R V E D  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 2 9 %

4 F O R E P E A K  A N D  A F T  P E A K 1 0 %

5 E N G I N E  R O O M  I N N E R B O T T O M S 5 %

6 S P E C I A L  U N I T S  -

S K E G S ,  R U D D E R S ,  E T C . 5 %

GRAPH NO. PL-05
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PROCESS LANES AND DESIGN ENGINEERING
FOR ZONE OUTFITTING

UNIT BREAKDOWN

I . DETAIL UNIT BREAKDOWN

A f t e r  a l l  u n i t s  h a v e  b e e n  p l a c e d  i n  t h e  f i n a l  c a t e g o r y  l i s t  a n d
b u i l d i n g  l o c a t i o n s  h a v e  b e e n  d e t e r m i n e d ,  t h e  d e t a i l  b r e a k d o w n
o f  a  un i t  can  p roceed . E a c h  u n i t  i s  f u r t h e r  d i v i d e d  i n t o  t h e
f o l l o w i n g  c a t e g o r i e s : (SEE GRAPH PL-13-1, 13-2 and 13-3).

-  Ma in  Assemb ly

– Sub Assembly

Pa r t i a l  Sub  Assemb ly

Pane l  L ine

I t ems  tha t  a re  p i ecemea l ,  such  as  she l l  p l a te  and
s t ruc tu ra l  members

F i n a l  e r e c t i o n  i t e m s ,  s u c h  a s  t r u n k s ,  b r a c k e t s ,  a n d  w e b
f rame  s tubs

–  T h e  c a t e g o r y  o f  u n i t  d e t e r m i n e s  t h e  b u i l d i n g  l o c a t i o n  o f
components, and  schedu les  f o r  each  wo rk  cen te r  de te rm ine
c r i t i c a l  p o i n t s  a t  e a c h  a s s e m b l y  a r e a

A) RECAP SHEETS (SEE GRAPH PL-14.1 through 14.4)

Us ing  key  p lans  and  un i t  a r rangemen t  d raw ings ,  we  g roup  a l l
l i k e  u n i t s  i n  t h e  s a m e  c a t e g o r i e s . W e  t h e n  p u t  a l l  l i k e
u n i t s  i n t o  s t a g e s  o f  c o n s t r u c t i o n ,  s u c h  a s  g r a n d  a s s e m b l y ,
main asembly , and sub assembly. We then use the key plans
t o  a t t a i n  w e l d i n g  l e n g t h s ,  f i t t i n g  l e n g t h s ,  a n d  s i z e  o f  e a c h
u n i t . Once the above s teps are  taken,  you have to  look
c lose ly  a t  the un i ts  and determine how many men you can put
o n  o n e  ( 1 )  u n i t  a n d  w o r k  e f f i c i e n t l y . From the formula we
determine the number  o f  assembly  days for  both weld ing and
f i t t i n g . Once  t he  f i t t i ng  and  we ld ing  assemb ly  days  a re
k n o w n ,  t h e  o u t f i t t i n g  t i m e  r e q u i r e d  a t  e a c h  s t a g e  o f  c o n -
s t r u c t i o n  i s  o b t a i n e d  f r o m  t h e  O u t f i t t i n g  S e c t i o n  o f  P r o d u c -
t i o n  P l a n n i n g . Knowing the capac i ty  o f  our  shot  house,  we
a l so  i nco rpo ra te  t he  number  o f  days  necessa ry  f o r  b l as t i ng
a n d  p a i n t i n g  o f  e a c h  u n i t . The  Hu l l  P lann ing  Sec t i on
f u r n i s h e s  t h e  S c h e d u l i n g  S e c t i o n  w i t h  t h e  w e i g h t  o f  t h e
u n i t s , wh i ch  i s  added  t o  t he  recap  shee t . We  then  t o ta l  t he
we ld ing  l eng ths  and  d i v i de  t hem by  t he  t o ta l  manhou rs  t o
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I I .

come  up  w i t h  t he  e f f i c i ency  o f  manhou rs  pe r  f oo t . W i th  t he
comp le t i on  o f  t he  ca tego ry  recap  shee t ,  we  have  es tab l i shed
t h e  f o l l o w i n g  i n f o r m a t i o n :

-  The  number  o f  un i t s  by  t ype  pe r  ca tego ry

-  T o t a l  w e i g h t  o f  u n i t s  p e r  c a t e g o r y

-  A v e r a g e  w e i g h t  o f  u n i t s  p e r  c a t e g o r y

-  T o t a l  f i t t i n g  l e n g t h s  o f  u n i t s  p e r  c a t e g o r y

-  A v e r a g e  f i t t i n g  l e n g t h s  o f  u n i t s  p e r  c a t e g o r y

-  T o t a l  w e l d i n g  l e n g t h s  o f  u n i t s  b y  c a t e g o r y

-  A v e r a g e  w e l d i n g  l e n g t h s  o f  u n i t s  b y  c a t e g o r y

-  M a n h o u r  r e q u i r e m e n t s  p e r  c a t e g o r y

F ina l i za t i on  o f  t he  above  da ta  on  t he  recap  shee ts  a l l ows
the  schedu l i ng  phase  t o  p roceed  as  desc r i bed  i n  ou r  nex t
t o p i c  o f  d i s c u s s i o n .

LONG TERM ASSEMBLY SCHEDULE DEVELOPMENT

Nex t  we  w i l l  d i scuss  t he  deve lopmen t  me thod  o f  l ong
assembly  schedules, whe reby  t he  f o l l ow ing  documen ts
p r e - r e q u i s i t e :

-  M a s t e r  Y a r d  S c h e d u l e

Erec t i on  Schedu le

Key Plans

Uni t  Recap Sheets

Un i t  A r rangemen t

P la t f o rm  A r rangemen ts

t e r m
are a

F i r s t  o f  a l l ,  t h e  d a t e  t h a t  e a c h  u n i t  i s  i n  i t s  l a s t  d a y  o f  t h e
p rocess  l anes  f l ow  i s  de te rm ined  by  t he  E rec t i on  Schedu le  w i t h
c o n s i d e r a t i o n  f o r  o u t f i t t i n g  a n d  b l a s t  a n d  p a i n t  t i m e . The
d a t e  f o r  e a c h  u n i t  i s  t h e n  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
assemb ly  s t age  cha r t . Us ing Category  1  as an example,  the
Grand Assembly Schedule, w h i c h  i s  t h e  l a s t  a s s e m b l y  s t a g e  f o r
Category  1 , i s  t h e  f i r s t  s c h e d u l e  f o r  w h i c h  t h e s e  c r i t i c a l
da tes  a re  de te rm ined . When  a l l  t he  da tes  f o r  each  un i t  t ha t
g o e s  t o  G r a n d  A s s e m b l y  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
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schedu le  can  be  p repa red . . T h e  u n i t s  a r e  t h e n  l e v e l  l o a d e d
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  s h e e t s  a n d  t h e
p la t f o rm  a r rangemen t  app rop r i a te  t o  t he  g rand  assemb ly  s tage .

Af ter  the Grand Assembly  Schedule  is  complete ,  ensu ing sche–
d u l e s ,  f i n a l  a s s e m b l y ,  p r e - o u t f i t t i n g ,  s u b – a s s e m b l y  a n d  p a n e l
l i n e  a r e  d e v e l o p e d , each  one  depend ing  upon  the  c r i t i ca l  da tes
e s t a b l i s h e d  b y  t h e  p r e v i o u s  c o n s t r u c t i o n  s t a g e  s c h e d u l e . (SEE
GRAPHS PL 15.1 THROUGH 15.4 FOR PROCESS LANES FLOW)

Then  f rom the  pane l  l i ne  schedu le  f o rwa rd  i n  t ime ,  we  re f i ne
t h e  l o a d i n g  a n d  s c h e d u l e  d a t e s  t o  i n s u r e  c r i t i c a l  d a t e s  a r e  n o t
i n  c o n f l i c t  a n d  t h a t  w o r k  a r e a s  a r e  n o t  o v e r l o a d e d ,  a d j u s t i n g
the  pane l  l i ne  schedu le  t o  accommoda te  t he  re f i nemen t  o f  t he
v a r i o u s  o t h e r  s c h e d u l e s .

A n  i m p o r t a n t  p o i n t  i n  a c c o m p l i s h i n g  l e v e l  l o a d i n g  i s  k e e p i n g  i n
m ind  t he  capac i t i es  o f  wo rk  a reas  a t  each  s tage  and  back ing  o f f
i n  t i m e  w h e r e  n e c e s s a r y  t o  m e e t  c r i t i c a l  d a t e s  w i t h o u t  o v e r -
l o a d i n g  t h o s e  w o r k  c a p a c i t i e s . A l s o  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 r o u p i n g  a n d  l o a d i n g  o f  s i m i l a r  w o r k  g r o u p s  t o g e t h e r .
When the work is  ar ranged in  th is  manner ,  because the work
g r o u p s  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 ,
These  two  po in t s , c a p a c i t i e s  a n d  s i m i l a r  c o n s t r u c t i o n s  p e r i o d s ,
pe rm i t  t he  smoo th  f l ow  o f  ma te r i a l  and  the  improvemen t  i n  con -
s t r u c t i o n  e f f i c i e n c i e s . T h i s  i s  t h e  p r i n c i p l e  o f  n o t  m i x i n g
Chevet tes and Monte Car los  on the same conveyor  l ine or  process
l i n e ,

A s  t h e s e  s a m e  s c h e d u l i n g  p r i n c i p l e s  a r e  a p p l i e d  t o  e a c h  i n d i v i -
d u a l  c a t e g o r y , t h e  r e s u l t i n g  s u m  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
s c h e d u l e  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 .

When  you  go  ove r  t hese  schedu les  i n  g rea te r  de ta i l  t o  s tudy  and
become more acquainted wi th  them, p lease keep in  mind that
t hese  schedu les  a re  no t  mean t  t o  be  an  abso lu te  f i na l  p roduc t .
They  a re  l ong  t e rm  assemb ly  schedu les  and  w i l l  be  con t i nua l l y
upda ted  and  re f i ned  as  e f f i c i enc ies  change  and  as  new  con t rac t s
a re  t aken  i n to  accoun t . T h e y  a r e  p e r f e c t l y  a d e q u a t e  a t  t h i s
s tage  f o r  p repa ra t i on  o f  un i t  con t ro l  manua lps ,  t emp la tes ,  and
f o r  t h e  s c h e d u l i n g  o f  p u r c h a s i n g  m a t e r i a l s .

P lann ing  f o r  a  P rocess  Lanes  Sys tem shou ld  p rov ide  rea l i s t i c
s c h e d u l e s  a t  e a c h  s t a g e  o f  c o n s t r u c t i o n ,  r e s u l t i n g  i n  a  s m o o t h
and  even  f l ow  o f  ma te r i a l s  r equ i red  f o r  each  subsequen t  s tage
o f  c o n s t r u c t i o n , aga ins t  wh i ch  can  be  measu red  t he  e f f i c i ency
o f  t h a t  p a r t i c u l a r  s t a g e . Wi thou t  a  good  l eve l  l oad ing  and
r e a l i s t i c  s c h e d u l e , e f f i c i e n c y  o r  c o s t  i s  e x t r e m e l y  d i f f i c u l t
t o  a c c u r a t e l y  p r e d i c t  o r  c o n t r o k l . Leve l  l oad ing  i s  ach ieved  by
ma in ta in i ng  an  accep tab le  ba lance  be tween  t ime  (du ra t i on )  and
s t o r a g e .
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I t  i s  o b v i o u s  b y  t h e  c a t e g o r y  d e s c r i p t i o n s  t h a t  t h e  p e r c e n t a g e
o f  e a c h  c a t e g o r y  w i l l  f l u c t u a t e  c o n s i d e r a b l y  o v e r  a  v a r i e t y  o f
c o n t r a c t s . M o r e  s p e c i f i c a l l y , a  s t a n d a r d  t a n k e r  w i t h  c o n s i d e r -
ab le  t yp i ca l  m id–body  wou ld  have  a  h ighe r  pe rcen tage  o f
Ca tego ry  1  un i t s , whi le  a  vessel  w i th  more curved shape would
have  a  h i ghe r  pe rcen tage  o f  Ca tego ry  2  un i t s .

III. FACILITY CAPACITY LOADING

Based on the main  yard assembly  capac i ty  o f  4 ,200 shor t  tons
per  month, Avonda le  p l ans  i t s  cu r ren t  and  p rospec t i ve  wo rk  l oad
i n  a  m a n n e r  w h i c h  i n s u r e s  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  o v e r l o a d e d  f a c i l i t i e s . T h i s  c o n c e p t  i s  o f  p r i m a r y
impo r tance  when  the  wo rk  cu r ren t l y  i n  p rog ress  and  known  fu tu re
w o r k  i s  p l o t t e d  a c c o r d i n g  t o  k e y  e v e n t s  o f  t h o s e  c o n t r a c t s ,
us ing  t he  e rec t i on  t onnage  as  a  base  l i ne , I t  i s  i m p o r t a n t  t o
n o t e  t h a t  w h e n  s c h e d u l i n g  m u l t i p l e  c o n t r a c t s  o r  m u l 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  m u s t  b e  g i v e n  t o  t h e  p r o j e c t e d  e r e c -
t i on  sequence  and  ca tego ry  o f  un i t s  t o  be  e rec ted  on  t he  hu l l s
concerned. T h i s  w i l l  b e  f u r t h e r  d i s c u s s e d  i n  t h e  t o p i c
“Con t ro l  Sys tems” .

The  ob jec t i ve  he re  i s  t o  p reven t  t he  ove r l oad ing  o f  assemb ly
w o r k  c e n t e r s  w h i c h  i s  t h e  A S I  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  r e m a i n i n g  a s  c l o s e  a s  p o s s i b l e  t o  t h e  t o t a l  y a r d
assemb ly  capac i t y  o f  4 , 200  t ons . The  t ask  o f  l eve l  l oad ing  and
p lac ing  f ab r i ca ted  componen ts /un i t s  i n  s to rage  o r  wo rk  queues
i s  t he  means  t o  t ha 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  c h a n g i n g  p r o c e s s  w h i c h  c r e a t e s  t h e  f l e x i b i l i t y  t o
a b s o r b  p r o j e c t  p l a n  v e r s u s  a c t u a l  v a r i a t i o n s  o r  t h e  i m p a c t  o f
a d d i t i o n a l  w o r k  c r e a t e d  b y  n e w  c o n t r a c t  s i g n i n g .

I V . PROPOSED PLATEN LOADING

Proposed  p la ten  l oad ing  t o  suppo r t  t he  P rocess  Lanes  concep t
w i l l  b e  a d d r e s s e d  w i t h  t h i s  s e c t i o n  a n d  w i l l  h i g h l i g h t  t h e  s i x
( 6 )  c a t e g o r i e s  o f  c o n s t r u c t i o n  a n d  t h e  p l a t e n s  m o s t  s u i t e d  b y
each,

The  s tudy  revo l ved  a round  t he  p roduc t i on  e f f o r t  on  P la ten
No. 20 and Platen No. 17  f o r  t he  ca lenda r  yea r  o f  1980  and  t he
fo l l ow ing  recommenda t i ons  f o r  P rocess  Lanes  p la ten  l oad ing  a re
b a s e d  p a r t i a l l y  o n  t h a t  h i s t o r y  a n d  p a r t i a l l y  o n  w h a t  m u s t  b e
p r o d u c e d  t o  m a i n t a i n  t h e  c o n t r a c t u a l  k e y  e v e n t  d a t e s  f o r  t h e
upcoming cont racts  on hand.

The  recommended  tonnage  fo r  p l a ten  l oad ing  rep resen ts  t he
a v e r a q e  w e e k l y  e r e c t i o n  t o n n a g e  ( a l l  j o b s )  f o r  t h e  c a l e n d a r
year  1980, as wel l  as  average assembly  tonnage per  week for
each  o f  t he  two  p la tens .
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T h e  p l a t e n s  t h a t  w i l l  b e  d i s c u s s e d  a r e :

Platen No. 20 ,  Ca tego ry  1  un i t s ,  w i t h  P la ten  No .  23 ,  No .  24  and
p a n e l  l i n e  a s  s u p p o r t i n g  f a b r i c a t i o n  p l a t e n s .

Platen No. 17 ,  Ca tego ry  2  un i t s ,  w i t h  P la ten  No .  16  and  pane l
l i n e  a s  s u p p o r t i n g  f a b r i c a t i o n  p l a t e n s .

Platen No. 14 ,  Ca tego ry  5  un i t s ,  w i t h  P la ten  No .  16  and  pane l
l i n e  a s  s u p p o r t i n g  f a b r i c a t i o n  p l a t e n s .

Platen No, 20 is  proposed to  accommodate the Category  1  un i ts
( f l a t  p a n e l  u n i t s ) , w i t h  t h e  f i v e  ( 5 )  o t h e r  c a t e g o r i e s ,  c o m i n g
f rom other  Process Lanes. C a t e g o r y  1  u n i t s  a r e  m o s t  t y p i c a l l y
compr i sed  o f  pane l  l i ne  componen ts . Examples would be double
b o t t o m s  f o r  a  m a j o r  p o r t i o n  o f  t h e  m i d - b o d y ,  c o f f e r d a m  b u l k -
heads, t h o s e  w i n g  t a n k  u n i t s  b u i l t  o n  a  f l a t  l o n g i t u d i n a l  b u l k –
head ,  i nboa rd  and  ou tboa rd  w ing  t ank  sec t i on ,  wh i ch  wou ld  be
b u i l t  o n  f l a t  l o n g i t u d i n a l  b u l k h e a d  o r  f l a t  s i d e  s h e l l .

The maximum weight  would be approx imate ly  140 tons per  un i t  and
a p p r o x i m a t e l y  4 8 ’  X  5 2 ’  i n  s i z e . These d imensions were taken
f rom the  cu r ren t  Exxon  con t rac t  (C1 -15 )  because  t h i s  wo rk  was
t h e  f i r s t  t o  f l o w  t h r o u g h  P r o c e s s  L a n e s . These  un i t s  compr i se
a p p r o x i m a t e l y  6 5 %  o f  t h e  h u l l  s t e e l  w e i g h t ; T h e r e f o r e ,  a  f a s t
t u r n o v e r  o f  t h e s e  u n i t s  i s  r e q u i r e d  i n  o r d e r  t o  m e e t  k e y
c o n t r a c t  d a t e s .

A review of Platen No. 20  l oad ing  f o r  t he  du ra t i on  o f  t he  Exxon
c o n t r a c t , b a s e d  o n  t h e  e s t a b l i s h e d  p r e l i m i n a r y  k e y  d a t e s ,  i n d i -
ca tes  t ha t  P la ten  No . 20 should  be loaded to  capac i ty  when
p o s s i b l e , Th i s  wou ld  be  app rox ima te l y  600  tons  pe r  week  (a l l
j o b s )  o f  C a t e g o r y  1  u n i t s , w h i c h  w i l l  a p p r o x i m a t e  s i x  ( 6 )  t o
e i g h t  ( 8 )  u n i t s  p e r  w e e k .

QUESTIONS/ANSWERS
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CATEGORIES
PROCESS LANES

MAIN ASSEMBLY

PLATEN 20

PLATEN 20

PLATEN* 20

PLATEN* 20

MAIN ASSEMBLY

PLATEN* 17

PLATEN* 17

MAIN ASSEMBLY

PLATEN 14

PLATEN 14

PLATEN 14

MAIN ASSEMBLY

PLATEN 10, 13,307

PLATEN* 10, 13,307

CATEGORY NO. 1

SUB ASSEMBLY PARTIAL SUB ASSEMBLY

 2 0 23/24

20 PANEL LINE

17 16

17 PANEL LINE

CATEGORY NO. 2

SUB ASSEMBLY PARTIAL SUB ASSEMBLY

 1 7 16

17 PANEL LINE

CATEGORY NO. 3

SUB ASSEMBLY PARTIAL SUB ASSEMBLY

14 16

17 16

CATEGORY NO. 4

SUB ASSEMBLY PARTIAL SUB ASSEMBLY

10,13,307 16

17 16

PRE-FABRICATION

VARIOUS

VARIOUS

VARIOUS

VARIOUS

PRE-FABRICATION

VARIOUS

VARIOUS

PRE-FABRICATION

VARIOUS

VARIOUS

PRE-FABRICATION

VARIOUS

VARIOUS

CATEGORY NO. 5

MAIN ASSEMBLY SUB ASSEMBLY PARTIAL SUB ASSEMBLY PRE-FABRICATION

PLATEN 14 14 16 VARIOUS

PLATEN* 14 17 16 VARIOUS

CATEGORY NO. 6

MAIN ASSEMBLY SUB ASSEMBLY PARTIAL SUB ASSEMBLY PRE-FABRICATION

PLATEN 19 19 16 VARIOUS

* SUB ASSEMBLY ON THIS STAGE MIGHT OCCUR ON RARE OCCASIONS

GRAPH NO. PL-13.1



DEFINITIONS OF CATEGORIZING

MAIN ASSEMBLY:

CATEGORY NO. 1.

NO. 2.

NO. 3.

NO. 4.

NO. 5.

NO. 6.

SUB ASSEMBLY:

CATEGORY A.

B.

FABRICATION:

CATEGORY NO. 1.

NO. 2.

NO. 3.

NO. 4.

NO. 5.

NO. 6.

NO. 7.

NO. 8.

NO. 9.

PRE-FABRICATION

FLAT PANEL UNIT

CURVED SHELL UNIT

SUPERSTRUCTE UNIT OR SEMI-FLAT PANEL UNIT

FORE AND AFT PEAK UNIT

ENGINE ROOM DOUBLE BOTTOM UNIT

SPECIAL WELDMENT UNIT

FLOORS TO GIRDERS ON TANK TOP

WEBS, DECKS, BULKHEADS OR GIRDERS TO PANELS

FLOORS

GIRDERS

WEBS (FOR LONGITUDINAL BULKHEAD OR SHELL)

STRINGER

BUILT UP

“L” TYPE

WALLS

(FOR TRANSVERSE

BEAMS

BULKHEADS)

CURTAIN OR MARGIN PLATES

SPECIAL WELDMENT (BILGE KEEL, ETC.)

CATEGORY NO. 1 SKIN PLATE

A - STRAIGHT LINE CUT (EXACTO)

B - SHAPED IRREGULAR (N/C)

1. ROLL

2. ROLL AND LINE HEAT

3. PRESS

4. ROLL AND BLACKSMITH



DEFINITIONS OF CATEGORIZING

(CONTINUED)

PRE-FABRICATION:

CATEGORY NO. 2 INTERNAL MEMBERS

A. MAIN PLATE (N/C)

1. ROLL

2. ROLL AND LINE HEAT

3. PRESS

4. ROLL AND BLACKSMITH

CATEGORY NO. 3 STRUCTURAL

A. PURCHASED “T” BEAM

1. STRAIGHT

2. CURVED

B. BUILT UP STIFFENER

1. STRAIGHT

2. CURVED

C. PURCHASED ANGLE

1. STRAIGHT

2. CURVED

D. FLAT BAR

1. STRAIGHT

2. CURVED

E. OTHERS

1. STRAIGHT

2. CURVED

GRAPH NO. PL-13.3
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PROCESS LANES AND DESIGN ENGINEERING
FOR ZONE OUTFITTING

CODING SYSTEM

I , INTRODUCTION

T h e  c o d i n g  s y s t e m  i s  a  m a j o r  t o o l  f o r  c o n t r o l l i n g  t h e  f l o w  o f
a l l  h u l l  p i e c e s  t h r o u g h  t h e  p r o c e s s  l a n e s  f l o w . The  p r imary
pu rpose  o f  p i ece  cod ing  i s  t o  i den t i f y  t he  p i eces  t o  be  used  t o
f a b r i c a t e  a n d  c o n s t r u c t  a n y  g i v e n  p o r t i o n  o f  t h e  h u l l . The
p iece  cod ing  sys tem,  o f  cou rse , m u s t  p r o v i d e  t h e  r e l a t i o n s h i p
o f  e a c h  p i e c e  t o  t h e  t o t a l  s t r u c t u r a l  h i e r a c h y . The  “P roduc t
Work Breakdown St ructure (PWBS)”  prov ides the necessary  gu i -
d a n c e  t o  a c c o m p l i s h  t h i s  o b j e c t i v e . P iece  cod ing  i s  a  ma jo r
v e h i c l e  t o  a s s u r e  t h a t  t h e  r e q u i r e d  s t e e l  f l o w s  t o  t h e  s p e c i f i c
p rocess  l anes  wo rk  cen te r  i n  an  o rde r l y  and  e f f i c i en t  manne r .
T h e  s t a g e  i s  s e t  f o r  t h e  p i e c e  c o d i n g  a p p l i c a t i o n  a t  t h e
comp le t i on  o f  un i t  b reakdown , ass ignmen t  o f  t he  un i t  numbers
a n d  i n i t i a l  c a t e g o r i z a t i o n  o f  t h e  i n d i v i d u a l  u n i t s .

II. CODING SYSTEM

On prev ious sh ips a t  Avondale  we used a sequent ia l  number ing
system. Un i t  numbers  we re  essen t i a l l y  ass igned  acco rd ing  t o
the  e rec t i on  sequence . More  o f t en  t han  no t ,  t h rough  deve lop–
ment, t he  e rec t i on  sequence  and  the  un i t  a r rangemen t  wou ld  be
m o d i f i e d , N a t u r a l l y , once the erect ion sequence changed the
un i t  number  became  s imp l y  a  veh i c l e  t o  mon i t o r  t he  un i t  t h rough
the sys tem. The  sequen t i a l  number i ng  sys tem was  u t i l i zed  on
the Exxon contract (SEE GRAPH PL-16).

Through much d iscuss ion and development ,  a  dec is ion was made
tha t  i t  wou ld  be  more  advan tageous  t o  have  some  c lea r l y  de f i ned
i n t e l l i g e n c e  b u i l t  i n t o  t h e  u n i t  n u m b e r i n g  s y s t e m . A final
dec is ion was made that  the un i t  numbers would  be systemat ic  and
d e p i c t  s p e c i f i c  l o c a t i o n s  o n  t h e  s h i p . Thus, i t  w a s  d e c i s i v e
tha t  t he  sequen t i a l  un i t  number i ng  sys tem fo r  un i t s  wou ld  be
abandoned  on  f u tu re  con t rac t s  ( a f t e r  t he  Exxon )  i n  f avo r  o f  a
b lock number ing system. The  b lock  number i ng  sys tem was  f i r s t
applied on the TAO–187 contract (SEE GRAPH PL–16).

To  es tab l i sh  t he  un i t  numbers , t h e  u n i t  a r r a n g e m e n t  i s  u t i l i z e d
t o  s e p a r a t e  t h e  s h i p  i n t o  s y s t e m a t i c  a n d  e a s i l y  d i s t i n g u i s h a b l e
b l o c k s  a s  i d e n t i f i e d  b e l o w :
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T-90 BLOCK BRERKDOWN (SEE GRAPH PL–17)

100 Block . . . . . Engine Room

200 Block. . . . . . . Af t  Cargo Area

3 0 0  B l o c k .  . . . . . . Fwd Cargo area

400 Block . . . . . . . S u p e r s t r u c t u r e  a n d  M i s t

500 Block . . . . . .Pump Room Area

600 Block . . . . . . .  Aft Peak

700 Block . . . . . . . Forepeak

Deck Houses

10 Block, . . . . . . U n d e r w a t e r  H u l l  F i t t i n g s  ( R u d d e r ,  S k e g ,
B i l g e s ,  e t c . )

O n c e  t h e  b l o c k s  a r e  i d e n t i f i e d , t h e y  a r e  f u r t h e r  s e p a r a t e d  i n t o
bands (SEE GR9PH PL–18).

The  sh ip  bands  a re  now  sepa ra ted  i n to  un i t s . Us ing the num-
be r i ng  sys tem, i t  i s  r e a d i l y  r e c o g n i z a b l e  i n  w h i c h  a r e a  o f  t h e
s h i p  u n i t s  a r e  l o c a t e d . Th is  system may d i f fer  somewhat  f rom
s h i p  t o  s h i p ,  b u t  w i l l  g e n e r a l l y  r e m a i n  t h e  s a m e . T h i s  i s  a
s p e c i f i c  a i d  i n  c a t e g o r i z i n g  u n i t s .

U n i t s  i n  t h e  ( 1 0 0 )  B l o c k

U n i t s  i n  t h e  ( 2 0 0 )  B l o c k

U n i t s  i n  t h e  ( 3 0 0 )  B l o c k

U n i t s  i n  t h e  ( 4 0 0 )  B l o c k

U n i t s  i n  t h e  ( 5 0 0 )  B l o c k

U n i t s  i n  t h e  ( 6 0 0 )  B l o c k

U n i t s  i n  t h e  ( 7 0 0 )  B l o c k

U n i t s  i n  t h e  (  1 0 )  B l o c k

E a c h  u n i t  i s  f u r t h e r  b r o k e n

a re  mos t  o f t en

a re  mos t  o f t en

a re  mos t  o f t en

a re  mos t  o f t en

a re  mos t  o f t en

a re  mos t  o f t en

a re  mos t  o f t en

a re  mos t  o f t en

d o w n  i n t o  f o u r
the  number i ng  sys tem as  f o l l ows :

Category 3 and 5,

Category 1  and 2.

Category 1  and 2.

Ca tego ry  3 .

Category 1  and 2.

Category  4 .

Category  4 .

Ca tego ry  6 .

( 4 )  c a t e g o r i e s  v i a

Main assembly : Assembl ing Sub Uni ts

Sub  Un i t s : Assemb l i ng  Pa r t i a l  Sub  Un i t s

P a r t i a l  S u b  U n i t s : Assembl ing P ieces

P r e - F a b r i c a t i o n : C u t t i n g  P i e c e s
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I n  o r d e r  t o  p r o v i d e  c o n t i n u i t y  w i t h i n  t h e  t o t a l  s y s t e m ,  t h e
p iece  code  shou ld  be  compa t i b l e  w i t h  t he  p rocess  l anes  wo rk
c e n t e r , p rede te rm ined  f o r  each  ca tego ry  as  d i scussed  i n  t he  two
p r e u i o u s  s e c t i o n s . T h e r e f o r e , t he  p iece  code  shou ld  rep resen t
t h e  c o n s t r u c t i o n  p r o c e s s  a  p a r t i c u l a r  p i e c e  w i l l  e n c o u n t e r .
D u e  t o  d i f f e r e n t  c o n s t r u c t i o n  m e t h o d s  f o r  u n i t s ,  t h e r e  w i l l  b e
p i e c e s  w h i c h  d o  n o t  f o l l o w  a l l  f o u r  o f  t h e  s t e p s ;  h o w e u e r ,  t h i s
i s  e a s i l y  m a n a g e d  w i t h  t h e  t r i p l e  z e r o  i d e n t i f i e r  a s  f o l l o w s :

Main Sub
Assembly Rssembly P a r t i a l  S u b  U n i t P r e - F a b r i c a t i o n

Exxon
000 000 000 000
U n i t Uni t  Uni t P a r t i a l  S u b  U n i t P iece

TAO
000 00A 000 000
U n i t Sub  Un i t F a b r i c a t i o n P iece

The  p iece  number  w i l l  i den t i f y  whe re  the  work  w i l l  be
pe r fo rmed , compa t i b l e  w i t h  p rocess  l anes  i n  each  ca tego ry .
P rocess  l anes  f l ow  fo r  Ca tego ry  1  i s  as  f o l l ows :

Main Assembly – Pla ten No.  20

Sub Assembly -  P la ten  No .  20

Par t ia l  Sub Assembly  – Panel  L ine and Platens No.  23 & No,  24

Common ly  i n  sh ipbu i l d i ng , w e  r e f e r  t o  t h e  c o n s t r u c t i o n  p r o c e -
dure as to  what  we are do ing. B y  d e f i n i t i o n , when we combine
p ieces  we  have  pa r t i a l  sub  un i t s , when we combine par t ia l  sub
un i t s  we  haue  sub  un i t s , and when we combine sub units we have
main assembly . T h e s e  d e f i n i t i o n s  a r e  n o t  a l w a y s  c o m p a t i b l e
w i t h  p r o c e s s  l a n e s . I n  p r o c e s s  l a n e s  t h e  p i e c e  c o d e  i d e n t i f i e s
whe re  t he  wo rk  i s  t o  be  pe r fo rmed  and  t he  l oca t i on  d i c ta tes  t he
piece number . I n  o rde r  t o  keep  t he  p iece  code  compa t i b l e  w i t h
p rocess  l anes , we adopted the a lpha in  the P,S,U.  and S,U.  as a
common denominator. Th i s  pe rm i t s  us  t o  pe r fo rm  work  on  t he
pa r t i a l  sub  un i t  (P .S .U .  )  and  t he  sub  un i t  (S .U . )  p l a tens  wh i ch
by  mere  de f i n i t i on  wou ld  no t  wo rk .

In  s tudy ing the out l ine prou ided by GRAPH PL–19,  which is  the
p resen t  p i ece  cod ing  sys tem on  t he  TAO sh ip ,  you  w i l l  f i nd  t ha t
as  t he  p ieces  and  pa r t s  a re  ga the red  t he  numbers  d rop  o f f . You
w i l l  a l s o  s e e  t h e  r e l a t i o n s h i p  o n  t h e  n u m b e r s  s t e p s . 911
p i e c e s  i n  t h e  u n i t  c a r r y  t h e  U n i t  N o . 213 (SEE ISOMETRIC GRAPH
PL-20 ) . I t  gene ra l l y  t akes  seve ra l  sub  un i t s  t o  make  up  a
u n i t . I n  Un i t  No , 213  we  have  t h ree  (3 )  sub  un i t s ,  No .  213 -01 ,
No.  213-02,  and No.  213–03. On  the  l e f t ,  sub  un i t  No ,  213–01 ,
as  i n  a l l  sub  un i t s  t akes  a  comb ina t i on ”  o f  p re - sub ,  comb ined
p a r t i a l  s u b  u n i t s  a n d  p a r t i a l  s u b  u n i t s ,

– 2 6 -



N a t u r a l l y , seve ra l  va r i a t i ons  o f  number i ng  sys tems  wou ld  be
a p p r o p r i a t e  p r o v i d e d  t h a t  t h e  p i e c e s  h a v e  t h e  a b i l i t y  t o  b e
t r a c k e d  b a c k  t h r o u g h  t h e  h i e r a c h i a l  s t r u c t u r e .

I f  we would  have used the p iece cod ing estab l ished on the Exxon
f o r  U n i t  N o , 213, i t  would have been writ ten as shown by GRAPH
PL-19a. A rev iew of  the Exxon p iece coding and the TRO p iece
c o d i n g  r e f l e c t s  t h a t  a l l  p i e c e s  w i l l  c a r r y  t h e  U n i t  N o .  2 1 3
i d e n t i f i e r ;  h o w e v e r , on the Exxon the sub un i t  numbers are the
same;  there is  no common denominator . O n  t h e  l e f t ,  s u b  u n i t
No, 213 -001 ,  t he  comb ined  pa r t i a l  sub  un i t  number  was  no t
c a r r i e d  o n  t h e  p a r t i a l  s u b  u n i t  n u m b e r  a n d  t h e r e  i s n ’ t  a n y t h i n g
t o  i n d i c t e  t h e  p r e - s u b  u n i t s . T h e  p a r t i a l  s u b  u n i t  j u s t
i n d i c a t e s  t h a t  t h e  p a r t s  f a b r i c a t e .

QUESTIONS/ANSWERS
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1. 100 BLOCK, IS THE

2. 200 BLOCK, IS THE

3. 300 BLOCK, IS THE

4. 400 BLOCK, IS THE

5. 500 BLOCK, IS THE

6. 600 BLOCK, IS THE

7. 700 BLOCK, IS THE

8. 10 BLOCK, IS THE

T-AO
BLOCK NUMBERING BREAKDOWN

ENGINE ROOM

AFT CARGO AREA

FWD CARGO AREA

SUPERSTRUCTURE

PUMP ROOM AREA

AFT PEAK

FOREPEAK

AND MISCELLANEOUS DECK HOUSES

UNDERWATER HULL FITTINGS - EXAMPLE: RUDDER, SKEG,BILGE,ETC.

ONCE THE BLOCK HAVE BEEN ESTALISHED THEY ARE SEPARATED INTO BANDS AS SHOWN

BELOW:

GRAPH NO. PL-17











PROCESS LANES AND DESIGN ENGINEERING
FOR ZONE OUTFITTING
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PROCESS LANES AND DESIGN ENGINEERING
FOR ZONE OUTFITTING

MATERIAL FLOW

1. MATERIAL FLOW AND FACILITY LAYOUT A N A L Y S I S

T h e  b a s i c  c o n c e p t  o f  g o o d  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  ob jec t i ve  i s  t o  m in im ize  t he  number  and  l eng th  o f
routes and e l iminate  any unnecessary  mouements  such as back–
h a u l s , c r o s s - h a u l s ,  t r a n s f e r s ,  e t c . M a t e r i a l  f l o w  p r o b l e m s  c a n
ar ise because of  changes in  the des ign o f  a  process or  may
deve lop  because  o f  g radua l  changes  ove r  t ime  tha t  f i na l l y  man i -
f e s t  t h e m s e l v e s  i n  t e r m s  o f  b o t t l e n e c k s  i n  p r o d u c t i o n ,  c r o w d e d
c o n d i t i o n s , poor  housekeeping, f a i l u re  t o  mee t  schedu les ,  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 i m e .

T h e  m a t e r i a l  f l o w  a n a l y s i s , which was per formed at  Avondale,
concent ra tes on some quant i ta t ive  measures o f  movement  between
d e p a r t m e n t s  o f  a c t i v i t i e s , S ince  t he  sh ipya rd  l ayou t  shou ld  be
d e s i g n e d  t o  f a c i l i t a t e  t h e  f l o w  o f  t h e  p r o d u c t ,  w e  a r e  p r i m a r –
i l y  c o n c e r n e d  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 he  f ac to r s
t h a t  a f f e c t  m a t e r i a l  f l o w , and  wh i ch  we re  s tud ied ,  a re :

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 ;

the number  o f  i tems to  be moved;

the  number  o f  un i t s  t o  be  p roduced ;

m a t e r i a l  s t o r a g e  l o c a t i o n s ;

l o c a t i o n  o f  m a n u f a c t u r i n g  s e r v i c e  a r e a s .

The  mos t  popu la r  me thod  o f  ana l yz ing  ma te r i a l  f l ow  i s  t o  use
cha r t s  and  d iag rams . The  d iag rams  (F igu res  3 ,  4 ,  5 ,  &  6 )  and
the “From – To” chart (SEE GRAPH PL-21) were employed to
ana l yze  t he  ma te r i a l  f l ow  o f  Avonda le  Sh ipya rds . The  f l ow
d i a g r a m  i s  a n  i l l u s t r a t i o n  o f  t h e  a c t u a l  f l o w  o f  m a t e r i a l  a n d
i s  q u i t e  b e n e f i c i a l  i n  e v a l u a t i n g  p r e s e n t  o r  p r o p o s e d  f a c i l i t y
l a y o u t s , From the f low d iagram, we  can  measu re  ma te r i a l -
h a n d l i n g  d i s t a n c e s .

T h i s  d i s c u s s i o n  w i l l  f i r s t  a d d r e s s  t h e  f l o w  d i a g r a m s  d e v e l o p e d
f rom in fo rma t i on  comp i l ed  f r om ou r  f o rmer  me thod  o f  hand l i ng
t h e  m a t e r i a l , t hen  t he  p resen t  d i ag rams  deve loped  f r om the
p rocess  l anes  s tud ies . Fo l low ing  th is , we wi l l  compare the 
number of pieces, t r ips,  and distances involued in the two
methods (SEE GRAPHS PL-22 & PL–23).
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T h e  d e v e l o p m e n t  o f  t h e  c h a r t s / d i a g r a m s ,  t i t l e d  “ P a s t , ”  i n  t h i s
a n a l y s i s  w e r e  g e n e r a t e d  f r o m  i n f o r m a t i o n  c o l l e c t e d  i n  a  t e n
week  pe r i od ,  i n  March ,  Ap r i l ,  and  May  o f  1981 , T h e  i n f o r m a t i o n
w a s  e x t r a c t e d  f r o m  r e p o r t s  c r e a t e d  b y  t h e  M a t e r i a l  C o n t r o l
Depa r tmen t  and  the  mob i l e  c rane  se ru i c i ng  a rea .

911  ma te r i a l  moued  f rom one  s i t e  t o  ano the r  a t  Avonda le  i s
accompanied by a “ Y a r d  M o v e m e n t  T i c k e t "  s p e c i f y i n g  t h e  o r i g i n
of the movement, w h a t  i s  b e i n g  m o v e d ,  a n d  t h e  d e s t i n a t i o n .  s o ,
t h e  r e p o r t s  r e p r e s e n t e d  a c t u a l  m a t e r i a l  m o v e m e n t s  w i t h i n  t h e
y a r d  d u r i n g  t h e  p e r i o d  s t u d i e d . The in format ion was summar ized
a n d  i s  p r e s e n t e d  i n  t h e  f o r m  o f  f l o w / f r o m - t o  d i a g r a m s . These
d i a g r a m s  p r o v i d e  i n f o r m a t i o n  a s  t o  t h e  s i t e s  t h a t  m a t e r i a l
f l owed  to  and  f rom, a n d  t h e  d i s t a n c e s  i n v o l u e d . The number of
p i e c e s  i n v o l u e d , t h a t  a r e  d i s c u s s e d  f u r t h e r  o n ,  w e r e  e x t r a c t e d
f rom the  “Ya rd  Movemen t  T i cke t s . ”

The  “Pas t ”  d i ag rams  rep resen t  two  t ypes  o f  ma te r i a l  movemen t :

p l a t e  a n d  s t r u c t u r a l ;

f ab r i ca ted  p i eces  be tween  p la tens  and  o the r  a reas ,  such
as  s to rage .

NOTE:  In  the past , m u c h  o f  t h e  s t e e l  p l a t e  a n d  s t r u c t u r a l ,
a f t e r  t h e y  w e r e  c u t  o r  f a b r i c a t e d ,  w e r e  s e n t  t o  t h e  s t e e l
f a b r i c a t i o n  s t o r a g e  a r e a . T h i s  w a s  t h e  r e s u l t  o f  m u t l i -
h u l l  c u t t i n g  a n d  f a b r i c a t i n g .

T h e  d e v e l o p m e n t  o f  t h e  c h a r t s / d i a g r a m s  t i t l e d  “ P r e s e n t ”  i n  t h e
ana l ys i s  was  gene ra ted  f r om i n fo rma t i on  deve loped  by  t he
Process Lanes Commit tee concern ing the work  locat ions and
mate r i a l  movemen ts  requ i red . The  p rocess  l anes  concep t  e l im i -
n a t e s  m u l t i - h u l l  c u t t i n g  a n d  f a b r i c a t i o n . i t ,  t h e r e b y ,  e l i m i -
n a t e s  m a t e r i a l  f l o w  t o  t h e  f a b r i c a t i o n  s t o r a g e  a r e a  ( e x c e p t
O u t f i t t i n g )  a n d  s e n d s  i t  d i r e c t l y  t o  t h e  w o r k  s i t e  s t o r a g e
queue  i n  wh i ch  t he re  i s  one  week ’ s  back log  o f  e i t he r  p re -cu t
r a w  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  w e e k ’ s  w o r k  b a c k l o g
o f  f a b r i c a t e d  p i e c e s  f o r  a n  a s s e m b l y  p l a t e n . T h i s  i n f o r m a t i o n
w a s  i n c o r p o r a t e d  i n t o  t h e  p r e s e n t  f l o w  c h a r t s  b y  m a t h e m a t i c a l l y
s h i f t i n g  t h e  r e l a t e d  m a t e r i a l  f r o m  t h e  f a b r i c a t i o n  s t o r a g e  a r e a
to  t he  wo rk  s i t e  s to rage  queues .

T h e  e n d  r e s u l t  i s  a  v e r y  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 t o r a g e  ( p l a t e  a n d  s t u r c t u r a l s )  a n d  a n  a p p r o p r i a t e  i n c r e a s e  i n
ma te r i a l  go ing  t o  t he  wo rk  s i t es  f r om the  P la te  Shop  and  P la ten
No , 1 8 ,  w h e r e  t h e  s t r u c t u r a l  a r e  c u t .

The  “P resen t ”  d i ag rams  a l so  rep resen t  t he  two  t ypes  o f  ma te r i a l
movemen t  shown  i n  t he  ea r l i e r  pa r t  o f  t h i s  d i scuss ion : p l a t e
a n d  s t r u c t u r a l , and  f ab r i ca ted  p ieces  be tween  p la tes .
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A comparison of the two methods shows that under the past
f ac i l i t y  l ayou t  and  s to rage  me thod  we  moved  9 ,174  p ieces  o f
s t e e l  m a t e r i a l  p e r  w e e k , of which 60.7% was moved to or from
t h e  f a b r i c a t i o n  s t o r a g e  a r e a . The process lanes method moues
6 , 5 7 1  p ieces  pe r  week  o f  wh i ch  on l y  8% i s  i nvo lued  w i t h  t he
f a b r i c a t i o n  s t o r a g e  a r e a . The  reduc t i on  o f  2 ,603  p ieces  pe r
week  i s  due  to  t he  l a rge  reduc t i on  i n  doub le  hand l i ng  t ha t  was
i n u o l u e d  i n  m o v i n g  t h e  m a t e r i a l  t o  a n d  f r o m  t h e  f a b r i c a t i o n
s to rage  a rea . 9  reduc t i on  o f  28 .4% in  t he  number  o f  p i eces
hand led  pe r  week  i s  r ea l i zed  by  t he  p rocess  l anes  concep t ,  w i t h
the  a t t endan t  sav ing  i n  manhou rs .

The former  method we used had a to ta l  s tee l  mater ia l  movement
o f  66 .6  i n–p lan t  m i l es  pe r  week , of which 60% was to and from
t h e  f a b r i c a t i o n  s t o r a g e  a r e a . Under  the process lanes method,
movement  is  43.4 mi les per  week, o f  w h i c h  1 3 , 6 %  i s  t o  a n d  f r o m
t h e  f a b r i c a t i o n  s t o r a g e  a r e a . 9  r e d u c t i o n  o f  2 3 . 2  m i l e s  p e r
week  (34 ,8%)  i s  r ea l i zed  unde r  t he  p rocess  l anes  concep t ,

There were 177 d is t inc t  moues f rom area to  area under  the
f o r m a l  m a t e r i a l  f l o w  m e t h o d . Under  the process lanes method,
t he re  i s  a  r educ t i on  o f  t hese  moues  by  58  f o r  a  t o ta l  o f  1 1 9 ,
r e s u l t i n g  i n  a  3 2 . 8 %  d e c r e a s e  i n  t h e  n u m b e r  o f  d i s t i n c t  m o v e s .

I n  e u a l u t i n g  t h e s e  f o u r  ( 4 )  a r e a s ,  i t  c a n  b e  s e e n  t h a t  a
sav ings  o f  app rox ima te l y  30% in  t he  hand l i ng  o f  s t ee l  i s
r e a l i z e d  a s  a  r e s u l t  o f  t h e  i m p l e m e n t a t i o n  o f  t h e  p r o c e s s  l a n e s
concep t , The  app rop r i a te  cos t  sav ings  can  be  ob ta ined  by  eua l–
uat ing the manpower,  equipment , and  ene rgy  reduc t i ons  wh i ch
r e s u l t  f r o m  a  3 0 %  r e d u c t i o n  i n  t h e  h a n d l i n g  o f  s t e e l  m a t e r i a l .
I t  i s  ev i den t  f r om the  ana l ys i s  shown  he re  t ha t  one  o f  t he
m a j o r  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 u o l u t i o n
toward  an  i dea l  ma te r i a l  hand l i ng  sys tem.

P r e c i o u s l y , we made 170.5 t r ips  per  week moving an average of
5 3 . 8  p i e c e s  p e r  t r i p , of which 47.8% was moved to or from the
f a b r i c a t i o n  s t o r a g e  a r e a . The process lanes method makes 1 4 5 . 2
t r i p s  p e r  w e e k  m o v i n g  a n  a v e r a g e  o f  4 5 . 3  p i e c e s  p e r  t r i p ,  o f
w h i c h  o n l y  6 . 4 %  w i l l  b e  i n v o l u 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 . A  14 ,8% in  t he  number  o f  t r i ps  pe r  week  a re  rea l i zed ,
w h i l e  h a n d l i n g  1 5 . 8 %  l e s s  m a t e r i a l  p e r  t r i p , I f  w e  e v e n t u a l l y
f i l l  t h e  l o a d s  t o  c a p a c i t y  ( a s s u m e  5 3 . 8  p i e c e s  p e r  l o a d  i s
c a p a c i t y ) ,  w e  w i l l  r e d u c e  t h e  t r i p s  b y  a n  a d d i t i o n a l  1 5 . 8 5  a n d
have  a  reduc t i on  o f  30 .6% on  t he  t o ta l  number  o f  t r i ps  pe r  week .

I n  c l o s i n g  t h e  d i s c u s s i o n  o n  t h i s  s e c t i o n ,  i t  s h o u l d  b e  r e i t e r –
a ted  t ha t  t he  sav ings  f r om p rocess  l anes  imp lemen ta t i on  i s  r ea l
and measurable. T h e  r e t u r n s  f r o m  l o s t  m a t e r i a l  a l o n e  a r e
s i g n i f i c a n t . T h e  s a v i n g s  o b t a i n e d  f r o m  s t a n d a r d i z a t i o n  o f
p i e c e s  i n c l u d i n g  l i f t i n g  l u g s , padeyes  g rea t l y  r educes  t he
o u e r a l l  c o s t . T h e  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  h a s
g r e a t l y  r e d u c e d  r e w o r k  c o s t  v i a  e s t a b l i s h e d  p r o c e d u r e s  f o r
m a t e r i a l  f l o w  t h r o u g h  p r o c e s s  l a n e s .

QUESTIONS/ANSWERS
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JOB DESCRIPTION AT EACH STAGE

I N  N E W  H U L L  A N D  O U T F I T T I N G

MARKETING STAGE DEFINITIONS
(A) – CONTRACT SPECIFICATION

- SHIP PROPORTIONS
- DRAWINGS

LINES
GENERAL ARRANGEMENT OF HULL AND MACHINERY .
SUPERSTRUCTURE AND QUARTERS ARRANGEMENTS
MIDSHIP SECTION
SCANTLING SECTIONS
PRELIMINARY SHELL EXPANSION
CARGO OIL SYSTEM D! AGRAM ( 3 )

INERT GAS, DEHUMIDIFICATION AND CARGO VENT DIAGRAMS (3) – 43 TANKS
ENGINE – RELATED AND OTHER PIPING DIAGRAMS

– DIAG. MAIN ENGINE LUBE OIL SYSTEM
– DIAG. MAIN ENGINE CYLINDER LUBE OIL SYSTEM
– DIAG. LUBE OIL FILLINGS, TRANSFER AND PURIFIER SYSTEM
– DIAG. STERN TUBE LUBE OIL SYSTEM
– PIPING MATERIAL SCHEDULE
– DIAG. ENGINE ROOM BILGE& BALLAST SYSTEM
– DIAG. SEGREGATED BALLAST SYSTEM 
– DIAG. FEED AND CONDENSATE SYSTEM
– DIAG. FIREMAIN – ENGINE ROOM
– DIAG. FIREMAIN – ACCOMMODATIONS
– DIAG: FIREMAIN AND FOAM SYSTEM – MAIN DECK
- DIAG. CENTRAL FRESH WATER COOLING SYSTEM
– DIAG. MAIN ENGINE JACKET WATER COOLING SYSTEM .-
– DIAG. MAIN ENGINE PISTON COOLING WATER SYSTEM GRAPH NO. PL-39
– DIAG. MAIN ENGINE FUEL VALUE COOLING WATER SYSTEM





KEY PLAN STAGE
– FRAME BODY PLAN (BASED ON FAIRED LINES)
– SHELL EXPANSION
– FORE CONSTRUCTION

– DECK, FLAT AND STRINGER
- ELEVATION (LONGITUDINAL BULKHEAD AND GIRDER)
-EVERY FRAME SECTION AND TRANSVERSE BULKHEAD

– HOLD PAR CONSTRUCTION
– DECK AND FLAT
– ELEVATION
– EVERY FRAME SECTION AND TRANSVERSE BULKHEAD.

– ENGINE ROOM AND AFT CONSTRUCTION
– DECK AND FLAT
– ELEVATION
– EVERY FRAME SECTION AND TRANSVERSE BULKHEAD 

– SUPERSTRUCTURE CONSTRUCTION
– SET-UP OF SPADE DATA BASE
– APPROVPAL OF  REGULATORY BODY AND OWNER
– FINAL UNIT ARRANGEMENT AND LIST
– 70% – 75% STEEL BILLED – BUY STEEL AS NEEDED

DETERMINE PLATES TO BE FURNACED BY “K” MEETING 
_ ISSUE FINAL OUTFIT MILESTONE SCHEDULE 
- ISSUE FINAL PALLET LIST

STYLE OF DRAWING:

OVERVIEW OF STRUCTURE
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PROCESS LANES AND DESIGN ENGINEERING
FOR ZONE OUTFITTING

SCHEDULE PLANNING FOR HULL CONSTRUCTION

I . TOTAL CONTRACT PLANNING REQUIREMENTS

H i s t o r i c a l l y , t he  impo r tance  o f  p l ann ing  and  schedu l i ng  o f  t he
to ta l  con t rac t  r equ i remen ts  has  been  ve ry  much  unde r -
emphasized. The  coo rd ina t i on  and  subsequen t  pe r fo rmance  o f  t he
s u p p o r t  f u n c t i o n s , i n  t e r m s  o f  t i m e l i n e s s  a n d  a c c u r a c y ,  o b v i –
ous l y  has  a  d i r ec t  and  power fu l  impac t  on  t he  success  o f  t he
p r o d u c t i o n  e f f o r t . Most  o f ten we have not  done anywhere near
w h a t  i s  r e q u i r e d  t o  a s s u r e  p r o d u c t i o n  o f  a  s u c c e s s f u l  c o n s t r u c -
t i o n  e f f o r t . Consequen t l y , when  schedu les  become  c r i t i ca l  and
q u a l i t y  s u f f e r s , t h e  p r o d u c t i o n  e f f o r t  s t a n d s  l a s t  i n  l i n e  a n d
s u f f e r s  f r o m  o u r  u p f r o n t  i n a d e q u a c i e s . The development and
i m p l e m e n t a t i o n  o f  p r o c e s s  l a n e s ,  i n  h u l l  c o n s t r u c t i o n , serues
to  de l i nea te  many  o f  ou r  o l d  sho r t com ings .

To suppor t  the requ i rements  o f  the process lanes system,  a
c o n c e n t r a t e d  u p f r o n t  p l a n n i n g  e f f o r t  i s  a  m u s t . I n  f a c t ,  a
“ p r o c e s s  l a n e s ” a p p r o a c h  t o  t h e  t o t a l  c o n t r a c t  r e q u i r e m e n t s  i s
e s s e n t i a l  t o  p r o c e e d  i n  a d u a n c e  o f  h u l l  c o n s t r u c t i o n . T h i s  i s
a  d r a m a t i c  d e p a t u r e  f r o m  t h e  t r a d i t i o n a l  a p p r o a c h  t h a t  h a s
preuai led in  the sh ipbui ld ing env i ronment  (SEE GRAPH PL-24 FOR
COMPARISON). Th i s  ob jec t i ve  can  on l y  be  ach ieved  i f  we  keep  i n
m i n d  a n d  c o n s t a n t l y  r e m i n d  o u r s e l v e s  t h a t  t h e  t o t a l  c o n t r a c t
requi rements  themselves must  be p lanned and moni tored. GRAPH
P L - 2 5  p r o v i d e s  a  g e n e r a l  o u t l i n e  f o r  t h e  b a s i s  o f  a  t o t a l
r e q u i r e m e n t s  p l a n n i n g  e f f o r t .

Th i s  app roach  to  p lann ing , as  w i t h  any  o the r  me thod  o f  p l an -
n i n g , r e q u i r e s  a  w e l l  o r g a n i z e d  p l a n n i n g  o r g a n i z a t i o n . The
p rocess  l anes  concep t  r equ i res  de f i ned  s tanda rd  ope ra t i ng
p rocedu res  wh i ch  p rov ide  t he  sys tem to  coo rd ina te ,  deve lop  and
a s s i m i l a t e  u p f r o n t  d a t a  t o  E n g i n e e r i n g ,  P r o d u c t i o n ,  a n d  s u p p o r t
depa r tmen ts . T h i s  s e r v e s  t o  a s s u r e  r 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  r e q u i r e m e n t s  a n d  t h e  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 .

The  imp lemen ta t i on  o f  p rocess  l anes  requ i res  t he  deve lopmen t
a n d  p r e p a r a t i o n  o f  i n f o r m a t i o n  a n d  d a t a  f r o m  p l a n n i n g ,  b e g i n -
n ing  du r i ng  t he  b id  s tage  on  new  con t rac t s . The process lanes
sys tem p rov ides  de ta i l  f eedback  f r om each  p roduc t i on  s tage ,
w h i c h  i s  v a l u a b l e  i n  t h e  e v a l u a t i o n  o f  n e w  c o n t r a c t  c a p a c i t y
requ i remen ts  and  t he  compa t i b i l i t y  o f  key  da tes  f o r  p roposed
c o n t r a c t s , The  rou t i ne  mon i t o r i ng  o f  schedu le  s ta tus  and  cos t
e f f i c i e n c y  r e a d i l y  p r o v i d e s  t h e  d a t a  r e q u i r e d  t o  f i r m l y  c o m m i t
t o  new  con t rac t s  and  de l i ve r  on  schedu le .

At  award, i t  i s  e s s e n t i a l  t h a t  p r e – a w a r d  p l a n n i n g  b e  r e a d i l y
a v a i l a b l e  f o r  t h e  t o t a l  c o n t r a c t  r e q u i r e m e n t s . At  Avondale ,  we
u t i l i ze  a  documen t  r e fe r red  t o  as  t he  “ Job  Desc r i p t i on  A t  Each
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Stage  Schedu le ”  wh i ch  rep resen ts  a  mean ing fu l  and  rea l i s t i c
app roach  t o  t he  en t i r e  p l ann ing  and  schedu l i ng  p rocess . O b v i -
o u s l y ,  h u l l  c o n s t r u c t i o n  p l a n n i n g  a n d  t h e  p r o c e s s  l a n e s  s y s t e m
i s  o n l y  o n e  p a r t  o f  t h e  m a n y  i n t e g r a t e d  p a r t s  a n d  e f f o r t s  f r o m
beg inn ing  t o  end . GRAPHS PL–26 THROUGH PL–30 depict the over-
a l l  e f f o r t  f o r  h u l l  c o n s t r u c t i o n  o n  t h e  t o t a l  c o n t r a c t  i n  s o m e
d e t a i l . Th is  concept  has been presented in  o ther  seminars  and
i s  be ing  re -emphas i zed  he re  because  o f  i t s  impo r tance  t o
p rocess  l anes .

A s  m e n t i o n e d  e a r l i e r , t he  “ Job  Desc r i p t i on  A t  Each  S tage  Sche -
d u l e ”  m u s t  b e  r e a l i s t i c . I t  i s  i m p o r t a n t  t h a t  t h e  s t a g e s  o f
t h e  t o t a l  c o n t r a c t  r e q u i r e m e n t s , as  we l l  as  p rocess  l anes ,  be
t ime  phased  to  assu re  adequa te  l ead  t ime  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 r i n g ,  P r o d u c t i o n  P l a n n i n g ,  P u r c h a s i n g ,  M o l d
L o f t  a n d  P r o d u c t i o n  E n g i n e e r i n g )  t o  p e r f o r m  t h e i r  t a s k s  i n
t ime ly  manner .

B e g i n n i n g  v e r y  e a r l y  d u r i n g  t h e  m a r k e t i n g  s t a g e ,  p r e - d e t e r m i n e d
mee t i ngs  a re  conduc ted  t o  rev iew  s tage  deve lopmen t ,  and  t hese
m e e t i n g s  c o n t i n u e  t h r o u g h o u t  t h e  d u r a t i o n  o f  t h e  c o n t r a c t .

A S i nd i ca ted  on  GRAPH PL–26 ,  t he  “marke t i ng ”  s tage  de f i n i t i ons
a r e  w e l l  d e t a i l e d  a n d  p r o v i d e  k e y  p i e c e s  o f  i n f o r m a t i o n  n e c e s -
s a r y  f o r  a l l  o f  t h e  s u b s e q u e n t  s t a g e s , T h e  c o n t r a c t  s p e c i f i -
c a t i o n s , s h i p s  l i n e s  a n d  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 , scan t l i ng  expans ions  p rov ide  much  de ta i l ed
p l a n n i n g  i n f o r m a t i o n . The machinery  ar rangements and
d i a g r a m m a t i c  a r e  e s s e n t i a l  f o r  o u t f i t t i n g  a n d  h u l l  p l a n n i n g
development .

As indicated on GRAPH PL–26, t h e  c a l c u l a t i o n  a n d  t e c h n i c a l  d a t a
d e v e l o p e d  a t  t h i s  t i m e  i s  e s s e n t i a l  t o  t h e  f o l l o w i n g
e n g i n e e r i n g  s t a g e s . P r e l i m i n a r y  p r o c u r e m e n t  s p e c i f i c a t i o n s
m u s t  b e  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 .

As noted on GRAPH PL–28, one  mon th  a f t e r  con t rac t  t he  second
“ g o ” mee t i ng  i s  he ld  w i t h  Eng inee r i ng ,  P lann ing  and  top  manage-
m e n t  t o  a s s u r e  t h a t  t h e  p r e p a r a t i o n  s t a g e  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 .

Fou r  mon ths  a f t e r  t he “ g o ” m e e t i n g ,  a  t h i r d  m e e t i n g  r e f e r r e d  t o
as  t he  “K ”  mee t i ng  (o r  key  p l an  s tage )  i s  he ld  t o  assu re  t ha t
app rova l  f r om he  regu la to r y  bod ies  and  t he  cus tomer  i s  aua i l –
a b l e . A t  t h i s  t i m e  k e y  p l a n s  s h o u l d  b e  a v a i l a b l e .

As indicated on GRAPH PL–29, t h e  p l a n n i n g  a n d  s c h e d u l i n g  m i l e -
s tones  a re  i den t i f i ed  and  se t  t he  s tage  f o r  t he  subsequen t
d e t a i l  s c h e d u l e s . On GRAPH PL–30 the mold lo f t ,  prefabr i -
c a t i o n ,  f a b r i c a t i o n ,  s u b - a s s e m b l y ,  a s s e m b l y  a n d  o u t f i t t i n g
e v a l u a t i o n s  a r e  c l e a r l y  d e f i n e d  b y  a c t i v i t y .

I t  i s  n o t  e n o u g h  t o  e s t a b l i s h  a n d  m o n i t o r  t h e  c o n s t r u c t i o n
s t a g e s ;  i n  f a c t , c o n t r o l s  a r e  e s s e n t i a l  t o  a c h i e v e  t h e
inc reased  e f f i c i ency  as  p l anned  w i t h  t he  p rocess  l anes  concep t .
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T h e  o v e r a l l  s y s t e m  o f  p r o c e s s  l a n e s ,  l i k e  t h e  t o t a l  c o n t r a c t
r e q u i r e m e n t s , mus t  i n t e r f ace  and  each  d i v i s i on  mus t  execu te
t h e i r  r e s p e c t i v e  p a r t s  o f  t h e  p l a n . I f  t h i s  d o e s  n o t  o c c u r ,  a s
w e  d i s c u s s e d  e a r l i e r , t he  bu rden  o f  l a t e  and  ou t -o f–sequence
i n f o r m a t i o n  c r e a t e s  l o g  j a m s  a n d  f a c i l i t y  o v e r - b u r d e n s  w h i c h
i m p a c t  t h e  c o n s t r u c t i o n  e f f o r t .

Thus, t h e  i n i t i a l  s c h e d u l e  p l a n n i n g  f o r  h u l l  c o n s t r u c t i o n  s e t s
the  s tage  f o r  a l l  subsequen t  p l ann ing  and  schedu le ,  wh i ch  was
d i scussed  i n  some  de ta i l  i n  t he  p resen ta t i on  on  Un i t  B reakdown
and  Schedu l i ng  and  w i l l  be  f u r t he r  de f i ned  i n  t he  upcoming
p resen ta t i on  on  P lann ing  Con t ro l  Sys tems .

QUESTIOINS/ANSWERS
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 JOB DESCRIPTION AT EACH STAGE
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ENGINEERING PROCEDURE AT ASI

– DIAG. MAIN SEA WATER COOLING SYSTEM

– DIAG. AUXILIARY SEA WATER COOLING SYSTEM
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– DIAG. STEAM SYSTEM
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WEIGHT ESTIMATE
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TANK CAPACITIES

BONJEANS CURVES

INTACT TRIM AND STABILITY DATA

LOADING CONDITIONS
DAMAGED STABILITY EVALUATION

WAKE SURVEY

RESISTANCE AND SELF-PROPELLED TESTS
ELECTRIC LOAD ANALYSIS

ELECTRIC ONE LINE DIAGRAM

VENT SYSTEM DEVELOPMENT AND DUCT OPENING
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 PROCESS LANES AND DESIGN ENGINEERING
FOR ZONE OUTFITTING

PLANNING CONTROLS UNDER PROCESS LANES

i . INTRODUCTION

Wi th ,  imp lemen ta t i on  o f  t he  p rocess  l anes  concep t ,  t he  P roduc–
t i on  P lann ing  Depa r tmen t  has  been  requ i red  to  pe r fo rm more
d e f i n i t i v e  a n a l y s i s  a n d  i n – d e p t h  s t u d y  o f  t h e  p l a n n i n g  a n d
s c h e d u l i n g  f u n c t i o n s . T h i s  a n a l y s i s  h a s  d i c t a t e d  t h a t  t h e
p lann ing  and  schedu l i ng  ac t i v i t i es  mus t  occu r  i n  a  more
de ta i l ed  and  more  t ime ly  manner . P r o c e s s  l a n e s  h i g h l i g h t e d  t h e
f a c t ,  f u r t h e r m o r e , t h a t  s p e c i f i c  p l a n n i n g  f u n c i t o n s  m u s t  o c c u r
i n  a  p re -de te rm ined  sequence  to  suppo r t  t he  l eve l  l oad ing
aspect of process lanes (SEE GRAPH PL–31). T h e  l e v e l  l o a d i n g
p rocess  and  t he  p rope r  sequence  o f  f l ow  a re  an  abso lu te  t o
p r o v i d i n g  a  r e a l i s t i c  a n d  a c h i e v a b l e  c o n s t r u c t i o n  s c h e d u l e .

I I . PLANNING CONTROLS

T h e  f u n c t i o n a l  a n d  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 n e s  w e r e
e s t a b l i s h e d  a s  b a s i c  s t e p s  e s s e n t i a l  i n  s u p p o r t  o f  t h e  p r o c e s s
lanes  concep t , as  we l l  as  t he  ove ra l l  p l ann ing  deve lopmen t .
Thus , t h e  f o l l o w i n g  g u i d e l i n e s  w e r e  c o n s i d e r e d  t o  b e  s t e p s
pa ramoun t  t o  suppo r t  a  success fu l  cons t ruc t i on  e f f o r t  (SEE
GRAPH PL–32):

1.

2.

3.

4.

5.

6 .

7.

8.

9 .

D e t e r m i n e  p r e s e n t  p l a t e n  l o a d i n g ;

E s t a b l i s h  k e y  d a t e s ;

D i v i d e  h u l l  i n t o  u n i t s  a n d  d e v e l o p  e r e c t i o n  s e q u e n c e ;

C a t e g o r i z e  h u l l  u n i t s ;

W e i g h t  c a l c u l a t i o n s  b y  u n i t  ( r o u g h ) ;

P l a t e n  l o a d  ( P l a t e n  # 2 o )  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  s e q u e n c e ;

I n s u r e  c o m p a t i b i l i t y  w i t h  k e y  d a t e s ;

P repa re  l ong  te rm  schedu le ;

10 .  As  de ta i l ed  d raw ings  become ava i l ab le  -  r e f i ne  we igh t
es t ima tes  and  a l l  s chedu les ;

11 .  P lann ing  f l ow  d iag rams .
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Summar ies  o f  t he  p lann ing  con t ro l s  r equ i red  f o r  each  o f  t he
a b o v e  g u i d e l i n e s  a r e  d e f i n e d  a s  f o l l o w s :

9)

B)

c )

D)

DETERMINE PRESENT PLATEN LOADING

Study  t he  p resen t  and  l ong  t e rm  p la ten  l oad ing  f o r  con t rac t s
in  progress on Pla ten No.  20 and Pla ten No.  17. Platen No.
2 0  i s  t h e  m a i n  a s s e m b l y  a r e a  f o r  f l a t  t y p e  u n i t s  w i t h
s h o r t e r  d u r a t i o n s ;  w h i l e  P l a t e n  N o . 17 is  the main assembly
a r e a  f o r  c u r v e d  u n i t s  w h i c h  g e n e r a l l y  a r e  l o n g e r  d u r a t i o n
u n i t s , as  d i scussed  i n  t he  Un i t  B reakdown  sec t i on . 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  m o n i t o r e d  a n d  t h e  l o a d i n g  f o r
any  g i ven  week  shou ld  be  immed ia te l y  ava i l ab le  f o r  each
p l a t e n  a n d  a l l  c o n t r a c t s  o n  h a n d  f o r  t h e  d u r a t i o n  o f  t h e
long  t e rm  schedu les .

ESTABLISH KEY DATES

The  P lann ing  Depa r tmen t  mus t  es tab l i sh  t he p o s s i b l e  k e y
e v e n t  d a t e s  ( 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 ,  l a u n c h  a n d
d e l i v e r y )  a s  e a r l y  a s  p o s s i b l e ,  b a s e d  o n  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  b y  t h e  c u s t o m e r  a n d  w i t h i n  t h e  o v e r a l l
master  (Long Term) yard schedule. T h i s  e f f o r t  m u s t  b e
“Rough  Cu t "  o r  p re l im ina ry  f o r  con t rac t  b i d  pu rposes  and
t h e n  r e f i n e d  u p o n  s i g n i n g  o f  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 ) . Du r i ng  t he  key  even t  r ev iew ,  l ead  t imes  f o r
eng inee r i ng  d raw ing  deve lopmen t  and  l o f t i ng  deve lopmen t  mus t
b e  g i v e n  p r i o r i t y  a t t e n t i o n . R i s i b i l i t y  i n  t h e s e  a r e a s  m u s t
be  ma in ta ined  du r i ng  t he  upcoming  p lann ing  evo lu t i ons .

DIVIDE HULL INTO UNITS AND DEVELOP ERECTION SEQUENCE

The  un i t  a r rangemen t  d raw ing  i s  p repa red  by  P roduc t i on
P l a n n i n g  f o r  p u r p o s e s  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 rec t i on  b reaks  and  un i t  number i ng . T h i s  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  d e v e l o p m e n t  o f  t h e  d e s i r e d  e r e c t i o n
sequence. A list of units with the basic unit description s
i s  p r e p a r e d . 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  p u r p o s e s  a r e
a d d e d  t o  t h e  u n i t  d e s c r i p t i o n  s h e e t s  p r i o r  t o  i s s u e ,

CATEGORIZE HULL UNITS

The  hu l l  un i t s  a re  now  ca tego r i zed  w i t h i n  t he  p rocess  l anes
concept ,  as  d iscussed in  the Phys ica l  Process Lanes and and
Un i t  B reakdown  sec t i ons ;  whe reas , a  s e p a r a t e  l i s t  o f  u n i t s
i s  t hen  p repa red  w i t h i n  each  o f  t he  s i x  ( 6 )  p rocess  l anes
c a t e g o r i e s , a l o n g  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  a n d  m o r e
r e f i n e d  w e i g h t s  ( t o  b e  a d d e d  l a t e r ) . The  p lann ing  eng inee rs
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t h e n  b e g i n  d e t a i l e d  s t u d y  o f  t h e  c o n s t r u c t i o n  m e t h o d  f o r
e a c h  i n d i v i d u a l  u n i t  f o r  d e t e r m i n i n g  t h e  p r o p e r  c a t e g o r y  i n
w h i c h  t o  p l a c e  e a c h  u n i t .

E) WEIGHT CALULATIONS

W e i g h t  e s t i m a t e s  m u s t  b e  d e v e l o p e d  f o r  e a c h  u n i t  i n  C a t e g o r y
1 a n d  C a t e g o r y  2  f o r  p u r p o s e  o f  p r o p e r  p l a t e n  l o a d i n g  o n
P l a t e n  N o . 2 0  ( P r o c e s s  L a n e  N o .  1) a n d  P l a t e n  N o .  1 7
( P r o c e s s  L a n e  N o .  2 ) .

F)

G)

PLATEN LOAD PLATEN NO. 20 TO CAPACITY

A f t e r  t h o r o u g h l y  r e v i e w i n g  t h e  l o a d i n g  o f  P l a t e n  N o .  2 0
( G u i d e l i n e  N o . 1 )  f o r  t h e  d u r a t i o n  o f  N E W  c o n t r a c t  b a s e d  o n
t h e  e s t a b l i s h e d  p r e l i m i n a r y  k e y  e v e n t  d a t e s ,  t h e  p l a t e n
s h o u l d  t h e n  b e  l o a d e d  ( w e e k  b y  w e e k )  t o  c a p a c i t y , The
q u a n t i t y o f  u n i t s p e r  w e e k ( B a s e d  o n  t h e i r  w e i g h t s ) c a n  t h e n
b e  d e t e r m i n e d  a n d  t h i s  t h e n  e s t a b l i s h e s  t h e  n u m b e r  o f  u n i t s
p e r  w e e k ,  t h a t  w i l l  b e  a v a i l a b l e ,  f r o m  P l a t e n  N o .  2 0 ,  f o r
e r e c t i o n  d u r i n g  a n y  g i v e n  w e e k  f r o m  s t a r t  t o  l a u n c h . T h e
n u m b e r  o f  u n i t s  p e r  w e e k  t h u s  e s t a b l i s h e d  a r e  t h e n  r e v i e w e d
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  s c h e d u l e  ( G u i d e l i n e
N o .  3 )  a n d  t h e  e r e c t i o n  s c h e d u l e  c a n  b e  f i n a l i z e d .

ESTABLISH ERECTION SCHEDULE

U s i n g  t h e  s e q u e n c e  o f  e r e c t i o n  d e v e l o p e d  i n  G u i d e l i n e  N o .  3
a n d  t h e  n u m b e r  o f  u n i t s  p e r  w e e k  a v a i l a b l e  f r o m  P l a t e n  N o .
2 0  d e v e l o p e d  i n  G u i d e l i n e  N o . 6 ,  t h e  e r e c t i o n  s c h e d u l e  c a n
b e  d e v e l o p e d . F o r  e x a m p l e , i f  t h e  f i r s t  5  u n i t s  t o  b e
erec ted  a re  numbered  in  sequence  No .  1, No. 2, No. 3, No.  4 ,
and  No , 5  a n d  t h e  u n i t  w e i g h t s  a r e :

Unit No. 1 = 8 6 . 5  T o n s

U n i t  N o .  2  =  1 2 5 . 0  T o n s

U n i t  N o . 3  =  1 2 5 . 0  T o n s

U n i t  N o .  4  = 8 6 . 5  T o n s

U n i t  N o . 5  =  8 6 . 5  T o n s

T o t a l 5 0 9 . 5  T o n s

T h e n  U n i t s  N o . 1 t h rough  No . 5  c a n  b e  e r e c t e d  i n  o n e  ( 1 )
w e e k  l e a v i n g  6 0 0  -  5 0 9 . 5  = 9 0 . 5  t o n s  ( b a s e d  o n  6 0 0  t o n s / w e e k
o u t p u t  P l a t e n  N o . 2 0 )  a v a i l a b l e  f o r  u n i t s  o n  a n o t h e r  s h i p .
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H)

I t  i s  i m p o r t a n t  t o  n o t e  t h a t  t h e  q u a n t i t y  o f  C a t e g o r y  1
un i t s  pe r  week  t o  be  e rec ted  (a l l  j obs )  canno t  exceed  t h i s
maximum tonnage output  per  week avai lab le  f rom Platen No.
20. T h i s  c o n d i t i o n  c a n  b e  a d j u s t e d  v i a  e i t h e r  e x p a n s i o n  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  l o a d i n g  p r o c e s s  w h i l e
deve lop ing  t he  l ong  t e rm  schedu les ,  i f  add i t i ona l  t o n n a g e  i s
n e c e s s a r y  a t  t h e  e r e c t i o n  s i t e . Fu r the r  r e f i nemen ts  can  be
m a d e  t o  t h e  e r e c t i o n  s c h e d u l e  a f t e r  c o m p l e t i o n  o f  t h e  l e v e l
l o a d i n g  p r o c e s s ,  i f  n e c e s s a r y .

INSURE COMPATIBILITY WITH KEY DOTES

Rev iew  the  p repa red  e rec t i on  schedu le  t o  be  su re  t ha t  a l l
un i t s  can  be  e rec ted  i n  a  t ime l y  f ash ion  w i t h  t he  rough
d ra f t  key  even t  da tes  es tab l i shed  i n  Gu ide l i ne  No .  2  and
c o n s i s t e n t  w i t h  m a c h i n e r y  a n d  m a t e r i a l  r e q u i r e m e n t s .
Ad jus tmen ts  t o  p l a ten  l oad ing  (Gu ide l i ne  No .  6 )  shou ld  be
m a d e  i f  r e q u i r e d  a s  p r e c i o u s l y  n o t e d ,  a t t e n t i o n  t o
e n g i n e e r i n g  d r a w i n g  i s s u e  d a t e s  a n d  l o f t i n g  l e a d t i m e
requi rements  must  be mainta ined,

I) PREPARE LONG TERM SCHEDULES

The  l ong  t e rm  schedu les  o r  p l a ten  l oad ing  schedu les  a re  now
prepa red . Sho r t  t e rm  schedu les  a re  deve loped  and  i ssued  f o r
o n e  ( 1 )  t o  t w o  ( 2 )  m o n t h  i n t e r v a l s  f o r  t h e  p l a t e n s . The
p la ten  schedu les  a re  dynamic  w i t h  rou t i ne  rev iew  and  upda te
fo rm  feedback  v i a  shop  p lanne r ,  e t c .

J) DETAILED DRAWINGS – REFINE SCHEDULE

As  de ta i l ed  d raw ings  a re  deve loped  and  become ava i l ab le ,  a
r e v i e w  o f  a l l  w e i g h t  e s t i m a t e s  i s  c o n t i n u e d ;  w h e r e b y ,
f i t t i n g  a n d  w e l d i n g  l e n g t h s  a r e  u t i l i z e d  t o  f u r t h e r  r e f i n e
and  upda te  a l l  p l a ten  l oad ing  schedu les .

K) PLANNING FLOW DIAGRAMS

T h e  l e a d  h u l l  p l a n n e r s  s t a r t  d e v e l o p m e n t  o f  t h e  c o n s t r u c t i o n
methods by un i t  ear ly  dur ing the key p lan s tage (SEE GRAPH
PL-33) . T h e  d e t a i l  b r e a k d o w n  o f  u n i t s  i n t o  p a r t i a l  s u b -
assembl ies  and main assembly  is  completed ear ly  and ass igned
t o  s p e c i f i c  p r o c e s s  l a n e s . T h e  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  f o r  d e t a i l  r e f i n e m e n t  o f  t h e  “ W o r k i n g  I n s t r u c t i o n s ”
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 . D u r i n g  t h e  d e t a i l  d r a w i n g
r e v i e w  p r o d u c t i o n  p l a n n i n g  p r e p a r e s  t h e  U n i t s  P a r t s  L i s t i n g s
(UPL)  which breaks the mater ia l  down to  the “Work ing
I n s t r u c t i o n ”  l e v e l  p r i o r  t o  i s s u e  t o  t h e  L o f t .
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III. STAGE PLANS

Stage  p lans  a re  documen ts  wh i ch  a re  v i t a l  t o  t he  p rocess  l ane
operations . Th i s  concep t  i s  ve ry  s im i l a r  t o  t he  documen ts  used
by  t he  IH I  sh i p  ya rds . The Avondale  s tage p lan takes the form
o f  t he  Un i t  Con t ro l  Manua l  (UCM) . The Mold Lof t  has pr ime
r e s p o n s i b i l i t y  f o r  p r e p a r a t i o n  a n d  i s s u e  o f  t h e i r  k e y  d o c u -
ments . I t  i s  p roduced  i n  i t s  f i na l  f o rm  on  Cadam based  on  t he
f o l l o w i n g :

Un i t  Summary  Shee t  (wo rk  i ns t ruc t i on  p repa red  by
P r o d u c t i o n  P l a n n i n g ) ;

Un i t  D raw ing  f rom Eng inee r ing ;

U n i t  P a r t s  L i s t  f r o m  P r o d u c t i o n  P l a n n i n g ;

SPADES hul l  data base on N/C par ts  f i le ,

The UCM is  a  dr iv ing document  which communicates the work
i n s t r u c t i o n  t o  a l l  r e s p o n s i b l e  p a r t i e s ,  t h r o u g h  t h e  p r o c e s s
l a n e s  f l o w ,  i n  s u p p o r t  o f  t h e  p l a t e n  s c h e d u l e s .

The  UCM,  t he  ma te r i a l  t r ans fe rs ,  wo rk  o rde rs  and  t he  sche -
d u l e s  a r e  e s s e n t i a l  f o r  t h e  p r o d u c t i o n  p e r s o n n e l  t o  p e r f o r m
t h e i r  t a s k s  i n  a  t i m e l y  a n d  e f f i c i e n t  m a n n e r . E f f o r t s  h a v e
been  made  i n  t h i s  a rea  t o  assu re  t ha t  t he  supe rv i so r  and
worke r  ge t  t ha t  i n fo rma t i on  nevessa ry  t o  do  t he  j ob ,  no  more
and no less. I n  v i r t u a l l y  a l l  c a s e s  t h e  U C M  s a t i s f i e s  t h e
n e e d  f o r  t h e  u n i t  d r a w i n g  i n  t h e  f i e l d .

S tage  p lans  p roduced  by  t he  P roduc t i on  P lann ing  Depa r tmen t
and  t he  shop  p lanne rs  assu re  t ha t  t he  p rope r  ma te r i a l  f l ow
i s  m a i n t a i n e d . The  Shop  P lanne r  p repa res  de ta i l ed  shop
schedules based on the master  p la ten schedules and work
c e n t e r  l o a d i n g . S h o p  p l a n n e r s  a r e  a s s i g n e d  r e s p o n s i b i l i t y
f o r  each  sepa ra te .

P l a t e n  a n d  a r e  f u r t h e r  r e s p o n s i b l e  f o r  m a i n t a i n i n g  m a n n i n g
and  e f f i c i ency  cha r t s  (SEE GRAPH PL -34 )  f o r  t he  i nd i v i dua l
wo rk  cen te r .

IV. PROCESS AND EFFICIENCY CONTROL

A l l  o f  t h e  p l a n n i n g ,  s c h e d u l i n g , w o r k  i n s t r u c t i o n s  a n d  s t a g e
p lans  d i scussed  i n  t he  va r i ous  sec t i ons  t oday  p rov ide  t he  bas i s
f o r  c o n t r o l s . These dev ices are u t i l i zed by Program Manage-
ment, P r o d u c t i o n  P l a n n i n g , P roduc t i on  Eng inee r i ng  and  P roduc–
t i o n  t o  m o n i t o r  a n d  r e p o r t . I n  a d d i t i o n , M a t e r i a l  C o n t r o l ,
a l o n g  w i t h  S t o r a g e  C o n t r o l  a n d  T r a n s p o r t a t i o n  C o n t r o l ,  m o n i t o r s
the  movemen t  o f  ma te r i a l s . The UCM and the UPL provide the
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t o o l s  t o  m o n i t o r  a n d  c o n t r o l  t h i s  e f f o r t . Accu racy  Con t ro l
p l a y s  a  v i t a l  r o l e  t h r o u g h o u t  t h e  p r o c e s s  f l o w s  p r o v i d i n g  f e e d -
back  f o r  ac t i on ,  as  necessa ry , r e l a t i v e  t o  m a n u f a c t u r i n g  s t a n
da rds , t o l e r a n c e , and methods. Process lanes has g iven
i n c r e a s e d  a t t e n t i o n  t o  t h e  u s e  o f  s t a n d a r d s  w i t h i n  o u r
E n g i n e e r i n g  a n d  P r o d u c t i o n  e f f o r t .

Manpower  con t ro l s  a re  ava i l ab le  f o r  each  wo rk  cen te r  based  on
t h e  d e t a i l  p r o c e s s  l a n e s  s c h e d u l e s .

The  l ong  t e rm  and  sho r t  t e rm  p rocess  l anes  schedu les  p rov ide  a
 f o r u m  f o r  f o r m a l  w e e k l y  P r o d u c t i o n  C o n t r o l  M e e t i n g s . S t a t u s

f o r  a l l  w o r k  c e n t e r s  i s  r e v i e w e d  a t  t h e  d e t a i l  l e v e l . C o r r e c -  
t i ve  ac t i on  i s  t aken  as  necessa ry  and  repo r t s  a re  gene ra ted  f o r
top management use.

QUESTIONS/ANSWERS
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PROCESS LANES AND DESIGN ENGINEERING
FOR ZONE OUTFITTING

PRODUCTION COST CONTROLS

I . INTRODUCTION

A  n u m b e r  o f  p r o d u c t i o n  c o n t r o l s  a r e  c u r r e n t l y  i n  u s e  w i t h i n  t h e
Produc t i on  Con t ro l  Depa r tmen t . T h i s  p r e s e n t a t i o n  w i l l  a d d r e s s
those  cos t  con t ro l s  wh i ch  have  been  imp lemen ted  as  a  d i r ec t
r e s u l t  o f  t h e  I . H . I .  t e c h n o l o g y  t r a n s f e r ,  o r  t h o s e  w h i c h ,  w i t h -
o u t  t h e  b e n e f i t  o f  t h e  t e c h n o l o g y ,  c o u l d  n o t  h a v e  o t h e r w i s e
been implemented. C o n t r o l s  t h a t  w e r e  p r e c i o u s l y  i n  e f f e c t
p r i o r  t o  t h e  t e c h n o l o g y  t r a n s f e r  a r e  r e v i e w e d  o n l y  a s  t h o s e
c o n t r o l s  h a v e  e f f e c t  o n  t h e  o v e r a l l  s y s t e m .

P r o d u c t i o n  c o n t r o l s ,  o t h e r  t h a n  c o s t ,  a r e  a d d r e s s e d  i n  o t h e r
a reas  o f  t he  sem ina r .

II. THE PRODUCTION WORK ORDER

The Work Order  System in  use at  ASI  was d iscussed in  deta i l  a t
a  p r e v i o u s  s e m i n a r  a n d  i s  p r e s e n t e d  h e r e  t o  r e v i e w  i t s  s i g n i f i -
cance as be ing the pr imary document , t o  n o t  o n l y  d r i v e  t h e  w o r k
e f f o r t  p r e s c r i b e d  b y  t h e  v a r i o u s  s c h e d u l e s ,  b u t  a r o u n d  w h i c h
a l l  s c h e d u l e  a n d  c o s t  m o n i t o r i n g  e v o l v e s . A l l  o t h e r  c o s t
con t ro l  and  ana l ys i s  sys tems  cu r ren t l y  i n  use  depend  on  t he
in fo rma t i on  p rov ided  o r  gene ra ted  by  t he  wo rk  o rde r .

III. HULL WORK COST COLLECTION AND MONITORING

The work order (GRAPH NO. O1PE)  i s  p repa red  by  t he  P roduc t i on
E n g i n e e r  f o r  a  s p e c i f i e d  p o r t i o n  o f  h u l l  c o n s t r u c t i o n  a n d
r e f l e c t s  t h e  f o l l o w i n g  c r i t e r i a :

-  j o b  n u m b e r ;

cos t  g roup ,  sub -g roup , item number and vessel number
( o b t a i n e d  f r o m  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 r o m  t h e  S h i p  P r o d u c t i o n  &  C o n t r o l
Report (SPAC);

manhour  est imate, p repa red  by  t he  P roduc t i on  Eng inee r
t h r o u g h  d e t a i l e d  d r a w i n g  t a k e – o f f  a n d  “ w e i g h t e d ”  w i t h  t h e
p r o d u c t i o n  p l a n  m a n h o u r - p e r - t o n  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  a n d  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  w o r k
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o rde r  es t ima te  has  t he  ne t  e f f ec t  o f  i s su ing  t he  manhou rs
( r e f l e c t e d  t o  t h e  c o s t  “ i t e m ” l e v e l  i n  t h e  p r o d u c t i o n  p l a n )
to  t he  manu fac tu r i ng  supe r i n tenden t  i n  sma l l ,  measu red
inc remen ts  wh i ch  can  be  more  c l ose l y  mon i t o red ;

i nd i ca tes  t he  wo rk / cos t  cen te r  and  au tho r i zes  t he  manu fac–
t u r i n g  s u p e r i n t e n d e n t  t o  a c c o m p l i s h  t h e  w o r k ;

-  d e s c r i b e s  t h e  w o r k  t o  b e  a c c o m p l i s h e d  b a s e d  o n  i n s t r u c t i o n s  
conta ined in  the Hul l  Uni t  Summary and the UCM const ruct ion
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  a n d  c o m p l e t i o n  d a t e  o b t a i n e d
f rom the  sho r t  o r  l ong  t e rm  schedu les ;

s e r i a l  n u m b e r -  g i v e s  t h e  w o r k  o r d e r  i d e n t i t y  f o r  d a t a
p r o c e s s i n g  t r a c k i n g  a n d  c o n t r o l ;

v e h i c l e  f o r  a c c u m u l a t i n g  t h e  d a i l y  d i r e c t  l a b o r  c o s t
expended  toward  t he  wo rk  e f f o r t . When the Product ion
Eng inee r  r e l eases  t he  wo rk  o rde r  t o  t he  wo rk  cen te r ,  a  copy
goes to  the Data Process ing Depar tment  where D/P cards are
k e y  p u n c h e d  w i t h  t h e  c o s t  c o d e s ,  e s t i m a t e ,  w e i g h t ,  s e r i a l
n u m b e r ,  e t c . , w h i c h  i s  r e t u r n e d  t o  t h e  P r o d u c t i o n
E n g i n e e r i n g  D e p a r t m e n t  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. Da ta  P rocess ing  a l so  en te rs  t he  wo rk  o rde r  i n to  t he
computer  data  base. A s  t h e  w o r k  p r e s c r i b e d  i n  t h e  t e x t  o f
t he  wo rk  o rde r  p rog resses , t he  d i r ec t  l abo r  manhou rs  a re
“ e n t e r e d ” d i r e c t l y  i n t o  t h e  c o m p u t e r  d a t a  b a s e  b y  t h e
w o r k / c o s t  c e n t e r  s u p e r i n t e n d e n t  a t  a  l o c a l  t e r m i n a l . The
computer  accumulates the manhour  charges and D/P pr in touts
a re  run  on  a  da i l y  bas i s  and  f o rwa rded  to  t he  P roduc t i on
E n g i n e e r  f o r  c o n t i n u o u s  m o n i t o r i n g  o f  p r o g r e s s  r e g a r d i n g
pe rcen t  comp le t i on  and  cos t  ( ac tua l  spend ing  ve rsus
e s t i m a t e ) . D /P  p r i n tou t s  can  be  so r t ed  i n  va r i ous  ways  t o
f a c i l i t a t e  o v e r a l l  j o b  m o n i t o r i n g  s u c h  a s  t h e  l i s t i n g  o f  a l l
“ a c t i v e ” wo rk  o rde rs  on  one  repo r t  and  a l l  “ c l osed ”  wo rk
o rde rs  on  ano the r . T h e  d a i l y  r e p o r t s  a r e  u s e d  t o  m o n i t o r
i n d i v i d u a l  w o r k  o r d e r  e f f i c i e n c y  a n d  p r o g r e s s ,  w h e r e a s  t h e
" c l o s e d "  a n d  " a c t i v e " r e p o r t s  a r e  u s e d  f o r  d e t e r m i n i n g
ove ra l l  pe rcen t  comp le t i on  and  a  p ro jec t i on  on  wo rk
rema in ing  t o  be  accomp l i shed .

IV. DATA PROCESSING REPORTS

Three  EDP repo r t s  used  fo r  con t ro l s  and  wh i ch  u t i l i ze  t he  wo rk
o rde r  as  a  p r ima ry  sou rce  o f  i n fo rma t i on  a re :

- The Combined Work Order Report (GRAPH 02PE)
-  The  C losed  Work  Orde r  Repor t
– The "Late Complete" Work Order Report (GRAPH 03PE)
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A11  th ree  repo r t s  d raw  i n fo rma t i on  f r om the  wo rk  o rde r  f i l e  and
a re  used  i n  a  number  o f  app l i ca t i ons  w i t h i n  t he  sys tem. The
combined Work Order  repor t , as  i t  r e l a tes  t o  P rocess  Lanes
t e c h n o l o g y , i s  a  sou rce  documen t  supp l y i ng  i n fo rma t i on
c o n c e r n i n g  t o t a l  d i r e c t  l a b o r  m a n h o u r s  i s s u e d  o n  b o t h  a c t i v e
and  c l osed  wo rk  o rde rs , a l o n g  w i t h  t h e  t o t a l  a c c u m u l a t e d
tonnage issued to  any g iven Process Lane work  center .

The Closed Work Order  Repor t  is  a  source document  which
supp l i es  t he  same  i n fo rma t i on  bu t  on  c l osed  and  comp le ted  wo rk
o r d e r s  o n l y .

T h e  i n f o r m a t i o n  s u p p l i e d  b y  t h e s e  t w o  r e p o r t s  i s  u t i l i z e d  a s  
t h e  b a s i s  f o r  t h e  P r o c e s s  L a n e s  H u l l  E f f i c i e n c y  R e p o r t ,

The “Late Complete”  Work Order  Repor t  f lags those work orders
which were not  c losed as be ing complete  on the scheduled
comp le t i on  da te . T h i s  c o n t r o l  “ a l e r t s ”  b o t h  t h e  P r o d u c t i o n
Eng inee r  and  t he  P lann ing  Eng inee r  so  t ha t  subsequen t  r ev iew
and  app rop r i a te  ac t i on  can  be  e f f ec ted .

V. PROCESS LANES WORK CENTER BUDGETS

Upon complet ion of  Process Lanes Work Center  leve l  load ing and
subsequen t  comp le t i on  o f  wo rk  cen te r  schedu les  by  t he  P lann ing
S e c t i o n , t he  P roduc t i on  Eng inee r i ng  Sec t i on  ana l yzes  t he  scope
o f  w o r k  a s s i g n e d  t o  t h e  c e n t e r  a n d  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  s t a n d a r d s  t o  e s t a b l i s h  w o r k  c e n t e r  b u d g e t . Cha r t s  a re
t h e n  p r e p a r e d  t o  r e f l e c t  t h e  t a r g e t e d  t o n n a g e ,  t a r g e t e d  m a n h o u r
budge t ,  and  t a rge ted  manhou r / t on  e f f i c i ency  (GRAPH 04PE) .

As  wo rk  p rog resses  t h rough  t he  cen te r , t h e  “ a c t u a l ”  a c c u m u l a t e d
manhours, a s  w e l l  a s  “ a c t u a l ” comp le ted  t onnage ,  a re  p l o t t ed
a n d  g r a p h 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  w o r k
pe r fo rmed  aga ins t  budge t . T h i s  i s  a  v e r y  s i m p l e  c o n t r o l  d o c u -
ment, ye t  an  ex t reme ly  impo r tan t  one !

VI.. HULLWORK EFFICIENCY REPORT

The Hul lwork Ef f ic iency Repor t  (GRAPH 05PE) is  an ext remely
u s e f u l  c o n t r o l  u t i l i z e d  b y  t h e  P r o d u c t i o n  E n g i n e e r . T h e  r e p o r t
is  generated for  every  Process Lane Work Center  and is  updated
and  rev iewed  on  a  week l y  bas i s  t h roughou t  t he  con t rac t . The
repo r t  head ings  i nd i ca te  t he  con t rac t  number ,  vesse l  number ,
cos t  code, g e n e r a l  w o r k  e f f o r t ,  w o r k  c e n t e r ,  t a r g e t e d  t o n n a g e ,
ta rge ted  manhou rs , a n d  t a r g e t e d  e f f i c i e n c y . The data f rom the
Combined Work Order  Repor t  in  terms of  to ta l  manhours issued
and  t o ta l  t onnage  i ssued  t o  t he  wo rk  cen te r  i s  i npu t  and  t he
s u b s e q u e n t  m h / t o n  e f f i c i e n c y  t h a t  t h o s e  w o r k  o r d e r s  r e p r e s e n t .
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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 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  wo rk  o rde r  es t ima tes  t o  be  su re  t ha t  each  wo rk  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  b u d g e t .

Da ta  f r om the  C losed  Work  Repo r t  i n  t e rms  o f  t o ta l  accumu la ted
tonnage produced and to ta l  accumulated manhours expended is
i npu t ,  and  t he  manhou r  pe r  t on  e f f i c i ency  be ing  expe r i enced  i s
computed.

Pe r i od  ac tua l s  a re  t hen  i npu t  t o  r ev iew  the  week l y  p roduc t i on
e f f i c i e n c y , as wel l  as  serve as a  source document  for  subse–
q u e n t  f o r e c a s t i n g  a n a l y s i s .

VII. LINEAR REGRESSION ANALYSIS (GRAPH 06PE)

The  P rocess  Lanes  concep t  o f  hu l l  cons t ruc t i on  has  opened  t he
d o o r  t o  a p p l y  l i n e a r  r e g r e s s i o n  f o r e c a s t i n g  m e t h o d o l o g y . P r i o r
t o  P rocess  Lanes  t echno logy , t h i s  t y p e  o f  a n a l y s i s  w a s  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  w o r k  c e n t e r  l e v e l ) .

The  pe r i od  ac tua l s  f r om the  Hu l l  E f f i c i ency  Repo r t  now  se rve  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  c o m p u t a t i o n s . T h e  w e e k l y  
tonnage “ a c t u a l s ”  a r e  i n p u t  a s  t h e  i n d e p e n d e n t  o r  p r e d i c t o r
v a r i a b l e  ( x ) , and the week ly  manhour  “actua ls”  become the bas is
fo r  compu t i ng  t he  dependen t  o r  r esponse  va r i ab le  ( y ) . The
resu l ts  o f  the analys is  produce mean manhours  per  week,  mean
tonnage per week, s tanda rd  dev ia t i on  o f  bo th  t onnage  and  man-
hou rs , i n t e r c e p t ,  s l o p e , c o r r e l a t i o n  c o e f f i c i e n t ,  a n d  t h e
p ro jec ted  comp le t i on  manhou rs .

I t  s h o u l d  b e  n o t e d  a t  t h i s  p o i n t  t h a t  t h e  t o t a l  e n g i n e e r i n g  a n d
p roduc t i on  e f f o r t  i s  a  f i ne l y  meshed  sys tem wh i ch  cen te r s
a round , c o n t r i b u t e s  t o , and  coo rd ina tes  w i t h  t he  P rocess  Lanes
concep t . F r o m  i n i t i a l  p l a n n i n g ,  d r a w i n g  p r e p a r a t i o n ,  s c h e d u –
l i n g ,  w o r k  c e n t e r  l o a d i n g ,  b u d g e t i n g ,  o r d e r  r e l e a s e ,  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  a n d  p r o j e c t i o n s ,  t h e  s y s t e m s  a l l
compliment and enhance Process. Lanes.

QUESTIONS/ANSWERS
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PROCESS LANES AND DESIGN ENGINEERING
FOR ZONE OUTFITTING

PRODUCTION PLANNING AND CONTROL

I . INTRODUCTION

The  h i s to r y  o f  Japanese  t echno logy  t r ans fe r  t o  t he  Amer i can
shipbui ld ing env i ronment  has been.  d iscussed in  much depth over
seve ra l  p rev ious  sem ina rs  and  has  been  adequa te l y  cove red  i n
n u m e r o u s  p u b l i c a t i o n s  a n d ,  t h e r e f o r e , w i l l  n o t  b e  d i s c u s s e d  i n
a n y  f u r t h e r  d e t a i l  i n  t h i s  s e m i n a r ,

Avonda le  Sh ipya rds  has  been  i n  t he  imp lemen ta t i on  s tages  o f  t he
Japanese  t ype  t r ans fe r  o f  t echno logy  s i nce  1980 . This  was a
f o l l o w - u p  f r o m  a  p r e l i m i n a r y  e v a l u a t i o n  a n d  t h e  s u b s e q u e n t
recommendat ions made by IHI  dur ing 1979. These methods have
been  app l i ed  i n  i nc reased  scope  ove r  seve ra l  cons t ruc t i on
programs and have proven most  successfu l  on the cur rent  Exxon
c o n t r a c t . SEE GRAPH PL-35 for those areas of technology
t r a n s f e r  w h i c h  h a v e  r e a l i z e d  t h e  g r e a t e s t  a t t e n t i o n . The Exxon
c o n t r a c t  r e a l i z e d  a p p r o x i m a t e l y  9 0 %  o f  t h e  t o t a l  t e c h n o l o g y
t r a n s f e r  a p p l i c a t i o n . The complete system is  be ing implemented
on the TAO 187 Class ships and the LSD-41 Class ships (SEE
GRAPH PL-36). The new technology has evolved and has been
accepted as the Avondale  method of  do ing bus iness. No major
m o d i f i c a t i o n s  a r e  a n t i c i p a t e d  t o  t h e  c u r r e n t  s y s t e m ,  o t h e r  t h a n
c o n t i n u e d  r e f i n e m e n t  r e s u l t i n g  f r o m  o u r  e x p e r i e n c e  b a s e ,

N a t u r a l l y , o u r  p r i m e  o b j e c t i v e  f o r  i m p l e m e n t a t i o n  o f  t h e  t e c h -
no logy  i s  t he  bene f i t s  de r i ved  by  na r row ing  t he  t r emendous  cos t
d i f f e r e n t i a l  b e t w e e n  d o m e s t i c  s h i p y a r d s  a n d  f o r e i g n  s h i p y a r d s .

II. GENERAL APPROACH TO PRODUCTION PLANNING AND CONTROL

Pr io r  t o  commenc ing  t he  new  techno logy  app l i ca t i on  a t  Avonda le ,
t h e  p l a n n i n g  a n d  s c h e d u l i n g  o f  b o t h  t h e  h u l l  a n d  o u t f i t t i n g
func t i ons  we re  accomp l i shed  i n  a  ve ry  l ow  p ro f i l e  and  conven -
t i o n a l  m a n n e r . T h e  p r o d u c t i o n  c r a f t s  a c t u a l l y  a c c o m p l i s h e d  a
s i g n i f i c a n t  a m o u n t  o f  t h e  p l a n n i n g  a n d  s c h e d u l i n g  i n  t h e  f i e l d ,
pa r t i cu la r l y  when  changes  we re  requ i red . th is  was prompted by
t h e  f a c t  t h a t  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  d e v e l o p m e n t  o f  t h e  i n i t i a l  p l a n . The
“P roduc t  Work  B reakdown  S t ruc tu re ”  was  no t  u t i l i zed  t o  t he
e x t e n t  w h i c h  w o u l d  p r o v i d e  d e t a i l  r i s i b i l i t y  a n d  c o n t r o l s .  I n
a d d i t i o n , t h e  i n i t i a l  p l a n n i n g  a n d  s c h e d u l i n g  e f f o r t  w a s
no rma l l y  unde r taken  a f t e r  award  and  con t i nued  up  t o  l aunch .
SEE GRAPH PL-37 for  compar ison of  convent ional  p lanning ef for t
ve rsus  p resen t  app roach .
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The  conven t i ona l  p l ann ing  and  schedu l i ng  was  accep ted  s imp l y
because  i t  p resen ted  wha t  was  ava i l ab le . I t  was  t h rough
increased awareness of  the need to  improve the methods,
c o n t r o l s  a n d  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  t h a t  a  s e r i o u s
ana l ys i s  began .

T h e  i n i t i a l  a n a l y s i s  f o r  i m p r o v e d  h u l l  t e c h n o l o g y  f o c u s e d  o n
p r o d u c t i o n  r e a l  e s t a t e . A determinat ion had to  be made to
assu re  t ha t  t he  ex i s t i ng  space  wou ld  be  adequa te  t o  cons t ruc t
t h e  v a r i o u s  c a t e g o r i e s  a n d  s u b  c a t e g o r i e s  o f  u n i t s . The bas is
o f  t he  eva lua t i on  was  t he  Exxon  P roduc t  Ca r r i e r s  and  s im i l a r
squa re  f oo tage  requ i remen ts  f r om the  Ku re  Sh ipya rd  i n  Japan .

Based  on  t he  rea l  es ta te  s tud ies , i t  w a s  d e t e r m i n e d  t h a t
adequa te  space  was  ava i l ab le  t o  suppo r t  t he  env i s i oned  t ech -
n o l o g y  a n d  p r i n c i p l e s  w i t h o u t  a n y  s i g n i f i c a n t  e x p e n d i t u r e s  f o r
r e a l  e s t a t e s . GRAPH PL–38  rep resen ts  t he  resu l t i ng  p la ten  o r
w o r k  c e n t e r  s i t e s .

The  nex t  s tep  began  w i t h  a  rev iew  o f  t he  t o ta l  r equ i remen ts
n e c e s s a r y  f o r  a  m e a n i n g f u l  a n d  r e a l i s t i c  a p p r o a c h  t o  t h e  e n t i r e
p lann ing  and  schedu l i ng  p rocess . T h i s  r e v i e w  r e s u l t e d  i n
deve lopmen t  o f  ou r  bas i c  app roach  t o  hu l l  p l ann ing  and  schedu–
l i ng  w i t h  a  documen t  ca l l ed “Job  Desc r i p t i on  A t  Each  S tage
Schedule” (SEE GRAPHS PL-39 THROUGH 43). Wh i l e  t he  s tage
s c h e d u l e  w a s  d i s c u s s e d  i n  s e v e r a l  o f  t h e  p r e c e d i n g  s e c t i o n s ,  i t
i s  m e n t i o n e d  a g a i n  t o  h i g h l i g h t  t h e  e v o l u t i o n  o f  t h e  p l a n n i n g
e f f o r t , T h i s  s c h e d u l e  i s  s i g n i f i c a n t  b e c a u s e  i t  p r o v i d e s  t h e
i n t e g r a t i o n  o f  b o t h  d i v i s i o n  r e s p o n s i b i l i t y  a n d  f u n c t i o n s ,  I t
p r o v i d e s  s p e c i f i c  r e l a t i o n s h i p  a n d  d e p e n d e n c i e s  b e t w e e n  t h e
h u l l ,  o u t f i t t i n g , a n d  f a c i l i t y  r e q u i r e m e n t s . P r o b a b l y  j u s t  a s
i m p o r t a n t , i t  h i g h l i g h t s  a l l  r e q u i r e m e n t s  b e g i n n i n g  u p f r o n t
d u r i n g  t h e  m a r k e t i n g  s t a g e  t h r o u g h  f i n a l  d e l i v e r y  o f  t h e  e n d
p r o d u c t . The  s tage  schedu le  a l so  p rov ides  t op  m i l es tone
m e e t i n g s  w h i c h  a r e  e s s e n t i a l  f o r  r i s i b i l i t y  a n d  c o n t r o l .

The  to ta l  r equ i remen t  app roach  was  a  ma jo r  s tep  i n  i den t i f y i ng
the many aspects  o f  upf ront  p lann ing and schedul ing requi rements
i n  a  l o g i c a l  s e q u e n c e d  f l o w . GRAPH PL–44 provides a summation
o f  t h e  b a s i c  u p f r o n t  h u l l  p l a n n i n g  a n d  s c h e d u l i n g  r e q u i r e m e n t s .

The  new techno logy  has  s i gn i f i can t l y  imp roved  Eng inee r i ng  and
Produc t i on  commun ica t i ons  and  t he  subsequen t  de l i ve rab les
( d r a w i n g s ,  m a t e r i a l ,  e t c . ) . Up f ron t  deve lopmen t  o f  t he  p lan  i s
a  m u s t  t o  a s s u r e  t h a t  E n g i n e e r i n g  i s  f u l l y  a p p r a i s e d  o f  t h e
c o n s t r u c t i o n  m e t h o d s  b e f o r e  a w a r d  f o r  i n c l u s i o n  i n  t h e  p r e l i m i -
na ry  eng inee r i ng  deve lopmen t .

The  new hu l l  t echno logy  i n  p lann ing  and  schedu l i ng  has  been
i n f l u e n c e d  s i g n i f i c a n t l y  b y  t h e  z o n e  o u t f i t t i n g  a p p l i c a t i o n ,
T h i s  h a s  f o r c e d  d e t a i l  a t t e n t i o n  t o  p r e - o u t f i t t i n g  d u r i n g  t h e
p r o c e s s  l a n e s  f l o w  a n d  t h e  i n t e g r a t e d  e f f o r t  o f  h u l l  a n d  o u t -
f i t t i n g  p l a n n i n g . I n  a d d i t i o n , package  un i t s  have  resu l t ed  i n
e v e n  g r e a t e r  s c h e d u l e  c o n s i d e r a t i o n  n o t  o n l y  t o  l e v e l  l o a d i n g
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f o r  t h e  f i t t i n g  a n d  w e l d i n g  t o n n a g e ,  b u t  t o  a l s o  p r o v i d e
s p e c i f i c  w i n d o w s  f o r  i n s t a l l a t i o n  o f  t h e  c o n s t a n t l y  i n c r e a s i n g
number  o f  larger  and more complex package un i ts .

T h e  d a t e s  f o r  u n i t  e r e c t i o n  a r e  d e t e r m i n e d  b y  t h e  H u l l  E r e c t i o n
Schedu le  (CLAW)  as  shown  by  GRAPH PL–45 .  

F i t t i ng  manhou rs  and  we ld ing  l eng ths  a re  ob ta ined  by  con t ro l
charts . W i t h  t h i s  d a t a , the sub–schedules are deve loped which
te l l  us  t he  p re -de te rm ined  amoun t  o f  t ime  needed  to  pe r fo rm  the
f i t t i n g ,  w e l d i n g  a n d  o t h e r  s u b  s t a g e s  f o r  e a c h  u n i t ,  e a c h  t a n k ,
and each zone. T h e  d e t a i l  t o n n a g e , we igh t s  and  f oo tages  a re  a
d e r i v a t i v e  o f  t h e  h u l l  p l a n n i n g  p r o c e s s  e u o l v i n g  f r o m  t h e
p rocess  l anes  requ i remen ts .

The  execu t i on  o f  t he  e rec t i on  sub–s tage  wo rk ,  t ank  by  t ank  and
zone by zone, should be completed wi th  no work remain ing.
U n f i n i s h e d  w o r k  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
p rocess . I t  s l o w s  d o w n  t h e  p r o g r e s s  o f  p r o d u c t i v i t y  a n d  o f
p r e - o u t f i t t i n g .

On the Exxon cont rac t , mos t  o f  t he  ca rgo  and  ba l l as t  t anks
t e s t i n g  w a s  c o m p l e t e d  p r i o r  t o  l a u n c h . On  the  l ead  sh ip
app rox ima te l y  77  o f  t he  92  t anks  we re  t es ted  p r i o r  t o  l aunch .
M u c h  a t t e n t i o n  i s  g i v e n  t o  t h e  c o m p l e t i o n  o f  w o r k  p r i o r  t o
l aunch  because  t he  cos t  o f  un f i n i shed  wo rk  can  doub le  a f t e r  t he
ship  goes ouerboard. T h i s  e f f o r t  r e q u i r e s  m u c h  d i a l o g u e
b e t w e e n  H u l l  a n d  O u t f i t t i n g  P l a n n i n g ,  a s  w e l l  a s  c o o r d i n a t i o n
w i t h  E n g i n e e r i n g .

The  p rog ress  and  p roduc t i v i t y  o f  each  t ank  and  each  zone
comp le t i on  i s  c l ose l y  mon i t o red  by  P roduc t i on  P lann ing ,  Shop
P lanne rs  and  P roduc t i on  Supe rv i so rs . The  mon i t o r i ng  p rocess  i s
a c c o m p l i s h e d  v i a  d e t a i l e d  s c h e d u l e s  f o r  a l l  c r a f t s  w i t h  h e a v y
emphas i s  on  pa in t i ng , The  mon i t o r i ng  i s  done  v i a  f oo tages ,
we igh t s ,  l eng ths  and  numbers  (bean  coun t i ng ) .

Accu racy  con t ro l  app l i ca t i ons  have  made  a  s i gn i f i can t  impac t  on
improved products  coming f rom the process lanes main assembly
t o  e r e c t i o n . T h i s  h a s  b e e n  i n s t r u m e n t a l  i n  u n i t s  g o i n g  t o
e r e c t i o n  w i t h  s t o c k  t r i m m e d  n e a t  a n d  w i t h  e x c e l l e n t  f i t  u p .
W h i l e  a c c u r a c y  c o n t r o l  w i l l  b e  d i s c u s s e d  f u r t h e r  i n  a  s e s s i o n
l a t e r  t h i s  m o r n i n g , t h e  i m p o r t a n c e  o f  t h i s  d i s c i p l i n e  c a n n o t  b e
overemphasized .

L i n e  h e a t i n g  a p p l i c a t i o n  w i t h  a s s i s t a n c e  a n d  t r a i n i n g  f r o m  I H I
has  ass i s ted  t r emendous l y  i n  ou r  p l ann ing  and  schedu l i ng  e f f o r t
b y  e l i m i n a t i n g  f u r n a c i n g  a n d  m a n y  f i x e d  j i g s . Th i s  has  no t
o n l y  r e s u l t e d  i n  s i g n i f i c a n t  s a v i n g s  b u t  h a s  a i d e d  t h e  s c h e d u l e
flow .
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III. DETAIL APPROACH TO PRODUCTION PLANNING AND CONTROL

T h e  d e t a i l  d e v e l o p m e n t  o f  t h e  i n t e g r a t e d  h u l l  a n d  z o n e  o u t f i t -
t i n g  p l a n n i n g  a n d  s c h e d u l i n g  i s  a c h i e v e d  i n  h a r m o n y  w i t h  t h e
“ J o b  D e s c r i p t i o n  A t  E a c h  S t a g e  S c h e d u l e ”  a s  p r e c i o u s l y  i n d i -
cated on GRAPHS PL-39 THROUGH 44. T h e  s t a g e  s c h e d u l e  p r o v i d e s
a l l  t h e  m a j o r  m i l e s t o n e s  a n d  d o c u m e n t a t i o n  r e q u i r e m e n t s  n e c e s -
s a r y  t o  a c c o m p l i s h  t h e  p l a n n i n g  f l o w  i n  a c c o r d a n c e  w i t h  t h e
c o m p a n y  m a s t e r  p l a n . T o  a s s u r e  t h a t  t h e  p l a n n i n g  a n d  s c h e d u l -
i n g  f l o w  i s  a c h i e v e d  i n  a  t i m e l y  a n d  e f f e c t i v e  m a n n e r ,  t h e
P l a n n i n g  D e p a r t m e n t  p r e p a r e s  a n d  i s s u e s  a  S c h e d u l e  o f  S c h e -
dules . T h i s  s c h e d u l e  i n c o r p o r a t e s  t h e  p l a n n i n g  r e q u i r e m e n t s
f l o w  a s  d e p i c t e d  b y  G R A P H  P L - 4 5 .

B a s e d  o n  t h e  c o n t r a c t  d o c u m e n t s  a v a i l a b l e  d u r i n g  t h e  b i d
p e r i o d ,  t h e  f o l l o w i n g  b a s i c  p l a n n i n g  p r o c e s s e s  a r e  a c c o m p l i s h e d :

R e v i e w  o f  s h i p  s p e c i f i c a t i o n s  a n d  d r a w i n g s  f o r  b o t h  h u l l  a n d
o u t f i t t i n g  r e q u i r e m e n t s .

D e v e l o p  p r e l i m i n a r y  b r e a k d o w n  o f  t h e  h u l l  i n t o  u n i t s  w i t h
c o n s i d e r a t i o n  f o r  f a c i l i t y  w e i g h t  r e q u i r e m e n t s ,  a c c u r a c y ,
z o n e  o u t f i t t i n g  c o n c e p t s  a n d  t h e  e r e c t i o n  s e q u e n c e . C o n s i -
d e r a t i o n  o f  t h e  p r o c e s s  l a n e s  c o n c e p t s  a n d  r e q u i r e m e n t s  f o r
t o o l i n g  a n d  j i g s  m u s t  b e  c o n s i d e r e d .

P r e p a r e  p r e l i m i n a r y  w e i g h t  c a l c u l a t i o n s  a n d  v e r i f y  a g a i n s t
u n i t  b r e a k d o w n  a r r a n g e m e n t . T h i s  i s  i m p o r t a n t  f o r  v e r i f i c a -
t i o n  o f  t h e  u n i t  b r e a k s  a n d  i s  c r i t i c a l  t o  b o t h  p l a t e n
c o n s t r u c t i o n  a n d  e r e c t i o n .

P r o c e e d  w i t h  d e v e l o p m e n t  o f  a  p r e l i m i n a r y  e r e c t i o n  s c h e d u l e
a s s u r i n g  c o m p a t i b i l i t y  w i t h  k e y  d a t e s . V e r i f y  p r e l i m i n a r y
o u t f i t t i n g  r e q u i r e m e n t s  f o r  e r e c t i o n  ( p a c k a g e  u n i t s ,
s h a f t i n g ,  t a n k  t e s t i n g ,  b o r i n g ,  e t c . ) .

-  D e v e l o p  i n i t i a l  u n i t  c a t e g o r i z a t i o n  o f  u n i t s  f o r  f u r t h e r
p r o c e s s  l a n e s  b r e a k d o w n .

P r e p a r e  p r e l i m i n a r y “ J o b  D e s c r i p t i o n  A t  E a c h  S t a g e  S c h e d u l e ”
b a s e d  o n  k e y  d a t e s  a n d  p r e l i m i n a r y  p l a n n i n g , T h i s  s c h e d u l e
i s  r e f i n e d  d u r i n g  t h e  b i d  p e r i o d  a n d  i m m e d i a t e l y  p r e c e d i n g
a w a r d  f o r  i s s u e .

D u r i n g  t h e  b i d  s t a g e  t h e  p r o p o s e d  c o n t r a c t  i s  s t a g e  l o a d e d  t o
t h e  e n t i r e  f a c i l i t y  f l o w  v i a  t o n n a g e  t o  a s s u r e  a v a i l a b l e  s p a c e
a g a i n s t  p r e s e n t  w o r k . M a n y  o f  t h e s e  a s p e c t s  o f  t h e  p l a n n i n g
a n d  s c h e d u l i n g  f u n c t i o n s  a r e  f u r t h e r  d e v e l o p e d  d u r i n g  t h e  b i d
s t a g e s :

-  p r e l i m i n a r y  d r a w i n g  s c h e d u l e  r e q u i r e m e n t s ;

m a j o r  e q u i p m e n t  r e q u i r e m e n t s  ( m a i n  e n g i n e s ,  r e d u c t i o n  g e a r s ,
p u m p s ,  e t c . )  f o r  l o n g  l e a d  p u r p o s e s ;

e s t a b l i s h  m a j o r  m i l e s t o n e s .
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I m m e d i a t e l y  a f t e r  a w a r d , t h e  p r e l i m i n a r y  p l a n n i n g  a n d  s c h e d u -
l i n g  d e v e l o p m e n t  i s  r e v i e w e d  a n d  t h e  r e f i n e m e n t  p r o c e s s  i s
u n d e r t a k e n . A t  t h i s  t i m e , t h e  u n i t  b r e a k d o w n  i s  c o n s t a n l y l y
r e v i e w e d  b e t w e e n  E n g i n e e r i n g  a n d  P l a n n i n g  d u r i n g  t h e  k e y  p l a n
s t a g e  i n  t h e  p e r i o d  i m m e d i a t e l y  f o l l o w i n g  a w a r d . F i n a l i z a t i o n
o f  t h e  k e y  p l a n s  a n d  t h e  s h i p s  l i n e s  a r e  m o s t  e s s e n t i a l  t o  t h e
f i n a l i z i n g  o f  t h e  u n i t  b r e a k d o w n . O n c e  t h e  u n i t  b r e a k d o w n  i s
f i n a l i z e d  a n d  t h e  u n i t  c a t e g o r i z a t i o n  h a s  b e e n  m a d e ,  t h e  d e t a i l
a r r a n g e m e n t  o f  t h e  “ r e c a p  s h e e t s ”  i s  u n d e r t a k e n .

A s  d i s c u s s e d  i n  t h e  p r e s e n t a t i o n  y e s t e r d a y ,  t h e  r e c a p  s h e e t s ,
b y  u n i t ,  p r o v i d e  t h e  t r a n s i t i o n  f r o m  t h e  b a s i c  p l a n n i n g  s t a g e
t o  t h e  p r o c e s s  l a n e s  d e t a i l  s c h e d u l i n g  p r o c e s s . D e v e l o p m e n t  o f
t h e  l o n g  t e r m  s c h e d u l e s , a s  d i s c u s s e d  i n  d e t a i l  i n  a  p r e v i o u s
s e c t i o n , p r o v i d e s  t h e  c a p a c i t y  l o a d i n g  f o r  a l l  w o r k  c e n t e r s .
T h i s  d e v e l o p m e n t  r e s u l t s  i n  a p p r o x i m a t e l y  3 5 - 4 0  d e t a i l  s c h e -
d u l e s  w h i c h  a r e  u t i l i z e d  b y  t h e  s h o p  p l a n n e r  f o r  f u r t h e r  d e t a i l
m a n p o w e r  a n d  e f f i c i e n c y  e v a l u a t i o n . M o r e  i m p o r t a n t ,  t h e s e
s c h e d u l e s  f o r m  t h e  b a s i s  f o r  r i s i b i l i t y  a n d  c o n t r o l  o f  t h e
e n t i r e  p r o c e s s  l a n e s  f l o w  t o  s u p p o r t  e r e c t i o n . GRAPH PL-46
i d e n t i f i e s  t h e  m a j o r  s c h e d u l e s  r e q u i r e d . A s  p r e c i o u s l y
i n d i c a t e d , t h e  l o n g  t e r m  s c h e d u l e  a l o n e  i s  c o m p r i s e d  o f  3 5 – 4 o
s e p a r a t e  s u b – s c h e d u l e s ,

E s s e n t i a l l y , t h e  s c h e d u l e s  w h i c h  h a v e  b e e n  d i s c u s s e d  d u r i n g  t h e
l a s t  t w o  d a y s  a n d  t h e  p l a n n i n g  f l o w  p r o v i d e  t h e  p l a n n i n g
c o n t r o l s  w h i c h  h a v e  e v o l v e d  w i t h i n  i m p l e m e n t a t i o n  o f  t h e
p r o c e s s  l a n e s  c o n c e p t .

QUESTIONS/ANSWERS
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PROCESS LANES AND DESIGN ENGINEERING
FOR ZONE OUTFITTING

ZONE OUTFITTING CONCEPTS

I . INTRODUCTION

Z o n e  o u t f i t t i n g  i m p l e m e n t a t i o n  a t  A v o n d a l e  h a s  e v o l v e d  i n
p a r a l l e l  t o  t h e  d e v e l o p m e n t  o f  h u l l  c o n s t r u c t i o n  a n d  p l a n n i n g
t e c h n i q u e s . O the r  p resen ta t i ons  ove r  t he  pas t  two  days  have
h i g h l i g h t e d  m u c h  d e t a i l  o f  t h e  h u l l  t r a n s f e r  o f  t e c h n o l o g y  a n d
t h e  g e n e r a l  r e l a t i o n s h i p  t o  z o n e  o u t f i t t i n g . I  w o u l d  l i k e  t o
p resen t  t o  you , t o d a y ,  t h e  b a s i c  z o n e  o u t f i t t i n g  p h i l o s o p h y  a n d
me thods  emp loyed  on  ou r  cu r ren t  con t rac t s . Whi le  we prov ide a
d i s t i n c t  l i n e ,  i n  m a n y  c a s e s , b e t w e e n  h u l l  a n d  o u t f i t t i n g  i n
o u r  p r e s e n t a t i o n ,  w e , i n t e r n a l l y  a t  A v o n d a l e ,  a r e  t r e a t i n g  o u t –
f i t t i n g  a s  a n  i n t e g r a l  p a r t  o f  t h e  h u l l  c o n s t r u c t i o n  p r o c e s s .
The  o ld  ph i l osophy  o f  hu l l  cons t ruc t i on  dom ina t i on  has  e roded
w i th  accep tance  o f  t he  new  techno logy .

II. ZONE OUTFITTING

The  emphas i s  on  zone  ou t f i t t i ng  a t  Avonda le  has  p robab l y  no t
rece i ved  t he  pub l i c i t y  t ha t  has  been  bes towed  on  t he  “p rocess
l a n e s ”  i m p l e m e n t a t i o n . Th i s  has  been  p romp ted  by  t he  f ac t  t ha t
z o n e  o u t f i t t i n g  h a s  b e e n  i m p l e m e n t e d ,  a s  i n d i c a t e d  e a r l i e r ,  o n
a  c o n c u r r e n t  b a s i s , a s  p a r t  o f  t h e  h u l l  c o n s t r u c t i o n  p r o c e s s .
I n  f a c t ,  z o n e  o u t f i t t i n g  i s  a  m a j o r  d e t e r m i n a n t  o f  t h e  i n i t i a l
hu l l  b reakdown , a s  w e l l  a s  t h e  d e t a i l  b r e a k d o w n  o f  t h e  u n i t
i n t o  t he  assemb ly  p rocess .

NOTE:  Dur ing the process lanes “development  s tages”  and whi le
hu l l  i s  p l ann ing  whe re  and  how the  hu l l  un i t s  a re  t o  be
b u i l t ,  t h e  H u l l  a n d  t h e  O u t f i t t i n g  S e c t i o n s  o f  P l a n n i n g
and  Eng inee r i ng  ma in ta in  ex t reme ly  c l ose  commun ica t i ons .
Sess ions  a re  he ld  rou t i ne l y ,  du r i ng  wh i ch  t he  “whe re  and
h o w ”  i s  e x p l a i n e d  a n d  a t  w h i c h  t i m e  t h e  o u t f i t t i n g  i n p u t
i s  p r o v i d e d . T h i s  i n p u t  c o n s i s t s  o f  t h e  d u r a t i o n s
r e q u i r e d  f o r  o u t f i t t i n g  a t  e a c h  s t a g e  o f  u n i t  c o n s t r u c -
t i o n , w h i c h  i s  t h e n  b u i l t  i n t o  t h e  p r o c e s s  l a n e s  l o n g
te rm  schedu les . Reques t s  a re  made  a l so  by  Ou t f i t t i ng
P l a n n i n g  f o r  t h e  t u r n i n g  o f  u n i t s  f o r  o u t f i t t i n g  p r o -
cesses  a t  t he  va r i ous  p rocess  l anes  wo rk  cen te r s . Thus ,
t h e  t w o  p r o c e s s e s  o f  h u l l  a n d  o u t f i t t i n g  a r e  i n t e g r a t e d
ve ry  ea r l y  on  i n  t he  con t rac t  and  t he  l i nes  be tween  t hem
s t a r t  l o s i n g  t h e i r  h i s t o r i c a l  i d e n t i t y .
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T h e  c o n v e n t i o n a l  m e t h o d  o f  o u t f i t t i n g  u t i l i z e d  a t  A v o n d a l e  w a s
p rov ided  on  d raw ings  t ha t  we re  conce rned  w i t h  t o ta l  sys tems  and
s y s t e m  f u n c t i o n s . T h e  o u t f i t t i n g  m a t e r i a l ,  f o r  t h e  m o s t  p a r t ,
w a s  i n s t a l l e d  a f t e r  t h e  h u l l  u n i t s  w e r e  e r e c t e d  a n d  a f t e r
comp le t i on  o f  t he  ma jo r  hu l l  wo rk . O u t f i t t i n g  i n  t h i s  m a n n e r
was  an  ex t reme ly  cos t l y  me thod  due  t o  t he  sca f f o l d i ng  requ i re -
men ts  f o r  access  and  t he  f ac t  t ha t  i t  r esu l t ed  i n  unsa fe  and
c rowded  work ing  cond i t i ons  f o r  t he  wo rkmen . This  was due to
the  number  o f  wo rke rs  requ i red  by  t he  schedu le  t o  be  i n  t he
same p lace at  the same t ime. More  impo r tan t l y ,  t he  wo rk  was
s c h e d u l e d  f o r  t h e  w r o n g  t i m e  f r a m e  i n  r e l a t i o n  t o  t h e  e v e n t u a l
d e l i v e r y  o f  t h e  s h i p .

Z o n e  o u t f i t t i n g , as  p resen t l y  emp loyed  a t  Avonda le ,  i s  a
r a d i c a l  d e p a r t u r e  f r o m  t h e  c o n v e n t i o n a l  m e t h o d . It is now a
combinat ion of  new technology and methodology which we have
a d o p t e d  a n d  a d a p t e d  t o  s u i t  o u r  s p e c i f i c  n e e d s  a n d  c a p a b i l i t i e s
and  wh i ch  we  a re  con t i nu ing  t o  imp rove  and  re f i ne .

T h e  z o n e  o u t f i t t i n g  m e t h o d  i s  a  d i r e c t  o f f s p r i n g  o f  t h e  u n i t  o r
b l o c k  m e t h o d  o f  h u l l  c o n s t r u c t i o n ,  p r e c i o u s l y  d e s c r i b e d ,  i n
w h i c h  t h e  h u l l  i s  b r o k e n  u p  i n t o  s p e c i f i c  b l o c k s  o r  u n i t s
r e l a t i v e  t o  o u r  f a c i l i t y  c a p a b i l i t i e s  i n  s u p p o r t  o f  c o n v e n i e n t
c o n s t r u c t i o n  a n d  e r e c t i o n . N a t u r a l l y , t h e  h u l l  a n d  o u t f i t t i n g
i s  accomp l i shed  remo te  f r om the  bu i l d i ng  ways  and  t r anspo r ted
t o  t h e  b u i l d i n g  s i t e  j u s t  p r i o r  t o  t h e i r  e r e c t i o n .

I n  p r i n c i p l e , t h e r e  a r e  t h r e e  d i s t i n c t  a s p e c t s  o f  z o n e  o u t f i t -
t i ng  wh i ch  have  been  imp lemen ted  a t  Auonda le  and  a re  i l l u -
strated by GRAPH PL–47:

p a c k a g e  u n i t  p r e - o u t f i t t i n g ;

o n  u n i t  o u t f i t t i n g ;

o n  b o a r d  o u t f i t t i n g .

A) PACKAGE UNIT OUTFITTING

The  des ign  and  cons t ruc t i on  o f  package  un i t s  f o l l ow  the  same
p r i n c i p l e  o f  “ o f f  s h i p ” o u t f i t t i n g  o r  d o e s  o n  u n i t  o u t f i t -
t i n g . The  p lann ing  and  des ign  o f  package  un i t s  a re  d i r ec ted
to  t he  f ab r i ca t i on  and  assemb ly  o f  componen ts  i n to  packages ;
w h e r e b y ,  s t a b i l i t y  i s  m a i n t a i n e d  a n d  l i m i t e d  t e m p o r a r y
s u p p o r t  i s  r e q u i r e d . T h e r e  a r e  t w o  ( 2 )  d i s t i n c t  t y p e s  o f
package un i ts  const ructed a t  Avondale  (see GRAPH PL–48 for
i nc reased  use  o f  package  un i t s ) .
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B)

C)

1)

2)

Mach ine ry Packaqe Uni ts

These are packages which are components  o f  mul t i -
sys tems. They  a re  des igned  fo r  f ab r i ca t i on  and  assemb ly
c o m p l e t e  w i t h  s u p p o r t i n g  s t r u c t u r e  ( m a c h i n e r y ,  F o u n d a -
t i o n s , p u m p s ,  m o t o r s ,  c o o l e r s ,  p i p i n g ,  v a l v e s ,  g r a t i n g ,
l a d d e r s ,  e t c . ) . F igures 7 and 8 prov ide good examples of
a  machinery  package.

Zone Packaqe Units ( P i p e  P a c k a q e )

U s u a l l y  r e p r e s e n t s  a n  a s s e m b l y  o f  p i p e  d e t a i l s ,  v a l v e s ,
l a d d e r s , g r a t i n g ,  e t c . A  package  o f  t h i s  t ype  cou ld  a l so
b e  v e n t i l a t i o n ,  e t c . F igu re  8  p rov ides  an  examp le  o f
t h i s  t ype  o f  package .

ON UNIT OUTFITTING

The  ou t f i t t i ng  i s  b roken  down  by
hull . P r i o r  t o  e r e c t i o n ,  w e  a r e
o u t f i t t i n g  o f  t o t a l  s y s t e m s ,  b u t
sys tems  t ha t  can  be  i ns ta l l ed  on

un i t  commensu ra te  w i t h  t he
no t  conce rned  w i t h  t he
r a t h e r  w i t h  p o r t i o n s  o f
un i t  and  become  pa r t  o f  t he

s y s t e m  a g a i n  a f t e r  e r e c t i o n . M o s t  o f  t h e  o u t f i t t i n g  c a n  b e
i n s t a l l e d  a t  l o c a t i o n s  r e m o t e  f r o m  t h e  e r e c t i o n  s i t e . T h i s
i s  r e a d i l y  a c c o m p l i s h e d  i n  s m a l l e r  a n d  l e s s  c o m p l i c a t e d
inc remen ts  i n  a  much  sa fe r  wo rk ing  env i ronmen t . T h e  o u t f i t -
t i n g  d r a w i n g s ,  a t  t h i s  s t a g e ,  b e i n g  u n i t  o r i e n t e d ,  i g n o r e
sys tems  and  concen t ra te  on  max im iz i ng  t he  deg ree  o f  i n t e r im
m a t e r i a l  t h a t  c a n  b e  i n s t a l l e d  i n  a  s m a l l e r  a n d  l e s s  c o m p l i –
c a t e d  p a r t  o f  t h e  s h i p . O n  u n i t  o u t f i t t i n g  i n v o l v e s  s e v e r a l
t y p e s  o f  c r a f t s ;  h o w e v e r , they have become or iented to  the
concep t  and  a re  i nc reas ing l y  wo rk ing  as  a  t eam. T h e i r
app roach  i s  j us t  sho r t  o f  embrac ing  t he  assemb le r  concep t ,
T h e  o u t f i t t i n g  i s  a c c o m p l i s h e d  a t  t h e  v a r i o u s  s t a g e s  o f
p rocess  l anes  assemb ly  w i t h  spec i f i c  du ra t i ons  p rov ided  up
t o  b l a s t  a n d  c o a t  o f  t h e  u n i t  a n d  t h e r e a f t e r . T h e  o u t f i t –
t i ng  s tages  a re  p re -de te rm ined  and  a re  no t  l e f t  t o  chance ,
T h e  p r i m e  o b j e c t i v e  i s  t o  a c c o m p l i s h  t h e  o u t f i t t i n g  w h i l e .
t h e  u n i t  i s  t u r n e d  i n  t h e  b e s t  p o s i t i o n  t o  c o m p l e t e  t h e  w o r k
w i t h o u t  s c a f f o l d i n g . See F igures A and 10 for  examples of
o n  u n i t  o u t f i t t i n g .

ON BOARD OUTFITTING

T h i s  i s  n o t  t h e  o l d  t r a d i t i o n a l  a p p r o a c h  t o  o u t f i t t i n g .
T h i s  s t a g e  o f  z o n e  o u t f i t t i n g  i s  l i m i t e d  t o  m a t e r i a l  o r
p a c k a g e s  t h a t  c a n n o t  b e  i n s t a l l e d  o n  u n i t  f o r  s p e c i f i c
r e a s o n s  a n d  a r e  i n s t a l l e d  o n  b o a r d ,  a f t e r  e r e c t i o n .  A
spec i f i c  i t em  may  be  t oo  l a rge  o r  t oo
un i t  p r i o r  t o  e rec t i on  and  some  i t ems
be subject  to  the weather  or  damage.
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planned and scheduled zone by zone and sub-zone by sub-
zone, On  boa rd  ou t f i t t i ng  i s  schedu led  and  sequenced  t o
assure that  the number  o f  workmen in  a  g iven area,  a t  a
g i v e n  t i m e , i s  e f f i c i e n t l y  c o n t r o l l e d . GRAPH PL-48a depicts
the zone ar rangement  which dr ives the on board sequence.
See  F igu re  11  f o r  an  examp le  o f  on  boa rd  ou t f i t t i ng .

II. ZONE OUTFITTING EVOLUTION

Zone  ou t f i t t i ng  was  i n i t i a ted  a t  Avonda le  on  t he  Suwanee  Tug
and  Ba rge  con t rac t  i n  Oc tobe r , 1979 and the Ogden Marine
p r o d u c t  c a r r i e r  i n  J a n u a r y , 1980 ,  f o l l owed  by  t he  Navy  A .0 . ,
Job C8-400,  in  June of  1980. T h i s  w a s  s t a r t e d  w i t h  P r o d u c t i o n
P lann ing “b reak ing  down” the system type drawings produced by
E n g i n e e r i n g  a n d  a s s i g n i n g  t h e  m a t e r i a l  t o  s p e c i f i c  d e s t i n a –
t i o n s , e i t h e r  o n  u n i t  o r  o n  b o a r d , w i t h o u t  E n g i n e e r i n g ’ s  a s s i s -
t a n c e . A l t hough  t h i s  app roach  was  on l y  mode ra te l y  success fu l ,
t h i s  i n i t i a l  e f f o r t  t a u g h t  m a n y  v a l u a b l e  l e s s o n s  t h a t  w e r e
i n v a l u a b l e  f o r  P l a n n i n g  a n d  E n g i n e e r i n g  o n  l a t e r  c o n t r a c t s  w h e n
t h e  I H I  t e c h n o l o g y  t r a n s f e r  w a s  i n t r o d u c e d  i n  a  m o r e  f i n i t e
manner.

S o m e  i n d i c a t i o n  o f  t h e  v a l u e  o f  t h e  i n i t i a l  a p p l i c a t i o n s  o f
z o n e  o u t f i t t i n g  t e c h n i q u e s  o n  t h e  A . 0 .  c o n t r a c t  a r e  i l l u s t r a t e d
i n  t h e  f o l l o w i n g  c o m p a r i s o n :

HULL JOB TECHNIQUE APPLICATION

2 3 0 5  C 8 - 7 5 0  N o  Z o n e  O u t f i t Launch  t o  L i t e

2 3 1 4  C 8 - 4 0 0  L i m i t e d  Z o n e  O u t f i t Launch  t o  L i t e

2 3 0 5  C 8 - 7 5 0  N o  Z o n e  O u t f i t Launch  t o  L i t e

2 3 1 4  C 8 - 4 0 0  L i m i t e d  Z o n e  O u t f i t Launch  t o  L i t e

PERIOD

Off 10 Months

O f f  5  M o n t h s

Off 18 Months

Off 12 Months

F o l l o w i n g  i n t r o d u c t i o n  o f  t h e  I H I  t e c h n o l o g y  i n  1 9 8 0 ,
Eng inee r i ng  became  ve ry  i nvo l ved , and  the  pa l l e t  number ing
sys tem,  deve loped  by  P lann ing , was  i nc luded  on  the i r  d raw ings .
E s s e n t i a l l y , Eng inee r i ng  had  begun  to  evo l ve  des ign  t o  su i t  t he
z o n e  o u t f i t t i n g  p h i l o s o p h y . T h e  f i r s t  c o n t r a c t  t h a t  w a s
eng inee red  i n  t h i s  manne r  was  the  Zapa ta  sp l i t  hu l l  d redge ,
w i t h  t h e  t h r e e  ( 3 )  A P L  c o n t a i n e r s h i p s  t o  f o l l o w . D u r i n g  t h e
e a r l y  s t a g e s  o f  z o n e  o u t f i t t i n g  a p p l i c a t i o n ,  s o m e  s e c t i o n s  o f
E n g i n e e r i n g  w e r e  n o t  f u l l y  i n v o l v e d . On  t he  Exxon  con t rac t  a l l
s e c t i o n s  o f  E n g i n e e r i n g  w e r e  f u l l y  i n v o l v e d  a n d  i n d o c t r i n a t e d
i n t o  t h e  s y s t e m . Eng inee r i ng  has  now  p roven  i t s  ded i ca t i on  t o
t h e  z o n e  o u t f i t t i n g  p h i l o s o p h y  i n  s u p p o r t  o f  P r o d u c t i o n . Avon-
d a l e  i s  c o n t i n u i n g  t o  f u r t h e r  r e f i n e  t h e  o u t f i t t i n g  t e c h n i q u e s
a t  t h e  d e t a i l
p r e - o u t f i t t e d

l e v e l . GRAPH PL-49  dep i c t s  t he  evo lu t i on  o f
u n i t s  t h r o u g h  t h e  s u c c e s s i v e  c o n t r a c t s .
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a d d i t i o n a l l y , t h e  o n  b o a r d  o u t f i t t i n g  h a s  i m p r o v e d  s i g n i f i -
c a n t l y  i n  t h a t  i t  h a s  b e e n  r e d u c e d  t o  a  p o i n t ,  w h e r e  o n l y  t h o s e
i t e m s  t h a t  c a n n o t  b e  i n s t a l l e d  o n  u n i t ,  f o r  v a r i o u s  p r a c t i c a l

reasons, remain. T h i s  r e m a i n i n g  m a t e r i a l  i s  s c h e d u l e d  t o  l o a d
a n d  i n s t a l l  i n  h a r m o n y  w i t h  t h e  h u l l  e r e c t i o n  s c h e d u l e  w h i c h
h a s  d r a s t i c a l l y  r e d u c e d  t h e  n u m b e r  o f  s h i p p i n g  c u t s  p r e c i o u s l y
r e q u i r e d  t o  a  m i n i m u m . E v e r y  e f f o r t  i s  n o w  b e i n g  m a d e  t o
c o m p l e t e  t h e  s h i p  t o  t h e  g r e a t e s t  p o i n t  p o s s i b l e ,  p r i o r  t o
l a u n c h , T h e  E x x o n  s h i p s  w e r e  l a u n c h e d  a t  a p p o x i m a t e l y  8 0 %
c o m p l e t e ,

O n  t h e  f i r s t  E x x o n , a  t o t a l  o f  7 7  t a n k s , o f  a  t o t a l  o f  9 2 ,  w e r e
h y d r o  t e s t e d  p r i o r  t o  l a u n c h . A l l  e n g i n e  r o o m  a s s o c i a t e d  t a n k s
( 2 6 )  w e r e  f i n i s h e d  a n d  f u e l  w a s  l o a d e d  t w o  ( 2 )  w e e k s  a f t e r
l a u n c h . F u r t h e r , e l e c t r i c a l  c a b l e  p u l l i n g  w a s  e s s e n t i a l l y
c o m p l e t e  o n  t h e  s h i p  a n d  t h e  m a i n  s w i t c h b o a r d  w a s  l i t  o f f  w i t h
t h e  s h o r e  p o w e r  o n e  w e e k  p r i o r  t o  l a u n c h . P i p i n g  i n s t a l l a t i o n
w a s  9 5 %  c o m p l e t e , a n d  t e s t i n g  w a s  a p p r o x i m a t e l y  5 0 %  c o m p l e t e  a t
l a u n c h , ( 3 1 1  m a j o r  e q u i p m e n t , i n c l u d i n g  d e c k  m a c h i n e r y ,  w a s
i n s t a l l e d  w i t h  o n l y  s o m e  s m a l l  i t e m s  r e m a i n i n g  f o r  w h i c h  n o
s p e c i a l  a c c e s s  w a s  r e q u i r e d . T h i s  r e s u l t s  f r o m  o u t f i t t i n g
p e r c e n t a g e  c o m p l e t i o n  g o a l s  l a i d  d o w n  b y  P r o d u c t i o n  P l a n n i n g  i n
t h e  P a l l e t  S c h e d u l e  a n d  t h e  O u t f i t t i n g  M i l e s t o n e  S c h e d u l e ,  a n d
v i g o r o u s  p u r s u i t  o f  t h e s e  g o a l s  b y  P r o d u c t i o n  a n d  E n g i n e e r i n g .

I I I .  THE ZONE OUTFITTING PALLET SYSTEM

T h e  k e y  i n s t r u m e n t s  f o r  a c c o m p l i s h i n g  z o n e  o u t f i t t i n g  i n  t h e
m a n n e r  d e s c r i b e d  a r e  t h e  p a l l e t s , u n d e r  w h i c h  n u m b e r  t h e
p a c k a g e s  o f  m a t e r i a l  a r e  g r o u p e d  a n d  w h i c h  w e  w i l l  n o w  d i s c u s s
i n  s o m e  d e t a i l .

A pallet, as used in this context, i s  a  p r e d e t e r m i n e d  w o r k
p a c k a g e  o f  o u t f i t t i n g  m a t e r i a l  w h i c h  h a s  b e e n  d e s i g n e d  b y
E n g i n e e r i n g  t o  b e  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  a n d  a t  a  s p e c i f i c  a d v a n t a g e o u s  t i m e  d u r i n g  c o n s t r u c t i o n
o n  t h e  s h i p  ( o n  u n i t s ,  o n  b o a r d ,  o n  p a c k a g e ,  e t c . ) . A l l
o u t f i t t i n g  m a t e r i a l  i n  t h i s  s y s t e m  i s  p a l l e t  c o d e d  f r o m  d o c k i n g
p l u g s  t o  f i r e  h o s e .

E a c h  p a l l e t  i s  i d e n t i f i e d  b y  i t s  o w n  s i g n i f i c a n t  a n d  u n i q u e
n u m b e r  a n d  i n s t a l l a t i o n  c o d e  ( s e e  G R A P H  P L - 5 0  f o r  p a l l e t  c o d i n g
system) . T h e  p a l l e t  n u m b e r i n g  s y s t e m  u t i l i z e d  a t  A v o n d a l e  w a s
d e v e l o p e d  b y  P r o d u c t i o n  P l a n n i n g  t o  s a t i s f y  c o n d i t i o n s  a t
A v o n d a l e  a n d  a r e  u n i q u e  t o  t h i s  p l a n t  a s  f o l l o w s :
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CRAFT/UNIT NO./SERIAL NO. INSTALLATION STAGE

06-001 -01

07–001–01

08-001 -01

09-001–01

06-001 -01

On Board Examples:

06-M11-01

06-M11–01

06-M11-01

s =

u =

T =

B =

J =

z =

Y =

z =

During Sub Assembly

Dur ing Main Assembly

A f t e r  T u r n i n g

A f t e r  P a i n t i n g

A f t e r  J o i n i n g

P r i o r  C l o s i n g

Easy Access

F i n a l  I t e m s

E n g i n e e r i n g  a s s i g n s  t h e  p a l l e t  n u m b e r s ,  b a s e d  o n  c r i t e r i a
supp l i ed  by  t he  P roduc t i on  P lann ing  Depa r tmen t . These numbers
a r e  s u p p l i e d  t o  E n g i n e e r i n g  p r i o r  t o  s t a r t i n g  t h e  d r a w i n g s .
Th i s  i s  deve loped  f r om s tudy  o f  t he  con t rac t  p l ans ,  d i ag rams ,
e t c . by  P roduc t i on  P lann ing  we l l  i n  advance . A d d i t i o n a l l y ,
du r i ng  d raw ing  deve lopmen t , P roduc t i on  P lann ing  wo rks  ex t reme ly
c l o s e  w i t h  E n g i n e e r i n g  t o  i n s u r e  t h e i r  p r o p e r  u n d e r s t a n d i n g  a n d
use.

T h e  p a l l e t s  a r e  c o n t r o l l e d  b y  t h e  P a l l e t  S c h e d u l e  t h a t  s e t s
f o r t h  d a t e s  w h i c h  d i c t a t e  t h e  t i m e  o f  a l l  f u n c t i o n s  t h a t  a f f e c t
e a c h  p a l l e t  f r o m  d r a w i n g  i s s u e d  t h r o u g h  f a b r i c a t i o n ,  p a i n t i n g ,
pa l l e t  assemb ly  and , f i n a l l y ,  i n s t a l l a t i o n . The  Pa l l e t  Sche -
d u l e  i s  s u p p o r t i v e  o f  t h e  g u i d e l i n e s  p r o v i d e d  f r o m  t h e  “ J o b
Desc r i p t i on  A t  Each  S tage  Schedu le ”  d i scussed  i n  seve ra l  o the r
presentat ions and must  be in  harmony wi th  the long term process
lane  schedu le . See GRAPH PL-51 for example of a Pallet Sche-
d u l e  ( p a r t i a l ) .

IV. SUMMARY

I t  c a n  e a s i l y  b e  o b s e r v e d  t h a t  t h e  z o n e  o u t f i t t i n g  m e t h o d  i s  a
h i g h l y  o r g a n i z e d  a n d  l o g i s t i c a l l y  s u p p o r t e d  o p e r a t i o n . We have
r e a l i z e d  c o n t i n u e d  g r o w t h  o f  t h e  c o n c e p t  s i n c e  i t s  c o n c e p t i o n
a t  Avonda le . Package un i ts  have evo lved in  many respects
beyond  ou r  o r i g i na l  expec ta t i ons  w i t h  l a rge r  and  more  comp lex
packages. I n  f a c t , a l l  f a c e t s  o f  z o n e  o u t f i t t i n g  i n c l u d i n g
packages, on un i t  and on board,  have been very  successfu l  both
t o  c o s t  a n d  c o n t r o l . T h i s  t r a n s l a t e s  t o  a d v a n t a g e s  f o r  b o t h
Avondale  and the customer . Some of the more obuious advantages
a r e  p r o v i d e d  a s  f o l l o w s :
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l e s s  c o m p l i c a t e d  s y s t e m s  f o r  P r o d u c t i o n ;

i m p r o v e d  s a f e t y  c o n d t i o n s ;

i m p r o v e d  q u a l i t y ;

m o r e  e f f i c i e n t  c o n t r o l s ;

suppo r t  t o  mee t i ng  schedu les , m o r e  o u t f i t t i n g  c o m p l e t e  a t
l a u n c h .

QUESTIONS/ANSWERS
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PROCESS LANES AND DESIGN ENGINEERING
FOR ZONE OUTFITTING

MOLD LOFT

I . INTRODUCTION

Today  I  w i l l  t e l l  you  o f  t he  many  bene f i t s  Avonda le  has  reaped
a s  t h e  r e s u l t  o f  i m p l e m e n t i n g  I H I  t e c h n o l o g y . F i r s t , I  w i l l
g i v e  y o u  a  b r i e f  o v e r v i e w  o f  t h e  t e c h n o l o g y ;  t h e n ,  I  w i l l
d e s c r i b e  s p e c i f i c  b e n e f i t s .

Many  o f  t he  IH I  i nnova t i ons  imp lemen ted  a t  Avonda le  on  t he
Exxon  con t rac t  we re  somewha t  concep tua l  i n  na tu re  a t  ou r  f i r s t
s e r i e s  o f  p r e s e n t a t i o n s . T h a t  i s , no t  much  expe r i ence  a t  Avon -
da le  cou ld  be  ca l l ed  upon  to  suppo r t  why  we  e lec ted  t o  pu rsue
some of  the IHI  concepts . Today that  exper ience has been
ga ined ,  t he  resu l t s  documen ted  and  t he  t echn iques  re f i ned .

Some o f  t hese  p rocesses  we re  i nco rpo ra ted  i n to  ou r  da i l y  wo rk
r o u t i n e s  s m o o t h l y  a n d  w i t h  l i t t l e  e f f o r t . Some of  the proce–
d u r e s  w e r e  m o r e  d i f f i c u l t  a n d  r e q u i r e d  t r a i n i n g ,  s p e c i a l  p r o –
g rams  and  spec ia l  t echn iques  t o  imp lemen t . Such was the case
w i t h  t h e  “ k e y  l i n e ”  m e t h o d ,  f o r  e x a m p l e . I H I  t e c h n o l o g y  i s
u t i l i z e d  “ b y  t h e  M o l d  L o f t  i n  t h e  f o l l o w i n g : (VIEW GRAPH ML1)

Mo ld  Lo f t  P lann ing
Stee l  Tape System
Key Line System
L ine  Hea t i ng
P in  J i gs
Piece Number System
Un i t  Con t ro l  Manua l

N o w  I  w i l l  e l a b o r a t e  o n  t h e  s p e c i f i c s  o f  h o w  I H I  t e c h n o l o g y  i s
u t i l i z e d  i n  e a c h  o f  t h e s e  a r e a s .

II. MOLD LOFT PLANNING

Much  o f  t he  Mo ld  Lo f t  p l ann ing  e f f o r t  has  been  s t ream l i ned  and
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  s t a n d a r d s . The s tandards
m a i n t a i n  c o n t i n u i t y  t h r o u g h o u t  t h e  d e p a r t m e n t  a n d ,  u l t i m a t e l y ,
t o  a l l  t h e  M o l d  L o f t  d a t a  u t i l i z e d  b y  t h e  s h i p y a r d . The  p roce -
du re  used  by  t he  p l anne rs ,  f o r  examp le ,  on  t he  Exxon  con t rac t
t o  i d e n t i f y  D a t u m  l i n e s , wh i ch  a re  common  re fe rence  l i nes ,
wa te r l i nes ,  f r ames  and  bu t t ocks  t h roughou t  t he  sh ip  wh i ch  a re
u s e d  f o r  a c c u r a c y  c o n t r o l , has now become a funct ion o f  the
e n g i n e e r i n g  d r a w i n g s .
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Many  o f  t he  i ncons i s tenc ies  t ha t  occu r  on  a  da i l y  bas i s  due  t o
t h e  l a r g e  v o l u m e  o f  l o f t i n g  m a t e r i a l  h a v e  d i s a p p e a r e d  b y  t h e
ex tens i ve  use  o f  comprehens i ve  s tanda rd  p rocedu re  manua l s .  As
p rob lem a reas  a re  d i scove red  by  t he  p lanne rs ,  mee t i ng  a re  he ld ,
t h e  p r o b l e m s  d i s c u s s e d  a n d  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 . (VIEW GRAPH ML-2)

I n  c o n c l u s i o n , t he  Mo ld  Lo f t  p l anne rs  have  a ided  the  p rog ram-
mers  and  l o f t sman  to  become  more  e f f i c i en t  i n  t he i r  wo rk  and
h a v e  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  f o r w a r d e d  t o
t h e  f i e l d .

I I I . "UNIT CONTROL MANUAL"

The  Un i t  Con t ro l  Manua l  (U .C .M. )  i s  a  g roup  o f  seven  d i f f e ren t
documents  des igned to  be used by the yard workers  in  every
s t a g e  o f  h u l l  c o n s t r u c t i o n  f r o m  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  un i t  on  t he  sh ip . T h e  o b j e c t i v e  o f  t h e  U . C . M .  e f f o r t  i s
to  break down the Engineer ing Yard Plan in to  bas ic  components
so  t ha t  t he  ave rage  wo rke r  i n  t he  sh ipya rd  w i l l  be  ab le  t o
u n d e r s t a n d  a n d  f o l l o w  t h e s e  s i m p l i f i e d  i n s t r u c t i o n s  e n a b l i n g
the  pe rson  t o  wo rk  accu ra te l y  and  qu i ck l y .

Each  o f  t he  f o l l ow ing  seven  documen ts  i s  r e l eased  sepa ra te 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  w o r k  e f f o r t  a d d r e s s e d , B y  c o n f i n i n g
the  i n fo rma t i on  i n  a  documen t  t o  t he  spec i f i c  t ype  o f  wo rk  t o
be  done  i n  each  s tage  o f  cons t ruc t i on ,  t he  wo rke r  has  on l y  t ha t
i n f o r m a t i o n  n e e d e d  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  o f  n o n – e s s e n t i a 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 . For example, VIEW
GRAPH ML 3.

A) CUTTING LIST (VIEW GRAPH ML-4)

T h i s  i s  t h e  f i r s t  d o c u m e n t  t o  b e  r e l e a s e d  t o  t h e  s h i p y a r d
a n d  i s  u l t i m a t e l y  u t i l i z e d  b y  t h e  P l a t e  S h o p . T h e  c u t t i n g
l i s t  c o n t a i n s  s u c h  i n f o r m a t i o n  a s  p i e c e  n u m b e r s ,  q u a n t i t i e s
r e q u i r e d , t ype  o f  ma te r i a l  and  g rade  and  cu t t i ng  med ium
i n f o r m a t i o n  f o r  e v e r y  p a r t  i n  a  g i v e n  u n i t  t o  b e  b u r n e d  w i t h
t h e  e x c e p t i o n  o f  f o u n d a t i o n s  a n d  o u t f i t t i n g  i t e m s .

B) PARTIAL SUB–UNIT BOOKLET (VIEW GRAPH ML-5)

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  a r e a s  w h e r e
i n i t i a l  f a b r i c a t i o n  o f  p i e c e s  i s  t o  b e  d o n e . T h e  i n f o r m a -
t i o n  c o n t a i n e d  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  a n d
p i c t o r a l  r e f e r e n c e s  s h o w i n g  h o w  t o  f i t  a n d  w e l d  a l l  t h e
p i e c e s  t o g e t h e r  t h a t  a p p l y  t o  t h i s  f a b r i c a t i o n  s t a g e .
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C) SUB ASSEMBLY BOOKLET (VIEW GRAPH ML-6)

Th i s  documen t  i s  d i s t r i bu ted  t o  wo rk  a reas  whe re  subassemb ly
work  i s  t o  be  pe r fo rmed . 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 a t
c o m b i n a t i o n  o f  l a r g e r  a s s e m b l i e s  a s  o p p o s e d  t o  i n d i v i d u a l
p ieces  be ing  we lded  toge the r . The  book le t  con ta ins  a
sequence  o f  cons t ruc t i on , p a r t  l i s t s  f o r  e a c h  s u b - a s s e m b l y
b e i n g  b u i l t  ( i f  m o r e  t h a n  o n e )  a n d  a n  i s o m e t r i c  d r a w i n g  o f
t he  sub -assemb ly  w i t h  a l l  necessa ry  de ta i l s  needed  t o
comp le te  t he  des i red  wo rk .

D) MAIN ASSEMBLY BOOKLET (VIEW GRAPH ML-7)

The  wo rk  e f f o r t  add ressed  by  t h i s  documen t  dea l s  w i t h  t he
c losu re  o f  a  un i t  by  comb in ing  a  sub -assemb ly  w i t h  a  pane l
o f  p l a t i n g  a l o n g  w i t h  m i s c e l l a n e o u s  i t e m s  s u c h  a s  c o l l a r
p l a t e s ,  c l i p s ,  c h o c k s ,  e t c . The book le t  conta ins  a  sequence
o f  c o n s t r u c t i o n , a  p a r t s  l i s t  a n d  a l l  n e c e s s a r y  d r a w i n g s
( i n c l u d i n g  d e t a i l s )  t o  c o m p l e t e  t h e  f i n a l  h u l l  w o r k  o n  a
g i v e n  u n i t .

E) ERECTION BOOKLET (VIEW GRAPH ML–8)

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  a s s e m b l y .

I t  p r o v i d e s  i n f o r m a t i o n  c o n c e r n i n g  l e v e l i n g  r e q u i r e m e n t s ,
t h e  a t t a c h m e n t  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 i s c e l l a n e o u s
i t e m s  t h a t  c o u l d  n o t  b e  b u i l t  w i t h  t h e  u n i t  a t  a n  e a r l i e r
s t a g e ) .

T h e  u n i t  c o n t r o l  m a n u a l ,  t h a t  I  j u s t  d e s c r i b e d ,  w a s  u s e d  i n
t he  Exxon  con t rac t , and  p roved  to  be  an  i nva luab le  t oo l .
M a n y  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  a s  p a r t  o f  t h e  d a t a
found in the UCM documents. Although the UCM was developed
a t  A v o n d a l e  p r i o r  t o  t h e  I H I  t e c h n o l o g y  t r a n s f e r ,  i t  r e a d i l y
serves the same purpose as the Japanese concept  o f  “Stage
P l a n s . ” A to ta l  o f  635 UCM book le ts  were prov ided to  the
sh ipya rd  wo rke rs  on  t he  Exxon  con t rac t . Such  IH I  i nnova -
t i ons  such  as  s tee l  t ape  i den t i f i ca t i on  numbers  and  da tum
l i nes  a re  con ta ined  i n  t he  UCM’S .

The  b igges t  se l l i ng  po in t  o f  t he  UCM manua l  i s  t ha t  i t  i s  a
s imp le  documen t  t ha t  t he  ave rage  ya rd  wo rke r  can  eas i l y
unde rs tand . The  UCM improves  wo rke r  e f f i c i ency  i n  t he  ya rd
b y  s a v i n g  d r a w i n g  r e s e a r c h  t i m e ,  b y  e l i m i n a t i n g  c o s t l y
e r ro r s  because  t he  sh ip  i s  “ cons t ruc ted ”  by  t he  compu te r
b e f o r e  a n y  s t e e l  i s  c u t . The  un i t  con t ro l  manua l  a l so
a l l ows  ya rd  supe rv i s i on  t ime  to  d i r ec t l y  manage  the  wo rke rs
ra the r  t han  spend ing  t ime  i n te rp re t i ng  documen ts  f o r  t hem.
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iv. STEEL TAPE SYSTEM

To  l essen  t he  use  o f  measu r i ng  dev i ces  and  assu re  con t i nu i t y
a c r o s s  s e c t i o n s  j o i n e d  t o g e t h e r , t he  IH I  s t ee l  t ape  sys tem 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 , S i m i l a r  a i d s  w e r e
used  i n  t he  pas t  i n  t he  f o rms  o f  wooden  ba t t ens . th is  was done
s p a r i n g l y  a n d  o n l y  i n  r e p e t i t i v e  a r e a s . T h e  t a p e s  a r e  f a b r i -
cated f rom stee l  bands and produced by the convent iona l  Mold
L o f t . A  spec ia l  measu r i ng  t ab le  was  cons t ruc ted  wh i ch  a i ds  t he
l o f t s m a n  i n  h i s  w o r k .

The  N /C  Lo f t  p rov ides  compu te r  p rog rams  wh i ch  a re  u t i l i zed  t o
e x t r a c t  t h e  s t e e l  t a p e  d a t a . These  p rog rams  p rov ide  a  p r i n tou t
t o  t h e  l o f t s m a n  f o r  m a r k i n g  t h e  g i r t h s ,  e t c .  o n  t h e  s t e e l
band. S tee l  t apes  a re  used  ex tens i ve l y  by  t he  ya rd  i n  t he
f a b r i c a t i n g  a n d  e r e c t i o n  p r o c e s s e s . A  t o t a l  o f  s t e e l  t a p e s  f o r
ac t i ve  j obs  w i t h i n  t he  ya rd  i s  now  693  s tee l  t apes . Each tape
i s  ca ta l ogued  and  dup l i ca ted  i n  case  o f  l oss  o r  b reakage  (V IEW
GRAPH ML-9).

S t e e l  b a n d 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 .
S tee l  t apes  e l im ina te  t he  use  o f  measu r i ng  ru l e r s  and  t he
e r r o r s  a s s o c i a t e d  w i t h  u s i n g  t h o s e  d e v i c e s . The same informa–
t i on  i s  used  ove r  and  ove r , wh i ch  i nc reases  accu racy  and
c o n s i s t e n c y  w h e n  f a b r i c a t i n g  t h e  u n i t s .

S t e e l  t a p e s  h a v e  c o n t r i b u t e d  t o  r e d u c e d  c o s t s  a t  t h e  e r e c t i o n
s i t e  a n d  a n  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  p r o b l e m s .

V. LINE HEATING

T r a d i t i o n a l l y , she l l  p l a tes  i n  t he  sh ipya rd  we re  shaped  by  one
o f  t h e  f o l l o w i n g  m e t h o d s :

R o l l i n g
P u l l i n g  i n  p l a c e  o n  u n i t  w i t h  j a c k s  o r  w e i g h t  b l o c k s
Fu rnaced  p la tes  f r om the  b lacksm i th  shop

W i t h  t h e  i m p l e m e n t a t i o n  o f  l i n e  h e a t i n g  t e c h n o l o g y  t h e s e
p r o c e s s e s  h a v e  v i r t u a l l y  b e e n  e l i m i n a t e d  ( w i t h  t h e  e x c e p t i o n  o f
r o l l i n g )  i n  t h e  s h i p y a r d . Shel l  p la tes wi th  compound shape
t h a t  c u s t o m a r i l y  c a u s e  f i t t i n g , w e l d i n g  a n d  d i s t o r t i o n  p r o b l e m s
t o  t h e  u n i t s  h a v e  b e e n  r e p l a c e d  w i t h  s h e l l  p l a t e s  a c c u r a t e l y
p r e - f o r m e d  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 .

Expe r i ence  on  t he  Exxon  sh ips  has  shown  tha t  p rac t i ca l l y  eve ry
she l l  p l a te  w i t h  some  compound  shape  was  even tua l l y  l i ne
hea ted . (VIEW GRAPH ML-10)
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As  each  un i t  i s  p rocessed  by  t he  Mo ld  Lo f t ,  t he  conven t i ona l
l o f t  p r o v i d e s  f o r m  t e m p l a t e s  ( u s u a l l y  o n  f r a m e  l i n e s )  w i t h
s i g h t  e d g e s  a n d  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  m a r k e d ,
T h e  s i g h t  l i n e s  a r e  o n  a n  a x i s  n o r m a l  t o  t h e  r o l l  a x i s  t o  t h e
p l a t e . T h e  d e c l e v i t y  a n g l e  f o r  e a c h  f r a m e  i s  a l s o  i n d i c a t e d  s o
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 r o p e r  o r i e n t a t i o n . The
r o l l  s e t  t e m p l a t e s  g i v e  t h e  d e s i r e d  t r a n s v e r s e  s h a p e . The
p l a n e  e s t a b l i s h e d  n o r m a l  t o  t h e  r o l l  a x i s  a t  e a c h  f r a m e  g i v e s
the  amoun t  o f  tw i s t ; t h e  t r e a d  l i n e  o r  s i g h t  l i n e ,  w h e n
s t r a i g h t e n e d , d e t e r m i n e s  t h e  a n o u n t  o f  l o n g i t u d i n a l  s h a p e .  A
p l a t e  h a s  t h e  c o r r e c t  s h a p e  o n l y  w h e n  t h e  r o l l  s e t s  f i t  t h e
p l a t e  o n  t h e  p r e s c r i b e d  d e c l e v i t y ;  t h e  v e r t i c a l  p l a n e  i s
s i g h t e d  a s  f l a t  a n d  t h e  s i g h t  l i n e  i s  s t r a i g h t . R e s u l t s  o f  t h e
l i ne  hea t i ng  p rocess  as  app l i ed  t o  t he  Exxon  t anke rs  we re
e x c e l l e n t . We  mon i t o red  each  un i t  ca re fu l l y  as  we  i ns ta l l ed
t h e  s h e l l  p l a t e s , c h e c k i n g  t o l e r a n c e s  f o r  s h a p e  a n d  o v e r a l l  f i t
t o  t h e  u n i t s . As  l i ne  hea ted  she l l  p l a tes  we re  p laced  i n  t he
p i n  j i g s ,  w e  c h e c k e d  t h e  o v e r a l l  c o n f i g u r a t i o n  a g a i n s t  t h e
p i n s . More exact ing check ing procedures were used on same
un i t s  such  as  f o repeak  and  a f t peak  un i t s  whe re  unde r  ce r t a i n
cond i t i ons  we  used  a  wooden  temp la te  t o  assu re  ou rse l ves  t ha t
t he  shape  o f  t he  she l l  p l a te  was  co r rec t . Another method used
to  de te rm ine  exac tness  we re  t he  d iagona l  d imens ions  de r i ved
fo rm  the  key  l i ne  p rog rams .

C e r t a i n l y , n o t  e v e r y  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
s o m e  a d j u s t m e n t  b y  e i t h e r  u t i l i z i n g  t h e  f o r m i n g  s t o c k  o r
f u r t h e r  l i n e  h e a t i n g  o f  t h e  p l a t e . The number  o f  these p la tes
was  m in ima l  and  to  an  accep tab le  number  w i t h i n  t he  sh ipya rd .
When  th i s  cond i t i on  occu red , i t  w a s  u s u a l l y  q u i c k l y  r e c t i f i e d .

A total of 600 shell plates were line heated over the course of
t h e  t h r e e - s h i p  E x x o n  c o n t r a c t .

T h e  b e n e f i t s  w e  h a v e  g a i n e d  b y  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  f u r n a c e d  p l a t e s ;

more  accu ra te l y  shaped  p la tes ;

-  l e s s  f i t t i n g  t i m e  o n  t h e  p l a t e n s ;

e l i m i n a t i n g  d o g s , c l i ps  and  l ugs  and  hav ing  t o  r es to re
s u r f a c e s ;

r e d u c t i o n  i n  m i s a l i g n m e n t  a c r o s s  u n i t s ;

-  l a r g e r  p l a t e s  c a n  b e  u t i l i z e d  w i t h o u t  f u r n a c e  s i z e
r e s t r i c t i o n s .
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VI .  PIN J IGS

F o r t y  ( 4 0 )  c o n s t r u c t i o n  j i g s  w e r e  u t i l i z e d  o n  t h e  E x x o n
c o n t r a c t . T w e n t y – o n e  ( 2 1 )  o f  t h e s e  j i g s  w e r e  p i n  j i g s ,  n i n t e e n
( 1 9 )  o f  t h e s e  w e r e  f i x e d  o r  s o l i d  j i g s ,  T h o s e  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  w e r e  u n i t s  t h a t  h a d  e x c e s s i v e  c u r v a t u r e ,
e x c e s s i v e  t w i s t  o r  a  w i d t h  t o o  n a r r o w  t o  b e  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 . G e n e r a l l y  s p e a k i n g , t h o s e  u n i t s  r e q u i r i n g  a
f i x e d  j i g  w e r e  i n  t h e  f o r e - p e a k  o r  a f t  p e a k  o f  t h e  v e s s e l . ”

Da ta  requ i red  by  p roduc t i on  t o  se t  t he  p i n  he igh t s ,  check
d i m e n s i o n s ,  e t c . a re  de r i ved  v i a  compu te r  p rog rams . T h i s
i n f o r m a t i o n , a l o n g  w i t h  a  s k e t c h  o f  p i n s  t o  b e  u t i l i z e d ,  i s
u s e d  t o  s e t  t h e  j i g  f o r  t h e  u n i t . (VIEW GRAPH ML11, ML12)

T h e  p r o c e d u r e  u t i l i z e d  t o  s e t  t h e  p i n  j i g s  a r e  a s  f o l l o w s :

P i n  e l e v a t i o n s  a r e  c o n v e r t e d  t o  i d e n t i f y  i f  a  l o n g  p i n  o r
s h o r t  p i n  i s  t o  b e  u t i l i z e d  a n d  t o  i d e n t i f y  w h i c h  o f  t h e
th ree  p i n  s t ops  t o  use .

a

L a b e l i n g  e a c h  p i n  l o c a t i o n  w i t h  i t ’ s  a p p r o p r i a t e  e l e v a t i o n
and p in  s ize (p in  number  and row).

-  M a k i n g  n e c e s s a r y  r e i n f o r c e m e n t s  w h e n  n e c e s s a r y  ( i f  t h e  p i n
i s  t o t a l l y  e x t e n d e d  i t  w o b b l e s ,  a n d  a  b r a c e  i s  n e c e s s a r y ) .

L o c a t e  a n d  i n s t a l l  s t o p s  t o  r e s t r i c t  p l a t e  m o v e m e n t .

Rough  ad jus tmen ts  a re  made  to  t he  app rox ima te  e leva t i on .

F ina l  ad jus tmen ts  a re  made  to  t he  p in .

S u c c e s s  o f  p i n  j i g  i m p l e m e n t a t i o n  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 , T h e  s h e l l  p l a t e s  m u s t be
i n  t h e  j i g  c o r r e c t l y . O n c e  p l a t e s  a r e  i n s t a l l e d- o n  t h e  p i n s
they cannot  be “ p u l l e d ”  d o w n  i n t o  p o s i t i o n  a s  o n  a  f i x e d  j i g .

Fa l se  f r ames  a t  t he  ends  o f  t he  un i t  a re  a l so  a  p re requ i s i t e
when  us ing  the  p in  j i g  me thod . Fa l se  f r ames  a re  used  f o r  t he
a l i g n m e n t  o f  s h e l l  p l a t e s  a n d  l o n g i t u d i n a l  i n  t h e  p i n  j i g .
Use  o f  f a l se  f r ames  assu res  t ha t  t he  deg ree  o f  f a i r ness
r e q u i r e d  f o r  a l i g n i n g  s h e l l  b u t t s  a n d  l o n g i t u d i n a l  a t  e r e c t i o n
w i l l  b e  m a i n t a i n e d .

A c c u r a t e  l a y o u t  o f  t h e  f r a m e s  a n d  l o n g i t u d i n a l s  i s  p r o v i d e d  b y
u t i l i z a t i o n  o f  t h e “Key L ine”  method. S tee l  t apes  a re  used
once  t he  she l l  p l a te  has  been  we lded  t o  ve r i f y  t he  accu racy  o f
the N/C punched layout  and any d iscrepanc ies between the
m a c h i n e  l a y o u t  a r e  r e s o l v e d  a t  t h i s  t i m e . A f t e r  t h e  l a y o u t  i s
c o r r e c t e d , t h e  f r a m e s  a n d  l o n g i t u d i n a l  a r e  i n s t a l l e d  a n d
we lded .
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VII.

T h e  t r a n s i t i o n  f r o m  f i x e d  j i g s  t o  p i n  j i g s  w a s  v e r y  s m o o t h  a n d
b a s i c a l l y  p r o b l e m  f r e e . We encountered one un i t  on Exxon that
because  o f  i t s  unusua l  shape  shou ld  no t  have  been  bu i l t  i n  a
p i n  j i g . Th i s  un i t  was  a  f o repeak  un i t  t ha t  had  one  she l l
p l a t e  t h t “ s t u c k  o u t  i n  s p a c e . ” The problem was not  apparent
when  we  ana l yzed  the  un i t  t o  de te rm ine  i f  i t  shou ld  be  bu i l t  on
a  p i n  o r  s o l i d  j i g . The  Lo f t  p rov ided  some  spec ia l  t emp la tes
to  ma in ta i n  t he  co r rec t  shape  and  t he  un i t  was  comp le ted  on
schedu le .

Some  o f  t he  advan tages  we  have  ga ined  by .  u t i l i z i ng  p in  j i gs  i s
t h a t  t h e  M o l d  L o f t  c o s t / e f f o r t  i s  r e d u c e d  f r o m  t h a t  o f  a  f i x e d
j i g . T h e  s e t - u p  t i m e  f o r  t h e  f i e l d  i s  s h o r t e r  w i t h  a  p i n  j i g .
T h e  p i n  j i g  a r e a  c a n  b e  u t i l i z e d  w i t h o u t  t h e  c o s t l y  s t o r a g e  o f
f i x e d  j i g s . T h e  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 . W e l d i n g  c o s t s  a n d  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 , and  t he  cos t  o f  N /C  bu rn ing  t he  f i xed  j i gs
d i s a p p e a r s .

O u r  s u c c e s s f u l  u s e  o f  p i n  j i g  t e c h n o l o g y ,  c o u p l e d  w i t h  l i n e
h e a t i n g  a n d  t h e  k e y l i n e  l a y o u t  m e t h o d ,  i s  e v i d e n t  i n  t h e  r e d u c -
t i o n  o f  c o s t s  a t  t h e  e r e c t i o n  s i t e  w h e n  u n i t s  a r e  q u i c k l y  a n d
a c c u r a t e l y  a l i g n e d .

PIECE NUMBER SYSTEM

A major factor in the successful use of process lanes was the
new p iece number ing system. Th i s  number  cons i s t s  o f  a  twe l ve
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  n u m b e r . The  s tag ing  o r  con -
s t r u c t i o n  r o u t e  o f  a  p a r t  i s  d e t e r m i n e d  b y  t h i s  n u m b e r . I n d i –
u idua l  hu l l  componen ts  a re  numbered  on  the  hu l l  eng inee r i ng
d raw ing . These  d raw ing  a re  used  by  t he  hu l l  p roduc t i on  p lanne r
to  ass ign  t he  s tag ing  p iece  number  i n  t he  f o rm  o f  a  pa r t s
l i s t . The drawings are a lso used to  wr i te  a  un i t  summary sheet
o f  h o w  t h e  u n i t  i s  t o  b e  b u i l t .

The  ac tua l  cons t ruc t i on  me thod  f o r  a  un i t  i s  dec ided  i n  advance
a t  p r o d u c t i o n  m e e t i n g s . The four  bas ic  components  used in  the
p iece  number ing  a re : (VIEW GRAPH ML-13)

Unit Number
Sub-Uni t  Number
Par t i a l  Sub -Un i t  Number
Piece Number

I n d i v i d u a l  p i e c e s  a r e  f a b r i c a t e d  t o g e t h e r  t o  f o r m  p a r t i a l
s u b - u n i t s . T h e  c o m b i n a t i o n  o r  p a r t i a l  s u b - u n i t s  w i t h  o t h e r
p a r t i a l  s u b - u n i t s  a n d / o r  i n d i v i d u a l  p i e c e s ,  d e p e n d i n g  o n  t h e
f a b r i c a t i o n  s i t e , c rea tes  a  un ique l y  numbered ,  l a rqe r p a r t i a l
s u b - u n i t , The  f ab r i ca t i on  o f  a  sub–assemb ly  t o  ano the r  sub -
a s s e m b l y  w i l l  c r e a t e  a n o t h e r  u n i q u e  s u b - u n i t . I f  t h e  w o r k  i s
done  a t  t he  ma in  assemb ly  s i t e , t he  resu l t  i s  t he  ma in  assemb ly
o f  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  w o r k  d o n e  o n
p ieces  o r  assemb l i es  de te rm ines  t he  t ype  o f  assemb ly produced.
I f  t h e  w o r k  i s  d o n e  o n  a n  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  a  p a r t i a l  s u b - u n i t  ( P S U ) . I f  f a b r i a t i o n  i s  d o n e  o n  a
sub /ma in  assemb ly  p l a ten , t hen  t he  resu l t  i s  a  sub–assemb ly ,
and  l i kew ise  f o r  ma in  assemb ly . A n  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  a l w a y s  h a v e  t h e  f o l l o w i n g  n u m b e r i n g  c o n f i g u r –
a t i o n :

Uni t  No. -  Sub–Uni t  No. – Par t ia l  Sub–Uni t  NO.  –  P iece No.
Ex. #003 – 001 - 017 - 143

A  p a r t i a l  s u b - u n i t  w i l l  a l w a y s  h a v e  t h i s  c o n f i g u r a t i o n :

Uni t  No. -  Sub -Un i t  No . -  P a r t i a l  S u b – U n i t  N o .
Ex. 003 -  001 – 017

(NOTE : A f t e r  i n i t i a l  f a b r i c a t i o n ,  t h e  r e s u l t i n g  a s s e m b l y
l o s e s  i t s  i n d i v i d u a l  p i e c e  n u m b e r  i d e n t i t i e s . )

A  s u b - u n i t  w i l l  h a v e  t h e  f o l l o w i n g  c o n f i g u r a t i o n :

Uni t  No. – Sub-Uni t  No.
Ex. 003 - 002

(NOTE: P . S . U .  i d e n t i t i e s  n o  l o n g e r  n e e d e d  a f t e r  f a b r i
c a t e d  t o  c r e a t e  s u b - u n i t . )

A t  t h e  f i n a l  o r  g r a n d  a s s e m b l y  t h e  a s s e m b l y  i s  i d e n t i f i e d  w i t h
on l y  t he  un i t  number .

The  p rev ious  examp les  show tha t  t he  i n fo rma t i on  g i ven  by  t he
p i e c e  n u m b e r  e x p l i c i t e l y  i n d i c a t e s  n o t  o n l y  t h e  u n i q u e  i d e n t i t y
o f  a  p a r t  o r  a s s e m b l y  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 e r m s  o f
t he  p rocess  l anes  concep t  and  has  p roven  i t s  wo r th  s i nce
i n t r o d u c e d .

VIII THE KEY LINE METHOD FOR MARKING SHELL LAYOUT
(VIEW GRAPHS ML-14 & ML–15)

I n t e g r a t e d  i n t o  t h e  M o l d  L o f t ’ s  p r o c e d u r e s  i s  t h e  I H I  m e t h o d
f o r  c h e c k i n g  N / C  o r  m a n u a l  l a y o u t s  o n  c u r v e d  s h e l l  u n i t s  b u i l t
i n  a  s o l i d  o r  p i n  j i g . The key l ine method,  which has been
p r e s e n t e d  i n  d e t a i l  a t  a n  e a r l i e r  s e m i n a r ,  u t i l i z e s  a  s e r i e s  o f
s tee l  ma rk ing  t apes  and  wooden  temp la tes  t o  ve r i f y  t he  mark ing
i n  a  j i g  f o r  s t r u c t u r a l  e n t i t e s  s u c h  a s  b u l k h e a d s ,  s h e l l  l o n g i -
t u d i n a l  a n d  f r a m e s , The  key  l i ne  me thod  i s  u t i l i zed  t o  check
an  ex i s t i ng  l ayou t  e i t he r  f o rm  N /C  bu rn ing  o r  f r om a  manua l
l a y o u t .
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Computer  programs have been wr i t ten to  prov ide the complex data
r e q u i r e d  f o r  t h e  k e y  l i n e  l a y o u t . V a r i a b l e  n a m e s  f o r  s i g h t
e d g e s ,  e t c . , are  p lugged onto these programs and the output
re r t i eved  f r om the  sh ips  da ta  base . T h i s  o u t p u t  i n  t h e  f o r m  o f
compu te r  p r i n tou t s  a re  p rov ided  t o  t he  l o f t sman  to  gene ra te  t he
s t e e l  t a p e s  a n d  d e c l e v i t y  d a t a  r e q u i r e d  f o r  a  k e y  l i n e  l a y o u t .

The “Key L ine” m e t h o d  f o r  m a r k i n g  s h e l l  p l a t e  l a y o u t s  i n  f a b r i -
ca t i on  j i gs  has  been  used  ex tens i ve l y  s i nce  ou r  l as t  mee t i ng .
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  o n  t h e  E x x o n  c o n t r a c t  ( a p p r o x i -
ma te l y  50  un i t s )  we re  ve r i f i ed  by  us ing  t he  key  l i ne  me thod .
T h e  r e s u l t s  w e r e  v e r y  f a v o r a b l e  w i t h  b e n e f i t s  g a i n e d  i n  a
r e d u c t i o n  o f  r e w o r k  f o r  t h o s e  u n i t s  b u i l t  i n  j i g s  a n d  r e d u c e d
c o s t s . O t h e r  b e n e f i t s  w e r e  t h e  e l i m i n a t i o n  o f  s t o c k  i n  c e r t a i n
a reas  o f  t he  sh ip  and  h ighe r  accu racy  ob ta i ned  a t  t he  e rec t i on
s i t e .

C lose  coope ra t i on  w i t h  t he  many  depa r tmen ts  t he  Mo ld  Lo f t  dea l s
w i t h  h a s  c o n t r i b u t e d  s i g n i f i c a n t l y  t o  t h e  s u c c e s s  o f  t h e  I H I
program at  Avondale. A wi l l ingness to  improve and seek more
e f f i c i e n t  a n d  c o s t  e f f e c t i v e  t e c h n i q u e s  h a s  a i d e d  u s  i n
becoming  one  o f  t he  mos t  compe t i t i ve  sh ipya rds  i n  t he  Un i t ed
S t a t e s .

QUESTIONS/ANSWERS
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REFERENCE MARKS (RFMK) FOR INNER TRACE OF A MEMBER, MUST
BE PUNCHED ACROSS THE CUTOUT IT PENETRATES. THIS ESTABLISHES
CORRECT ALIGNMENT OF STIFFENERS.
THIS IS DONE BY USING COMMAND (DBCT) WITH (RFMK). THE RESULT
IS AN AUTOMATIC PUNCH.
FOR CUTS NOT LOADED TO THE - DATA BASE. AN INNER TRACE POINT
MUST BE SAVED AND A MANUAL PUNCH GENERATED WITH THE PUNCH
NORMAL TO THE MEMBER.

E X A M P L E

SOURCE OF INFORMATION: I
NUMERICAL CONTROL STANDARD PRACTICE APPLICABLE TO

JOB ALL

REVISIONS:
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PROCESS LANES AND DESIGN ENGINEERING
FOR ZONE OUTFITTING

ACCURACY CONTROL INTERFACE

I . INTRODUCTION

T h i s  i s  t h e  f o u r t h  i n  t h i s  s e r i e s  o f  s e m i n a r s  i n  w h i c h  A c c u r a c y
Con t ro l  has  been  one  o f  t he  t op i cs  unde r  d i scuss ion . And,
a l though much progress has been made here a t  Avondale in  th is
f i e l d ,  t he  bas i c  concep ts  and  p rocedu res  have  rema ined  qu i t e
c o n s t a n t . T h e r e f o r e  i f  a  v a l i d  p r e s e n t a t i o n  o f  t h e s e  c o n c e p t s ,
and  a  comprehens i ve  one ,  i s  t o  be  made ,  i t  necess i t a tes  go ing
over  the same ground wi th  each d iscuss ion, T h i s  o b v i o u s l y
resu l t s  i n  a  cons ide rab le  deg ree  o f  r edundancy  f o r  you  who  may
have  a t t ended  any  o f  t he  ea r l i e r  sem ina rs . Fo r  t he  sake  o f
t h o s e  w h o  a r e  i n  a t t e n d a n c e  f o r  t h e  f i r s t  t i m e ,  I  a s k  y o u  t o
p l e a s e  f o r g i v e  t h i s  r e d u n d a n c y . For  those of  you who are
a t t e n d i n g  f o r  t h e  f i r s t  t i m e , I  m u s t  e x p l a i n  t h a t  t h e  l i m i t e d
t i m e  m a d e  a v a i l a b l e  f o r  t h i s  d i s c u s s i o n  d o e s  n o t  p e r m i t  f u l l
c o v e r a g e  o f  a l l  m a t e r i a l . I  h o p e  t h a t  y o u  w i l l  r e f e r  t o  t h e
p r i n ted  copy  f o r  more  comprehens i ve  cove rage ,

W e b s t e r ’ s  s a y s  t h a t  “ a c c u r a c y ”  i s “ f r eedom f rom m is takes  o r
e r r o r s .  I f  t h i s  w e r e  a p p l i e d  t o  s h i p  c o n s t r u c t i o n ,  i t  w o u l d
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  a n d  u l t i m a t e l y  t h e
s h i p  i t s e l f  w o u l d  e x a c t l y  c o i n c i d e  w i t h  a l l  d e s i g n  d i m e n s i o n s
a n d  d e t a i l s , Wh i l e  obv ious l y  no  such  exac tness  cou ld  be
e x p e c t e d  t o  a c t u a l l y  e x i s t ,  o n e  o f  t h e  f u n c t i o n s ,  p e r h a p s  e v e n
t h e  p r i m a r y  f u n c t i o n , o f  an  Accu racy  Con t ro l  Depa r tmen t  i s  t he
e s t a b l i s h m e n t  o f  r e a l i s t i c  g o a l s  i n  t h e  a r e a  o f  “ a c c u r a c y ”
w i t h i n  wh i ch  a  sh ipya rd  P roduc t i on  Depa r tmen t  can  ope ra te ,  w i t h
p rope r  cons ide ra t i on  be ing  g i ven  t o  t he  demands  o f  bo th  qua l i t y
workmanship and sound economics.

T h e  w o r d  “ C o n t r o l ”  s h o u l d  b e  q u i t e  l i t e r a l l y  a c c e p t e d ;  t h e
requ i red  con t ro l s  shou ld  be  imp lemen ted  i n  such  manne r  as  t o
i nsu re  t he  deg ree  o f  accu racy  wh i ch  i s  des i r ed .

We  have  now  de te rm ined  t he  two  i n i t i a l  f unc t i ons  o f  an  Accu racy
Con t ro l  Depa r tmen t :

 t h e  e s t a b l i s h m e n t  o f  r e a l i s t i c  g o a l s  i n  t h e  a r e a  o f
accu racy ;

 t h e  d e v e l o p m e n t  o f  p r o p e r  p r o c e d u r e s  o r  c o n t r o l s  t o  p e r m i t
t he  ach ievemen t  o f  t hose “ a c c u r a c y ”  g o a l s .

The  adequa te  imp lemen ta t i on  o f  t hese  two  p r imary  f unc t i ons
necess i t a tes  t he  ex i s tence  o f  a  bas i c  ph i l osophy  i n  managemen t
tha t  i s  commi t t ed  no t  t o  j us t  do ing  a  j ob  t he  bes t  way  pos -
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
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I I .

r a the r  commi t t ed  t o  do ing  t ha t  j ob  t he  bes t  way  poss ib l e  t he
v e r y  f i r s t  t i m e  i t  i s  a t t e m p t e d . Any  o the r  ph i l osophy  i s  a
p o s i t i v e  c o m m i t m e n t  t o  t h e  n e c e s s i t y  o f  r e w o r k  a n d  t h e  e l i m i n -
a t i o n  o r  r e w o r k  s h o u l d  b e  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 Cont ro l  Depar tment . The  con t i nued  ope ra t i on  o f  an
e f f e c t i v e  a c c u r a c y  c o n t r o l  p r o g r a m , a d m i n i s t e r e d  u n d e r  t h i s
c o n c e p t ,  w i l l  v i r t u a l l y  a s s u r e  t h a t  t h e  p h i l o s o p h y  o f  d o i n g  a
j o b  t h e  b e s t  w a y  p o s s i b l e  t h e  v e r y  f i r s t  t i m e  w i l l  u l t i m a t e l y
pe rvade  a l l  a reas  o f  wo rk .

I n  t h i s  d i scuss ion  we  w i l l  cons ide r  t he  a reas  o f  wo rk  whe re  an
accu racy  con t ro l  p rog ram can  be  t he  mos t  cos t  e f f ec t i ve  and  how
that  program can best  be developed and implemented. An at tempt
w i l l  a l s o  b e  m a d e  t o  d e t e r m i n e  c e r t a i n  b a s i c  p r i o r i t i e s  t o  b e
a p p l i e d  w h e n  g e t t i n g  u p  t h e  a c t i v i t i e s  o f  a n  a c c u r a c y  c o n t r o l
program, S u c h  p r i o r i t i e s  m a y  w e l l  w a r y  f r o m  s h i p y a r d  t o  s h i p -
y a r d ,  b u t  i t  i s  p r o b a b l e  t h a t  t h e y  w i l l  g e n e r a l l y  b e  a p p l i c a b l e .

ACTIVITIES OF  AN ACCURACY CONTROL DEPARTMENT

A. GENERAL

The  ac t i v i t i es  o f  an  Accu racy  Con t ro l  Depa r tmen t  shou ld  span
a l l  p h a s e s  o f  c o n s t r u c t i o n  f r o m  t h e  b u r n i n g  o f  t h e  p l a t e  a n d
s t r u c t u r a l  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
comp le ted  sh ip . T h e s e  a c t i v i t i e s  m a y  b e  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

- Stat ist ics

These  e f f o r t s  shou ld  have  a  dua l  impac t : t he  improvemen t  o f
immed ia te  wo rk  and  the  improvemen t  o f  f u tu re  wo rk  ( see  F ig .
1 - 1 ) . A l t h o u g h  t h e s e  a r e  d i s t i n c t  a n d  s e p a r a t e  a c t i v i t i e s ,
t hey  a re  so  t ho rough l y  i n te r re l a ted  t ha t  any  one  canno t  be
e f f e c t u a l  w i t h o u t  t h e  i n v o l v e m e n t  o f  t h e  o t h e r  t w o .

1. Checks

C h e c k s  a r e  u t i l i z e d  f o r  t h r e e  p r i m a r y  p u r p o s e s :

a .

b .

T h e  i s o l a t i o n  o f  s p e c i f i c  p r o b l e m s  t h a t  p r e s e n t  a
demand  fo r  con t ro l s .

T h e  m o n i t o r i n g  o f  c o n s t r u c t i o n  t o  i n s u r e  t h a t :

1)

2)

p r o p e r  c o n t r o l s  a r e  b e i n g  u t i l i z e d

c o n t r o l s  a r e ,  i n  f a c t ,  e f f e c t i v e
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C. T h e  m o n i t o r i n g  o f  c o n s t r u c t i o n  t o  a s s i s t  i n  t h e  m i n i –
m iz ing  o f  human  e r ro rs .

2 .  C o n t r o l s

T h e  w o r d  “ C o n t r o l s ”  i n  t h i s  d i s c u s s i o n  r e f e r s  t o  v a r i o u s
s p e c i f i c  a c t i v i t i e s  a n d  p r o c e d u r e s  t h a t  a r e  d e v e l o p e d  a n d
u t i l i z e d  t o  a i d  i n  t h e  a c h i e v e m e n t  o f  e s t a b l i s h e d
Accu racy  Con t ro l  goa l s . I t  i s  o n l y  t h r o u g h  t h e  u s e  o f
such  Con t ro l s  t ha t  a  p red i c tab le  end  resu l t  may  be
ach ieved .

3 .  S t a t i s t i c s

S t a t i s t i c s  m a y  b e  d i v i d e d  i n t o  t w o  c a t e g o r i e s :

a .  T h e  d e v e l o p m e n t  o f  s t a t i s t i c s  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  w o r k  t h r o u g h o u t  t h e  s h i p .

b .  The  deve lopmen t  and  ma in tenance  o f  s t a t i s t i c s  app l i c–
a b l e  t o  a  s p e c i f i c  u n i t . I n  o t h e r  w o r d s ,  a  u n i t
h i s t o r y .

4 .  C o o r d i n a t i o n  O f  A c t i v i t i e s

T h e  c o o r d i n a t i o n  o f  t h e s e  a c t i v i t i e s  i s  g r a p h i c a l l y
d i s p l a y e d  i n  F i g u r e s  1 - 2  t h r o u g h  1 – 5 . F igu re  1–2

i n d i c a t e s  t h a t  w i t h o u t  t h e  u t i l i z a t i o n  o f  a n  A c c u r a c y
Con t ro l  P rog ram, a  p o o r  p r o d u c t  i s  t h e  p r e d i c t a b l e  e n d
r e s u l t ,  b o t h  f o r  i m m e d i a t e  a n d  f u t u r e  w o r k . F igu re  1 -3
i n d i c a t e s  t h e  i m p l e m e n t a t i o n  o f  c h e c k s . Checks a lone
canno t  imp rove  t he  end  p roduc t . F i g u r e  1 - 4  i n d i c a t e s  t h e
d e v e l o p m e n t  a n d  i m p l e m e n t a t i o n  o f  c o n t r o l s  i n  a d d i t i o n  t o
checks . T h i s  r e s u l t s  i n  a n  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  w o r k  b u t  d e v e l o p s  s l i g h t  p o t e n t i a l  f o r  t h e  i m p r o v e -
men t  o f  f u tu re  wo rk , F i g u r e  1 – 5  i n d i c a t e s  t h e  r e s u l t s
tha t  may  be  expec ted  w i t h  t he  imp lemen ta t i on  o f  a  we l l
c o o r d i n a t e d  A c c u r a c y  C o n t r o l  D e p a r t m e n t ,  u t i l i z i n g
checks , c o n t r o l s  a n d  s t a t i s t i c s .

The  resu l t s  f r om th i s  a re  no t  on l y  a  good  p roduc t  i n  t he
immed ia te  wo rk  no r  t he  po ten t i a l  f o r  a  good  p roduc t  i n
t h e  f u t u r e  w o r k , b u t  t h e  p o t e n t i a l  h a s  a l s o  b e e n
deve loped  f o r  imp roved  des ign  concep ts ,  imp roved
eng inee r i ng  concep ts  and  imp roved  p roduc t i on  concep ts .

The  amoun t  o f  t ime  spen t  on  each  o f  t hese  t h ree  d i s t i nc t
b u t  i n t e r r e l a t e d  a c t i v i t i e s  w i l l  v a r y  w i d e l y ,  c o n t i n g e n t
upon many fac tors  such as the s tage o f  deve lopment  o f  the
Accu racy  Con t ro l  Depa r tmen t  o r  t he  comp lex i t y  o f  t he  wo rk
at  hand. I n  t he  ea r l y  s t ages  o f  t he  deve lopmen t  o f  an
Accu racy  Con t ro l  Depa r tmen t , i t  i s  l i k e l y  t h a t  c h e c k s
w i l l  b e  t h e  s i n g l e  m o s t  i m p o r t a n t  a c t i v i t y . I n i t i a l l y ,
t he  checks  a re  necessa ry  t o  deve lop  a  cogn i zance  o f  a l l
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t he  p rob lems  tha t  a re  a t  hand . As  t hese  va r i ous  p rob lems
a re  recogn i zed  and  eva lua ted ,  con t ro l s  may  t hen  be
deve loped  and  imp lemen ted  t o  a l l ev ia te  t he  p rob lems .  As
the  wo rk  p rog resses  and  t he  e f f ec t  o f  con t ro l s  becomes
pronounced, t he  need  f o r  checks  shou ld  beg in  t o  t ape r  o f f
u n t i l  u l t i m a t e l y  i t  i s  u s e d  p r i m a r i l y  a s  a  m o n i t o r i n g
p rocedu re . S i m i l a r l y , i n  t he  ea r l y  s tages  o f  deve lopmen t
o f  an  Accu racy  Con t ro l  P rog ram,  a  ve ry  cons ide rab le
a m o u n t  o f  t i m e  w i l l  b e  u t i l i z e d  i n  t h e  d e v e l o p m e n t  o f
g e n e r a l l y  a p p l i c a b l e  s t a t i s t i c s . A s  t h e s e  s t a t i s t i c s  a r e
e v a l u a t e d  a n d  u t i l i z e d  i n  t h e  d e v e l o p m e n t  o f  c o n t r o l s ,
t h e  n e e d  f o r  s t a t i s t i c s  w i l l  a l s o  t e n d  t o  t a p e r  o f f . The
m a i n t e n a n c e  o f  u n i t  h i s t o r i e s  m u s t  b e  a  c o n t i n u i n g  e f f o r t .

B. OUTLINE OF ACCURACY CONTROL ACTIVITIES

1 .  C o n t r o l s

a . C o n t r o l  L i n e s , Con t ro l  Po in t s  and  Backs ide  Mark ing

b .  Bu rn ing  P rocedu res

c . Un i f o rm  Sh r i nkage  Fac to rs

d .  C o n s t r u c t i o n  P r o c e d u r e s

e. E rec t i on  P rocedu res

f .  C o n s t r u c t i o n  A i d s

2. Checks

a.  Measur ing Procedures

b.  Mathemat ica l  Check ing Systems

c. Forms For  Repor t ing

d .  E s t a b l i s h m e n t  O f  U n i t  P r o f i l e s

3 .  U n i t  H i s t o r i e s

a . E n g i n e e r i n g

b .  Mo ld  Lo f t  and  Numer i ca l  Con t ro l

c . P la te  Shop

1 )  Bu rn ing

2 )  Pane l  L ine

d .  S t r u c t u r a l s
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e. S h i p f i t t i n g

f .  W e l d i n g

g. Hand l i ng

h .  M isce l l aneous

C. DISCUSSION OF ACCURACY CONTROL ACTIVITIES

1 .  C o n t r o l s

a. C o n t r o l  L i n e s

C o n t r o l  l i n e s , o t h e r w i s e  c a l l e d  m a s t e r  l i n e s  o r  d a t u m
l i n e s , a r e  w a t e r  l i n e s ,  f r a m e  l i n e s ,  o r  b u t t o c k s  t h a t
a r e  l a y e d  o u t  o n  v a r i o u s  c o m p o n e n t s  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  a n d  e r e c t i o n  o f  t h e  u n i t . (See
F i g . 3 - 6 . ) T h e  u t i l i z a t i o n  o f  t h e s e  l i n e s  w i l l
r e c e i v e  f u r t h e r  e l a b o r a t i o n  l a t e r  i n  t h i s  d i s c u s s i o n ,

b .  B u r n i n q 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 i m a r y  i m p o r t a n c e  b e c a u s e
any th ing  e l se  i s  a  commi t tmen t  t o  r ework . F i g .  2 - 3
shows severa l  areas where th is  accuracy is  demanded.
T h e  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  b e  c u t  t o  p r o p e r
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  m u s t  a l s o  b e
r i p p e d  t o  t h e  p r o p e r  w i d t h . A minimum gap of 1/4”
requ i res  t ha t  each  o f  t hese  members  be  cu t  w i t h i n  1 /8 ”
t o l e r a n c e . A  f i t  t h a t  w i l l  a l w a y s  i n s u r e  n o  b u r n i n g
a t  a s s e m b l y  r e q u i r e s  e v e n  c l o s e r  b u r n i n g  t o l e r a n c e .

T h e  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 t e  o f  1 / 3 2 ”  i f  a l l  o f  t h e  f l o o r s  a r e  t o  b e  f i t t e d  o n
a  u n i t  w i t h o u t  r e b u r n i n g . Un i t  No . 1 7 ,  t h e  f i r s t  u n i t
comp le ted  on  t he  Exxon  con t rac t ,  w i t h  t he  excep t i on  o f
one  she l l  p l a te  t ha t  had  s tock  on  i t  when  i t  shou ld
have been neat, was  comp le te l y  assemb led  w i t hou t  t he
use  o f  a  t o r ch  du r i ng  assemb ly .

c . Un i f o rm  Sh r i nkaqe  Fac to rs

Few ac t i v i t i es  a re  o f  g rea te r  consequence  t han  t he
d e v e l o p m e n t  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 . Accu ra te
b u r n i n g  i s  o f  l i t t l e  c o n s e q u e n c e  w i t h o u t  t h e  u t i l i z a –
t i o n  o f  s u c h  f a c t o r s . F l o o r s , as shown in  F ig .  2–3
w i t h  a n  e x c e s s i v e  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  c u m u l a t i v e
b u i l d - u p ,  e v e n  i f  i n d i v i d u a l  f l o o r s  w e r e  o n l y  1 / 1 6 ”
o v e r s i z e . Web f rames (see F ig . 2 - 4 )  r e q u i r e  a  d i f f e r -
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e n t  s h r i n k a g e  f a c t o r  t h a n  t h e  l o n g i t u d i n a l  b u l k h e a d  t o
w h i c h  t h e y  m u s t  b e  f i t t e d . S p e c i f i c  f a c t o r s  m u s t  b e
deve loped  f o r  a l l  componen ts  o f  a  un i t .

d .  Cons t ruc t i on  P rocedu res

P r o p e r  c o n s t r u c t i o n  p r o c e d u r e s  s u c h  a s  f i t t i n g  a n d
we ld ing  sequences  may  we l l  o f f e r  t he  mos t  poss ib l e  and
immed ia te  reward  f o r  t he  e f f o r t s  o f  an  Accu racy
Con t ro l  Depa r tmen t . T h i s  a r e a  o f  w o r k  w i l l  r e c e i v e
g r e a t e r  e l a b o r a t i o n  l a t e r  i n  t h i s  d i s c u s s i o n .

e. E rec t i on  P rocedu res

The  Accu racy  Con t ro l  Depa r tmen t  a t  AS I  i s  p r ima r i l y
i n v o l v e d  i n  w o r k  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 . T h e s e  l i n e s , when layed out
w i t h  p r e d i c t a b l e  a c c u r a c y ,  a r e  a n  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 . A l s o , t h e  e l i m i n a t i o n  o f
s t o c k  i s  v i r t u a l l y  i m p o s s i b l e  w i t h o u t  t h e  u s e  o f  t h e s e
l ines. 

f . C o n s t r u c t i o n  A i d s

V a r i o u s  t o o l s  a r e  u t i l i z e d  i n  t h e  P r o d u c t i o n  D e p a r t –
m e n t  a t  A S I  t o  f a c i l i t a t e  i n c r e a s e d  a c c u r a c y  o f  c o n -
s t r u c t i o n . T h e s e  w i l l  r e c e i v e  g r e a t e r  e l a b o r a t i o n
f u r t h e r  i n  t h i s  d i s c u s s i o n .

2. Checks

a . Measur inq Procedures

Accu racy  Con t ro l  eng inee rs  spend  a  g rea t  pa r t  o f  t he i r
t i m e  m e a s u r i n g  –  s l o w ,  m e t h o d i c a l ,  p a i n s t a k i n g ,  t e d i –
ous measur ing, Th i s  can  a t  t imes  seem l i ke  t he  mos t
p lodd ing  o f  wo rk , b u t  i t  i s  a l s o  t h e  m o s t  n e c e s s a r y  o f
wo rk . I t  i s  t h i s  s t a t i s t i c a l  e v i d e n c e  f r o m  w h i c h
p rope r  con t ro l s  may  be  deve loped . A  t yp i ca l  examp le
is  a  web f rame. ( S e e  F i g .  2 - 4 . ) Th is  component  must
be  measu red  be fo re  t he  bu t t s  a re  we lded ,  a f t e r  t he
bu t t s  a re  we lded , a n d  a f t e r  t h e  s t i f f e n e r s  a n d  f a c e
p la te  a re  we lded . T h i s  i s  n e c e s s a r y  i n  o r d e r  t o
d e t e r m i n e  p r o p e r  s h r i n k a g e  f a c t o r s  t o  b e  u t i l i z e d  i n
t h e  c u t t i n g  o f  c o m p o n e n t  p l a t i n g , T h i s  i n f o r m a t i o n  i s
a l s o  u t i l i z e d  i n  t h e  d e v e l o p m e n t  o f  a s s e m b l y  p r o c e -
d u r e s  t h a t  a s s i s t  i n  t h e  m i n i m i z i n g  o f  d e f o r m a t i o n  o f
the component . I t  may  be  no ted  t ha t  t he  d imens ions
s h o w n  o n  t h i s  f o r m  p r o v i d e  a l l  t h e  i n f o r m a t i o n
necessa ry  t o  make  poss ib l e  t hese  eva lua t i ons .
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b.  Mathmet ica l  Check inq Systems

U t i l i z i n g  p e r t i n e n t  X  a n d  Y  c o o r d i n a t e s  a n d  r a t h e r
uncomp l i ca ted  p rog rams  tha t  can  be  f ed  i n to  hand -he ld
c a l c u l a t o r s , i t  i s  p o s s i b l e , w i t h  on l y  a  f ew  measu re -
ments  to  deve lop the shape of  the most  common of
u n i t s . Such procedures o f  measur ing and check ing haue
a l m o s t  u n l i m i t e d  p o t e n t i a l .

c . Fo rms  fo r  Repo r t i nq

The  need  fo r  and  t he  des ign  o f  f o rms  fo r  r epo r t i ng  a re
d i c ta ted  by  t he  p rob lem a t  hand . T y p i c a l  o f  s u c h
f o r m s  i s  F i g .  2 – 4 . A similar form is shown in Fig.
2 - 5 . Th i s  i s  f o r  t he  repo r t i ng  o f  measu remen ts  on  t he
long i t ud ina l  bu l khead  to  wh i ch  web  f rames  mus t  be
assembled. When  bo th  o f  t hese  f o rms  p rov ide  i n fo rma-
t i o n  t h a t  i s  i d e n t i c a l , a  f i r s t  t i m e  f i t  i s  a s s u r e d .

d .  E s t a b l i s h m e n t  o f  U n i t  P r o f i l e s

Th i s  i s  a  p rocedu re  t ha t  can  be  ve ry  he lp fu l  i n  t he
d e t e r m i n a t i o n  o f  t h e  f i n i s h e d  s h a p e  o f  c o m p l e x  w e l d -
men ts  such  as  i nne rbo t t om un i t s . T h i s  p r o c e d u r e  w i l l
r e c e i v e  g r e a t e r  e l a b o r a t i o n  f u r t h e r  i n  t h i s  d i s c u s s i o n .

3 .  U n i t  H i s t o r i e s

U n i t  h i s t o r i e s  a r e  m e r e l y  t h e  m e t h o d i c a l  r e c o r d i n g  o f  a l l
p r o b l e m s  e n c o u n t e r e d  i n  t h e  p r o d u c t i o n  o f  a  s p e c i f i c
u n i t , Th i s  da ta  i s  used  i n  t he  deve lopmen t  o f  p rocedu res
t h a t  w i l l  a s s i s t  i n  t h e  m i n i m i z i n g  o f  t h e  e f f e c t  o f  a n y
p a r t i c u l a r  p r o b l e m  o n  s u b s e q u e n t  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  o n  m u l t i - s h i p  c o n t r a c t s ,

III. ACTIVITIES DEMANDING SPECIAL EMPHASIS

A. GENERAL

Mos t  o f  t he  bene f i t s  o f  a  we l l  coo rd ina ted  Accu racy  Con t ro l
D e p a r t m e n t  a r e  a p p l i c a b l e  p r i m a r i l y  t o  t h e  P r o d u c t i o n
Depar tment . I n  t h e  t i m e  a v a i l a b l e  t o d a y ,  w e  w i l l  b r i e f l y
exp lo re  some  o f  t hese  ac t i v i t i es  w i t h  an  emphas i s  on  t he
p ro found  e f f ec t  t ha t  t hey  can  have  on  an  end  p roduc t . The
Accu racy  Con t ro l  p rog ram a t  AS I  was  s ta r t ed  ea r l y  i n  t he
p r o d u c t i o n  o f  a  c o n t r a c t  t o  b u i l d  t h r e e  A P L  C o n t a i n e r s h i p s .
Techn iques  and  p rocedu res  deve loped  du r i ng  t ha t  con t rac t
have been used on three Exxon product  car r iers  and on
v a r i o u s  o t h e r  c o n t r a c t s  w i t h  i n c r e a s i n g l y  e f f e c t i v e
resu l ts .  On l y  a  f ew  a reas  o f  ac t i v i t y  have  been  se lec ted
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f o r  d i s c u s s i o n  a t  t h i s  t i m e , no t  because  t hey  a re  necessa r -
i l y  o f  a n y  g r e a t e r  i m p o r t a n c e  t h a n  o t h e r  a c t i v i t i e s ,  b u t
r a t h e r  b e c a u s e  t h e y  m o r e  g r a p h i c a l l y  i l l u s t r a t e  t h e  a d v a n t -
ages  t ha t  can  be  de r i ved  f r om the  f unc t i ons  o f  an  Accu racy
Con t ro l  p rog ram.

B. CONSTRUCTION SEQUENCES

I t  i s  p r o b a b l e  t h a t  t h e
improvement  that  can be
th rouqh  the  deve lopmen t

mos t  immed ia te  and  mos t  pos i t i ve
ach ieved  i n  t he  wo rk  p rocess  i s
a n d  i m p l e m e n t a t i o n  o f  p r o p e r l v

conce i ved  f i t t i ng  and  we ld i ng  sequences . T h i s  i s  m o s t
su re l y  a  va l i d  assump t i on  i n  t ha t  t he  comp le te  l ack  o f  such
s e q u e n c e s  c a n  v i r t u a l l y  n e g a t e  a l l  o t h e r  i m p r o v e m e n t s .  A  
t y p i c a l  u n i t  h a s  b e e n  s e l e c t e d  f o r  m i n i m a l  d i s c u s s i o n  a t
t h i s  t i m e .

Uni t  No. 7 ,  a s  w e  s h a l l  c a l l  i t , i s  a  f a i r l y  t y p i c a l  i n n e r -
b o t t o m  u n i t . ( S e e  F i g .  3 – l . ) Th ree  ma jo r  a reas  o f  hea t
i n t r o d u c t i o n , i n  t h e  f o r m  o f  w e l d i n g ,  p r e s e n t  t h e  p o t e n t i a l
f o r  b u i l d i n g  i n  s t r e s s e s  o r

-  b u t t  w e l d s ;
v e r t i c a l  w e l d s ,  f l o o r s
w e l d i n g  o f  l o o s e  s h e l l

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

t o  g i r d e r s ;
l o n g i t u d i n a l s .  

Each  o f  t hese  t ypes  o f  we lds  p resen t s
t i a l  f o r  d e f o r m i n g  t h e  u n i t . W i t h o u t
cons t ruc t i on  sequence ,  a  un i t  such  as
eas i ly  crown or  deform as much as one
s i d e . Such a sequence is  an abso lu te
3 - 4 . )

a  v e r y  d i s t i n c t  p o t e n –
a  we l l  conce i ved
th i s  one  cou ld  ve ry
i n c h  f r o m  s i d e  t o
n e c e s s i t y . (See Fig,

T h i s  p r o c e d u r e  i s o l a t e s  a n d  c o n t r o l s  t h e  t h r e e  b a s i c  p r o b l e m
areas : b u t t  w e l d i n g  o f  a l l  s h e l l  p l a t e s ,  w e l d i n g  o f  a l l
f l o o r s  t o  g i r d e r s , a n d  w e l d i n g  o f  a l l  l o o s e  s h e l l  l o n g i t u d i -
nals. The  p rocedu re  i n  no  way  m in im izes  t he  hea t  i n t roduc -
t i o n ,  b u t  o n l y  p e r m i t s  i t  t o  s h r i n k  t h e  c o m p o n e n t s  i n  s u c h  a
m a n n e r  a s  t o  m i n i m i z e  t h e  p o t e n t i a l  f o r  d e f o r m a t i o n .

C. CONTROL LINES, CONTROL POINTS (AND BACKSIDE MARKING

Ear l y  i n  t he  p roduc t i on  phase  o f  t he  APL  con t rac t ,  i t  became
e v i d e n t  t h a t  a c c u r a t e l y  l o c a t e d  c o n t r o l  l i n e s  o n  a  u n i t
wou ld  be  advan tageous  i n  bo th  t he  bu i l d i ng  and  e rec t i on  o f
t h e  u n i t s . F igure No. 3–6  shows  t he  l ayou t  on  a  t yp i ca l
i n n e r b o t t o m  u n i t . T h e  b u t t o c k  i s  u s e d  f o r  s e t t i n g  t h e  u n i t
a t h w a r t s h i p  a n d  t h e  f r a m e  l i n e  i s  u s e d  f o r  s e t t i n g  t h e  u n i t
l o n g i t u d i n a l l y .  F o r  t h i s  p r o c e d u r e  t o  b e  p r a c t i c a l ,  t h e s e
l i nes  mus t  be  l oca ted  w i t h  unva ry i ng  accu racy . C u r r e n t
c o n t r a c t s  i n c o r p o r a t e  t h e s e  l i n e s  i n t o  t h e  e n g i n e e r i n g
d raw ings  and  pane l  l i ne  ske t ches  t ha t  a re  used  f o r  bu i l d i ng
flats, decks, bulkheads, etc.
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D. CONSTRUCTION AIDS

Many  t oo l s  may  be  deve loped  t o  ass i s t  t he  Sh ip f i t t i ng
D e p a r t m e n t  i n  c o m p l e t i n g  a c c u r a t e l y  b u i l t  u n i t s ,  b u t  p e r h a p s
t h e  o n e  o f  g r e a t e s t  v a l u e  i s  t h e  e r e c t i o n  j o i n t  t a p e
b a t t e n . T h e s e  b a t t e n s  i n d i c a t e  p r o p e r  p o s i t i o n  o f  a l l
s t r u c t u r a l s ,  s e a m s , o r  s i g h t  e d g e s  a t  e r e c t i o n  j o i n t s .
W h e r e  u t i l i z e d  p r o p e r l y  a n d  i n  c o n j u n c t i o n  w i t h  o t h e r
p rocedu res , i t  i s  p o s s i b l e  t o  l o c a t e  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  o n e  q u a r t e r  i n c h  o r  l e s s . T h i s  p r o c e d u r e  i s
used  on  a l l  con t rac t s  a t  Avonda le . F ig .  No . 3–7 shows a
backs ide  marke r . Th i s  p i ece  o f  equ ipmen t  pe rm i t s  t he
a c c u r a t e  t r a n s f e r r a l  o f  c e n t e r p u n c h  m a r k s  f r o m  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 i d e . Such accuracy is
r e q u i r e d  i f  t h e s e  l i n e s  a r e  t o  b e  u s e d  f o r  c o n s t r u c t i o n  o f
t h e  s h i p .

IV. DISTORTIONS OF UNITS

F o r  t h e  s i m p l i c i t y  o f  d i s c u s s i o n , we  ana l yzed  t he  un i t  i n  t he
form of  a  s imple beam (see F ig .  4-1 and 4-2) . Us ing a s tandard
W36 x 194 beam, we der ived the fo l lowing compar ison: t h e
d i s to r t i on  f r om we ld ing  can  be  compared  to  s imp le  beam ac t i on
when  the  beam i s  l oaded  w i t h  a  un i f o rm ly  d i s t r i bu ted  l oad ,

From the AISC Handbook on s imple beams wi th  un i formly
d i s t r i b u t e d  l o a d s :

5W14

max = 384EI

Where: m a x  =  m a x i m u m  d e f l e c t i o n  i n  t h e  v e r t i c a l  d i r e c t i o n

w = l o a d  i n  k i p s / i n c h

L = length of the beam in inches

E  =  modu lus  o f  e l as t i c i t y  ( 30  x  106 P S I )

I  =  m o m e n t  o f  i n e r t i a  i n  i n c h e s  t o  t h e  f o u r t h .

I f  w =  . 5  k / i n  a n d  1  = 480 ”  and  I  =  12 ,100  i n4 f o r  a  s t a n d a r d
W36 x 194 shape, then:

5 ( . 5 k / i n ) ( 1000 lb/k)(480 in)
4

max =
( 3 8 4 ) ( 3 0  x  1 06 l b / i n2 ) ( 1 2 , 1 0 0  i n4 )

max  =  0 .9521  i n  =  15 /16 ”
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V. ORGANIZATION OF AN ACCURACY CONTROL DEPARTMENT

A. GENERAL 

The  mos t  o f t en  asked  ques t i ons  conce rn ing  accu racy  con t ro l
a r e “How do you go about  set t ing up an Accuracy Cont ro l
Depar tment?”  and “wha t  p rob lems  shou ld  rece i ve  t he  g rea tes t
i n i t i a l  e m p h a s i s ? ” O b v i o u s l y , t h e r e  i s  n o  p o s i t i v e  a n s w e r
to  e i t he r  o f  t hese  ques t i ons  s i nce  t he re  a re  so  many  con t i n -
g e n c y  f a c t o r s  i n v o l v e d . However, t h e r e  a r e  d o u b t l e s s l y
enough common prob lems preva lent  in  most  U.S.  sh ipyards to
wa r ran t  an  a t t emp t  a t  answer i ng  t hese  ques t i ons .

B. THE SETTING UP OF AN ACCURACY CONTROL DEPARTMENT

1. O r g a n i z a t i o n a l  A r r a n q e m e n t

The  depa r tmen ta l  o rgan i za t i on  o f  an  Accu racy  Con t ro l
Depa r tmen t  i s  no  doub t  sub jec t  t o  as  many  po ten t i a l
v a r i a t i o n s  a s  a r e  p r e s e n t  i n  t h e  o r g a n i z a t i o n  o f  t h e
sh ipya rds  t hemse l ves . I t  i s  p r o b a b l e  t h a t  s o m e  a d v a n t -
ages and some d isadvantages wi l l  become ev ident  regard-
l e s s  o f  w h a t  t y p e  o f  o r g a n i z a t i o n  i s  i n s t i t u t e d ,  b u t  i t
i s  e q u a l l y  p r o b a b l e  t h a t  a  w e l l - d e f i n e d  a n d  w e l l –
i n s t i t u t e d  d e p a r t m e n t  w i l l  t e n d  t o  m i n i m i z e  t h e  d i s a d –
van tages . Two bas ic  approaches seem to  be wor th  the
g r e a t e s t  c o n s i d e r a t i o n :

D e p a r t m e n t  c o n s i s t i n g  o f  a l l  f u l l – t i m e  A c c u r a c y
C o n t r o l  e n g i n e e r s .

D e p a r t m e n t  c o n s i s t i n g  o f  a  c o o r d i n a t i n g  s u p e r v i s o r
w i t h  r e p r e s e n t a t i v e s  o f  t h e  v a r i o u s  d e p a r t m e n t s
a c c e p t i n g  t h e  a c c u r a c y  c o n t r o l  r e s p o n s i b i l i t y  f o r
t h e i r  r e s p e c t i v e  d e p a r t m e n t s . While there may be many
o t h e r  a p p r o a c h e s  t o  o r g a n i z a t i o n a l  s e t - u p ,  i t  i s  q u i t e
l i k e l y  t h a t  t h e y  w o u l d  b e  o n l y  v a r i a t i o n s  o f  t h e  o n e s
l i s t e d  a b o v e .

a . Depa r tmen t  Cons i s t i ng  O f  Fu l l –T ime  Accu racy  Con t ro l
Eng inee rs .

Th i s  t ype  o f  o rgan i za t i ona l  se t–up  has  many  advan t–
a g e s ,  p a r t i c u l a r l y  i n  t h e  e a r l y  s t a g e s  o f  i m p l e m e n t i n g
an  accu racy  con t ro l  p rog ram. T h e  i n i t i a l  r e s p o n s i b i l -
i t i e s  o f  t h e  d e p a r t m e n t  c o n s i s t  p r i m a r i l y  o f  t h e
de f i n i t i on  o f  p rob lems  a t  hand  and  the  deve lopmen t  o f
p r o c e d u r e s  t o  h e l p  i n  t h e  e l i m i n a t i o n  o r  m i n i m i z i n g  o f
t hose  p rob lems . A l t hough  i t  m igh t  no t  be  immed ia te l y
r e a l i z e d , i t  i s  a  r a r e  p r o b l e m  t h a t  h a s  a  s i n g l e ,
s i m p l e  s o l u t i o n  t h a t  c a n  b e  a p p l i e d  w i t h i n  t h a t  o n e
a rea  o f  wo rk . Most  such prob lems are mere ly  the
resu l t  o f  a  spec i f i c  human  e r ro r  and  a re  no t  o f

- 8 4 –



p r ima ry  impo r tance .  t o  accu racy  con t ro l . I t  i s  t h e
i n t e r d e p a r t m e n t a l  p r o b l e m s  o r  “ s y s t e m  p r o b l e m s ”  t h a t
A c c u r a c y  C o n t r o l  i s  p r i m a r i l y  i n t e r e s t e d  i n .  A n
examp le  o f  such  a  p rob lem i s  t he  l ack  o f  we l l –de f i ned
u n i f o r m  s h r i n k a g e  f a c t o r s . W i thou t  t he  deve lopmen t
a n d  u t i l i z a t i o n  o f  s u c h  f a c t o r s ,  i t  w i l l  b e  i m p o s s i b l e
to  p red i c t  t he  accu racy  o f  f i t s  be tween  componen ts
p r o d u c e d  i n  d i f f e r e n t  a r e a s  o f  t h e  s h i p y a r d . T h i s
p rob lem can  bes t  be  so l ved  by  t he  conce r ted  e f f o r t  o f
s e v e r a l  i n d i v i d u a l s , a n a l y z i n g  t h e  p r o b l e m  a t  a l l
l e v e l s , a r r i v i n g  a t  p r o p e r  c o n c l u s i o n s  a n d  t h e n  d i s –
s e m i n a t i n g  t h a t  i n f o r m a t i o n  t o  a l l  i n v o l v e d  d e p a r t -
men ts  such  as  Mo ld lo f t ,  Numer i ca l  Con t ro l ,  Bu rn ing
Shop,  and Fab Shops or  P la tens. S ince  a  p rob lem o f
t h i s  na tu re  i nvo l ves  so  many  depa r tmen ts  and  s i nce  t he
so lu t i on  o f  many  o the r  r e l a ted  accu racy  p rob lems  i s
c o n t i n g e n t  u p o n  t h e  t i m e l y  s o l u t i o n  o f  t h i s  s p e c i f i c
one, i t  then may be deemed necessary  to  have the
en t i r e  depa r tmen t  concen t ra te  on  t h i s  one  a rea  o f  wo rk
u n t i l  a  v i a b l e  s o l u t i o n  i s  a c h i e v e d . I t  w o u l d
p r o b a b l y  b e  m o r e  d i f f i c u l t  t o  a c h i e v e  t h e  r e q u i r e d
c o n c e r t e d  e f f o r t  w i t h  o t h e r  t h a n  f u l l - t i m e  A c c u r a c y
C o n t r o l  e n g i n e e r s . Many of  the prob lems wi th  which
t h e  d e p a r t m e n t  w i l l  b e  c o n f r o n t e d  w i l l  d e m a n d  t h i s
t y p e  o f  c o n c e r t e d  e f f o r t  t o  p e r m i t  a c h i e v e m e n t  o f
p r o p e r  s o l u t i o n s  w i t h o u t  s i g n i f i c a n t  d e l a y .

b .  Depa r tmen t  Cons i s t i ng  O f  Coo rd ina to r  And  Pa r t -T ime
Accuracy Con t ro l  Eng inee rs  F rom Var ious  Depar tmen ts

T h e  p r i m a r y  a d v a n t a g e  o f  t h i s  f o r m  o f  o r g a n i z a t i o n
s t e m s  f r o m  t h e  f a m i l i a r i t y  t h a t  e a c h  o f  t h e  p a r t - t i m e
Accu racy  Con t ro l  eng inee rs  has  w i t h  h i s  own  depa r t–
ment. T h i s  d e g r e e  o f  f a m i l i a r i t y  c a n  r e s u l t  i n  b o t h
i n c i s i v e  c o n c l u s i o n s  a n d  r e a l i s t i c  s o l u t i o n s .

P e r h a p s  t h e  m o s t  r e a l i s t i c  r e s o l u t i o n  i s  t h e  i n i t i a l
d e v e l o p m e n t  o f  a  d e p a r t m e n t  c o n s i s t i n g  o f  a  f u l l - t i m e
s u p e r v i s o r  w i t h  a  g r o u p  o f  f u l l – t i m e  A c c u r a c y  C o n t r o l
e n g i n e e r s , the s ize of  which would be determined by
the  s i ze  o f  t he  ya rd  and  t he  scope  o f  t he  ope ra t i on .
As procedures are gradually and properly implemented,
i t  wou ld  t hen  be  p robab le  t ha t  mos t  so lu t i ons  wou ld
n o t  r e q u i r e  t h e  c o n c e r t e d  e f f o r t  o f  t h e  w h o l e  d e p a r t -
men t  bu t  cou ld  be  ach ieved  t h rough  t he  coo rd ina ted
e f f o r t s  o f  t w o  o r  t h r e e  f u l l – t i m e  A c c u r a c y  C o n t r o l
e n g i n e e r s  w o r k i n g  w i t h  p a r t - t i m e  A c c u r a c y  C o n t r o l
e n g i n e e r s  r e p r e s e n t i n g  a l l  d e p a r t m e n t s .

QUESTIONS/ANSWERS
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 2 .0  Out l ine  o f  Accuracy Cont ro l  Act iv i t ies

2.1 Controls

A. Control Lines, Control Points and Backside Marking

B. Burning Procedures

C. Uniform Shrinkage Factors

D. Construction Procedures

E. Erection. Procedures

F. Construct ion Aids

2.2  checks

A. Measuring Procedures

B. Mathematical Checking Systems

C. Forms for Reporting

D. Establ ishment of Unit Prof i les

2 .3  Un i t  H i s to r i es

A.

B.

C.

D.

E.

F .

G.

H.

Engineering

Mold Loft and Numerical Control

Plate Shop

1. Burning

2 . Panel Line

S t ruc tu ra l s

S h i p f i t t i n g

Welding

Handling

Miscellaneous
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I

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Main Assembly Construction Sequence

Lay down tank top panels on platen.

Hang girders to which floors have been previously fitted and welded.

Pit girders to tank top. (2 ’ -0”  fwd.  and af t . of each frame should
le f t  f ree  o f  tacks)

Leve l  un i t . (Tack to  p la ten w/c l ips)

P i t  f l oo r s  t o  g i r de rs . (Do not f i t  f loors to tank top)

Weld al l  f loors to girders, backstepping four t imes.

F i t  f loors  to- tank top.

Flat weld al l  girders and f loors to tank top.

F i t  a l l  s t i f f ene rs ,  co l l a r s ,  b racke t s ,  c l i p s ,  e t c .  a t  t ank  t op .

Weld  s t i f feners ,  co l la rs ,  e tc . ,  a t  tank top.
Note: No piping to be instal led prior to this stage of construction.

Hang and f i t  al l  loose shell  Iongitudinals.

Weld c l ips  or  co l lars  a t  she l l  long i tud ina ls .

Hang and f i t  shel l  plate nearest to centerl ine of ship. ( I f  t h i s  i s
a  b lanket ,  f i t  ent i re  b lanket ,  tack ing to  f loors ,  g i rders  and long i -
t ud ina l s )

Hang adjacent shell plate.

Weld shell plate butt.

Repeat procedure prescribed. in item #14 for each of remaining shell
plates up to extreme outboard plate.

Hang extreme outboard shell plate. I f  she l l  l ong i t ud ina l s  f a l l  unde r
th is  p la te ,  f i t  as  prev ious ly  descr ibed. Otherwise f i t  she l l  p la te
to  f l oo r s , u t i l i z i ng  we ld ing  c l i ps . (Do  no t  f i t  t o  f l oo rs )  Do  no t
f i t  to  tank top a t  th is  t ime!

Weld last

F i t  s h e l l

Flat weld

Turn unit

Flat weld

she l l  p la te  but t .

plate to tank top.

shell  plate to tank top.

r ight  s ide up and f in ish f i t t ing  a t  she l l .

floors, girders and longitudinals and backgouge and weld butts.

Check ends of al l  girders and longitudinals for proper al ignment with
adjacent units. Fair i f  necessary.

 

Fig 3-5
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PROCESS LANES AND DESIGN ENGINEERING
FOR ZONE OUTFITTING

DESIGN ENGINEERING FOR ZONE OUTFITTING

I . INTRODUCTION

A v o n d a l e ’ s  i n t e r e s t  i n  z o n e  o u t f i t t i n g  t e c h n o l o g y  g o e s  b a c k  t o
the ear ly  sevent ies  when a team of  Avondale  engineers  went  to
Japan  and  Eu rope  t o  i nves t i ga te  t he  t echn iques  used  by  sh ip -
b u i l d e r s  i n  t h o s e  a r e a s . J u s t  p r i o r  t o  t h i s ,  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  h a d  c o n d u c t e d  s e v e r a l  i n v e s t i g a t i o n s  o f  w o r l d -
w ide  sh ipbu i l d i ng  p rac t i ces  and  had  p rov ided  seed  money  f o r
s h i p y a r d s  t o  a t t e m p t  t o  i m p r o v e  t h e i r  o w n  c a p a b i l i t y  f o r
d e c r e a s i n g  s h i p b u i l d i n g  c o s t s . In  1974,  Avondale  s igned a
c o n t r a c t  w i t h  I s h i k a w a j i m a  - Ha r ima  Heavy  I ndus t r i es  Co .  ( IH I )
to  make an in-depth s tudy o f  the way Avondale  was bu i ld ing
sh ips and to  make recommendat ions to  Avondale  for  th ings which
cou ld  be  done  t o  imp rove  p roduc t i v i t y . As most of you are
aware, the approach recommended by IHI  requi red major  changes
t o  t h e  e x i s t i n g  s e q u e n c e  o f  c o n s t r u c t i o n  a n d  r e s u l t e d  i n  m a j o r
changes  t o  t he  t ype  and  t im ing  o f  t he  des ign  e f f o r t .

A t  t he  t ime  o f  t he  l as t  se r i es  o f  sem ina rs  wh i ch  Avonda le
conduc ted  unde r  t he  Na t i ona l  Sh ipbu i l d i ng  Resea rch  P rog ram
c o v e r i n g  t h e  I H I  T e c h n o l o g y  T r a n s f e r  e f f o r t ,  A v o n d a l e ’ s  w o r k  o n
the  Exxon  mu l t i –p roduc t  ca r r i e r s  was  we l l  unde r  way . This  was
A v o n d a l e ’ s  f i r s t “ a l l  o u t ”  e f f o r t  a t  e m p l o y i n g  z o n e  o u t f i t t i n g
t e c h n i q u e s . On  th i s  p rog ram, Avonda le ’ s  p roduc t i on  manhou rs
have  been  s i gn i f i can t l y  r educed  compared  t o  t he  manhou rs  wh i ch
wou ld  have  been  expended  had  the  sh ips  been  bu i l t  i n  t he  “ con -
v e n t i o n a l ”  m a n n e r . The  reduc t i on  i n  p roduc t i on  manhou rs  have
much  more  t han  o f f se t  t he  i nc rease  i n  eng inee r i ng  manhou rs .
A l t h o u g h  t h i s  p a r t  o f  t o d a y ’ s  s e m i n a r  w i l l  l o o k  a t  t h e  i m p a c t
o f  z o n e  o u t f i t t i n g  o n  A v o n d a l e ’ s  d e s i g n  e n g i n e e r i n g  a c t i v i t y ,
we need to  a lways keep in  mind that  the pr imary emphasis  o f  the
i m p l e m e n t a t i o n  o f  z o n e  o u t f i t t i n g  t e c h n o l o g y  i s  t o  r e d u c e
product ion manhours.

II. OVERALL IMPACT OF ZONE OUTFITTING TECHNOLOGY ON THE ENGINEERING
DEPARTMENT

The  impac t  o f  zone  ou t f i t t i ng  on  Avonda le  Eng inee r i ng  has  been
s i g n i f i c a n t  a n d  h a s  a f f e c t e d  a l l  s e c t i o n s  a n d  d i s c i p l i n e s .
F igure No. 1  shows  t h i s  impac t  i n  s i x  impo r tan t  a reas .
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A) MODIFICATIONS TO ENGINEERING APPROACH

There  have  been  a  number  o f  s i gn i f i can t  changes  t o  t he
app roach  to  deve lopmen t  o f  d raw ings  wh i ch  have  been  e i t he r
n e c e s s a r y  o r  d e s i r a b l e  t o  m o s t  e f f e c t i v e l y  a d a p t  t o  t h e
r e v i s e d  t e c h n i q u e s  i n v o l v e d  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 .

A n a l y z i n g  t h e  E n g i n e e r i n g  e f f o r t s  d u r i n g  t h e  d e t a i l  d e s i g n
phase  w i t h  r espec t  t o  t he  p rocesses  i nvo l ved  y i e l ds  t he
c o n c l u s i o n  t h a t  t h e r e  a r e  t h r e e  b a s i c  p r o c e s s e s :

1 )  F ina l  Sys tem-Leve l  Des ign
2 )  Se lec t i on  o f  Equ ipmen t
3 )  F a b r i c a t i o n / I n s t a l l a t i o n  D e s i g n

The  t ime  pe r i ods  o f  P rocess  1  and  P rocess  2  g rea t l y  ove r l ap ,
wh i l e  P rocess  3  mus t  f o l l ow  the  o the r  two  ( see  F igu re
No .  2 ) . The  f i r s t  o f  t hese  i s  known  a t  AS I  as  t he  Key  P lan
S tage , Key  P lans  a re  t hose  necessa ry  t o  de f i ne  t he  sys tem
d e s i g n s  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  b o d y  a n d
owner  requ i remen ts , a s  w e l l  a s  t o  s u p p o r 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  e q u i p m e n t  a n d  m a t e r i a l  p r o c u r e -
ment , I n  g e n e r a l , t h e s e  p h a s e s  a r e  n o t  c o n c e p t u a l l y  d i f f e r –
e n t  f r o m  c o n v e n t i o n a l  s h i p b u i l d i n g  p r a c t i c e .

I t  i s  i n  t h e  d e v e l o p m e n t  o f  t h e  f a b r i c a t i o n  a n d  i n s t a l l a t i o n
d r a w i n g s  t h a t  t h e  a p p r o a c h  t o  t h e  d e s i g n  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  c o n v e n t i o n a l  a p p r o a c h ,  t h e s e
d r a w i n g s  a l s o  w e r e  p r i m a r i l y  s y s t e m  o r i e n t e d . T h e  e n t i r e
f i r e m a i n  w o u l d  b e  d e t a i l e d  i n  o n e  d r a w i n g ;  a n o t h e r  p i p i n g
system would be shown in  a  separate drawing. S t r u c t u r a l
d r a w i n g s  w e r e  e s s e n t i a l l y  p r e s e n t e d  t o  p r o d u c t i o n  p e r s o n n e l
deck by deck, bu lkhead by bu lkhead,  and f rame by f rame.

Zone -o r i en ted  eng inee r i ng  p roduces  d raw ings  wh i ch  desc r i be
t h e  u n i t s  w h i c h  w i l l  b e  b u i l t  –  n o t  s y s t e m s . The  reasons  i s
o b v i o u s  - t h e  s h i p  w i l l  b e  b u i l t  u n i t  b y  u n i t ,  s o  t h a t ’ s  t h e
way  the  p roduc t i on  pe rsonne l  need  the  i n fo rma t i on . T h a t ’ s
t he  key  t o  t he  who le  ph i l osophy  o f  t h i s  des ign  phase  -  t he
des igne rs  mus t  be  t o ta l l y  immersed  i n  cons ide r i ng  wha t
i n fo rma t i on  p roduc t i on  peop le  need  a t  each  s tage  o f  con -
s t r u c t i o n  a n d  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  f o r m a t
wh i ch  i s  mos t  use fu l  t o  t he  p roduc t i on  peop le . To  do  t h i s ,
des igne rs  mus t  have  a  comp le te  unde rs tand ing  o f  p rec i se l y
how each  un i t  w i l l  be  bu i l t  and  t hen  con f i gu re  t he  sys tems
i n  e a c h  u n i t  s o  a s  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
a c c o m p l i s h e d  b y  h a v i n g  P r o d u c t i o n  p r o v i d e  a  d e t a i l e d ,  w r i t -
t e n , u n i t – b y - u n i t  d e s c r i p t i o n  o f  h o w  e a c h  u n i t  w i l l  b e  c o n -
s t r u c t e d , Jo in t  mee t i ngs  o f  Eng inee r i ng  and  P roduc t i on
pe rsonne l  a re  he ld  on  a  week l y  bas i s  t o  d i scuss  t he  op t imum
t i m i n g  o f  i n s t a l l a t i o n  o f  e a c h  s y s t e m  -  a n d  t h e  e n g i n e e r i n g
d raw ings  re f l ec t  t hose  ag reemen ts .

- 8 8 –



Compos i t e  d raw ings  o f  a reas  and  spaces  a re  ex tens i ve l y
emp loyed  subsequen t  t o  t he  key  p l an  e f f ec t  and  p reced ing  t he
i n s t a l l a t i o n  d r a w i n g  e f f o r t  t o  d e v e l o p  s y s t e m  r o u t i n g ,
a s s u r e  m a i n t a i n a b i l i t y  r e q u i r e m e n t s  a r e  s a t i s f i e d ,  e t c .

F a b r i c a t i o n  d r a w i n g s  ( p i p e  d e t a i l s ,  v e n t  d u c t i n g ,  e t c . )  a r e
d e v e l o p e d  u n i t  b y  u n i t , ra ther  than sys tem by sys tem,  as  a
p a r t  o f  t h e  i n s t a l l a t i o n  d r a w i n g  p a c k a g e . Componen t  i den t i -
f i c a t i o n  n o d e s  i d e n t i f y  n o t  o n l y  t h e  u n i t  o n  w h i c h  t h e  c o m -
p o n e n t  w i l l  b e  i n s t a l l e d , bu t  t he  s tage  o f  subassemb ly  o r
a s s e m b l y  o f  t h a t  u n i t  w h i c h  d e f i n e s  t h e  b u i l d i n g  s i t e  a t
w h i c h  t h e  i n s t a l l a t i o n  w i l l  t a k e  p l a c e . Thus, the  d raw ing
b e c o m e s  a  m a t e r i a l  c o n t r o l  d o c u m e n t  i n  a d d i t i o n  t o  a l l  o t h e r
f u n c t i o n s .

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  d e s i g n  p r o d u c t  t o  t h e
p r o d u c t i o n  w o r k s i t e , most  ASI  drawings now are produced in
“ b o o k l e t ”  f o r m , meaning that  we use many “C”  s ize sheets
r a t h e r  t h a n  f e w e r  l a r g e “H ”  s i ze  shee t s  t o  con ta i n  essen -
t i a l l y  t h e  s a m e  i n f o r m a t i o n .

B) MORE DATA IS DISPLAYED ON EACH DRAWING

I n  o r d e r  f o r  z o n e  o u t f i t t i n g  t o  b e  s u c c e s s f u l ,  t h e
Eng inee r i ng  Depa r tmen t  mus t  be  c l ose l y  i nvo l ved  w i t h  t he
methods and sequences o f  product ion that  are  to  be used.
The “Uni t  Breakdown Summary Sheet”  produced by Product ion
desc r i bes  i n  de ta i l  t he  i n tended  me thods  t o  be  used  t o  manu–
f a c t u r e  e a c h  u n i t . Th i s  me thodo logy  mus t  be  ca re fu l l y
s tud ied  by  each  Eng inee r i ng  sec t i on  and  re f l ec ted  on  t he
d raw ings  t hey  p roduce . I t  i s  no t  enough  t o  know  tha t  a  r un
o f  p i p e  o r  a  v a l v e  w i l l  b e  l o c a t e d  i n  a  p a r t i c u l a r  s p o t  o n  a
c e r t a i n  u n i t , t h e  i n s t a l l e r  m u s t  a l s o  b e  t o l d  a t  w h a t  s t a g e
in  t he  un i t ’ s  assemb ly  t ha t  t he  componen ts  a re  t o  be
l o c a t e d . T h e  i n f o r m a t i o n  r e q u i r e d  b y  P r o d u c t i o n  r e l a t i v e  t o
when equipment  and components  are to  be ins ta l led 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  m u s t  a l s o  b e
r e f l e c t e d  o n  t h e  d r a w i n g s . I n  a d d i t i o n , c e r t a i n  w o r k
p r e c i o u s l y  l e f t  f o r  f i e l d  a c c o m p l i s h m e n t  i s  n o w  r e f l e c t e d  o n
the  d raw ings . An  examp le  i s  t he  de ta i l i ng  o f  sma l l  bo re
p i p e  3 / 4 ”  t o  2 “  w h i c h  w a s  p r e v i o u s l y  f i e l d  r u n .

C) NUMBER OF DRAWINGS PRODUCED IS SIGNIFICANTLY INCREASED

The  p repa ra t i on  o f  d raw ings  on  a  un i t  bas i s  has  g rea t l y
i nc reased  the  number  o f  d raw ings . As  s t a ted  above ,  t he
t o t a l  a m o u n t  o f  i n f o r m a t i o n  s u p p l i e d  i s  g r e a t e r  b e c a u s e  o f
the added scope, but  by  no means is  i t  in  the same ra t io  as
the  i nc reased  number  o f  d raw ings . Each drawing covers  a
s m a l l e r  p o r t i o n  o f  t h e  s h i p , as  compared  t o  t he  conven t i ona l
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method. The re  a re  on l y  a  f ew  ve ry  l ong  “H ”  s i ze  d raw ings .
Mos t  o f  t he  d raw ings  a re  o f  t he  book le t  t ype .

I f  we  we re  t o  coun t  t he  number  o f  d raw ings  i n  t he  p lan
schedu les  f o r  two  s im i l a r  sh ips  a t  Avonda le ,  t he  zone
ou t f i t t ed  sh ip  wou ld  have  abou t  tw i ce  as  many  d raw ings . The
m a j o r  r e a s o n  f o r  t h i s  i s  i n  t h e  m e t h o d  o f  p r e s e n t i n g  t h e
p i p i n g  w o r k . There are about  three t imes as many p ip ing
p l a n s  f o r  t h e  z o n e – o u t f i t t e d  s h i p . Th i s  i s  because  a  p ip i ng
a r rangemen t  d raw ing  wh i ch  may  app l y  t o  two  un i t s  i s
accompan ied  by  two  p ipe  de ta i l  d raw ings  and  two  l i s t s  o f
m a t e r i a l s , one  each  f o r  each  un i t . P r e v i o u s l y , t h e  a r r a n g e -
ment  drawing would have inc luded more un i ts  and would be
accomp l i shed  by  one  one  p ipe  de ta i l  book le t  and  one  l i s t  o f
m a t e r i a l , The change is  necessary  because the p ipe is
f a b r i c a t e d  b y  u n i t , t h e n  s t o r e d  b y  p a l l e t  c o d e  t o  a w a i t
i n s t a l l a t i o n , T h e  l i s t  o f  m a t e r i a l  m u s t  b e  b y  u n i t  t o  s u i t
t h e  p i p e  f a b r i c a t i o n  s e q u e n c e .

D) PACKAGE UNIT GROUP ESTABLISHED

Some reass ignment  o f  work  in  the Engineer ing sect ions was
necessa ry  t o  be t t e r  equ ip  t he  Avonda le  Eng inee r i ng  Depa r t -
men t  t o  accomp l i sh  zone  ou t f i t t i ng ;  howeve r ,  t he re  was  no
m a j o r  r e o r g a n i z a t i o n . T h e  m o s t  s i g n i f i c a n t  o r g a n i z a t i o n a l
change was to  estab l ish  the Package Uni t  Group in  the
Mechan i ca l  Eng inee r i ng  Sec t i on . Th i s  g roup  deve lops
comp le te  mach ine ry  package  un i t s  f o r  t he  mach ine ry  space .
They  de ta i l  t he  equ ipmen t  f ounda t i ons ,  g ra t i ngs  and  hand–
r a i l s , a s  w e l l  a s  t h e  p i p i n g ,  i n s t r u m e n t a t i o n ,  e t c . I H I
consultants had recommended to Avondale management an
e n g i n e e r i n g  o r g a n i z a t i o n  s i m i l a r  t o  t h e i r s , F igure No.  3
s h o w s  t h e  b a s i c  e n g i n e e r i n g  o r g a n i z a t i o n  u t i l i z e d  b y  I H I ,
I t  c o n s i s t s  o f  f o u r  E n g i n e e r i n g  G r o u p s : Deck, Mach ine ry ,
Accommoda t i on ,  and  E lec t r i c . Such a change was not  cons i -
dered necessary  a t  Avondale . F u n c t i o n a l l y ,  h o w e v e r ,  o u r
cu r ren t  o rgan i za t i on  embod ies  some  o f  t hese  concep ts .
Examp les  a re  as  f o l l ow :

-  The  new ly  es tab l i shed  Package  Un i t  G roup  hand les  a l l
aspec t s  o f  t he  Package  Un i t  des ign .

O u r  O u t f i t t i n g  S e c t i o n  e s s e n t i a l l y  c o n t r o l s  t h e  a r r a n g e -
men t  and  rou t i ng  o f  a l l  s ys tems  i n  t he  accommoda t i on
areas .

-  T h e  M e c h a n i c a l  S e c t i o n  c o n t r o l s  t h e  r o u t i n g  o f  a l l
sys tems in  the machinery  space.

-  T h e  H u l l  S e c t i o n  s t i l l  h a n d l e s  t h e  s t e e l  s u p e r s t r u c t u r e
and  mach ine ry  space  s t r uc tu re ,  excep t  f o r  t he  Package
U n i t  f o u n d a t i o n s  a n d  s u p p o r t  s t r u c t u r e  w h i c h  i s  h a n d l e d
by the Package Uni t  group.
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–  The  ou tpu t  o f  t he  Hu l l  Sec t i on  i s  t he  Ya rd  P lans  wh i ch
a re  used  by  t he  Mo ld  Lo f t  t o  p roduce  t he  wo rk ing  d raw ings .

These  p rocedu res  a re  ve ry  s im i l a r  t o  t he  IH I  concep t .
R e g a r d l e s s  o f  t h e  o r g a n i z a t i o n  o r  h o w  i t  i s  c o n s t r u c t e d ,  t h e
m o s t  n e c e s s a r y  i n g r e d i e n t  i s  e f f e c t i v e  c o m m u n i c a t i o n .

E) SCHEDULE ADHERENCE BECOMES CRITICAL

Under  t he  conven t i ona l  sys tem app roach ,  a  pa r t i cu la r  d raw ing
had a product ion requi red date based on when Product ion
in tended  t o  s t a r t  wo rk  on  t ha t  sys tem. Produc t i on  wo rk  on
the  en t i r e  sys tem may  have  spanned  a  cons ide rab le  l eng th  o f
t i m e . U n d e r  z o n e  o u t f i t t i n g , the same amount  o f  product ion
work  w i l l  be  po r t rayed  on  many  d raw ings . Each drawing,  how-
eve r ,  has  a  much  more  c r i t i ca l  i s sue  da te  s i nce  wo rk  on  t ha t
p o r t i o n  o f  t h e  s y s t e m  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  p l a n . Th i s  means  t ha t  Eng inee r i ng  mus t  ve ry
e f f e c t i v e l y  p l a n  t h e  s t a r t ,  t h e  p r o g r e s s ,  a n d  t h e  i s s u e  o f
a l l  d r a w i n g s  a n d  t h e  s u p p o r t  a c t i v i t i e s  n e c e s s a r y  t o  p r o v i d e
the  i n fo rma t i on  needed  fo r  deve lop ing  t hese  d raw ings . The
Eng inee r i ng  P lann ing  and  Schedu l i ng  Sec t i on  has  been
e x p a n d e d  t o  e f f e c t i v e l y  h a n d l e  t h i s  t a s k .

F) OVERALL WORK SCOPE INCREASED

The  use  o f  zone  ou t f i t t i ng  a t  Avonda le  has  i nc reased  t he
scope  o f  t he  eng inee r i ng  j ob  and ,  consequen t l y ,  t he
e n g i n e e r i n g  c o s t s . However, i t  has  been  demons t ra ted  t ha t
t h i s  i nc rease  has  been  more  t han  o f f se t  by  sav ings  i n  man–
hou rs  and  t ime  i n  p roduc t i on . T h i s  f i r s t  u s e  o f  z o n e  o u t –
f i t t i n g  i n  e n g i n e e r i n g  i n v o l v e d  a  c o n s i d e r a b l e  l e a r n i n g
p e r i o d . Many  ope ra t i ona l  p rocedu res  we re  es tab l i shed  on l y
t h r o u g h  p a i n s t a k i n g  i n v e s t i g a t i o n  a n d  s o m e  t r i a l  a n d  e r r o r .
T h e s e  c o s t s  w i l l  n o t  b e  r e p e t i t i v e .

T h e  n e x t  z o n e  o u t f i t t i n g  e n g i n e e r i n g  j o b ,  t h e  T - A O ’ S  f o r  t h e
U.S.  Navy, has  bene f i t ed  g rea t l y  f r om ou r  expe r i ence  he re .
As we improve these methods and as al l  concerned become more
f a m i l i a r  w i t h  t h e  s y s t e m , w e  e x p e c t  t h a t  l e s s  i n f o r m a t i o n
w i l l  b e  r e q u i r e d  f r o m  E n g i n e e r i n g . I t  i s  a l s o  i n t e n d e d  t h a t
m a n y  o f  t h e  m e t h o d s  a n d  d e t a i l s  d e v e l o p e d  f o r  t h i s  f i r s t  j o b
w i l l  become  a  s tanda rd  on  f u tu re  j obs ,  t hus  reduc ing  t he
e n g i n e e r i n g  c o s t s . I t  i s  a n t i c i p a t e d  t h a t ,  a s  m e t h o d s  a r e
s tanda rd i zed  and  imp roved  ove r  seve ra l  j obs ,  t he  eng inee r i ng
cos t s  may  ac tua l l y  become  equa l  t o  t hose  unde r  conven t i ona l
methods, O f  cou rse , t h e  s a v i n g s  i n  P r o d u c t i o n  w i l l  a l s o
i m p r o v e  a s  t h e i r  t e c h n i q u e s  a r e  f u r t h e r  r e f i n e d .
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III. EFFECTS OF ZONE OUTFITTING TECHNOLOGY COMMON TO ALL ENGINEERING
SECTIONS

Le t  us  now  tu rn  t o  a  l ook  a t  some  o f  t he  spec i f i c  e f f ec t s  o f
z o n e  o u t f i t t i n g  t e c h n o l o g y  o n  t h e  v a r i o u s  A v o n d a l e  E n g i n e e r i n g
s e c t i o n s . A number  o f  these were common to  a  greater  or  lesser
d e g r e e  t o  a l l  o f  t h e  s e c t i o n s . F igure No. 4  l i s t s  s i x  o f  t h e s e
ef fec ts  .

A) ENGINEERING EFFORT MUST BEGIN AND BE COMPLETED EARLIER THAN
IN CONVENTIONAL DESIGN METHODOLOGY

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  a n d  z o n e  o u t f i t t i n g  t o
unde rs tand  t he  comb ined  impac t  on  t he  eng inee r i ng  schedu l i ng
e f f o r t . F i r s t l y ,  i t  i s  e x p e c t e d  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
sh ip ,  as  compared  t o  a  conven t i ona l l y  cons t ruc ted  vesse l  o f
c o m p a r a b l e  c o n f i g u r a t i o n , w i l l  b e  s i g n i f i c a n t l y  r e d u c e d ,
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
v e s s e l  c o s t  l e s s  s u b j e c t  t o  a d d e d  e s c a l a t i o n . T h i s  s a v i n g s
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  n o  i m p a c t  o n  t h e  e n g i n e e r i n g  l e a d  t i m e . HOW-
e v e r ,  t h e  s y s t e m  o f  u n i t  o u t f i t t i n g  a n d  o t h e r  p r o d u c t i o n
t e c h n i q u e s  a l s o  d i c t a t e  t h a t  a  f a r  g r e a t e r  s t a g e  o f  o v e r a l l
w o r k  c o m p l e t i o n  b e  a c h i e v e d  a t  t i m e  o f  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  m o n t h s  f u r t h e r
i n  a d v a n c e  o f  t h e  k e e l  l a y i n g  d a t e  t h a n  i n  c o n v e n t i o n a l
cons t ruc t i on  me thods , r e s u l t i n g  i n  a  s h o r t e n e d  e n g i n e e r i n g
l e a d  t i m e . T h e  u n i t  o u t f i t t i n g  m e t h o d o l o g y  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  b e  c o m p l e t e  a t  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 u c h  t h a t  a l l  p o s s i b l e  w o r k  i s
a c c o m p l i s h e d  o n - u n i t .

We have adopted the phrase, “ e n g i n e e r i n g  e s s e n t i a l l y
comp le te ” t o  i l l u s t r a t e  o u r  o v e r a l l  s c h e d u l i n g  g o a l  a t  t i m e
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 , we have seen the percentage
o f  t o t a l  e n g i n e e r i n g  m a n h o u r s  s p e n t  a t  t i m e  o f  p r e -
f ab r i ca t i on  i nc rease  f r om app rox ima te l y  50% in  a  conven -
t i o n a l  c o n s t r u c t i o n  s y s t e m  t o  a p p r o a c h i n g  7 5 %  i n  a  f u l l y
u n i t  o u t f i t t e d  c o n c e p t .

T h e  n e t  e f f e c t  o f  t h e  o v e r a l l  v e s s e l  s c h e d u l i n g  i s  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  e f f o r t  t o  b e  a c c o m p l i s h e d  i n  a
f a r  s h o r t e r  p e r i o d  o f  t i m e . T h i s  f a c t  i s  c l e a r l y  i l l u s -
t ra ted on F igures No.  5  and No.  6 .
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B) ROLE OF THE ENGINEERING AND PRODUCTION ORGANIZATIONS AS
PARTNERS MUST BE STRESSED

I t  i s  a  u n i v e r s a l  o b j e c t i v e  f o r  a l l  l a r g e  i n d u s t r i e s  t o
ach ieve  a  t r ue  t eam sp i r i t  among  the  va r i ous  depa r tmen ts ,
espec ia l l y  be tween  P roduc t i on  and  Eng inee r i ng . Such cooper-
a t i o n  l e a d s  t o  t i m e ,  l a b o r ,  m a t e r i a l ,  a n d  t h u s  t o  d o l l a r
s a v i n g s . W h i l e  t h i s  o b j e c t i v e  i s  d e s i r a b l e  f o r  a l l  s h i p –
b u i l d e r s , i t  i s  an  abso lu te  necess i t y  f o r  t hose  who  emp loy
o r  s e e k  t o  e m p l o y  z o n e  o u t f i t t i n g  t e c h n o l o g y .

The  demands  o f  zone  ou t f i t t i ng  requ i re .  ex t reme ly  c l ose
coope ra t i on  among  a l l  f ace t s  o f  sh ipya rd  ope ra t i ons ,  and  t he
e a r l y  i n v o l v e m e n t  o f  P r o d u c t i o n  P l a n n i n g  i n  t h e  d e s i g n
e f f o r t . I n  t h e  z o n e  o u t f i t t i n g  s y s t e m ,  a  d r a w i n g  l i s t i n g
canno t  even  be  comp i l ed  by  Eng inee r i ng  un t i l  such  t ime  as
t h e  h u l l  u n i t  c o n s t r u c t i o n  a r r a n g e m e n t  i s  d e f i n e d . And the
ma te r i a l  need  da te  f o r  t he  same  p iece  o f  equ ipmen t  can  va ry
as  f o l l ows ,  depend ing  on  cons t ruc t i on  me thod :

CONSTRUCTION METHOD MATERIAL NEED (MONTHS)

On–Board 17
O n - U n i t 14
Package Uni t 12

C) ENGINEERING DRAWINGS ARE DEVELOPED AS UNITS, NOT AS SYSTEMS

T h i s  c o n c e p t  i s ,  o f  c o u r s e , s e m i n a l  t o  z o n e  o u t f i t t i n g
t e c h n o l o g y . P r i o r  t o  z o n e  o u t f i t t i n g  a t  A v o n d a l e ,  a l m o s t
a l l  eng inee r i ng  d raw ings  we re  deve loped  to  desc r i be  a  s i ng le
sys tem o r  en t i t y  such  as : the Main Deck, T r a n s v e r s e  B u l k -
heads, B i l ge  and  Ba l l as t  Sys tem,  F i r e  Ma in  Sys tem,  e t c .
Th i s  sys tems  app roach  was  adequa te  f o r  t he  p roduc t i on  ph i l o -
sophy  whe re  t he  sh ip  was  bu i l t  i n  sec t i ons  and  t hese
sec t i ons  assemb led  i n to  a  comp le te  hu l l  be fo re  mos t  o f  t he
o u t f i t t i n g  m a t e r i a l  w a s  i n s t a l l e d . Product ion work was
s t e e l - w o r k  o r i e n t e d , a n d  p i p i n g  a n d  o t h e r  o u t f i t  m a t e r i a l
we re  added  on l y  a f t e r  t he  hu l l  was  comp le te . Howeve r ,  w i t h
z o n e  o u t f i t t i n g , P r o d u c t i o n  i s  s u p p l i e d  w i t h  u n i t  d r a w i n g s
t h a t  d e p i c t  a l l  t h e  s y s t e m s  t h a t  a r e  t o  b e  i n s t a l l e d  i n  e a c h
u n i t .

D) STRUCTURAL “KEY PLANS” (ARE USED IN DRAWING DEVELOPMENT

S t r u c t u r a l  k e y  p l a n s  a r e  v e r y  d e t a i l e d  s c a n t l i n g  p l a n s  t h a t
s h o w  a l l  a s p e c t s  o f  t h e  v e s s e l ’ s  s t r u c t u r e . The  vesse l  i s
d i v i d e d  i n t o  t h r e e  m a i n  d i v i s i o n s  w i t h  e a c h  d i v i s i o n  h a v i n g
i t s  own  key  p l an . T h e  f i r s t  a r e a  i s  t h e  f o r w a r d  s t r u c t u r e
f rom the  s tem to  t he  co l l i s i on  bu l khead ;  t he  second  i s  t he
ca rgo  ho ld  s t r uc tu re  be tween  the  co l l i s i on  bu l khead  and
fo rwa rd  mach ine ry  bu l khead ; a n d  t h e  t h i r d  i s  t h e  a f t e r  b o d y
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p e a k  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 , s h e l l  p l a t e s  a n d  m a j o r  p e n e t r a t i o n s ,
a long  w i t h  mos t  ma jo r  equ ipmen t  f ounda t i ons ,  a re  i nc luded  on
each  respec t i ve  key  p l an .

The  p r ima ry  pu rpose  o f  t he  key  p lans  i s  t o  p rov ide  a  docu -
m e n t  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  v e s s e l ’ s  m a j o r
s t r u c t u r a l  c o m p o n e n t s  f o r  u s e  b y  a l l  d e p a r t m e n t s ,  b o t h
Eng inee r i ng  and  P roduc t i on , i n  t h e i r  o w n  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 . Fo r
examp le ,  t he  Hu l l  D ra f t i ng  Sec t i on  uses  t he  da ta  shown  to
deve lop  t he  ya rd  p lans  o r  un i t  d raw ings . The  P ip ing  Sec t i on
u s e s  t h e  p l a n s  t o  l o c a t e  m a j o 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 l a n n i n g  u s e s  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  k e y  p l a n  i s  a  t o o l  f o r
o the r  depa r tmen ts , t he  d raw ings  mus t  obv ious l y  be  comp le ted
v e r y  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  E n g i n e e r i n g  c o m p l e t i o n
dates to  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  s u p p o r t  t a s k s
necessa ry  f o r  t he  deve lopmen t  o f  t he  key  p l ans  t o  l i kew i se
b e  c o m p e l t e d  e a r l i e r .

E) MATERIAL ON DRAWINGS MUST BE “PALLET CODED”

Each  un i t  d raw ing  mus t  con ta in  on l y  t ha t  i n fo rma t i on  neces -
sa ry  t o  do  t he  des i red  j ob  a t  t he  p lanned  t ime . The
des igne r  mus t  a l so  cons ide r  t he  phys i ca l  p rog ress  o f  t he
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
impo r tan t  t ha t  t he  d raw ings  re f l ec t  t he  ag reed  upon  con–
s t r u c t i o n  s e q u e n c e , 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  s y s t e m s ,  m a n h o l e s ,  l a d d e r s ,
reach  rods , w i reway  hange rs ,  e t c . m a y  r e q u i r e  i n s t a l l a t i o n
a s  a  p a r t i c u l a r  u n i t  i s  b e i n g  c o n s t r u c t e d ,  m a y b e  b e f o r e  t h e
u n i t  i s  c o m p l e t e  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  b y  s p e c i f y i n g  w h e n  t h e  m a t e r i a l  o r  c o m p o n e n t
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  c o d e .
E a c h  p i e c e  o f  m a t e r i a l  i s  p a l l e t  c o d e d . T h e  M a t e r i a l
C o n t r o l  S e c t i o n  o f  P r o d u c t i o n  u s e s  t h e  p a l l e t  c o d e  i n f o r m a –
t i o n  t o  a s s e m b l e  a l l  m a t e r i a l  t o  b e  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  a n d  r o u t e s  i t  t o  t h e  e x a c 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  impo r tance  o f  t he  pa l l e t  code  canno t  be  ove r -
emphasized, 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 . In  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  j o b . F igure No. 7 is  an example o f  the Pal le t  Code
System used at  Avondale .

T h e  p a l l e t  c o d e  i s  b a s i c a l l y  a n  e i g h t - c h a r a c t e r  d e s i g n a –
t i o n . T h e  f i r s t  t w o  c h a r a c t e r s  r e p r e s e n t  a  c r a f t  l a b o r  c o s t
code . The  m idd le  t h ree  cha rac te r  spec i f y  t he  un i t  number
f o r  m a t e r i a l  t o  b e  i n s t a l l e d  o n  u n i t ,  o r  t h e  z o n e  f o r
m a t e r i a l  t o  b e  i n s t a l l e d  o n  b o a r d . The  s i x t h  and  seven th
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  n u m b e r . T h e  l a s t  c h a r a c t e r
i n  t h e  c o d e  i n d i c a t e s  t h e  s t a g e  o f  c o n s t r u c t i o n  a t  w h i c h
t i m e  t h e  m a t e r i a l  w i l l  b e  i n t a l l e d . T o  a s s i s t  P r o d u c t i o n  i n
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t h e  c o n t r o l  o f  m a t e r i a l , each  d raw ing  on  t he  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  c o d e s  c o n t a i n e d  o n  t h e  d r a w i n g .
Figure No. 8  i s  a n  e x a m p l e  o f  t h i s  t a b u l a t i o n .

F) ADVANCE ORDERING ON LONG LEAD MATERIAL IS EMPHASIZED

I t  i s , o f  c o u r s e , a  p r ime  conce rn  o f  any  sh ipbu i l de r  t o
i d e n t i f y ,  s p e c i f y  a n d  p u r c h a s e  l o n g  l e a d  m a t e r i a l s  a s  s o o n
a s  p o s s i b l e . The  imp lemen ta t i on  o f  zone  ou t f i t t i ng  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 he
r e c e i p t  o f  v e n d o r  i n f o r m a t i o n  a t  a n  e a r l y  d a t e ,  a n d  z o n e
o u t f i t t i n g  p r o d u c t i o n  s c h e d u l e s  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  a n d  e q u i p m e n t . Th i s  can
on l y  be  ach ieved  i f  each  eng inee r i ng  d i sc i p l i ne  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 o n g  l e a d  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  s o o n e r .

IV. UNIQUE EFFECTS OF ZONE OUTFITTING TECHNOLOGY ON THE ENGINEERING
SECTIONS

S o m e  o f  t h e  e f f e c t s  o f  z o n e  o u t f i t t i n g  t e c h n o l o g y  w e r e  e x p e r i -
enced  un ique l y  by  t he  Eng inee r i ng  sec t i ons . F o l l o w i n g  i s  a
l ook  a t  some  o f  t hese  e f f ec t s  on  f i ve  o f  t he  sec t i ons .

A) HULL TECHNICAL AND DESIGN SECTION

Figure No. 9 shows some of  the un ique e f fec ts  o f  zone
o u t f i t t i n g  t e c h n o l o g y  o n  t h e  H u l l  T e c h n i c a l  a n d  D e s i g n
S e c t i o n .

T h e  D e s i g n  S e c t i o n  i s  c o m p o s e d  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,  weight  programmers,  and
d r a f t i n g  s u p p o r t  p e r s o n n e l . T h e  r e s p o n s i b i l i t y  d e l e g a t e d  t o
t h e  D e s i g n  S e c t i o n  u n d e r  t h e  c o n v e n t i o n a l  s h i p b u i l d i n g
sys tem i s  t he  des ign  and  p repa ra t i on  o f  m idsh ip  sec t i ons  and
a s s o c i a t e d  s c a n t l i n g  p l a n s ,  f a i r i n g  o f  l i n e s ,  n a v a l  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  a n d  d r a w i n g s ,  w e i g h t  e s t i m a t e s ,  a n d
s u p p o r 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  o n  a n  “ a s - n e e d e d ”  b a s i s .

1) Deve lopmen t  o f  S t ruc tu ra l  Key Plans

T h i s  f u n c t i o n  w a s  d i s c u s s e d  i n  S e c t i o n  I I I  u n d e r  t h e
e f f ec t s  common  to  a l l  sec t i ons . I t  i s  m e n t i o n e d  h e r e
because  i t  i s  t he  Des ign  Sec t i on  wh i ch  deve lops  t he
s t r u c t u r a l  k e y  p l a n s .
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2)  Creat ion and Maintenance of  the Data Base

T h i s  f u n c t i o n  w a s  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
Lo f t  unde r  t he  conven t i ona l  sys tem. The data base is  a
s t o r e h o u s e  o f  i n f o r m a t i o n  t h a t , t h rough  t he  use  o f  des ig -
nated computer  programs, d e f i n e s  a l l  s t r u c t u r e s  w i t h i n
t h e  v e s s e l  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  c o n t o u r s . The
da ta  base  i s  deve loped  o r  c rea ted  i n  a  sys tema t i c  manne r
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  v e s s e l ’ s  f i n a l  f a i r e d
l ines. Then, sur faces such as decks and bu lkheads are
added, a l o n g  w i t h  s h e l l  l o n g i t u d i n a l s ,  t r a c e s  a n d  s h e l l
seams . Th i s  da ta  base  i s  upda ted  and  ma in ta ined  t h rough
t h e  s p a n  o f  t h e  c o n t r a c t  t o  r e f l e c t  a n y  a n d  a l l  d e v e l o p -
men ts  t ha t  occu r  as  p roduc t i on  p roceeds .

The  da ta  con ta ined  w i t h i n  t he  da ta  base  i s  used  t o
deve lop  compu te r  p repa red  d raw ings . Any f rame bu lkhead
o r  deck  con tou r  can  be  re t r i eved  and  d rawn  dep i c t i ng  t he
a s s o c i a t e d  s t i f f e n e r s . Once the drawings have been
deve loped  and  t he  da ta  base  ve r i f i ed ,  t he  da ta  i s  used  t o
con t ro l  t he  N /C  bu rn ing  mach ines  i n  t he  P la te  Shop ,  t he
g e n e r a t i o n  o f  t e m p l a t e s ,  b e n d i n g  o f  f r a m e s ,  e t c .

3)  Review of  Yard Plans

Once the key p lans are  issued, t he  Hu l l  Sec t i on  uses  t hem
t o  d e v e l o p  t h e  y a r d  s t r u c t u r a l  p l a n s  o r  “ y a r d  p l a n s ”  t h a t
a r e  s u b - d i v i d e d  i n t o  e a c h  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  un i t  d raw ings  a re  comp le te  w i t h  t he
s m a l l e s t  d e t a i l  s h o w n  a n d  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  l i s t ,  “ U P L ’ S , ”  f r o m  w h i c h  t h e  M o l d
L o f t  p r e p a r e s  t h e  u n i t  c o n s t r u c t i o n  m a n u a l s ,  “ U C M ’ s . ”
The UCM’S are the documents f rom which the s tee l  is
nested,  marked, punched  and  bu rned  w i t h i n  t he  cons t ruc -
t i on  sequence . T h e r e f o r e , i n  o r d e r  t o  a s s u r e  t h e
accu racy  o f  t he  da ta  re l eased  t o  P roduc t i on ,  t he  Des ign
S e c t i o n  r e v i e w s  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
de ta i l s  a re  i n  acco rdance  w i t h  t he  i n tended  des ign  and
l a t e s t  d e v e l o p m e n t s .

4 )  I n c r e a s e d  R o l e  i n  P r o d u c t i o n / E n g i n e e r i n q L i a i s o n

S ince  t he  Des ign  Sec t i on  i s  r espons ib l e  f o r  t he  deve lop–
ment  o f  the key p lans, ques t i ons  and  p rob lems  tha t  a r i se
dur ing development  o f  yard p lans and N/C burn ing are
c h a n n e l e d  t h r o u g h  t h e  D e s i g n  S e c t i o n  f o r  r e s o l u t i o n .
A l t hough  t h i s  i s  no t  a  new  func t i on  o f  t he  Des ign
S e c t i o n , t he  amoun t  o f  day - t o -day  i nvo l vemen t  has  i n ten -
s i f i e d  d u e  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 under taken. A l s o , s i nce  t he  da ta  base  ma in ten -
a n c e  r e q u i r e s  d a i l y  i n v o l v e m e n t , t h e  f l o w  o f  i n p u t  t o  a n d
f r o m  t h e  D e s i g n  S e c t i o n  h a s  i n c r e a s e d  d r a s t i c a l l y .
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B) HULL STRUCTURES SECTION

Figure No. 10 shows some of  the un ique e f fec ts  o f  zone
o u t f i t t i n g  t e c h n o l o g y  o n  t h e  H u l l  S t r u c t u r e s  S e c t i o n .

P r i o r  t o  t h e  i n t r o d u c t i o n  o f  z o n e  o u t f i t t i n g  a t  A v o n d a l e ,
t he  hu l l  s t r uc tu ra l  d raw ings  we re  deve loped  and  p resen ted  t o
the  P roduc t i on  Depa r tmen t  u t i l i z i ng  a  sys tem-by–sys tem
approach. The drawings were developed present ing the decks
as a  sys tem,  the she l l  as  a  sys tem,  the web f rames as a
system, and so on.

The  sys tem-by–sys tem app roach  p resen ted  t he  en t i r e  she l l ,
d e c k  o r  l o n g i t u d i n a l  b u l k h e a d s  t o  t h e  L o f t ,  f r o m  w h i c h  t h e
v a r i o u s  s t r u c t u r a l  u n i t s  h a d  t o  b e  e x t r a c t e d . The system-
b y - s y s t e m  d r a w i n g s  d i d  i n d i c a t e  t h e  u n i t  b r e a k s  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  d e m a r c a t i o n  l i n e s  a n d
e x t e n t  w a s  n o t  s o  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 he  sys tem-by–sys tem app roach  requ i red  t he  use r  t o  possess
o the r  sys tem p lans  i n  o rde r  t o  ob ta in  t he  know ledge  o f  a l l
o f  t h e  c o m p o n e n t s  o f  a  p a r t i c u l a r  u n i t . Many re ference
plans were necessary .

1)

2 )

Arrangement  Drawings (Yard Plans)  Developed From Key Plan
Rather  Than From Scant l inq Plan

As  the  Hu l l  Techn i ca l  and  Des ign  Sec t i on  deve lops  t he
s t r u c t u r a l  k e y  p l a n s , t h e  H u l l  S t r u c t u r e s  S e c t i o n  u s e s
them to  p roduce  t he  ya rd  p l ans . B e c a u s e  t h e  s t r u c t u r a l
key  p l ans  a re  more  de ta i l ed  t han  t he  conven t i ona l  scan t -
l i n g  p l a n s , the Hul l  Technica l  and Design Sect ion assumes
m o r e  o f  a  r o l e  i n  t h e  d e t a i l e d  d e s i g n  e f f o r t .

More  Th rough  De ta i l i ng  o f  Pene t ra t i on  Loca t i ons  on  Ya rd
Plans

P e n e t r a t i o n s  i n  s t r u c t u r a l  c o m p o n e n t s ,  d u e  t o  p i p i n g ,
v e n t i l a t i o n , m e c h a n i c a l  a n d  e l e c t r i c a l  r o u t i n g s ,  a r e
p r e s e n t e d  i n  t h e  y a r d  p l a n s  w h e n  t h o s e  p e n e t r a t i o n s  f a l l
i n t o  e i t h e r  o n e  o f  t w o  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  r e i n f o r c e m e n t ,  a n d  t h o s e  t h a t  c a n  b e
cu t  by  numer i ca l  bu rn ing .

U n t i l  t h e  a d v e n t  o f  z o n e  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  r e i n f o r c e m e n t  w e r e  s h o w n .
Z o n e  o u t f i t t i n g  t e c h n o l o g y  h a s  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  s y s t e m  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  b e i n g  a b l e  t o  i n c l u d e  t h o s e  p e n e t r a t i o n s  i n t o  t h e  y a r d
plans .
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c )

D)

3 )  I nco rpo ra t i on  o f  P rocess  Lane  No ta t i on  on  Ya rd  P lans

The  concep t  o f  p rocess  l anes  has  been  i nco rpo ra ted  i n to
the  ya rd  p lan . T h e  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  t h e m  a s  s u b  u n i t s ,  p a r t i a l  s u b
u n i t s , c o m b i n e d  p a r t i a l  s u b  u n i t s  o r  j u s t  i n d i v i d u a l
p i e c e s  t o  b e  l e f t  l o o s e  u n t i l  a s s e m b l y  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  a r e a  o r  l o c a t i o n  o f  t h e i r  m a n u f a c t u r e .

T h i s  d e s i g n a t e d  m a n u f a c t u r i n g  l o c a t i o n  i s  o n e  o f  t h e
bas i c  concep t s  o f  t he  P rocess  Lanes  p r i nc i p l e . The yard
p lan  no ta t i ons  a re  ob ta ined  f r om the  Un i t  B reakdown
Summary Sheet. By knowing the meaning of  the process
l a n e  c o d i n g  n o t a t i o n s , one  can  de te rm ine  t he  l oca t i on  o f
m a n u f a c t u r e  o f  a  p a r t i c u l a r  s t r u c t u r a l  c o m p o n e n t .

MECHANICAL DESIGN SECTION

Figure No. 11 shows some of  the un ique e f fec ts  o f  zone
o u t f i t t i n g  t e c h n o l o g y  o n  t h e  M e c h a n i c a l  D e s i g n  S e c t i o n .
Because the Pip ing Design Group of  the Mechanica l  Des ign
Sec t i on  p roduces  sys tems  d i ag rams ,  t he  e f f ec t s  o f  zone
o u t f i t t i n g  w h i c h  o t h e r  s e c t i o n s  h a v e  e x p e r i e n c e d  h a v e  n o t
b e e n  a s  i n t e n s e  f o r  t h i s  s e c t i o n . However ,  there have been
a t  l eas t  a  coup le  o f  p r ima ry  e f f ec t s  on  t he  Mechan i ca l
Des ign  Sec t i on .

1 )  P i p e  L i n e  I d e n t i f i c a t i o n  A d d e d  t o  P i p i n q Diaqrams

The Mechanica l  Des ign Sect ion has developed a s tandard
p r a c t i c e  f o r  i d e n t i f y i n g  p i p e  l i n e s ,  p i p i n g  m a t e r i a l s  a n d
p ip ing  componen ts . The  i den t i f i ca t i on  numbers  appea r  on
diagrams,  ADCS’s, composi tes and work ing drawings and
a l l o w  f o r  t r a c e a b i l i t y  o f  a n y  l i n e  o r  c o m p o n e n t  f r o m  t h e
d i a g r a m s  t h r o u g h  t h e  p i p e  d e t a i l s . T h i s  t r a c e a b i l i t y  i s
i m p o r t a n t  b e c a u s e  w i t h  z o n e  o u t f i t t i n g ,  u n i t  d r a w i n g s  a r e
produced which depic t  a  number  o f  systems on each un i t
d raw ing .

2)  Equipment /Component  Locat ions Added to  P ip ing Diagrams
Rather  Than to  Arranqement  Drawinqs

Again ,  because of  the dep ic t ion o f  a  number  o f  sys tems on
each  un i t  d raw ing , the systems d iagrams have been des ig-
na ted  t o  show  the  exac t  l oca t i on  o f  a l l  equ ipmen t  and
components  for  each system.

PIPING AND HVAC SECTION

Figure No. 12 shows some of  the un ique e f fec ts  o f  zone
ou t f i t t i ng  t echno logy  on  t he  P ip i ng  and  HVAC Sec t i on .
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T h e  a d v e n t  o f  z o n e  o u t f i t t i n g  t e c h n o l o g y  h a s  h a d  m a n y  f a r -
r each ing  e f f ec t s  on  t he  ope ra t i ons  o f  t he  P ip i ng  and  HAVC
S e c t i o n . Th i s  i s  due  t o  t he  f ac t  t ha t  pe rhaps  no  o the r
eng inee r i ng  sec t i on  was  as “sys tems  o r i en ted ”  as  was  P ip i ng
a n d  H A V C  p r i o r  t o  z o n e  o u t f i t t i n g .

1) U t i l i za t i on  o f  Advanced  Des iqn  Compos i t e  S tud ies (ADCS)

Fo r  ove r  twen ty  yea rs , A v o n d a l e ’ s  M a c h i n e r y  C o m p o s i t e  
Group  has  p rov ided  t he  p r ima ry  des ign  f o r  mach ine ry  space
and main deck ar rangements . These composi tes  are not
m e r e l y  i n t e r f e r e n c e  c h e c k s , bu t  a re  used  t o  p rov ide  t he
a r rangemen t  g roups  w i t h  comp le te l y  r ou ted  sys tems  fo r
work ing  d raw ing  deve lopmen t .

B a s i c a l l y , t he  p rocedu re  f o r  mach ine ry  compos i t e  deve lop -
men t  has  rema ined  t he  same  w i t h  zone  ou t f i t t i ng . The
compos i t es  a re  done  a t  1 /2 ”  t o  1 “  sca le ,  depend ing  on
a r e a , a n d  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  a n d  s e c t i o n
v i e w s  t o  c l e a r l y  r e p r e s e n t  t h e  a r e a  d e p i c t e d . The compo-
s i t es  show  a l l  s ys tems  w i t h i n  t he  mach ine ry  space  i nc l u -
d ing  p ip i ng ,  HVAC and  w i reways ,  as  we l l  as  ou t f i t t i ng
i t ems  such  as  l adde rs ,  g ra t i ngs ,  and  so  on . F igures Nos.
13,  14 and 15 are var ious v iews of  a  machinery  space
compos i t e  r ecen t l y  deve loped . T h e  m a j o r  d i f f e r e n c e
be tween  compos i t es  now  and  be fo re  zone  ou t f i t t i ng  i s  t he
manne r  o f  p resen ta t i on  t o  t he  a r rangemen t  g roup . B e f o r e ,
an ent i re  system was routed on composi te  and then
fo rwa rded  to  t he  a r rangemen t  g roup  fo r  deve lopmen t  i n to
work ing  d raw ings . Now, t h e  c o m p o s i t e  g r o u p  r o u t e s  a l l
t h e  s y s t e m s  w i t h i n  a  p a r t i c u l a r  u n i t  a n d  t h e n  f o r w a r d s
t h a t  u n i t  t o  t h e  a r r a n g e m e n t  g r o u p .

A n o t h e r  d i f f e r e n c e  b e t w e e n  t h e  t r a d i t i o n a l  a n d  t h e  n e w
compos i t es  i s  t ha t  now  the  un i t  b reaks  a re  c l ea r l y  shown
on the composi tes , T h i s  i s  t o  e n s u r e  t h a t  m a c h i n e r y  i s
no t  l oca ted  on  t he  b reak  l i nes  and  t o  ensu re  t ha t  a l l ow -
ance  i s  made  fo r  f l ang ing  make -up  p ipe  p ieces  t o  b r i dge
u n i t  b r e a k s  a f t e r  e r e c t i o n .

S ince machinery  spaces are developed f rom the lower
l eve l s  on  up , t h e  o b v i o u s  p r o b l e m  w i t h  z o n e  o u t f i t t i n g  i s
t o  be  ce r t a i n  t ha t  a l l  s ys tems  i n  a  g i ven  un i t  have  been
rou ted  p r i o r  t o  i s sue  t o  t he  a r rangemen t  g roup . Avon-
da le ’ s  answer  t o  t h i s  p rob lem i s  wha t  we  ca l l  t he
Advanced Design Composite Study or ADCS. The ADCS is a
1 / 2 ”  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  s y s t e m s  i n  t h e
machinery  space,  main  deck, o r  o the r  conges ted  a rea  o f
t h e  v e s s e l . I t  t o o k  a p p r o x i m a t e l y  s i x  w e e k s  f o r  t h e
“ p r e l i m i n a r y ” ADCS to be developed for the Exxon
m u l t i - p r o d u c t  c a r r i e r s  a n d  a p p r o x i m a t e l y  t h r e e  m o n t h s  f o r
the f ina l  ADCS to  be developed. T h i s , o f  c o u r s e ,
r e q u i r e d  t h a t  v e n d o r  i n f o r m a t i o n  a n d  c o n t r a c t  d r a w i n g s
were ready at  the s tar t  o f  ADCS development . I t  a l s o
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r e q u i r e d  t h a t  t o p  n o t c h  d e s i g n e r s  w e r e  a v a i l a b l e  t o
hand le  t he  ass ignmen t . F igures Nos. 16 and 17 are two
views of the ADCS which was done on the above-mentiol~ed
E x x o n  c a r r i e r s .

2 .  C rea t i on  o f  t he  Packaqe  Un i t  G roup

The  c rea t i on  o f  t h i s  g roup  was  men t i oned  i n  Sec t i on  I I  as
i t  p e r t a i n e d  t o  t h e  o v e r a l l  i m p a c t  o f  z o n e  o u t f i t t i n g
techno logy  on  t he  Eng inee r i ng  Depa r tmen t . I t  i s
men t i oned  he re , because the Package Uni t  Group is  a  par t
o f  the p ip ing and HVAC Sect ion.

A l t hough  Avonda le  has  bu i l t  package  un i t s  i n  t he  pas t ,
t h e  e f f o r t  o n  t h e  E x x o n  m u l t i - p r o d u c t  c a r r i e r  w a s  t h e
mos t  comprehens i ve  t o  da te  and  ce r t a i n l y  t he  mos t
s u c c e s s f u l . One  o f  t he  ma jo r  f ac to r s  i n  t he  success  o f
t he  package  un i t  p rog ram was  t he  cons t ruc t i on  o f  t he
Machinery  Package Uni t  Assembly  Shop,  a  large shop wi th
overhead cranes, a c lean env i ronment  in  which to  work and
so on. The  rappo r t  t ha t  has  been  es tab l i shed  be tween  the
s h o p  f o r e m a n  a n d  E n g i n e e r i n g  p e r s o n n e l  i s  e x c e l l e n t .  A

good many more engineer ing manhours beyond our  or ig ina l
p ro jec t i on  have  been  expended  on  package  un i t  deve lop -
ment ;  however , r e p o r t s  f r o m  t h e  s h o p  i n d i c a t e  t h a t  a
Product ion manhour  sav ings in  the ne ighborhood of  15% may
have  been  rea l i zed . N o t  b a d  f o r  a  f i r s t  e f f o r t .

The re  a re  two  bas i c  t ypes  o f  package  un 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  t y p e  w h i c h  i s  d e s i g n e d  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  v e s s e l  b e i n g  d e s i g n e d . These
p a c k a g e  u n i t s  w i l l  d i f f e r  f r o m  d e s i g n  t o  d e s i g n  a n d  a r e
usua l l y  f ound  i n  conges ted  a reas  such  as  t he  l owe r  l eve l
o f  the machinery  space. The Bi lge and Bal last  Pump
Package Uni t  is  a  good example o f  th is  type o f  package
u n i t . The  o the r  t ype  o f  package  un i t  i s  t he  s tanda rd i zed
type such as the Fuel  Oi l  Pump Package Uni t . These
package  un i t s  a re  su i t ab le  f o r  r euse  on  o the r  j obs  and
a re  usua l l y  f ound  i n  l ess  conges ted  a reas  such  as  t he
uppe r  l eve l s  o f  a  mach ine ry  space . O f  cou rse ,  t he
u l t ima te  goa l  shou ld  a lways  be  t o  des ign  package  un i t s
such  t ha t  t hey  a re  reusab le .

3 .  Deve lopmen t  o f  P ipe  Rack  D raw ings  Dep i c t i ng  S t ruc tu re  as
We l l  as  P ip inq

Figure No. 18  i s  a  t ank  hea t i ng  co i l  assemb ly . The
P i p i n g  S e c t i o n  i s  c a l l e d  o n  t o  d e s i g n  n o t  o n l y  t h e
h e a t i n g  c o i l  i t s e l f  b u t  a l s o  t h e  s t r u c t u r e  u s e d  t o
s u p p o r t  i t . T h i s  b l e n d i n g  o f  d i s c i p l i n e s  i s  r e a l l y  a
h a l l m a r k  o f  t h e  z o n e  o u t f i t t i n g  p h i l o s o p h y  w h i c h
emphas i zes  concen t ra t i ng  as  much  des ign  e f f o r t  i n  a  g i ven
g r o u p  o r  s e c t i o n  a s  i s  t e c h n i c a l l y  p o s s i b l e . F igure No.
1 9  i s  t h e  d e t a i l  o f  t h e  p i p e  r a c k  s t r u c t u r e .
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The main deck rack drawings for  the present  Exxon
con t rac t  we re  deve loped  f o rm  compos i t es  s im i l a r  t o  t hose
prepared for  the machinery  space area which were then
d i v i d e d  i n t o  t h r e e  z o n e s  w i t h  s i x  t o  e i g h t  r a c k s  i n  e a c h
zone. E a c h  r a c k  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 t h e r  w i t h
the  necessa ry  suppo r t i ng  s t r uc tu re ,  wa l kways ,  and
g r a t i n g s . I t  i s  qu i t e  an  imp rovemen t  t o  assemb le  t he
r a c k  c o m p l e t e l y  o u t f i t t e d  a n d  l i f t  i t  i n  o n e  p i e c e  a b o a r d
sh ip ,  as  opposed  t o  t he  t r ad i t i ona l  p rocedu re  o f  assemb–
l i ng  p ipe  s t ruc tu re  on  t he  sh ip  and  t hen  add ing  t he  p ipe ,
p i ece  by  p i ece . A s  w i t h  t h e  t a n k  h e a t i n g  c o i l  d r a w i n g s
d iscussed above, 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 ,  a s  w e l l  a s  t h e  p i p e
r o u t i n g  a n d  d e t a i l i n g . T h e  O u t f i t t i n g  S e c t i o n  p r o v i d e s

 t h e  l a d d e r  a n d  g r a t i n g  d r a w i n g s  f o r  t h e  r a c k s .

4 )  Add i t i on  o f  P ipe  Shop  Work  S ta t i on  Rou t i ng  and  Coa t i ng
Procedure to  P/D’S

Each  un i t , machinery  package un i t ,  and main deck rack
c o n t a i n s  a  p i p i n g  d e t a i l  d r a w i n g  ( P / D ) . The procedure
fo r  p roduc ing  P /D ’ s  unde r  zone  ou t f i t t i ng  has  no t  changed
a  g r e a t  d e a l  f o r m  t h e  t r a d i t i o n a l  m e t h o d  w i t h  w h i c h  t h e s e
d raw ings  were  p repa red . T h e  m a j o r  d i f f e r e n c e  r 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  c o d e  n u m b e r  a n d  t h e  a t t e n t i o n
tha t  i s  pa id  t o  P ipe  Shop  wo rk  s ta t i on  rou t i ng  and
coa t i ng  p rocedu res . T h e  r o u t i n g  a n d  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  ( a )  a d a p t i n g  t o  A v o n d a l e ’ s  n e w  s e m i -
automated Pipe Shop to  accommodate zone out f i t t ing tech–
no logy ,  and  (b )  t he  need  fo r  more  accu ra te  compu te r -
a i d e d  s c h e d u l i n g  r e q u i r e d  f o r  z o n e  o u t f i t t i n g .

E) OUTFITTING SECTION

Figure No. 20  shows  some  o f  t he  e f f ec t s  o f  zone  ou t f i t t i ng
t e c h n o l o g y  o n  t h e  O u t f i t t i n g  S e c t i o n . T h e y  a r e  s e l f -
e x p l a n a t o r y  a n d  a r e  p r i m a r i l y  t h e  r e s u l t  o f  t h e  O u t f i t t i n g
Sec t i on  hav ing  t o  pe r fo rm  ce r ta i n  des ign  deve lopmen t  i n  a
much  ea r l i e r  t ime  f r ame  than  unde r  conven t i ona l  des ign
methodology.

QUESTIONS/ANSWERS
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UNIQUE EFFECTS OF ZONE OUTFITTING TECHNOLOGY

ON THE HULL TECHNICAL AND DESIGN SECTION

● DEVELOPMENT

● CREATION AND
DATA BASE

OF STRUCTURAL KEY PLANS

MAINTENANCE OF THE

● REVIEW OF YARD PLANS

● INCREASED ROLE IN PRODUCTION/
ENGINEERING LIAISON

Figure No. 9



UNIQUE EFFECTS OF ZONE OUTFITTING TECHNOLOGY

ON THE HULL STRUCTURES SECTION

● ARRANGEMENT DRAWINGS (YARD PLANS)

DEVELOPED FROM KEY PLAN RATHER THAN
FROM SCANTLING PLAN

LOCATIONS ON YARD PLANS

● INCORPORATION OF PROCESS LANE
NOTATION ON YARD PLANS

Figure No. 10



UNIQUE EFFECTS OF ZONE OUTFITTING TECHNOLOGY

ON THE MECHANICAL DESIGN SECTION

● PIPE LINE IDENTIFICATION ADDED TO
PIPING DIAGRAMS

TO PIPING DIAGRAMS RATHER THAN TO
ARRANGEMENT DRAWINGS

Figure No. 11



UNIQUE EFFECTS OF ZONE OUTFITTING TECHNOLOGY

ON THE PIPING AND HVAC SECTION

● UTILIZATION OF ADVANCED DESIGN COMPOSITE
STUDIES (ADCS)

• CREATION OF PACKAGE UNIT GROUP

● DEVELOPMENT OF PIPE RACK DRAWINGS DEPICTING 
STRUCTURE AS WELL AS PIPE

• ADDITION OF PIPE SHOP WORK STATION ROUTING
AND COATING PROCEDURES TO P/D’S

Figure No. 12
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