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15. S u n ~ l i l ~ i n e n l u r ~  Wok8 

I The objectave of thns proje~a: is to present a wdeo short course on b a s ~ ~  ship producdon 
to the shipj~ard sknllzd ~ a j e s .  Asssuch, 12 assumes eertszln knowledge of the ski9,s 
needed to produce a shnp, but does not. get deeply anto the iheory sf ship production, It 
is not anected R O V J X ~ S  p1;annan.g and prodaaceion enganeers, or managelqean, The vide:o 
is intecded to gav? the V ~ B I O ~ B S  wade V ~ O T ~ C T S  an idea of what modem shzpbbnilding is 
and how then s~n!Ss axe agpl~ed it could also serve as a reference for outside vendoys 
la a ~ ~ i ~ v a n g  ihzsr 3rssSvcts In shkpbun1d~11g. An Tnsarucsor"~ Guide is included ,AS a 
reference lor a knowledgi,alsie person prresentlng the video to a goi;ap of uade workers 
O: tral r ees. 

shipsl shipbl~ilding, ship :~~oducelosn, 
video, training 



The object of this wdeo 1s to present a video shorr eomse on Basic Ship Rduction to %he s%iUd 
trades ill a sk-pyxd ill assumes that w typicai viewea ira,s a certain howledge of &IS skdls needed 
lo produce a ship, bu, 1s rlof fally convelssant on the subjc;er. l k  is nor directed isv~axds pllar~nmg or 
production efigiaeeiss, 01' eows~ds mF~:lnagcmene or grwernrne~ll a~cL~~inas~a~ors .  Theretoll-e, sorx of 
e l x  csncapes may sbem s~snplgied ur soa quickly c:cpl~ned. 14011~dever. the god was to ]keep 1t basic 
COT I he pnrnarj intenderri au&ence, 

Rodasc~on ot the v d c s  was funded through the National Snualpui%dmg Reseach h o g d m  md 
the Training an6 Educarnon Pane%, Pane% SP-9, of the Society of Navd Azcha~ects r i d  IvIm~ne 
Engineer's [Y;kA~hU3) $/hip PT~~LICDOII  C o r ~ ~ n i t t e ~ .  The SP 9 Panel smtemgnl of lnlx?k foi~ gal~e 
project real~ested a 'iidao ~anning program d~eceed iownds helping h e  t j~ncal skili;ed 
tradesman ~~ndf;rsra:icl ille bas c :philosophical pnrciples of ad.iiai~cd skip pwducfi.rn. 
Reviously uwlaen ela[tsrszeus 9)vanted to develop a better ur~dersls~n~iqg of advancec produehon 
c~nceprs. rue:;, viere ghen ma ?rial prepxed for eiqganeers thsnlt was too complicatcc. 

A study of how compemg fore~gn slaipyxds achieve hngh levels of prductibity reveals that the 
vgorrkcrs nave a greater undaslanding 01 advar~ced ship produc~on than is fyp~cally found in 
the Unrtcd States, "Fhe foreign *wor1cers--es1~er,1a1Ij~ in Japan aawd in Gem~awy--.Ra~ie recs:i~ied 
wanmg lss gmup ee(,hno%ogy, in stat~sucal process control (ant2 its relaaionskj.2 to qud-lltui and 
p ~ 9 d u ~ ~ l v l Q ) ,  ancl 9Y~e ~rnpcx-ranee of process anabysas and infomadon fexiback, ?or th: 
U S. shipbuikci~iig i n d u s ~ r y  to become naily competitive,  he U,S, crdtsmsn muse ~ ' ~ s c  have an 
undersrandan; and i ~ ~ ~ p ~ c i a t ~ ~ ~ a  of the advanced production nrocesses. 

Thas video 1s nnzendd to gwe the vmous trade workers an idea of what modem shipbuil&.ng is 
avid how f h e r  ssk~lis are, app!i: d in niodem sskipbunlding. For example, those who have vqe:l&ng or 
panrmgskskls and experience, but mnay not know how it ns aplrslned in shipbuiidmg, V V B J ~ C ~  use this 
tape for ~nrroclucroq/ rp~zeealai IT cculd also seiw as a reference for oiltsia:: v":,lldors in appll~irug 
fhen produc~s 117 shiabualdnssg The Imrs%m-aac~or's Guide is presented as a reference for a 
knowiedgradc person preseresmg e1-i~ video to a gmup of trade ~vorlcers or balnees Space: has 
been iefr rn  t h ~  g s ~ ~ c e  f3r S ~ S ~ I - L J ~ ? G $ O P S  10 vhir~te an thea4- owii notes, Scene numbus from the txtgsnal 
developmen: oC the -hplaeo wera: reaa~ned an the gulde as a reference ro the sdgnal ss:ripts ial ease 
chznges arc sequuel In some iutue develispment. An outline of she majo- tsyics covered IS 
~ T O ' ~ ? I ~ C G  CZT the 6 6 ~ n u d e n ~ S ) '  as a. reference an2 an outline So: note uhng. The vadeo is ~Xvided into 
I n e e  roughly q u a  lengch prf3gr*aJLns The hi4 text cf h e  programs 1s prorridcd nn :Inis guide, as 
\ v R , J '  as notes and a d c r t r ~ m a i  e~pianatrjry lnfomatso~ for B P S ' ~ P U C ~ ~ H .  
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BASIC SHT !k PMODUCI'IO W FOR 'IIHE SKILLED 7rR.AElE;S 

The object O F  ahls v~deo as to present a video short cowse on basic ship production so the shipyxd 
skilled wa~~es, AS suzh, it assimes a certain Jmouiledge of the skills needed to prwluce a shp,  but 
it is not chrected aovm-ds plari ring and prlod~eauon englnefxs n managcmcr,t. 

Rodsacnorr of rhe vadeo was funded through the National Shipburi&ng Reseuch Rros~arn and 
the Tfairwg a ~ d  Edrrcabon P;~rsf,l, Palad SP-9, of 1.11 e Soclleagr sf Nayval dbchitects and 3Ta-ine 
Engineei > (CS64A3811LE) Ship PI ~~dllictia~nr Co~~nmitaee The SP-9 Palel starcmenst of qt~ork for the 
project reqdesled a video trai:~ng p rogac  aireciedL to heIping he a j ~ i e d  skil%d @a~desmm 
nndcrstai~d tbr philosopkacal ~nncipi es 0% advanced ~ ~ O C ~ U G I ~ O P ,  PTCV~OUS '~~ ,  w11er cmCtsrnen 
wanted tc develop L be11,er un ie~ssanlci~wg cf advarnced p~f~ducaisn  concepts, they hz,d :o use 
mateia% prepcsd for engincecs. 

A study sf how compeDng loieigaa skipyuds achieve high levels sf prduc~iv i ty  reveals b a t  the 
worlaeis havz a gearer ~xnderssandingj of advamcd ship producdon than es typically found an 
the Un~ied Stales, The foreigl workers--especia8ly ~w Japan and jn Gennany--have recs:iva:d 
~ a ~ * i i n g  ~ r i  gc01.113 ieckno%ogy, 1.1 scatis.sica1 process conwol (and its relationship to q.%dLity and 
prodllcd?fity), and in tkx nmpciraance of process au:a%ysis and infolmaGon fedback. Fn. the 
U.S shapb~ilding Endus~y to 13ecome truly conapeci~ve, h e  U.S, eraftsxan must also have an 
unaersrandrrzg and a~prcc i ae~c )~~  of fhc advanced produetiari srocesses, 

This video is interadd to give the various trade workers an idea of what modern shipbuilding is 
and how their skills are applied in modern shipbuilding, For cxmpie, bhsse who have we:%ding or 
painting skills and experience, bur may not know hw it is applied in shipbuddng, wsuid use this 
tape f i~r  introductorj1 material, if could also senre as a reference for outside vendors in %~pg:slying 
tLeir produces in shipbuilding, 

Ths Ins~uctor ' s  Guide 1s pre\euated its a reference for a knowldgeable person presen~ng the 
wadeo to a group sf rrzlde workers or valnees, Space has been left In the guide for 1nswuctsl.s to 
~ ~ n t e  ~n eheu oaJI'n nom.  Scene numbers from the orlgrnal development of $ 1 ~  evico owere retained 
sn the gusd? as a reference 10 the origind scnpes 11.1 case changes u e  rquired in same future 
d e d o p r n e n ~  P n o~~91ne  of the major topics covered is pro~araded for the ""s~denas" as a reference 
and an outlane for rcke tddng The video Is divaded into ~ b c e  roughly equal Heng& .irogzms. The 
.I1111 text 31 the prog;a.cn. IS pniz/lded in this gu~de, as well as nates arid additrsnal cyipda-~atcx-~ 
nnfomatioo fcr :nsmctxs  
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Scene 
;\f ?JO$E;S 

m- - - 7 a a d r - m l & . " m , - - w d . P m  

NAI:R14TIVE 'TEXT 
r " l i  ---am- 

- 6 a a x c m m z " d m m - P  

itic afid Qaenlr:lg. 
-x--p -.YYYY- 

* --- 
I h i : i : h u i ~ . d i i ~ ~ ~ ~ i : ~ k - ~ . ~ a g ; c ~ d  6r.;?mall.icall:q over ~:he past 

! 
I ~tdvail,ccs in rei:hnoli>gy, gsvenml~emt rp'~licies, and 

i I 
[ ; ~ ~ o T I K ~ ~ ~ " L ~ ~ :  . o ~;'BCTGIPS, j,![,c)li~&l\!~f, t]3,,",,i[i~l~". u ! 8.r!$:S:; s 

:li,i"ji.ivmcrn f1os r:han~:i; has bee:rl c80tr~ilmoe~il !.ion:, 

--- 
dership he in their use of' ne:w 
~1,~arieed pr'3ductin:1n-i aer: h nic 
their coinmit~~ient ~;o najrni - 

n this intu,rnasionai coim:2er 

7 - 6ai .. il-ier e xe 3 piograrns but ihey we 
I dl on one laps Tcr ezsik: 
1 & s a . b ~ u o n  - yab ?&ill sce xhe 
I , bre& a'; the end of each 
! 

I 

ship i~qa:rIcel, TIlie nee$ to liook cuefidly an d~ese ~'tevy 
techriiqIkses a ~ , d .  apply tH1er11 v~*)/ht:re they will h8t.J.p US the 
most, 'The pur;~ssc sf this vidco sci$.es Is to in&odu?,ce 
yoan %:o these adjranced rte~hrclli~cjues of' ship desigir aa8di 

TI. 71$4/~3 ,\~vill, be drlillg rkis i n  thr8er.,e j r , ~ ~ t s  
>d7- 

fn [his fi,rsi iar~c '~h!~e .VIO ill begin ~ 7 , h  a :101>k ~ , t  the 
shipbu:iding methods of &ie pa.s: and hcw ~ h y  
csnwast wj.lh rjalsre modem tkchrliques. The se'c:olnd 
segment .uui'kl lo'ok ai fh13nli., u,il~Rsl~e. shi;pbt~iidiiu~s. pr'c~eess 

t2 ", a and some a2hwncd tecjx~,iqltles, the Ilniril st~ixs~es some 
-- 

7 

I 151 the la~e 1883s. '117/10h3ld. was the px.jlm3sy mapenal 
d :For the consruetion of sezgoing vcsst:-33.x, 

d bend and cant fiarns to form the 
I rr. Planks were the:.n fitted 81'~m-d this 
i ,-a " 
I forin the hull. ~ h ~ s e l s ,  ~tr i ivs, and 
I planes, as well as e~pcfience, u ~ A E ' R ?  the :main noosls 
i 
i 

; 4 --- --- ----- -- 
SySJmq were !,~rnpie. - ---- ---- 

8 I Then tile indusrijhl revolunaion in~udaseed the v~cs ld  to 
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Scene 
{y  '!h,i,$\RF{ATIVE TEXT 

" - - " v m - P  

cation t i nx :~ ;  1~tq1,1j.i"8~1, 
f nstead af pianni:lmg cs.1 s,~ucti,on "m 

--- 
t'es u:ilr "~a,cl.ds: " 10 aia.ily 

ce, This 3:~ck.njqzie 'hiemcame 
old lofta The vwo8nd8t.~:n 
the ikiop cs i.naA: an$ cut 

,-- , 

~Loa. lcu"!~irng 51:eel vvas 
til,!cly high ;f:wperrse ~f this 
y used until rhe ]!afar in 

---- 
it of thesi yeas of eff10~ a.nd irri.prs\renlenr 
n a ccns:x~~e%ic.jn method sti l  used $y S I D ~ ~  

a,!/, This ""Tradiriowd llhipbuilagng Me&&' 

trade organized prod~~nts~;io:irl, slystern 
cxienged  work srd,ea-s, linired acce,:.ss 1s ;;v~'il: si(:esl 

plr, acc.txa.ey seqi1irem't;i:its6 

--- 
ng, pls.nning and scheduli.ing zre 

--- 
16 Tradsr Organized Production 

.- 
S ~ / s t ~ , r n  'Oriented Woslc '3rders 

,. . 

I 

I related to a pabiaiculx system. These are divi.detl 
/ accordinrz to a Shio Vi"s1-4~ Bre&cl~wn SWL:C~D~P(:~ such 

I Sites. Since much of 3:he v~ork must be ped~~ra-u,ed 
i 'withla the ship, ccr gestion s a main coact:rn. Trades 
/ muse c ~ n p e t e  f3r access to smdlL areas, 1ead:ing io idle 

increased amounts of re~mrkl  
-.----. 

the ~adizl;srial rncck3d is 
I relatively Simple Ac:cmraey Wq~bernen,:s; %aNccuraey ! reqriirtmenrs ire oniy considered in relsnw m 
I sepa;Pa::e sysems. In most 'cases, necura,cy ~rotliems 

I " .  
I , ,,??"a wL, corrected using a C U L - I O - ~ ~ ~  approach, rc:s~lting m 

I 

__11____--- 
'r ielarv - m--P 
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ua--=.ma.=-m-z-. " - .  1 -. 
47b ; r ~ a c h  sl~:~p reqclkes a certain armnolunt d 

/ ~ ! ~ g n s ~ j $ ~ ~ q ]  work ,:o co~.~~pletc, bu~t 
', i i reduces the rrsom-veJue added work 

A C G U J - ~ C ~  Conno1 ~ h ~ d i i  actually 1 
1 start Err the design oSB~cs;, whc13e: 

cnticd measurement locanons cue / defirted and shown ofl t ~ a  
11 d rawlnm 

" - - - . - - i  1 Viork Packagzr 
8 dso called kits md paliels - are 
I terns xed in many plsc:cs, 
, srlaelen~,~ should be mad: aware of I 

snccessful. -- -- if a certain ~ J ~ L T K  of the ~3mduetion process is .w~:rk.a~lig 
as ik shou:ld, the dimensions will be witk:i.n tokrawee, 
In order to appIy acsura'cy lconeotl, sta2isticd r~asords 
of d-amensions are kept to alert worken 3.0 a pro'cess 
which is sue oi'cnira~ol. To be effFecti7\te, acc,cracy 
coni.rol needs eo be perfosmed at all levels sf 
f a b 6 e a ~ o n ,  including panel lines, subass~~mb%in;.s, and 
fd l  sized blocics. ---- 
!T ,v?/ e lk  packages must be ckara3-iy 'derfined, Jvlareu!iaEs, 
drawings, i~.ism~cdons m.d manpower a-e dir~ided :nto 
~311~:&. or discrel-e units sf 3a~rk, %h8csc; palleis 
contai~. all of tne :nforria~on md resou~ces Ilecessqf 
to .finish a. por~isn of work within a speci,fic zone, 
' q ~ l J J o ~ k ~ s  ue only given the maleiah and. in50mnalion 
needed to csn2plete the task. This ehnir;ates thg; necd 
to sfrareh fisr parts and to %,'oak at ~Lraaniings wi~:h roo 
~nuch ir~forrn~laf?~~'i. --- 
h4anerial classificaaiori a.nd control rrle~lne;.ds nmst be 
imp roved. hAla't3r~~aod storagc andl ret~i3:vd~ sh06:k 
yxrcls, autanai ed sr:.nd se~niaezromatcd mc9vemen t of 
stcei, p!late and srructarral members, and :.veli defined 

t~grnan ia.bor time spent on prsdue~an, In oehe:: 11 

vdords, .~bvsrkers spend is,ss time searching for parts I 

an.d moI,;3,ng material, and more tirile putting :it all 
.Lo n C, . he r  . wit11 vatu: added ~ilork, 3- 
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Se8ene 
.j;k p11 $TtpfT]rq J!.., 1 ."+L, 7,.F7 mnL-m--&"m " -*-" - - - .  --,---. 

NAII,(RATIVE TEXT 
--smm- ,-mw m- 

5 I, <I S~:;i.nciardizads..n~tk.,n m e c l  use r ~ f  s'l:ar~e:I,aj:'d ~al":ls cuts COQ;~.?; 1:n a cr,,. . 

; of wa,ys, $tanst Ian1 pmts not only xlecrcase aruqujsidon 
/ tiline, 1 4 . ~ 1  I;;~~:CP~~BS~-:: reajudred stsorage sjpaci: a x l  dii:sign 
j .," ~zn:r,~,  Sta~adarc. paras XPE often ppr:~~rc;hli;.sc:d l:iisi:~rn 

cer.pj1.i suk$kys - s~:ra,].  ~(5asons. 
,m-ar +, - . -- --mu"-m ""nm---" --- 
51b 1 First, ,de,si ~ , I I ' ~ P I :  ~J ,c\IB~s know ai;:,e speei:fi;: nl.io:rn s 

. .=-. . --- ~ a t s . ,  which !!;r?eelis IJTI design,, --- -+. -=.-,,- .- . , 
21'~ I Se~:onk:l, y ! a g40f:!d reN.ations h%p beerl:c.ree~i~ $1 ~c,ppan. 

1 I ,:t.':.:':lvari~ ! i i  ,., I I & H ~ S  !i " i a f : ~  ~?~/:i:iich better rn,ee,:, thle 

" ,, 
.> * . *  

~ei?lhi.nir?i,.res, Vl/'i,xlci class ta~cnintnes have ::xpande,d off 
ihi; ,l')ia!crfronr ui6 have hewti to reserniil? 'ship 
facri36es' i:'a~:Rer lllian tlsradinsnd skiipya"r:ils yl;?ihen2 most 
of :he f:srzst1uchoc, has nnolved t ~ ~ w a d  an asscrnbiy 
line ap;~:roach i:o c;snstmcdsn, This I C I I I C : Z I ~ ~ I ~ ~ B ~ ; ~ ~ S  
srde~By 81,d efficiewe Bavv of mat~cxial srnd i,nzeri~:ri 

I products, such as assemblies arad bimkia. I 

-33-t . "P . - ---am---- -""""- 
Pr'c~duce 1Quabt.y Pr80duc,i s Tht: v~E.~~ole siriuvsi~cl needs to be inveriv8r1!l srr I - r. 6 

p a I i t ~ ~ ~ ~ ~ ~ o d ~ ~ c t s ~  T : : a t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ , ! : ~ ~ ~ ~ q ~ u , a l i ~ y  ' ..IY".-YIMII.I,"WLYLY -IIYIII-""II I."""" YI-LY-,ll-.m 

m---a--amLp 
rne;,nt 17lrie:ting s~-iecifj.catjons, - --- I- arid w a s  insnared by rqesring dekc:~vtg ]pw[.ls -- ::,y a 

I 1 ;$parate "'Quail~ry Connol"' o r g e n i ~ a ~ ~ ~ n .  :3ue qr 
1 --- Lp-m. . - 

55 " Customer Saiisfacdon 
I aspl:.ct 43f h e  ship p;rocu~~~:n~ent process znd h e  
.f: ~n~ibhed ,, : ..,' produli::~. R u t  qudivy and cusr.n:r~~e:; I 

I sah.sfai:tion is ril.ot j ~ s l  limited 10 ssatis:Fj;ing %- t h e  final 
~ ---- Il--n,.iiu--="-- 

ccs~:sm:r - the sh,p owl~er, -- 56, 7 :1n,roives h e  custc~mers rsf I-: 
p r ~ ~ \ u c ~ ~ o n  I~IOV~ES rkr.ougR.11 each sr 

uzllt is responsible for p::ovidl: 
1 rtexl; g;r.:rocp down the line with a qua.liry product. For 
I exa:rnpl:e the blast, and p~irne . people . are ::zspansibIe f~m 
1 s~ , ;~p iy ing  !:he pane? l.ne cvzlders wfirh plates ]properly 
j ccated with weld-through primer so tha.~: eke 

I 1 aula~inated welding nnaclnines can procl~ace qualit 
j 

~ mm---.-.-7,m*a--- ~ 

1 welds. 
>-.>- 

59 r- ? G ; i o i h t r  11 insrancr, design inginetxs need m 
i supply quality ckavQ ings and instructions to tilne pipe 
? fjrrers s o  that piping Dent in the pipe shop fits p&eily 1 

1 I i lookrnl :or beerer, more e1ficiine l l ~ a y s  tr; d3 value 
-L-- I I-- addibd \volrilc, C'I to - clirninate ncn-value acldecl 
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Scene 
f; * ,," Y0TX.S 

" . . mb"-.--w 

-mp -- 
f L:L~ fclreign yards hn:vesc in ~rai,rnilng a~ 

7-3 

fl::l.n ll;aSo V ~ I " ~ ! . S  d ~ ,  :even .:n orher U,S, 

1; 
I! 1 
; 
1, 
1 



&4 

ShSpb~~ild:l..ng ;?ll4[ethod 1 cf on-,sire p!moir;g, i:rald?de ~ ~ a n i z e d  pro~foi:ron, 
* 

w c t ' P n n  o:iented c::!2:ic ~ ~ d e a . s ,  I r ~ ~ u ~ e d  acces:s to wok.%< 
b : n k i .  ~ ~ ~ ~ ~ ~ : + : ~ ,  !,qr 

_ Y m _ l m - _ Y Y Y _ _ Y _ Y ~ ~ ~ ~  pm --.--A- 
STA.E-OF-T.%Zd-ARRT In zonl.rasr., stai;e-!..il-. 
PROELCTION ECI%!~IIQLTS er,ized by: Ad,va.nc~s;d kla~ay.~irsg, (>i.g~,~nized 

AdvanccxJ Placn~ng Pscsductii..jr:~, Sy s!e::r!s, Prncess $ri-ac:nted !Yak Orders, 
O~ganized Prold~lctlon Systemsl i:cl-,ss lo JJiork, Tight.:!: ,!h,cc~:racy 
Process Oriea~ed V/ofk ~C>rdrs~ 
Open Access c.3 '~~S!!ork, 
77, 

1 ag1xe-r A.ccu~acy Reqcquiremei~rs, w~mp- 

7- ngc 1s the new produsticin technrques 

Hasic Ship IProdractiuesn For Tihe Sltbilllled Trades 
P R 01 [: :J]h A :'\dl 2 Taoe 1 

P, li7 

19 t: g TI, 
4: ;I${ lf-j ' ~ y g  :I%/J!!~, W R ba':I['IVE T E X 'F 

A.---%da-dw,m,v a-p -YY-- -- 
mi\ ia a !icnes of three pq;l:.nms on 

in iihe "!i,mcj,rica.m sl~lpbuiichag 
f~~rst ~progarn vie discussed 

b~~ildinig a~11iL in.hr~oduc'e,d s,sn,i,c: of the 
pjpr,{:iaches ship @ons~r!~cfl~c~n, 111 fi,is 

-- 
e'li loslc a~ how cnewer ~echniques sulapcs~t and 

, 

I 
---m -1 --- -----------,----- / 6a I Prodilci~oo Organized Ey Process 

pr.crg.al~c: cve wl ii ,rake a ~ril,are cdetaiLed 'iafl(: as ~ ~ t q ~ e r d  
of .i:ecilniq~~~es wh?cli.l sk~ipbni!,ders ;:ly::rul:,d thf: 
,*wol*,l~d today ;: -"j',-5' +.,I,~;II:! - a" !CIl ~ ~ ~ C ~ ~ ~ E L S I E  it'h!~ t:O 5'; ~ ~ , T I L C ~  

increase the effi~cie~ncy of ship prod,ncden, Let's 
sr3rne p,:!-ta~acrt::~is~cs sf the rrarkh~3?1xl 

ship buiE CL.1 I g n-~etl I nd ;lz:r~>d c:ompzuc ir t~ .~;dl~al: 1 7 ~  
riescr.ibed as 111e a8&b:>1~:~ced .- bill nol!jlli go:. sj,,r,,-, ""Sate 

P 

First, the ship factory, or produceion lir.-.a: type 
,processes used in hulll b l o k  csnstj3~ctiorn chive 
planners to mare aadvaneecl ple~aning, so p80ssible 
~ r o b % e ~ n s  are detected and conec.ted early in vessel. 
design. The latest computer &sign appliczfioms 
support tkis more cornpiex and denanding approach 
to the poducaion cycle. Planning %DI a ship dhided 
jn:o manageable pit ces is n3me accurate., 34aterial 
needed to pbodbace 1 lose pieces can be nnade a.i/291a$le 
jus; in time flor prcuduceion. -.------. .--, --- 
Production is oeganlzed by process, not by uad.e, 
Worlcers are a~~axsged i.n procluc~on teams to w e ~ k  on 
a number of jobs, ~ i 1 ~ 3  as welding, fitting, and 
elec::ric.aI., at sa:e tin le. Sewices of the size a.:nd y p e  
r~eeded for ehac stage of work are pmvidzd ro the 
workers at thejr team's work station, 
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,r7 

8 I2 m" IF; 
.!i W, PIT AIRRATIICVE TEX'F 

;r* ;Tz[::lr jL~ll::,f"aj,]c!'e9 ( ~ I J P J ~ ~ I  
a ei,r1+ied bl,ss:k process 

ild, a.i~.ili 7i:iols frsna 
ws ~fhe ~ ~ e l a t i ~ ? ~ ~  c~ts(t sf 
'~,tl,tfit 1;1:"!jt, 013 

of  ,wo~k can 'be elleaily defined and pe15:rxle:d livieh, 
bates. ~~ecountabilit~y, P:ianners can bast ~tl~t 

--- 
c:lues i s  Gpen .i2iccess to T$!'iiIo~.~~:9 prcytrided by ~e 
ature sf ~ issembiies and blocks. ------- -=--~- 

men on a:? lea:~! o:ne s:.de so 

P -3- 

~ L ~ C S  !:hat !,6/1e w.:ii1 li.~~cdc ~1 here arc 1, ~ g ~ l ~ f e r  
-p L I T ~ ~ ~ Y  R~cq uireil"ilen t I;* --- 

Tbrc nccessiL6:y of having each smbassernbly, 8~5el72blj?, 
1 I and block fit togerht.r .i~~,!le%l ir~q~iir~es tighter accn;racy 

I 
I 

i 
. - -. - - - --,-- - - >--* - OSI 10 s81.ady some of t h ~ r ~ ~ c r ~ ~ ? ~  r,13e in more detail,, -- - --.-- m' r- I The shipb~ii ldng psoccss sla-rs 'lg~vij,til the ' ~RS . IC  

I i , .  materials of plate arid shapes. Here l;ke ma,terials axe 
[ In a logikal arraniTer~lent for q[uis,k ~e t r i e~a l  by 

'$rdn P:rime ------ ! dzciiared, --- les are sent speciiiii !~h::oulgi.i designed a blast cranes. and ~ T ~ : E I E P  p a n t  -- area so 
and ready for cuati,ng arid we:l~ding, 

mi;? proeeces she metal :!rorn gettirg 
1 oiber processes and is easi.er to ~ ni- of s'tiffcners. It is allso ibn:n.ulated 
I i r j  r8~:!:fcre with nlhe 1fi/eX83ii~g and 
I 
1 
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Scerie 
*/4" 
i~ VI~;~I~ES 

,.SST4"""""""""-" - - ""'""","" --""'" 
N 4 1WRATll:VE TEX1R' -- 

I! k e l ~ : : d  '1.o en; 
I I 
I . ,'"---- - ----.-"" 

-"YY-- 

!I rlpy lai~~ce hmiss is k~~~lortin-rni so h a (  the I/ 

-4 ---.- "- ""=- - 

24 1 Advanced Welding T 

I 

n--,-p,wL-m 

Sdlfener Marking 
-- -=f- 

the s t ~ f  
! ljl/iiith highly accurate steel tapes prepared speclficdly 1 
1 

,-- - -m---m-vp .---- ' 77 1 Frame F c . ~ i i i ~ ~ , i n g  i - '  
h e  panel lire is dedii:ared a 

I 
I 

I i 
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Scene 
>;,J 
PP 'pl,~~fjlt~-'j~~,G9 

? i\T"m-.. ~"""'-.*" ,--. --" =a,- " L W " " ' " " "  w--m -rm-- 

N14RRATTVlE TEXT 
1 :i '8 .,. srn;rXi aml.iil:[fl[ r:,; : ~ i l ; i l  
:/ 

1 m,"--mm mmmm--m ".---- =n--m=----.-.--..--. i !  , ?  2 1 
I 

~l L:-. -,-z--m.x---------.----.-. i 
I 32 

i 
--mr--- 

cr1lls:r o~~rnatiorrs are per:Fa11-i12ed in a separaae 1 
i -,_-- --a3__-,.v---p ~= ms-.-=-m ,,.~ .=,- ---- -- 

I! 34, 1 S8ubassemblies to bllocks 
I Other names for the various 

i sxges of constx~;don as: 1) Pur i 
Fabrication, 2) Pxe A s s ~ m b & ~ ,  3) 1 

1 Sub-Block Asscnnbly , 4) B10clic 
'1 Asst;.:mbly, Gr:.anc&! -Bloi:k I 

~ s s e n b b  and 5) Erection. 
,Lms3--,m, - 

I 

IYYRI~=~ll~. l i --m-..  .. -r-z-- 
34 1' 

1 

T-->,-,--"-.--. xz--mw =- 

I 

----. ----- 
38 I"l3iock s :;6rilgFBuff'er 

F 
i 

--.4-*-=------=-- -- -=-- 

39 1 
i 
i ---- -a,- -..----* -. .-=--- --, "..<.-d-- 

40 1 
)I conveniez~i as xt is i~~~side,  and weather car1 beeo 
I 

"-.-.-n-.*-,---=w%- mAm.7-s~ --- fa.ci;or i n  pmductiviry- 
--mu-- - 

41 1~ - that is why ?he advanced planning a.nd el::an-n des 
) 

I efforts of a build saratejgy, that mow the work 
upstream znd !i!nside, are so irnp01~7ant~ 

----,- 4 p-----smw ------,- ---? 

4.2. Blas~  an! Paint Facility Cornpkred blor:ks ,with most of the heavy ourf~r 1 . -  
->- ~ --.-.- ---&=---.---,-=-.- 43 1 and huraidity con~.rc~lied Fdeili~y~ I 

Tne only s~-bcilasral painting kquis-ed after tbls 1s 

--Lmm--=- a- mmmmm m-J ---r -a,--, 
at R I I ~  eracriort b.rt~s and seams. ----------- - - 

qn 1 Again sec-cricec, s! 6 1 as these dedicaled <sal~sfer c&iTs 
1 kre yov1cled LC) spec 2 the units on their !>lays 1 

I 
,, - A .  " - -  



Basic Ship  IProdnnction T~he Slsilled Trades 
IPIIROGRAl,MI 2 Page 5 

Scent 
ii. '+i;[]'r~:;S N A,jRRA"rwE TrEX"I1" 

p",'m,~,"mmI momml,,, "",> r . l m " a r . n i , " , ~ i ~ n ~ ~ ~ .  ~ u r m m , ~ l u , ,  -r-uulm,-m- -- --- " 45 I RZ:!~~kFreeti~s;~c~. 3n o:f tl.11:: blosl;s i s  the final slc"[j i~ bui:ldi:w 
*.- 

/I 1 shig:lls ;7drnaq 11ii~lll nanic turc. .~Lict L I J ~ L ~ L I : , ~  ,ti!?. up4 is 1 : cnsu;reld by j~:onr~li~i,uo~,,~s prac,l:ice of aea:uracy i:onxz.oi, 
basic !;!I 1:l.l~ zi,niiilo~il: consii.suctio.2 prc~~cucess ,fj:,a.ra.i the 

- - s m m - m = ~ - ~ ~ a z ~ p - < ~ - ~  -m- 

a rr'ecssslry if ri~c;.;se set. rris ;~,:nd 
ai*8c T;I> .pr~:pcfly a~nd allow /Jjc u3e of ad*il/zurlceaj 
welding raethod.~ sach as el'ectm, 16), or ::l'ect~i~~~;as to I 

.' "2,: ~! weld die 11,vholc butt in one pass, 1 I I I 
I seaans R : I ? ~ ~  b1~1:ts ~f il;e ei",i;e.ctb:n 

.ir thsl: '141ve hrvs: gone :;hrc~~~gh 
i,~:'bmilding process, ?he s~app~o~~tng  

metihods hbaz: help us build s h i ~ s  

process, 
be srudied in more &:ail, ancl in 

of rlae operalions ano.,~nd a 
how yard la you^ xffccls 

aids necv c : ~ n s $ u ~ ~ n  by arranging 
flow like a :factory pn~,cIuc~on ime. 

I I 
I Sk~ops in old sl~apyuds evolved from snplpos~ng 
( consnlclion ai the waterfront, so :he s b ~ p s  ic4txe di '1 I . o c ~  tell 1:10se to the wv'at~~ff~olnt, In :ti13 r;fli,j,i.e rfioclem i , " *  I shipya~d t1re layout pel-rrzj-ts an asser:ably .niiiiE t~pproack 11 

I to c6n:uacrioir. @ ~ h i s  ci7courages ~lii!erII{ ~!illd efficient O 
I Raw of ;r~.atel.ial and inre~irn products, slrch irr steel : 
/ asseml,lies, outfit uilirs, and blocks fram r l , ~  remote 
8 shops ro the wrilate:rFront, You can see hcw li"rr,atcfial 

1 _anL.__." c-mm-.--.-Lx&--%a;=- --P 

knd*inrerirn products flow tmvarci hi. btilliiii~$ 
aammmvrrm m-mr-rn- --- 

r50 1 I Many of the production processes a:re g~oupcd 
1 :  together, such as .pipe outfit unlnii prr8cduc*;,e:n 2nd 

1 ; . . 

I/ ; 

u8ceion technique ca!:ba G;r~:iap 
-~-------~p.-=-p=p~ i -- 

5 1 I[ Gi-or!~ T c c h o i ~ g y  as ori~inally r~eae~td 21s a system . bs 
ng s~mliar producrlnrl pmt:esses. I 11rroBogy expanded 1 : ~  i.neli~de 1 the erranf;crnexit of ~nanuiacturing mchi~nery,  

'I 
- -LI.L----w 7- 

of rnac~ilnay. 

longer disrraces. T;~l~e-do,vvn and setup rimes ar 
1 increased. .---. * * " b  T--=--p. - 

If e 11s sarne area is rcurailged using the is:leas si 

i 

1 i 1 ;-- :ivEtgt. [ 
~ - ----.------.~"- --- 

1 Group Tecknologj,, we see that maternal foilowra an ; 
I organized path tkrouglh production, There is less 

n~aterjal handing and less %inla, k~ee~ieel~ n-:naci~incs. 
The result is a :ig[~i!icai~e eosf sa.?riurgs al,l.sI. .n:reased 
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Scccrliir 

( ~ l o ; ~ ~ ~ ~ ~ ~ ~ t ~ ~ t i ~ i s , ' "  is cr~hai~cerl  .t!xongh tl~sic appii:a.&io.l.a of ! 
,,.--.,--a, "-..."~",- 
6:: . .. 1 -, . i .~r~.,~rl.  'T'cch:noiogjt. The p;:incaples of Group 
? "  

I ercirni:jictj,y a:i: u.~,scd to produce the irnf~:::r>irn proilucts ( 

I !! of iiuli. I:~l,ocks chroargh ;p:iocess iancs wi 1.24 similar [I 

8" 7 !I 
wok ,i:ypc and content,, 1 hcse mnalrles rxe groauped 1 

the pr'oducr.ioi:~ processgs needed fbr csri::,~xctiora, 
p"fJc655 (:;an 8,:s~ S ~ X I I , I J ~ ~ % ~ /  ECB g:!̂ i l.!ie be.st I 

1 
~ m > - m " r ~ ~ - ~ - " - - . - ~ - - - z ~ ~ ~ - ~ - ~ ~ ~ ~  -----? 

56 I Foi euc,a.~:o~~:~I!c, f l a ~  blocks f'3lr a sf1i.p ' s  bc?li:eo~rl, sl 

I I deck sections, do n , ~ t  r'elqukt: specla1 suppcrr,i i11 
cor~s~action.  So i t  is rn'orle e",;fificient f ~s  I~bild aE flat 

Amm--L-~manr. 
biocrles u:ogeeher in a dedic ~~--i-=---- = . - P m - m ~  .m--- 

Gves!.  bla~:;~eks, on ?he oehl1 
jigs o:r ~ ,~hes .  special sllpprlrt to coa'rrn 1.0 t:hrir 

I eanel hold the p u t  to that shape iluril:ng 
I, I'iring &f internal sn.ucrol.;rl mr~rib~crs a 
1 outiltting are inrreasingly - - c:lii"ficul.t 11~~1,ith lnor~e shape 
I thl? I b l ~ ~ k ,  50 dle:?5: l3'lDPl;? ~ 0 1 %  CQX3tCilll. CO;!I"I~~:~~ 
t blocks than in similar sized flat blocks, 

ason they are g~onped t80geflrn~aar arid 
fab~icated Ira a s ~ r E r ~ r s l . s c e s s  larre. 

"s-,--',-".--,,---- - 
The c!sltlcept 0.: perfclnning work: by zones has 1: 

! mendoned a n ' u ~ ~ ~ b e r  of limes, I[-..etfs :st% 

' Wcrc v ~ ~ 8 e  see ijl1;,sara~2.lon of ?:hc ann.ce;~r, of a zone - 1 

v e n l s  - a, sysern br-dcdown uf wcx:k. At eacl: 1 '1 - - d  

j stage, geog~aphic zones u e  design;\tsd ;hat. i r ~ c l i ~ d ~  
several falrrcr-ional systems, such as the fi~re r n h 9  6ijicl 
si% pipjng, at1r.d baUhst systems, The resalt .is that each 

1 1 zone of ou~fietlng may req~iire the use sf se'~~~t:raJ 
1 different trade!; fIcr its co:mplci.ori, .ra~:hr,l. dh;a!n o:me 1; 

-.& --.---. -----~ -------- ~ m - m n  

608 1 
I 

i --- --,-------=-----~=--.> 

60b / 
1 

enrlne room, "=--I+- I 
1 Trrcre mav be ~icvo zanes on one block, szlciv as  he 1 1 linclei- s idi  of the deck bemg om zone d i d  rke upper 

I I side anotl~er. -- 
0 2 ~ Z - C  imr r in  
--' 

bepe~rownlzd on-ui.111 or. sn- 
I ste~ms, machinery, aald rtlat:d 

other 1arge.r outfi~iing items are 
Eslcsncaied lnrs these umes. The uazrts ml: ia~cr placed 

!he sill12 or irito a hlrll block. -.--- L LO- -- II-iIYIIC - ,".---'"---ihihihihd --- 
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S c ,e :'r,J e 
+r P prq . - -  ?PI 
Tilap NARIRAT17\JEa f 1k9X iT 
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Sc~llle 
./>f, 
d ) l  !bj(]'FE;S 

'"""-'I'-" pmYaliYm.01.-~T7-"T---Lcd~r IOIE.UI -LOImYIIL 

bhhX W.,4~,Yl~IT, TEXT 
73h 1 --- of b],'ncks and outfi1:d::ng c;bn Ise 

block lc$Lyl.l,risi oirls 4~;z~ a 

1 I'rodui,:t auid Pmc8t:si Devc;iopmeai djsc~~inserl in the 

/-- -----.- 7- 7 
runamler, Cni em;   pic sc mat 

I 1 with arlc~juatt: access 

------.A----~~~~. ---- 
Tra:nsitionai Design esign slhTge, desig!xl.c:.x r!:g,snp 1 inh,m:arion orgar!ised by syst!?;ms so s tc orgsrrize 

( thc same ii~fo~i?-ia~:,im by blocks and 2;8~r,ss. 'Tliis fikst 

- , - :  -.,-. -- -- 
i 76 s~~ l i ;~ io ln  jjroccss cyjl be ~ i~ , ! a ,~ .ke~ j  
1 pn~ter nlodels sf a vessel, Cll?Ebc~~15ies 

with coi';!;~rubtion processes may be .foui;ld on  the 
computer during [he design and pls.nr~inj; pilase snd 
cor~ec ted bef80:r8e coi~saucdsnl has bemu. 7.'1.:is cuts 

I 

, 

--m-m---.-a-A-- - -pA-pm~,  

Detailed or Work Insirscs,ic~n 

8 - i  

rm_F--l_-" _---. ~---- Y---m-a- 

S LI rr,xl.la:-y Psog;rarn 2 skipbuild:~.r~g ,FQS-~. 
and the c&ij@>&gs~ t'ha'! get 11s to 'he \ : ? ~ ~ , < n n i ~ ~ g  of 

to Irc)r:;k iir the. 
~vor!c :hat 

gets us to the poicit !hat vie cab begin i11;tiZdir.g EL ship. 
In the next seg.aen.r, we cvill :i.osk in mo7:e detail at 

. . somc of the s ~ ~ p p c ~ ~ ~ i n g  technologis a:nic 'rk:1~3=c 1 relationshi.os to each other. 

dll;eiop~?~i;:lne r ~ f  hli.08;:k afid zone irifc~:iml;.:rion, 5i:.slpd an 
;I_ pzr~ii:aia:r shipw d ' s  prod.nctiora, pre.ja;ssss, is .. 

"',."̂ ' ' L' aeed,eci to gu.i,c18e f i.n8e dleveim~~pr~r:~8cicar of s1peciii.c y\i~.,rk 
ins~-ruct%or~s, i h  nu-mbei. o.f yards di,evclcg~ ti-nis il;-:,vel of 

" a ,  \~ d::!ail in dcsig.1 L,: Fon bldd~ng on il b,~::ilili~rl,g pr($~t. ---- "----"m- 
O-Y--'-P - 1 Dqt;fail,t:t,\ I(;I~ l$\/i,yr~c 71 n~ s ~ ; ; * ~ ~ c ~ i ' ~ a r ~  f i ~ t ; s p ~ ~  fl:rl ,I/., 2;~s 
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*Y 

Q 'U], 1e 
.I$ 'hi A J1lR A"IYjIE "rjE'!(: 'r --- 

nr . %I:I the fir::~ pa:rt we 
of shipl:.j:~,ir.ildirig LLTIX:~ s;srne of 

Allocared Stock? anzd Stock Material. Somle yards usl~ 
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Scene 
#kk p[ o, r, jl E S fqA]RnBbA"IF"I'Thj]E T]E:J11:"' r., * 

m - , " - n m m L " a , m m m c m ~ ~ - ,  

j Zeandad axs ,  2301fs, ~ : o i n ~ ~ ~ ~ n  
e~ipe fiLtdnirs; a ac:d ~t;islcr 

11 coris~rrnablzs ?re S t i ~ l c  materials. pu:,cklaslr:g masend and paying lo sure ej7-l 

1 itlot to men::in thie cost, of hxvbag ai :j,wdk sa; 
I / in exue r n ~ r e ~ i n l "  
I,"~_-_l,-a_m"OO1~,i"-&.~Y-~.-.m-m-m~~ ,-----, -"'. I Y I " - ~ Y I ~ ~ m - ~ ~ -  -=-- 

/ 12 ' Mate;rid Tracking jMe,r'zr? a1 a.; ~ck iiig as rnaeriit allnt:s 7 o f1131:r a 
1 I an .i.rr~pr~~rtar:t !l,ern, Even if items are pu.rch 
; E u Code :r'iu:Lcing S y stern 
1 of firm: ~ l ~ . s t  thcy are seo:red p.rin:~r 6 : ~  t:,:.rj:: l i ~ r g c  ,I 

// E ,:~,~,~,la:r,ck~ouset; n.:;a~;i r;5,1i/all,~w :material i%" :it 11s T.W 1 
j ri~!e,ric~:ilsus,iy m;;;ked, FT;ere wg see 2. igi",gc >~,,cfaehonse 
I ix.ith :I bar (:ode ~rac:l;:ing syster:n bed ir?;Lrs a centrall 

4 :ov.qpl::: ~ i ~ ~ ~ : l  also co$or ,~o[j:gd lo a con;;:yw',:f 
1 

a--:~,"m,ms,-m--aJm=--p.-m--m ,.,s-m-:"-, cm",,-m,b""mu~,--," -&-----"I=--,-- 

P13 : Pipe Movenei~r - Pipc Shop :onia I:&J~ CesIIr1.0i ~f p i p  I : I IE~\ :~I~~, I I I ,  :L~I.J  O Z I E ; ~ ~  a pipe 
11 - 1, 

i shlzlp is a g'f-nrl ixsi~:~pie ilf eFEi.ciei:~ t m o l : s ~ l  ha~qdling, 
in k:d,rlitin8rt Ir, t1:~ r?,lakd a.ufoma.@d prodiichon 
f" -eall!:n.ts, :ld;'f:re w ; ' ~  see s~l.,eil pipe in c. slec:c d ~ ~ ~ , r  

I 
I ---- 

goes rc s nr%b.rrg and 
! 

I 

b-i L--m,--> - ---=- p--L --" -------. 
anoti.~.e,r deriicari5d rnxhin e. 

-x=".."-"o--=.==- - 
j 15 j Pipe Bending I , . pir J U  cs 1- .>- (+ ~ s4;1,~dit1,~ 1h.e WE of tk1.i~ c'o~:r~pu~e~r co~rit~olld 

i :machime, all~~~~~rllrs quick, accware bending f pipe wjtP~ 

! 
I clear, indi,t,,idual pipe pi.eee insixucdows 

i ' drecrly iror. thccompurcr darabiise fcitr the -nhole 
v'essel,. 

J-"L-a--mmw--, "-m-*,m--",.- 1 This cfficit.nt cr lie-iion of miichines, 
corveyers ,and handling qznirprner~t~ dlo~,vs .wo:rlcers es ~~ 

, I  cor~~ciitiari. on the more difficult coil.srrucrion tasks, 
:like: ;I; pe olitfi!: u r i t  mamt~factu:~ri:ng, anij. s h e r  lcliffienala: 

i 
! iaslts. 

L m . = -  --n --.-,- -- 
17 7 This urgan::zed i;nd s n m e w i i a t ~ ~ ~ a ~ w ?  ha: 

I 
i 

1 e~nangernerlz 3-tAuces rela~qeiy da~geruas rnxi~~al 1 

O~ltfit U'I~BS 

S;andxds and Stand 

?--1, --=- ,.-ml,l,l,l,l,l,l,l, - , 
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i 

S e 111 
:5" 1tI/~['JV1 'ES N,/j,]R]R,ASqI7VE TEXT 

.,""""","u "'""""""""*"""""""'""" '" """"'""am"""""'"" -:"'--" """"~""rnlO-"m.rm ~ m ~ m ~ ~ m ~ - " m " m - ~ - ~ ~  --s 

20 /j bf%.l-,.S~jecn: I RE 1:ena ""%T/~LY"~;EI~AR.DS" includes a .ciii.de 
' I < ~ ~ C I F I , S ~  Cj~~,?~rcl l:<:~gul [ ~ D I ~ , S ,  items, srr.cl! as kl/!i~it811y Specific;~.do.i~s? C",:ic:la.: 
1 !i " " jacr*~f~ew;r:n.n I .1.,.,... ,. .,. $13ci,ci:i W.egv 1atjo.r ::;, Cl&$s8icaa~on Society 71°ecll.u:l;ren 

voi r.i~:itar-jr ;;~:and.~rrd,s such as ASvR~dI :a;~?, S ,!4;5; 2nd 
i~~re:rnaa~md Si;jnndar(ds sllah w.s ISQ 

hcse stt~ndards becorr~e n.~qui~t:fi?,ei.~,~~s 5 ~ : r  a ship wklen 

1 

8i.ocume:nt that fits 

! lhe ,c;;ia~2rfr1r,;rl'. i s  in~porl;ant man51 ;;,~j:i.s OF $:#hip 
I I r . n r  

; prstcl~uciion. ;i ;iIi:. -?(Pi a>\::?; Is likely 1:o !rc:;irt: an i,nsp,cetoa 
1 1 chcck nearly i:ray aspect oC eansmir;:iuil. b r  a 

I "7 7, 

j i 
! 

:; crlmilatant, TIE C8t:1a!;l i.m:a:a may ci~i::i:!k a 
I con:nr:nercial shilva l o r n  a. :regular l b ~ ~ t  less i:.ntense basis. I On an minspecrpri visscl., such as a 

I I cke4ck a f c ; ~ ~ ,  1 $ ~ %  k:;yb 
y srof.<,ucl: aee,or.&risr P a s  1: i;e 6 0  LA -mu----- 3 s,mnm-m- 

2 ;;y~pJicn~i,ar. of sra.a:-buds is rn:~!l:bre ci IKLJTIICJ 

yat~, ,lrrl?~ht ~hi,:~k , ? ~ ~ ~ ~ c ~ s t  ~~~~/l,:~t;l~jii:~~g; a p:~ l  
?# ,. .. 

on stanaards !ha: r;i:ec.i:Ey the a.liiowal.j:ic types ~3.f 
I elei:trodes, the we id in!^ cnrr~ernj and. r : l " r l ,  a- 

_-- =--* ----__I mxrm.-~L-7 aamomani-m- m,--~aNnlirnuunaomr,,, LMm"-pm"lua . ~ i 2 ~ -  / Plates Steel plate is de;ngnaled. by ABS ,[:or P!,,?$']~:?,/I 
i 1 speci:f:lcatinns Tor alloy c'onrear and "!!r~< proc~ss  that is 

1 1 I r,zsecl in rnanwfa,ct~~irc, 
.mmmm-,--am3- ----maw-- ----.mu 

i 25 1 Shapes Shapes; are ni;lde nii.:]: ixi1.y aca;on.,cbrng 1:s~) ste'el ,type but 
j/ aiso :;o the li'ljlrnr..,mslo~ns ~f the sha~:les h1::lildH:le defails 

I i 
L. / suci,. 3s the :adios bciacen the 1b;f' i147&!. , --,--,iil-'m '--" ,iiiii,ii ^ ,-rmoni-irouuiiiiiii.ii m,,-ii," ,r,iiiiiiiiiiiii,iiiiii 

! 216 1 S:arrdar&zed Units f 
I hi. ;I d.iLfer,eni; :.li,!~~~li~~:at.ic~rr of starnd~~t,;rd;at~c~,~~n ~deas, 

'L L 

! I 1 standard units a!a ricslgiled to satisfj 5;?ccif ,. cations " 

I assensbiy I r r e  ":a!;hlion. 

I 
I 

ied in early cIe?;.~gi: slqgei;, 
,- ,~-.m---?-ummmp- a- " 'Yn+-*-."A ( 28 1 Stnndarcfiudired Pans ecease acqunsliimi I j l a ~ s ,  and cost, 
1 e,  xrid. :rea:i!~.~ce du;si'm~:. ri.?-aes by 

1 b < 

reducing speci;iti.zc~d, custom cdesig.i.:: of I:~:YI~~?? items. i 'j i+Aanufa,ct~,re 2nd instaillm~~on of sr:aric.~rii ;i!:errrs is a 
repeated and w1,1I1 rel:ieaxsed acaiviry, si:; proilucaion 
ef:fil;.,ii.;ncv is i;ir.crcased. 
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S c e n  
4Y NO7'ES NAIRRA7II'I"rhJlE TRX'I' 

LIIYII*I-IY~""s="~.m,,,",~s, -.-,*.----m- v - m p -  

Wi::'iie looked zi acctvacy control ir:; .r,r;l~r-,,ou;; pa.ns of 
olk.e:rd p~~oa;;:sses, iles9sb look clloser at li~ls c;~xlr::ld aspect. 

1 i:f ship'::ir.~ildi~lg ;.?at aliows us 1.1, bjiricrg ~.~:gel:hi:~" 

-- ----- - -- -- -- 
33 ' 01d Method$ - hand drawn plans IF~ nieihuds of shipb.iild~ng used h a r d  &awn plans 1 

~1m1d loft thejl rnaualially call. I rha~. vvern, expanded to f1~111 scale teun,!ll~res in a n ~ ~ d  , 1 lofl, then tLmsfc;.red to parts to be manudlly cur. 
11 1 Each of lhrlse phaws 71~~ere vulne~able to errors. This I / lnold loft is ilnl  j used for mabng CLTVPC rcmplates; 
1 1 and for making sreeX :apes to ckzeck k ~ n g  cf 

1 ;I 1 1 
I 1 m-m -----,- ---- .--,--- 1 ., 
I 'Yl 2~bdded hdatehd I 

- =mTuom-=--- . ------ ' 12 CAD iysterns give accurate T-~zi: design stages, use o:f Cormpuler hL:ide' 

.- - 
feners tm plates. -- 7- 

lcr GAD dj.!mcrssions are fed. diirec~ly .~rits 
ring*rnahin.es. 'The sanx machines lmvr ?ainr 

, , 

'leiids tha t  can just as accurately mu!c ~:a,tes md cut '! 
i i 1 otir pirxls fc~s futlr'e aitachmen t of sriffinirs or o:her 

asst:m,blic,::, blilckr, ourfir ullirs, md pu~:lnas8e8ci pms 
1 . ;  L l l ~ ~ ~ ~ ~  ... ] i g j ~ ~  :~,~:~,r~g fi;rj,a], ~j~oducts .  <ijic x{,~!ofil$s 

iiugesl: moving slk~iccts , 
Li2mm-'--l~dh--- ---- 
pa.:;~ ~pnar:~i~;e i ~ f  i:sner:y skij;.?iiyaids 7,)1~;a.s 1.0 ;id~) maicr.id t'a 

Il dimensions 
1 1  

or Ib:ii:D, systerr~s gives a~ccnrate ldlinnensicns 
sm1.1-"assp,:mbiy, assembly and block o5uucr:ure as a 

i d  1 , , 

I 
I 

I 

1 ship Js b~oiren injo the in~terirn. ~~roducts of e 1 ; .  ! 1: I )31bck Con smia~,on Mcfh,od. 

It S --- 
sernblies ha! e rher csnrol dAn~ens,oi?k, dc i I cornrater I rroln rhc a.rn;lu;er buildup of char stglgr of /I 

I 

\ 

on': errd of sn.icru;i~i b1~~~~k.s .  This allowed for weld 

I 
~onstructz3n so that each assembly cwn be e'iaecked as 

! 

i s1:~~i:nicage al:rd sthe- diston~ion da.:ring p:~:r:~~cIucctii~ssrn. 
I , This ;lira mi,rcrial qll;tvi~s 'cut-to-fi~" ;IS ncr:8cs:s,k~rji, 

ii li ! us~.c,a.lliy at ~:~e'i.:tl~ljn w h131e 13.1 gxf lrn ,lfi?s~i.k is ilinl:g 

d.if,i"in:..i~ it and riggers ax!. cranes x e  fied up I; ~ : i l  tlx 
I 

I i 
bitc~c'i:; is :fir.;eld. 

, . , - - -  -..YIO...O=Y - 1 3 1 ' $ininate Cu~ting tc Fir Cun.i-.n~%.y mcls~ 1,71~<1~1rld class shipy:uds !1a7lrc 

~Eii~inalred rl.ie: need fo~r casteing to fit a! ereit:on, elr a: 

1 1 any ol:hcr stag8 of the producilon pma:rr. 'This is 
acr;or,r~piiis$ed tt.ra,imgh systen~aeiz us2 of rnoder.11 

1 qt.ipmsnr arrd mal.hods, qplicetinn ti s~:atiaticiil 
ac;cursacl;y c-rni~cd at -,v<~r;ji ststage of ~ p ~ t d ~ ~ c x i o n ,  and 1 I 

i paarlrr~ng akcad 8~1.r Listortion kmd ~ k ~ ~ i ~ r ~ l c i ~ g e  8 d u ~ n g  !i 
weidh~x,  1 

-mm - ----mL ----a== 

I an liaterinl pr~duc!  *.." ------ -- PO 1 iJdranced Mca~u~enrent Syiiem I diigc assernbl~ts and hloclcs need m a ~ v z z  1 ineaallienlent syiiern to accl~ra!ely iicremlin: the 
1 d ~ n ~ e r i a r r r n ~ ,  srlcl?: as this colnpmtea- c:snei.alled 

I 
I 

iheodniite vrih a laser range finder, ir can pin-pain: 
ihc posaksil of t're plates and s~Sfenei=r; at rhe: end of a 

~onrpal-e them to t11e dimmsisi~s of tlre ship 
f ~ r  inso lo make suye it ifi~iil Fit bi2S01-e i'i is 

I-L ?,e,i&r-ar-,r,,--a-m%"?- -.- 
I 
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S c e n , ~  
.# IVIQ:~,,~ES NA R1RA"]rI1VC T:EIiT 

--------,. 
i ra  ,he eorrrs!r~,~cti,oa of a k:~b~l"ljl~(:%~ rf aL p,ux is 

it caq. hbc cc:~~lrr.ec.kzd, 
i f~~ j r  t h a ~  -ina,~:r:rrnlcy  cam^ 'be 

'c~rlna. parts rire aisa !atilt XI! sf 
roleranee. 

lo hzm! an:;\ roilst b; 
I 
I I ch;:ckcd cinx.ly sgajasr ri;uopiil:es I;'D :hat i i i r . y  fit no cot 

1 .paxts or beril: :kames i:ised a,:; slifl~n~c,,~:;. In r~f l re r .  
I 
1 

nlust be ehc~;lut.~d tla insyrc ihar 

39 I 

! " ,  

J ~ F  an's poor indc!sma.l base. j~.!~le:wl:~:r .r:' ,,, -; phiiilsophy . 

1~ t"~//as sinnple: "r.1 nrder u:o irm;lx:ove n ~:'i"'ni:~gs~~ 

3~11e at the end ol'p~adlmction,, b2.t mris:; he g:ed?onned 
hrtsu ghcmr the p.rnmii~.lceir~n process, Tes! s .p~erfc;~r~~~~cd 

I ar the znd d coiisnzri:~:ion &/cal elnors 1:int do njor 
provide infbl~~nation a.s to '~,~;i:I~efi'e in rhe p;r,ris:ess the 
e:isl.rl:rs me c;ccI.K~~~~. "T'ests PCAO~TLI~ . ,~~ .  z.1: each stage 
show poinr.s in the process vuherc t h ~  enors o'ccnr so 
they xsay be cl-reckcd. 

--,---av>- 

Sratistical Control Charts I S1atiitli:a.l COI!UTJI charts like lhese ii~ j ~ s r  one of Ule 
mehods Dernin;; used to analyze nr;lces:;es. ?These are I used a deismini; ~vk~erhsr r nor il is i?ct:es;jaTj lo 

ccPrrect ths; prociiss, arid can show !n:niis in EL process 
that GLK' gel it CO'S~;~::G~CC~ before rhrt p:c)cees 't.1eliver.s a 
bas1 ---- 
n,- . X C L ~ ~ , ; ~ S  l.l.pa xe sec to denote the dlmowabl: ~~,ialues. These 

i I 

item are taken aund plon~ed. on a cha l ,  Any 
imeasurement which fat1.I~ wia;hin illis rrniiige i; d l o ~ ~ -  

I able, Measurements whit h 8excecdl :7r  IT^ 8olt16sid!e 
! I these limits, signal the need :fixrs~. recvzlluaiion of the 

1 process. Iri scmc cases, a lili~ri zrea 5 acldeil to the 
charts which lies beev~~cen these .two areas, Pjieasure- 

1 rnents vvhich fa.11 here are acc'epted, buf signid that the 
process needs e,vtalctated and ~ o ! i ~ ~ ~ ~ c t r : . d .  

-lll"-aall.ll a u i - P 1 l l l l l  

Ar~wrher phile,sophy, s~clmewhal r.elarl::d te accuracy 
but much broader i n  scope, is QLuhJJ~Q,. :T>oing 





I 

tjon,, Sorna; yards z : , ~  pe>:fg:r.,riq these 
I i'\,&mc~& Methods ethsds, .b!!any otlrreys are a.ppI~i111g naJ::Jle-e a8:jivamccd l i  

y.;cd ,ill 8adv111ei:d ;:eseinck for 1 

- . ~ ~ ~ m m m , . m . m ~ m m - - - ~ ~ . .  -*--- - I 
57 1 R,obosrz '!&elders 

II ,rl ro p":r:f,3ni.-1 some f 

:8'r30m fire co:m.pnlerizeAf)/ $a:~1n3,~ of an 
!i 
11 . ~ d  r~~>jc(c lo do S&:I~,C~ 

5' 

"-.. rn 

h.-:~ buglass ,~~ip: is beiizg used for :l. nr~ar-her of 
s,lrl;~boa~d a:ppiica.tions where con:c:ls:!oc crf steel pipe 

1 b 11 .IS coqly in rht: l l j g  p)/s:lg of ir ship, @3?11:,: p:j,,r3ar17 'I / S L T I C I : ~ ~ ~  and r ~ ~ c h  of th secontar:rit s t~"Ict~~t~~t;  of these 1 
neYt;v :trincl:b~nneen-s are sl conaposi~:e: as :.s ti.115 scedd-4, 1 trchnology demonsmlion .,i,&scl 'l~),,;~ili i"8ai tl:.c zlavy. 

' 1  : !Pai,rn.:ded fiberglass s!.-irnctnral mernt:~ers ,an: used in 
4 --.m----m-z--> .--- offsi~one sr I~IJCI n,lTes a.ndl ~fc:Jr C B ~ W R $ ~ S . .  

-*m---,.=,vv 

60 ! o~igoing in cornpr,.i,le~r cipplicr:a1::.o;.x 
- ~ I:R,E mas1 y $it iffIcreat pro;;Tarn s lrsei j1?:[ d,F"f&re 

con-iputers and lasers auztl ailvt~.i:~a:~ed .r ill.znrldng 
I 

--- 
c~rnpa~nles Ihat ha:~:: an agg;rcssrve i! 

I 
sh'zlw bct,!!%*i":i:esulxs, and have beincr 1, 

y-,-n---,-T--&--=-- -- 
--mpp-mmm-bp--,-w perfo~mance than th ,e i~  eomueritors. 
%-airing bt:yorrd the basics ~CIL- a pxti.cu,lar ti 
rei!.res a work force that jiirnps ahead r~frhcse on the 
.acliiiona! ;.eming CUPSJ~ 3f'repei~~iYi~ t:isk perfor- '1 

:n the most ady!ia~=d shl8i:ibuilding proces- 11 
1 ,  a hicrklv vailpaed . w , ~ r k  f1'3,17;g ;o ex - * ~ . F p - - m -  

44 is ;,:idgo scr-its has tieen oe:ag!.rcd !;[I .pLtroi 
ad.irancp,d shipbuildin;; ecc;hniq~~,cs ar~d rn 

~rs~odi.rction ~roccsses. !I 
p~oducri:xri tectiai~cjues, 

and computer a:lcle.d design and 
along with, 8 l~~el,! irained and 

j n~ocivared ' : A J O . ~ ~ .  Force the U,S, shjpbtli1:C:ng industry 
I 

' ,  

has the abi:l%ty, \lor only to expa.nd, iiiit rt,o beegrne a 

! dominant f8?rce in the consru,ceion cf lllc ~~!,t,rrs~ld's 

L.wI__ =c-j - j_w=3- ~_-mmlll .<,:-. - -.---->, 
: f~,~,,..:.u!n, 
*-- 
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Similar Construction Processes Grouped Toge:tl~er 
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