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1. MBIk EBUR O ERTE LR 7 v 7T AT HEHE

19954 FHEHE DYEM B OWAE AR BAZTE 12 B 3 2 R EBUN SRITEBRRE 7 0 75 AT H
LT DY TH D,

19954 34 EERFZ2 BT F e e 40
YERATZeBESS 7 1 275 . (NSRP) 3004 K

WETER o CESEATRTER TS (ARPA) HFZEBRFEAERAAG 5 (& | 44850007 Ry
A O AN I I B E DB 516/ v Y = 7 )

MARADHIERRFE S 1 75 b 0

VERNBEE 5 R eBRR 1 AL ERMER I T v /T A 2,400 Kv
(IR&D/B&P)

A B EMaritech B OB AN ERE 72 Y =2 b (TRP) 1,8007 K

2.  YEMWFEBR T v S Z A (NSRP)

VETRZEBE% 7 1 5 & (National Shipbuilding Research Program : NSRP) i3k EE iR
R OIS AT B kR N AT HETH D, NSRPI. KEREHTT AT
SEEEAEE S . 3 A b, T BEOMEE & o T fUCHERI R B4 ) 2 1A
T D LELBETDHDIOTHD,

(1) H
NSRPIZZDEER. (1) #ah. BHIHE BEROMEHETIE QLW REHEZ
MBr L. (2) fMIoREh BEECBHEOaR M EERT L, (3) AW
HEROTEAEL. WEELOBEOBREEDM LERB L, (4) HROER
HEBD3 %Dy =T BEETHZ L. KT (5) RMOEBEENERESE 5D
PAERICRO BN 7+ —F L ERBIEE LTS,




(2) NSRPOSHL, FHEDT ORERE
NSRP OAIZE X 19704 RATHIC I D . M HNEMarAdDFE NIz oTc. T D,
%ﬁﬁmﬁ%éﬂ\?EvF°%4§“ﬂ%%@%é@iofﬁﬁéﬂ1mko%
. [0 S5 b ERE N OHEMIIEEER (ARPA) KB Shfe, £0
shm  NSRPJIMaritech” 2 275 b & —HibEh 52 & LigoT.
H7E. NSRPWIZE7 0¥ =2 b OFFF, HHIE A % o 2Rl o 2 —
(GCRMTC : Gulf Coast Region Maritime Technology Center) IZfEEN TS, [H
BBk, ma—d ) Y RKSERICHR S N Ch 5. MR EE
S\ (National Shipbuilding Initiative) O—#& LT My XNz, RRFZERTIZE
DEEERZRO X HIZREL TV D,
TAHFerr DTz 5 HEVIE. AN I BT A AT A T LIT LD,
SKEVGEE R O EETBIC BRI DS RIS Z & ThDH. AR
VERN S~ DA AT L~ LT E D RIR K HEE T BT @ THOR]
S5 AL LTRY SN, K7/ 0T 5 AE, BBROBRFERNG S LI
. WEEAT O BRI O CHEICEEBLMRTED L O5EUT
BLDTHD, |
NSRP7 & ¥ =7 FOPEIZLATE Y b BHR DD E R TVD, FRIZER
BB IERE T O GNSRPZ 1 ¥ = 7 A & L TARPAIZEI &%, ARPAIZH
BAENFETEIR. WEPZR (Office of Naval Research) wBESh, EHIZHEE
b5 GCRMTCIEE SMADTH B, FTHORKIEDIE. GCRMTCHIZER A CES
F7p o TN BYEMBRE O I R C b D, B OFHIZERA—ATEMSN
ANSRP7u Y=l MIETHND,
19824E 5 1991 4E DFEIZ. #71,00075 R/VASNSRPFH & U CHlls S eh® 199247
2 519944 DRIZIE. HMBOEE DTz ONSRPIZFHIZR® bivighoTlc. LA L.
Maritech & GCRMTCOAIZ Iz £ . NSRPIZRZKEIREL, NSRPF/uY =7 b ¥
131995 4R 17 IHBHER00F Rz 15 LHEE S TRY., & HIR19964-1213380%7 R
NDOFERSBFEINTND,



(3) 7usJLTROHDR
A70Z T ADOTEIE. 19954 ERHRRER M FHE. Dbz (
RDT&E : Research, Development, Test and Bvaluation) . s i geatE (
ARPA :Advanced Research Projects Agency) OFBIHHF S 0603570 Bizid#k I
TW5, BE 6 FHOTFREADHERIZILITOEY .

RAHEE TR
1991 28007 Rv
1992 0
1993 0
1994 0
1995 30007 Kv
1996 45007 K v

(4) EFEONSRPHIZEZ B Y= |
NSRPCIHIEF —< R D8 DD HF A —ithiy. ZNENDH7d Y —Iit>
WCAERNIZ 23 1F 53 72SPC (Ship Production Committee) 7SRV BB 21778 > T
Wb,

YERSTIZ A T D B BsHH1%SF (Shipyard Environmental Compliance)
¥4 (Coating)

auel e LA pE TR O —/k1E (Design/Production Integration)
AHJEJE (Human Resources)

YR R OV BE 2 DR YESIR (Marine Industry Standards)
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PEZT % (Industrial Engineering)
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SaTxs h R E EITH

N4-93-1 ISR TR & R EEM AT O AR THIZE |A&P Appledore
i D4 B DR

N4-93-6  |/b - 77V F—v a VAR IC BT B#kFF< | Vibtech Inc.
—a T )OBRA%R

N4-94-1 EIRIZ R I ACAD/CAM Y A5 A DOFEMH NASSCO

N4-94-3 NIDDESCHEH#ER & DISOREHER R~ DZEHL Newport News
— B — X

N4-94-5 WEONSRPn Y =/ b OREOEMAILFE |Bernier & Associates
DBf%E

N3-90-1  |¥EEDOKN#ELRR AR OB % BH

N3-90-2 K EEMFTR MR OB EICEET 574U 5 | B
PO =87 N

N3-93-1  |NFRME 7 NREAE, BREEHOPHEIN |

N3-93-6 BT 5 A MeETHRT HHER ORE ANEH

N3-94-1 RIS D HERBEOEB G ABH

N1-92-1 HEHR OFEmHFZE B

N1-93-1 | [HFEDIERIOLEE, FHRIFH. BEEIZOWTO |[NASSCO
W

N1-93-3 HEZk WL A i A Bath Iron Works

N1-94-1 ERRFTITR 5% 4 MVVEFRIBASE OB HUFE | Southwest Marine
&t

N1-94-2 BISI Y = — L BA%E NASSCO, Southwest

Marine
N1-94-4 RRAAYEIEZEIZ BT B KA TE YL DBR%S NASSCO
N1-94-5 EE B O4r B & BRI Southwest Marine




(5) 1994-954E MNSRP DR H:
1994-954FIZ S NLENSRP 7' 0 ¥ = 7 M DR D H EIiX. A&P Appledore IZ X
D S Iz ERER S IR TH A 5. MarAdDEM AL (Office of
Shipyard Revitalization) 23AR Y H— & o TRABIMEI N RFBEIILHE LT,
F7aY=s s OWRFERIIEOPOT 4 —F ATHERSNTND, FIZERRIX
Journal of Ship Production #M199558 H B2 EK S iz, Ship Production #&D7Fd
HEBRICERE LTHRMNT S,

(6) 19964z B At
NSRP ®Executive Control Boardl. 19964EIZEEN D7y =/ M LTRD

280 % 8E LTz,

TaT =zl kb A HE 2 %t H

N1-96-2 Follow development and analyze impact of the federal $100,000
guidelines for bay sediment management

N1-96-3 Follow development and analyze impact of the federal $120,000
guidelines for metal products and machinery

N1-96-4 Environmental studies and testing (Phase 1V) $250,000

N1-96-5 Trailer mounted water recovery and reuse system $190,000

N1-96-6 Automated process application in steel fabrication and $385,000
sub-assembly

N1-96-7 Storm water collection, treatment recycling and reuse in a $105,000
shipyard

N1-96-8 Open area painting—overspray containment $290,000

N3-96-1 Develop visual standards for hydroblasting of steel $30,000

N3-96-2 New surface preparation and coating repair techniques in $100,000
ballast tanks, Phase IV

N3-96-3 Retention of preconstruction primer in tank coating $235,000
systems
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N3-96-4 Productivity study of hydroblast removal of coatings $100,000

N3-96-5 Develop portable lighting for shipbuilding surface $250,000
preparation and coating

N4-96-1 Activity analysis for a world class design model $200,000

N4-96-7 Convert NIDDESC standards to ISO standards $250,000

N5-96-1 Human resource post workshop action plan follow-up $50,000

N5-96-3 Workers compensation workshop $20,000

N6-96-1 Ship designers handbook-cross reference of requirements $101,000

N6-96-2 Vendor furnished information development guide $203,000

N7-96-1 Development of electro-magnetic acoustic transducers for $200,000
surface volumetric inspection of welds

N7-96-3 Carbon equivalent limits for thick carbon and low alloy $300,000
steels

N7-96-4 Structure detail evaluation $200,000

N7-96-9 Develop compliance methods to meet new welding fumes $150,000
regulations

N8-96-3 Application of industrial engineering techniques to reduce $307,000
worker compensation and environmental costs

N9-96-1A Determine skill competencies and requirements for trades $122,000
training to assist U.S. shipyards to develop and maintain '
skilled trades workers

N9-96-1B Establish availability of curriculum for trades training to $50,000
assist U.S. shipyards to develop and maintain skilled trades
workers

N9-96-1C Develop a multi-skilled training program for the future to $88,000
assist U.S. shipyards to develop and maintain skilled trades
workers

N9-96-2 Structured on-the-job training $100,000

N9-96-3 Economics and application of training media selection $40,000




19964EEE M FENSRP /a7 b —8&

(R ER)
A DER A aES fele =2 A b
N1-96-2 AL BAE B OEIR T A KT 4 VBAFE OB B4 $100,000
B O DD
N1-96-3 SRR R ORI BT 55555 1 R 51 L BAR DI $120,000
B B O OB O
N1-96-4 BREEMIZE R OER (55 4 BUFE) $250,000
N1-96-5 b L— T —#EKEI, BRI AT A $190,000
N1-96-6 SRAHEAL. ML IZ BT 2 EEME TEE A $385,000
N1-96-7 WEMRATICRBT DA =& - U —& —fok, JAHEY Y $105,000
A7V, BRI
N1-96-8 JER AU 4 — S FR N 4 $290,000
N3-96-1 B DIKIET T A MMEZEOBLRAIREE DBEFE $30,000
N3-96-2 NS A NE Y7 NETLE, REGBOH M — 5 4 $100,000
B
N3-96-3 B BIEY AT MBI D EEERTLERR DRE $235,000
N3-96-4 KRIET T A MMeZEIC & DGR E DA FEMERTZE $100,000
N3-96-5 TERRF T LEE Je OV S FH 57 F R BH DB 78 $250,000
N4-96-1 T RAICEA U TW D RRETE T L ORI $200,000
N4-96-7 NIDDESCEE#E## DISOFEBER MG~ DA — 55 2 B $250,000
i
N5-96-1 NEERT —7 ¥ ay 7HOFATFHE 7+ v —7 7 $50,000
N5-96-3 VBB OBz ONTDOT—7 v ay s $20,000
N6-96-1 MR E N KTy &7 —FEHE L OX- $101,000
N6-96-2 B A — I — [ MRS A K $203,000
N7-96-1 P EEER Ay DR B A B B8 s 3EE DB $200,000

bl
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N7-96-3 B R SRR A S BEEH D IR FE [R5 D[R S e $300,000

N7-96-4 RS SR $200,000

N7-96-9 BEEE o — AZBET DFHM 2R 723 72 O OESF R $150,000
DERA%E .

N8-96-3 VEZBOWMMEBE Loa X PoBERE BN E UTzE $307,000
T AN OB

N9-96-1A KEERFT OB T EOBRK. MEL2XETIEDD $122,000
T2 1 B B B RS o VB D YLSE

N9-96-1B KEEMRTFT OB T EOFRK. M2 4570 $50,000
FIFACE DRZEIIEN ) F 2 5 A DOFE

N9-96-1C KEERFTOBR LB OER., MEE2ZETIDIT, $88,000
93k OFEHIT T T O~ A FHREIIEE S v 75 A DB
¥

N9-96-2 HIE T ORI ORER; $100,000

N9-96-3 AR & E ORkss & E $40,000

nboruYxey Mz T, GCRMTCIX19964E 12 Efia FE L TWAKRD
5 DOTEMIRILIIT OV TIRESRHE L TWAE,
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(7) 19964 LR D EHH 5t
NSRPFEIZOWTIE, ERALEMFEIIAE LRV, NSRPOFREITRLMH
DEMEICELSND LEX bND, HiFERE T v 7T LN S NICHEIT,
Nﬁ@ﬂ%ﬁﬁvF%L<m%iéh%Vmﬁ§A®~okﬁéﬁﬁﬁ%wc%%K
19924EHE > B 1994455 DR, NSRPIZ T3 _EDBEEMHENSR N E W S BT FRI DO
BRI RENR D B, FEI Y MBRPo1ZELTH, 4%, BUTOTHESZ LN
BT EBRDDEITEZ LR,

(8) NSRPOZME

SNAME (The Society of Naval Arctitectand Marine Engineering : > EEM G
£) @OSPC (Ship Production Committee) 2SNSRPOWEEIZ#EE L T\WDd, 800D
EH A7) —DFNERIZOWT T B S5 ARIEEZMET Dl A DX
FADRELENTNDS, TuP=y EEERIEEE L TS DIFSPCHExecutive
Control Board T 5, 7Ry F—AEMOLERIEHF~R—TV ¥ —THHT K -
F—F 4 2 —KPREZEROZBERICHTCITHE LT,

A% RS E i % — (GCRMTC) DAIRRIZ X Y. NSRPIZH 7272
BINEDND > Tz. BAE, NSRP/ 1Y =7 hizik., GCRMTC %3 L TRl %
Sif. BHEINBLObH D, YEMIT. MHRRGHEER. A—b—. wHEarY
&3 FSNSRPO R CHED T v ¥ =7 hEEMT IR EZIET DI LILED VI
BV, ZOMICFERFATERT S e v =7 MESRID b,



3. KREWHEE LK TEHEMFREFTHER (ARPA) 2 X2 S B a2
PR XS 0 7T A

WA S U< IXARPADTIZEBIT FHIIC & 5 K I O EEA 43 87 12 Bk D 2 5 T4
BARRE R 5 AL LTI 1 S HRRF 55, BHEMEOEAVIEONTIIAE <IEh
MEBB B, TRTOT TS 5HMT 5H O T RAEF A OR G 25> TN B,

3. 1 ApEHEMB¥ (Manufacturing Technology Development : ManTech)

(1) B
ManTech 7" 75 N3G, MABK T2 4 0EEELOEFERN. ARk
D EERTZEEENETELDOTH B,

(2) 7T APHEOHR
K7a 7T AOFHEIZ. 1995FERRAMETRE, TR My (
RDT&E : Research, Development, Test and Evaluation) (GHEA FEIHE RS
0708011N) IZE& VA EN TN D,

- ManTech 7 v 2 5 A T BE P
TEB&E (B : 5H F) (BApL : 5 o)
1993 $99.5 $33~36
1994 $140.6 $35~40
1995 $87.8 $20~30
1996 $41.3 $5~10

1) 1995 iz ERH R E A Bk L7 FP8EI132,020H RATH o s, BaX8, 780 K%
Bl Uiz,



(3) EMBEEORZE
19953 HEREIZA T v 75 A DO R THRHOILTWAIEM IR OMZHEBIZIZR D
DOREF LD,

TEMRIZET A2 (Double Hull Technology)

i LK RHKERSIZBI T S22 (Shipboard Electrical Systems)
IAEERANIZBE 3 5192 (Welding Technology)
FELEE B OV 2512 B9 %2 (Surface Treatment and Coatings)

O O OO

(4) BEdDManTech 727 h

ManTech 7 w1 25 AZid ket - EXRM OB EEIISERHT (Center of Excellence
in Ship Hull Designs and Electrical Systems ) OFE 72y =27 MBREENTND,
BRZETE H i3 B oG R LB RES AT A BT 1« TN BRR
HEOHT 7 4 N—E@EORBREY bND, A7 0y T LOTT, EifA. HE
S BN, WA — T —. BEret. REFOWEDOIZENT RO TN S,

ManTechiz & Y B&ZHHENTND S H —oD 7/ v ¥ x s MOKEERLES
it ERFZeT  (National Center of Excellence for Metal Working Technology : |
NCEMT) %%#325b0MRH %, [t & —idConcurrent Technologies
Corporation 12 & VER S, HEEMEETROUBEELZNDHOFE T vy =
7 NEFFLTWS, BIEEBIIIR. SHEHMBAR,. RiuMy 7/ ay—, %l
AR RERE EN D,

(5) 199448 dManTech Program DR
NCEMTZ. HY100 A F—VIEHEY a A > b DYy, A ——a— RPHO—#E
DY T T =T EFNEBFE Lz, vl /Y —FHEEMT CREAKBEA S SR
WHES 7 = 7 DFEV A ML —¥ a UBfTRbilic



(6) 19954 DHEREI
VEE Iz B A ManTech3z 813, 19954 b 2k H 4 BALBREAR 29277 (National
Center of Excellence for Metalworking Technology) TORFZEiEE) 2k 5. R
ZRR I, S s TALEE B OVER S BERERT SR (component wear research) DZMEFTOEH
SRk D, WKIEOTEBIBICAENT S & FIRFIC AR AR5 R E = ER
Iz oOWT, BETRROMERTTRbh . EEOEKHL (optimization) 77
J v ¥ —HE bk & 72> TN D,

T Oz, 19954 12 2B 2 2 AR HZEITIZIR DS OREEN TN D,

Y77 A N—E#Y P — (fiber optic acoustic sensors) DFAZE
EEYEIEMESE (cast ductile iron) DBHFE

Baakstt o & — (Center for Ship Hull Design) D37 4%

Composite Manufacturing R4 HFZERT D% 18

Joining Center® %%

A% ¥ ad R EREN Y > & — (Gulf Coast Region Maritime
Technology Center ) D3 $%

gyt 2 — (Manufacturing Producibility Center ) D322
O EFEaE Tt y>%— (Center for Best Manufacturing Practices) @ %

O O OO0 OO0

O

(7) 199545 LU D KI5

BUE TRIZRIT D 2 R MBI B R E Y T DR E BTN P AT 2ERT (
National Center of Excellence for Metalworking Technology) 3. Z#7 ¥ [ZESEIE
MOBNT v T hEEZ bD, MHEENFRERIC X O AFRIONT D H%
THU LS DE/BRNERIZNESRNRY . [FRFEATIXET D4RM2,00077 K &
D PHEAMERHFFT HLEZ OIS, SR OEFEOEAIEETRICLYTHNL
LT LiLBAs5,

NCEMTEAN DHFEIEIZONW TR, ZOETZRINELE P TIIR Y, EEE, H



Bisaahs RN D - 7o DIINCEMTHIT FEDOAR TH o Tz, ZILEA OBFERT TS
LCHETED SIZTERMITRONBRNZ LiTlko TWeDs, BRN1995%5
47 FE ER R H T B ORF R OF B 2RV AATEDTH D,

(8) ManTechZ &

K [E 4 JBALEEE AN R 22T (National Center of Excellence for Metalworking
Technology) % & BE&FEMFZEHAS, HEEManTech” 1 75 LA DT TEAERH
%S T IR B BRI S F R DEREBI & R o TN D, VY ¥ - T =)k
FALVT A VATFAFa— b TTFY A VEARNI =R, Uy FUEBLE
RDOBHEFTOTHEITENE L LTRMLTND,

BEEY A7 A, . BRRM. YIal—vay - - AORFEHICH
E DT, Lamar KFENITAES DRk EHE > % — (The Center for Ship
Hull Design) 23thity & 72> TEBL TNWD,

3. 2 HBRZra 7S5 A —klEMEicB3 5028 (Defense Research Sciences

— Advanced Materials )

(1) HIY
TOTRTT ML, WHENEMET DI B RF T Ra e b BATHS
F7Y 3y OFRBEEORFOREERZIBAT O EEZHNE LD DTH D,
TOFUSTADORO—oO7aY =y M UT, BUE, SR E OB B~ O
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(1) BH
BIEBEIZ AL HE8k. DR R I N D FE OB, PR, B,
HAEE, 25EEEZ OO EER HEERBERZHRL) 12220 T, 2 b Ot
M b, 2R MER. FaEM. SiEtkom L RFOMEILS 2 B L BBISE
TS LTHD.

(2) 7urs A TPEOHE
7a g S AOFEIZ. 19954EERERH PRE, UIZRRHBREM (BEEY
BIEHFZFF0603513N) [T VAT TNS,

RFHEE TR
1993 3,15005 K1
1994 2,750 Kv
1995 2,62075 Kb
1996 1,6807 K1

(3) Bgpo7ray =2 b
W, AR OEEER,. Y77 A=V R A, B EEAIEIIC B U -5
HENERIILTND,

(4) 19944F 5 DFERHE
1994RFHFEICIRV Tid, BEWER Y 7 ORIV 2% T, &
o, —HEOW R EERARRR Y 7 ORFER TR bz,

W

RILEW % BRRG LT,



(5) 19954FE O 2EF
O iy LHER AT DA TN DPEREE R DS
O BWERIL 7L v ¥ —Hfli OEAREMREL,
O FEMNERIRE B OEMER Y 7 ORI DFIE,

(6) 19964 LI e o> 5 {13 Hil
BraYxy MIOWTHIZEET OBBNBREERRT b Tnd. FIZIE, ¥
400~V IRIEHIFR[E B (current limiter) DBAF T v Y= 7 MI1997H5—pu
IR TOFPETHY, EHNARARY 7OBRE 7 v Y = 7 MX199655
I T2 FPEERTWS, A7 85T AZFERMLL5008 Fh 51,7000 KA OFHE
KETEHHRRE THREINDITFETH D,

WARVA-VAFN It
Ao aix, Tousf v ¥R - TR av s At Frod
— SV RH T2 RFA v IAT R M ue—¥ 2T 5y b - TR AL
LVHIN Ty R, 9R—Y -2y b=y R, ARY — - <) LR E
BEMLTND,

3. 7 MO EHEEESZE (Ship Concept Advanced Design) iZB39 SW%

(1) B
A7av =y M. EEARERMM ORI USRI 2 R T DD D
VEIERIHAN OFIF AT EE. M ORERRT 2 BA% - Pl T 5 7c D ORFETFIEFOR
BETROZ L2 ER LA, BAMRE S T7L5TH D,
ZO7a S5 ADTRIC, BHEORRY 7 e Lk BT, ZOEEICBETSFSk
VEBER 225 O TE L. AR ORGP, REHESROREL.
WBEFR S TEDDOTFELBHEREN TS, INHOFHEIX. B EEERFFIC




(2)

(3)

(4)

(5)

DONWTER D LIIRGTatt, Betar I & v MRt BIn ERICE Lk
BEEBRTDIEVIRTIHINTRY, FFtRHFICRIT DEMRIER 2 OHF
DI EED D L FIRHZ, RERHLEDOAM OM~DORHEM X 5B ENE R LT
w5,

7a s s AFHROWR
7l S AOFEIZX. 1995FEFRERHPEE, TR ERIN (BEST
BIHHFRHF0603563N) [ZERVAENTWS,

REHEE TR
1993 810 K
1994 | 1,3905 K
1995 2,93005 R
1996 1,67077 K

Bro7sal=r b
B DFTZHEE UL, B e U A5 1+ 7 AZKEE, 7 O ORISR D4
AT DBAFE . RS PR ORI BEERD T b b,

19944E 2 DI

R MER. EERR EERSDIZT ey 7, MRS ILEILTE 2EIERR
DEORERTTR T, Ele, REV =&Y — « AR—ADORBIZELE. MR
7. RO2=y b + BV a— VOHMIZEF Lz,

19954 B (DI 25T H]

O ARGz Tary ¥ a—&% —FIF#E (CAD) O4EER
Y — L DBA%:



O VEEMEEE 7 0 /5 5T 58PS THEBICERA SN S EREME DB DM iHR
i oBaZE

O ROEVa—N, HHRVT - TV 2 =N D5

O HVAC distributed system architecture DAUEEERFH DBAFE

O MRz E%  (ship structures committee) OWFFEFEHEDOHEL

(6) 19964 KL LI DR
KAUT S MG 07T 5 THY ., SR A E THEM2,50007 KAd> 52,9007
R QARBETFREDBTROND,

(7) rarZLBNE
AraF S8, A VIR, TROF—=AfE, XA - TAT 2 - U—=7 A
. o 7T o VHEOERFTRERA =T —O, JI~<r/~<F5 . 7 KAV R
ey 22 EZ—FF54 R, ¥RV ATy K ay s Xk, NKFxZ2¥
=7V SHEOBRGFTRABBIML T D,

3. 8 &K b i AT M e #8BY (Advanced Surface Machinery Systems) (3
AL I An

(1) B
A B —l—F5—RFAEM (ICR) HAZ -zl VraEHL LicEhE
SEHEEEBOBERAHNE Lz 72y 5 b, KBS OHEE D 27 A DEAFE
AR S T B TWBD, YFHaE Y A7 LA0BRF S i, RAEFIH O RElE
DD

(2) FarSAFEOHE
7075 AOTEIZ. 19954 ERA R FEE. MBS (BEET



(3)

(4)

(5)

(6)

BIEHHEFS0603573N) 2BV AEN TN,

RAHEE TR
1993 7,360 K v
1994 820007 K v
1995 7,98077 v
1996 ‘ 3,92005 Bov

) 196FEEFHETIIA V& —7 —F5—RPERH A2 - OO0 s/
FLhITEEINE,

BTy b

A28 =0 —=5—EER (ICR) HREZ—E L, B - s A5 A, KISHE
BY AT A, ERH) 712 25 A (integrated power system) ., BRMELEERE (
electric drive) ZEPBIRMREMES L TWD,

19944F & D IS
O FHExLTY T A5 ADERIEPVER.
O KBEES AT LOFHKE

E‘é‘

5

19954F K D ZEFHH

O EiR/EEMESREE (DC ship service generation/distribution configuration)
EETTDHT &,

O E=—4—, VaRV—Z—DOBRETT L. £HHHL X545 (IPS) OEY
KEF N CTOHEI,

199647 & B[ oD e 5 1El
K70 7T LIF1999FE LIRS D, 4% 4 EMOT vy 5 ATEIL. &



16,5007 KL% 59,0004 K)v (ICRH ZA&Z —¥E v aaty) THBTLHIFETHD.
20004E D — PR ENICICROAK =L P =7 U ¥ VB NG SN D FE.

(7) Iars s
=T NN - SIS 0 VR =8 Y/ 4 N IO & s 7= B Sl VR Al 7S i
—a—F—p - =a2—2%:. CAE-Linkth, u—aA X - uAf Ak, 277 =)tk
LV HNRR, 754 R VT FAtt, =0Ty o NI kI ayR oy
—HERBIML TN D,
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Technology development for commercial shipbuilding Bath Iron Works
Integral Motor propeller demonstration Westinghouse
Improved ship repair yard practices Norshipco
Development of portable robotic welding system Cybo Robots
Design and demonstration of submerged electric cargo pump |Westinghouse
Design of high speed monohull ship Bath Iron Works
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Design of wide beam multi-purpose ship

Trinity Marine

Design of multi-purpose container/bulk carrier

Trinity Marine

Design of multi-purpose dry cargo ship McDermott
Preliminary design of cruise ship Ingalls
Evaluation of advanced cruise ship design NASSCO

Development of modular design double hull tanker

Macdermott/Beth Ship

Evaluation of designs for shuttle tankers

NASSCO

Final design of product tanker

Newport News

Design of virtual shipyard concept

U.S. Shipbldg Consorcium

Design of commercial planing SWATH Trinity Marine
Design of commercial high speed ferry Pacific Marine
Development of systems for ferry construction Todd Pacific

Develop new designs for small ships

Industry association

Final design of offshore liftboat Bollinger
Desgin of commercial vehicle carrier NASSCO
Design of double hull tanker/OBO Alabama
Desgin of product tanker Avondale
Design of coastal product tanker Gibbs & Cox
Design family of double hull tankers Marinex

Improve shipbuilding techniques

Newport News

Design control system for SWATH and SLICE ships

Lockheed Missiles & Space

Develop panel line welding systems

McDermott

Design light weight SWATH high speed ferry

SWATH International

Develop advanced hull materials

University of California

Design of a stern factory

McDermott

Demonstrate automated welding of structural beams

Cybo Robots
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Develop an advanced high powered waterjet propulsor

Bird-Johnson

Test a spill avoidance system for oil tankers

MH Systems

Develop shipboard data management system

Marine Mgmt. Systems

Develop composite ship superstructures

Structural Composites

Develop software for shipyard date architecture

Intergraph

Develop vessel optimization and safety system

Sperry Marine

Develop and demonstrate an integrated bridge

Martin Marietta

Develop a new LNG containment system Marinex
Apply agile manufacturing tools to shipyards CTA
Develop a fast ferry Peterson
Design a small reefer ship Bender

Computer automation of fast ferry manufacturing

Nichols Brothers

Design a family of midfoil SWAS ships

Pacific Marine

Design a handy sized bulk carrier

Alabama

Develop construction process for LNG ships

Newport News

Design and test fast ferries

Trinity Marine

Design shallow draft self loading cargo ship

Vibtech
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ZEA-1
FY 1996 # I FEBAF IR B BIR T E L H i
(BAfT - 1005 Kv)

FUNDING OF RESEARCH AND DEVELOPMENT ACTIVITIES

(Budget authority, dollar amounts in millions)

Dollar  Percent

1993 1995 1996 Change: Change:
Actual Estimate! Proposed 1995to 1995 to
1996 1996
By Agency: )
DefenSe oot 38,898 36,272 35,161 -1,111 -3.1%
Health and Human Services .......ooeeveeveieivceieiiecnn 10,472 11,676 12,123 +447 +3.8%
National Aeronautics and Space Administration .. 8,873 9,455 9,517 +62 +0.7%
B DT EY oo e 6,896 6,637 7,125 +488 +7.4%
National Science Foundation ..........ccccoooiiiiieeiiiiiceieeieneene 2,012 2,450 2,540 +90 +3.7%
Agriculture 1,467 1,554 1,499 -55 -3.6%
Commerce 793 1,284 1,404 +120 +9.3%
Transportation ....ocoociiiiiiiec et ne e naeanes 613 687 755 +69  +10.0%
[nterior 649 687 697 +9 +1.4%
Environmental Protection Agency .......cccccovimiaiinnienicics 511 589 682 +93  +15.8%
OUROT oottt 1,308 1,423 1,380 —42 -3.0%
Total oo 72,493 72,713 72,883 +170 +0.2%
By R&D Theme:
BASIC oo et ne e nn s 13,362 13,975 14,467 +493 +3.5%
Applied ......... 13,608 14,569 14,686 +117  +0.8%
Development . 42,795 42,107 41,768 -339 -0.8%
FACHEOS oo 2,727 2,063 1,962 -101 —4.9%
TORY s 72,493 72,713 72,883 +170 +0.2%
Civilian
BaSIC oo e et 11,951 12,741 13,246 +505 +4.0%
Applied 9,130 10,717 11,022 +305 +2.8%
Development ..ot 7,269 8,622 9,031 +409 +4.7%
Facilities ... 1,979 1,734 1,603 -132 -7.6%
Subtotal ... 30,328 33,8156 34,902 +1,087 +3.2%
Defense:
BASIC et 1,411 1,234 1,221 -13 -1.0%
Applied ......... 4,478 3,852 3,664 -188 —4.9%
Development .. oo 35,527 33,485 32,737 ~747 -2.2%
Faciliti®s ... 748 328 359 +31 +9.3%
Subtotal s 42,164 38,898 37,981 -918 -2.4%
By Civilian and Defense Shares:
Defense Dual-Use ......ooooovieoiiiiiieeeeciece . 1,702 2,063 1,965 -98 -4.8%
Civilian Share with Dual-Use ....... 44% 49% 51% NA NA
Civilian Share without Dual-Use 42% 47% 48% NA NA

1Includes proposed supplementals and rescissions.
NA=Not applicable.
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FY1 9 9 6 TEEBHFRFERITEE O S NI FHEANA 7 A b
(Bfr: 1005 k)

FUNDING OF SELECTED SCIENCE AND TECHNOLOGY
HIGHLIGHTS

(Budget authority, dollar amounts in millions)

Dollar  Percent
1993 1995 1996 Change: Change:
Actual Estimate! Proposed 1995te 1995 to
1996 1996
National Aeronautics and Space Administration:
Reusable Launch Vehicle Technology Program ... arininnns 129 159 +30 +23%
International Space Station ........cciiiniiecninni 2,262 2,113 2,115 +2 +*%
Aeronautics IRItIAtIVE ....occeeiirriieere e 129 347 434 +87 +25%
New Millennium Initiative .....ccocociiiiiiniiiiriree et 67 392 495 +103 +26%
Commerce-National Institute of Standards and Technology: .
Advanced Technology Program ......ccceeiinieniniicnnenenic s 68 431 491 +60 +14%
Manufacturing Extension Partnerships ... 18 91 147 +56 +62%
10-house RED ..ottt s serieeenaen s b s ean e sn s asee e saeseacnens 193 259 300 +41 +16%
Defense-Advanced Research Project Agency:
Technology Reinvestment Project .........ccooiiieeernnnivcnneiinnininens 472 443 500 +57 +13%
Environmental Protection Agency:
 Environmental Technology Initiative ... 67 139 192 +53 +38%
National Institute of Health:
Biomedical ReSEAch ..o.voiiieieereciietieeeieetee et ... 10,326 11,321 11,789 +468 +4%
Department of Energy:
Basic Research User Facilities ....ooooooeeiiiiioiii i nneesiniscinni cnvnenie ctiineaieannnns 100 +100 NA
Fusion Energy Research ...c...cccociiiiniimniminniene e eecteeenensceneae 335 373 360 -12 -3%
Expanded Partnerships and Technology Transfer:3
Federal Technology Transfer Investment NA 1,611 1,768 +157 +10%
Number of CRADA Partnerships ......cccceeviiicieeinnnns NA 6,093 6,816 +723 +12%
CRADA Value (Cash and non-cash contributions) .......ccceceeinieies NA 5,104 5,806 +702 +14%
Academic R&D32 11,674 11,641 12,504 +863 +1%
Merit Reviewed Research? ... NA 28,454 29,344 +890 +3%
National Science and Technology Council Initiatives:2
Technology and Learning Challenge ..o NA 328 335 +8 +2%
Partnership for a New Generation of Vehicles .......ccoveevnceen NA 246 333 +817 +35%
Construction & Building ..c.coooeevvneevniincinnns FOOT OO URISPIN NA 141 169 +28 +20%
Physical Infrastructure for Transportation ..........cvnmicnncinnnns NA 247 321 +74 +30%
Environment & Natural Resources .........ccocoovvniiinivinninnennnnccnnne NA 5,339 5,536 +197 +4%
U.S. Global Change Research Program3 ........ccccviiiiniiinnnencnniennnns 1,531 2,118 2,157 +39 +2%
Defense .......cocoornereecrreennecnne et tee et es st 6 6 6 - +*%
Health and Human Services ........ccccceceeeeierrenceneiiissensnenesesseiennns 1 31 32 +1 +5%
EOOIEY ettt et e 305 368 371 +3 +1%
National Aeronautics and Space Administration ... 917 1,338 1,341 +3 +*%
National Science Foundation .......c.cocoveieemnivriieermeiessnnnineccenens 124 169 183 +14 +8%
ARTICUILUTE ottt s e e 46 61 67 +6 +9%
COMIMEBICTE uervieeieieeieeteiienie et eiteeteeeareeree e saneeesaeesasenassseensassasesasnsenane 66 78 97 +19 +24%
TOEEIIOL ittt e e 38 31 30 -1 -3%
Environmental Protection AZenCy ....coovieeviireinreniiienenincinciinnens 26 32 26 -6 -19%
SmithSODIAN oottt . 3 3 3 © +*%
Tennessee Valley AULhODILY ..ooovveivevieciereiiriie i rceeerieens v 1 1 . -17%
High Performance Computing and Communications ... 762 1,080 1,142 +63 +6%
DEfENIS@ .uireireeiieeeieeeti e et et e et eeeas s ar e er e as s ettt 298 384 403 +19 +5%
Health and Human Services 47 68 78 +10 +15%
| OF s Y - OO U S U USROS PPN 100 113 114 +1 +1%
National Aeronautics and Space Administration ........eoiveieieeee 82 131 131 -* —*%
National Science Foundation .......cccccevceiieniinnns . 233 297 314 +17 +6%
COMMErCe ...voeeerenrenreeereseneriararanenees 2 32 50 +18 +57%
Environmental Protection Agency .........cccovvuieiiianns 16 12 -3 -20%
Veterans AdminiStration .......ooocveeceuiieciiniimineesessssneisnsccnes 24 24 +° +°%
EdUcatIon oot it 16 17 +1 +6%
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(budget authority, dollar amounts in millions)

Agency 1993 1995 1996 Dollar %
Actual | Estimate | Proposed | Change | Change
1995- 1995-
1996 1996
Basic Research User Facilities NA NA 100 +100 NA
Environment & Natural NA 5,339 5,536 +197 +4%
Resources
US Global Climate Change 1,531 2,118 2,157 +39 +2%
Research Program ’
Environmental Technology 67 139 192 +53 +38%
Initiative”
High Performance Computing 762 1,080 1,142 +63 +6%
and Communications
Education and Training NA 328 335 +8 +2%
Technology
Partnership for a New NA 246 333 +87 +35%
Generation of Vehicles
Construction & Building NA 141 169 +28 +20%
Physical Infrastructure for NA 247 321 +74 +30%
Transportation
Advanced Technology Program 68 431 491 +60 +14%
(DoC)
Manufacturing Extension 18 91 147 +56 +62%
Partnerships (DoC)
National Institute of Standards 193 259 300 +41 +16%
and Technology Inhouse
Research (DoC)
Technology Reinvestment 472 443 500 +57 +13%
Project
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Marketing Strategy for Merchant Shipbuilders

Paul W. Stott’

Much has been published over the years about technology and productivity in shipbuilding, and much aiso
about the shipbuilding market and its potential. Little has been published to date, however, about the all
importan! techno-economic interface between the two. This paper sets out lo explore this interface and to
identify how a shipyard can be malched lo its external environment through the adoption of a coherent
strategy. The elements of external forces are considered (in particular, prices and market volume), and the
internal factors within the control of a shipyard are examined to review how they can be utilized in a
strategic sense to match a shipyard to a targeted market sector. The elements reviewed include prices,
exchange rates, physical constraints, capacity, market volume, production characteristics, and shipyard

organization.

Consumption is the sole end and purpose of all produc-
tion and the interests of the product ought to be attended
to, only so far as it may be necessary for promoting that
of the consumer.

ADAM SMITH, The Wealth of Nations, 1776

Introduction

Over the past decades much effort and expenditure has
been directed at performance improvement in shipyards with
the aim of reducing costs. This has particularly been the case
in higher cost countries with shipyards sceking to offset wage
costs against productivity.

Performance is about much more than just productivity,
however. While the number of man-hours used per ton pro-
duced is of course vitally important, there are other factors
that have a considerable bearing on a shipyard’s bottom line,
some of which are outside the shipyard’s control. :

These factors arc put into context by examining the rela-
tionship between a shipyard and its marketing environment.
While numerous papers have been written about perfor-
mance within a shipyard and about the market outside, few
have addressed the all important techno-ecconomic interface
between the two.

The marketing cnvironment within which a shipyard op-
erates includes internal factors, generally within the control
of the shipyard, and external factors outside the control of the
shipyard. The internal factors that can be manipulated to
cope with changes in the external environment are normally
termed the “Marketing Mix” [1]. Generally grouped under
the four “Ps,” these factors are:

- design and attributes of the Product to match customer
requirements;

- design and attributes of the Place in which production
takes place, encompassing not only production attributes
but also organization and, in particular, overheads.

« Promotion of the product being offered, i.c., advertising
or other channels to draw the product to the attention of
potential customers; and

'A&P Appledore International, Wallsend, Tyne and Wear, UK.

“Numbers in brackels designate References at end of paper.

Paper presented ab the Ship Production Symposium, Scattle,
Washington, January 25-27, 1995.
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= Price at which the product is offered, although, as will be
demonstrated later, this aspect is largely outside the con-
trol of merchant shipbuilders.

The external factors affecting the shipyard over which it
has little or no control are numerous and wide-ranging, in-
cluding politics and macro-cconomics. The more tangible fac-
tors in the immediate environment of the shipyard (termed
the “proximate macro-environment” in market jargon), on
which most marketing strategies will concentrate, include
market price, competition, wage rates and costs, exchange
rates, and demand.

When considering these factors it should be kept in mind
that the external environment presents not only the threats
against which a company has to react, but also the opportu-
nities of which it can take advantage.

It is important to understand the way in which a shipyard
interacts with its environment, as well as the elements of
strategy available to a shipyard in seeking to match the at-
tributes of the market. Decisions relating to production must
take into account a global strategy, including reference to the
external environment, and not simply be based on a contin-
uous drive to minimize man-hours.

Historical background

For much of the past 10 to 15 years, commercial shipbuild-
ing has not presented an economic opportunity for most of the
world’s shipbuilders—however productive they might be. The
market collapsed following a peak of newbuilding in the mid-
1970s, and has remained at a low level for more than a de-
cade, as shown in Fig. 1.

The depressed level of capacity utilization during this pe-
riod, with correspondingly low prices, led to the closure of
numerous shipyards (or in some cases entire national indus-
tries), with those shipyards remaining requiring government
support and intervention to survive.

Since around 1987, however, the level of international or-
dering has picked up, with corresponding improvements in
capacity utilization and prices. (Figure 2 presents the growth
in orders since 1987 and Fig. 3 the development of prices over
the same period.) Following the period of extended restruc-
turing and rationalization, the industry is well placed to ab-
sorb this increase in demand without the massive degree of
over-capacity seen at the start of the last decade. Having said
this, prices have yet to rise to a point that much of the world’s
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Fig. 2 Orderbook deadweight index

shipbuilding industry can reliably generate a profit, and sub-  of its economic life, and by the need for the fleet to expand to
sidies are still common practice in many countries. accommodate growth in trade. In addition to these two pri-

Demand for new vessels is generated primarily by the need mary determinants, demand for new vessels is also gener-
to replace obsolete, aged tonnage which has reached the end ated by technical developments, such as the development of
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containerization, or by legislative pressure, such as the im-
plementation of OPA90 in the U.S. which discriminates
against aging, single-skin tankers.

These factors are illustrated in Fig. 4 which presents a
simplified diagram of the shipbuilding market and the ship-
ping market. (Note: The second-hand sector of the shipping
market has deliberately been left out of this diagram for the
sake of clarity. For a full description of the economics of the
shipping trades, the reader is referred to [2].)

As a consequence of the lack of newbuilding between the
mid-1970s and the late 1980s, the average age of the fleet is
high, at around 17 years. In the face of an economic life ex-
pectancy of between 20 and 25 years, the prospects for fleet
replacement in the coming decade are good, particularly
when coupled to escalating concerns among governments,
charterers, insurers, and classification societies about the
large volume of aging and sub-standard tonnage currently
trading. A second consequence of the historic lack of new-
building has been that much scrapped tonnage has not been
replaced and the level of surplus tonnage within the fleet,
and thereby its ability to absorb fluctuations in demand, has
been reduced and growth in trade therefore leads more di-
rectly to demand for new tonnage.

Against this background, most forecasts of newbuilding for
the coming decade are optimistic and shipbuilders are gear-
ing up for improved demand, although it has to be said that
there are structural problems in all sectors of the market
that could cast a shadow over the awaited recovery. These
factors are discussed in full in [3]. This potential opportunity
has arisen at a time when many shipyards are looking for
opportunitics to replace declining workloads for warships,
following the so-called “peace dividend.”

This is the situation to a large extent in the United States.
Most U.S. shipyards have not been active in the international
commercial sector for some years, and are currently seeking
ways to capitalize on the potential for commercial newbuild-

ing.
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In reality, a shipyard does not operate in isolation and does
not have a free hand to construct whatever it chooses. The
environment (in the broad sense of the word) imposes con-
straints within which a shipyard must operate and which
will dictate at least partially the range of ships that may be
included in its product mix.

The correct strategy?

When faced with a blank order book a shipyard must make
a decision as to the market sector to be targeted. This deci-
sion has often in the past been made intuitively, due to lack
of defined methods or constraints against which to analyze
the product mix.

Successful entry into the merchant shipbuilding sector will
be a matter of strategy. The era when shipyards could aim to
construct all types of vessels according to market demand
has finished, and most shipbuilders now specialize. This en-
ables organizations and facilities to be correctly matched to
the target market sector. The strategy requires very careful
consideration, especially because it is easy to get it wrong.

A good example of a common intuitive strategy is one that
would aim to build sophisticated ships, to capitalize on high
levels of technology in the high wage cost countries. This
seems to be a perfectly rational approach and is one that has
been adopted in the past, in particular in some European
shipyards; but some of the underlying assumptions require
careful consideration.

Firstly, this strategy wrongly assumes that the price of a
ship is related to its work content. In other words, that a
more sophisticated ship will attract a higher price. This is
unfortunately not true, as can be seen from Table 1, compar-
ing a sophisticated containership with a more simple pana-
max tanker.

The income per unit of work as measured by compensated
gross tons [4], is higher for the less sophisticated, larger ship
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Fig. 4 Market drivers and key determinants

than for the containership, despite the seemingly attractive
higher price of the former smaller vessel. To be rigorous the
added value rather than price should be compared to work
content. After subtracting material costs, the relative num-
bers become $750 added value per unit of work for the
tanker, and $665 for the containership.

Ship prices move on a commodity basis, rising and falling
with supply and demand, as can be seen by studying Fig. 3,
the price index. The price is, in general, not within the control
of the shipyard.

Secondly, the strategy outlined above confuses the sophis-
tication of the product with the sophistication of the process.
A passenger ship is a good example of a sophisticated ship
type that uses a high level of traditional and labor intensive
shipbuilding skills. Series building of simple bulk carriers, on
the other hand, permits the maximum utilization of sophis-
ticated automated processes and robotics, making best use of
advanced production technologies available in developed
countries. It also minimizes labor content where labor cost is
a disadvantage.

The most appropriate strategy may, in fact, be counter-
intuitive and its derivation requires very careful thought
with respect to a number of factors.

Table 1
2,500 TEU 80,000 DWT
Container Ship Tanker
Price (February 1994) $ 45 million $ 44 million
Gross Tonnage 37,000 46,000
Compensated Gross Tonnage 27,750 25,300
Income per CGT $1,621 $1,739
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Economic influences

The implications of price not being within the control of the
shipyard requires further study. A survey of potential ship-
owners was undertaken recently by the author to investigate
the attributes that make up a marketable design, and buyer
values. The following attributes were reviewed:

* price,

« delivery,

financing,

° minimum crew,

» ease of operation,

» ease of maintenance,

* speed,

» fuel consumption/economy,
e capacity,

« efficient cargo handling,

- safety,

- design/operational considerations, and
other factors.

°

While many of the design attributes were seen as having a
positive benefit on the marketability of a design, owners
(within reason) were not willing to pay a premium above the
market price to reflect performance attributes. In other
words, the quality of the design of a ship may be reflected in
the probability of attracting a sale, but not in the price.

The effect of fluctuating prices is compounded by another
factor outside the control of the shipyard—exchange rate
fluctuations. These fluctuations can have a very significant
effect on the economic performance of a shipyard that is al-
most totally outside management control. These effects are
demonstrated by the following financial calculations, consid-
ering the all-important but simple gross margin calculations
[5]. ‘

Table 2 presents an example of a simple gross margin cal-
culation, taken from an actual case.

A 5% fall in price (around $1 million) leads to a fall in
profits of over 50%, and a fall of 10% leads the shipyard into
a ‘marginal position. Conversely, a rise of 5% leads to an
increase in profit of over 50% and a rise of 10% leads to more
than double the profit. A quick glance at Fig. 3 shows that
price fluctuations of this magnitude are not uncommon.

To put this into perspective, compare it to an increase of
10% in productivity on the same calculation (represented by
a 10% reduction in labor costs). This leads to a reduction in
total cost of 3% and an increase in profits of around 34%. It
should be kept in mind that an improvement of 10% in pro-
ductivity is not a trivial target, and is likely to require con-
siderable expenditure of effort and possibly capital as well.

The second factor that is outside the control of a shipyard
is exchange rate fluctuations.

Table 3 presents two examples, firstly, in yen with the
price fixed in dollars, with the movement in exchange rate
between January and December 1993, and secondly, with the
calculation undertaken in sterling with the price fixed in dol-
lars, and the movement in exchange rates over the second
half of 1992.

Table 2
Price $19.4 million
Labor Costs * $ 6.1 million
Material Costs $10.5 million
Overheads $ 1.0 million
Profit $ 1.8 million
* Including associated overhead costs
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Table 3 Effects of exchange rate fluctuations

Calculation 1 : Price Fixed in US Dollars,
costs in Yen

19.4
125 Jan 1993
110 Dec 1993

Price (Million $)
Exchange Rate 1
Exchange Rate 2

763 million Yen
1,313 million Yen
125 million Yen

Labor Cost
Material Costs
Overhead Coslts
Total Costs : 2,201 million Yen

Profit Calculations in Million Yen

Jan 1993  Dec 1993
Income 2,426 2,141
Costs 2,201 2,201
Profit 225 (60)
Profit : Income  9.28% -2.80%

Calculation 2 : Price Fixed in US Dollars,
costs in Sterling

19.4
0.52 July 1992
0.65 Dec 1992

Price (Million $)
Exchange Rate 1
Exchange Rate 2

Labor Cost £3.17 million
Material Cost £5.46 million
Overhead Cost £0.52 million
Total Costs : £9.15 million

Profit Calculations in Million Pounds Sterling

July 1992  Dec 1992

Income 10.09 12.61
Costs 9.15 9.15
Profit 0.94 3.46
Profit: Income  9.30%  27.44%

These calculations use sclected exchange rates to illustrate
a point. However, the cffect is clear. In the case of the Jap-
anese shipyard profit would fallen from 9% of turnover at the
start of the year to a loss of almost 3% at the year’s end.
Conversely, the profit at a U.K. yard would have risen from
9% to over 27% over the six month period shown, without any
internal change in the shipyard.

The aim of presenting these simple and fairly obvious cal-
culations is to demonstrate that external economics have a
significant influence in shipbuilding, and can be of overriding
umportance.

Strategy, target marketing, and product
mix seleetion

The dangers of coming to strategic conclusions on an intu-
itive basis were outlined above. To arrive at a considered and
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objective strategy, a number of factors have to be taken into
consideration. When faced with a blank sheet of paper and
the need to define a successful product mix, constraints are
required against which to set targets.

The remainder of this paper discusses a number of consid-
crations and constraints that have to be taken into account
when deriving a strategy for a target product mix, under the
following headings: physical constraints; market volume,
market share and other market factors; production charac-
teristics and organization; and other strategic options.

Physical constraints

The simplest set of constraints to consider are the physical
constraints of the shipyard—Ilength, beam, depth of water,
and capacity. Shipyards can be classed according to the ge-
neric ship type corresponding to the maximum size of ship
that could be constructed. This is difficult to classify exactly,
due to the imprecise nature of terms but corresponds very
roughly to:

> Small ships (below 5000 dwt),

> Sub-handysize (5000 to around 20 000 dwt),

« Handysize/Handymax (20 000 up to around 45 000 dwt),
- Panamax (60 000 to 90 000 dwt),

 Cape size (100 000 to 170 000 dwt),

« Very large crude carrier (VLCC) (over 200 000 dwt).

In general these size bands are very loose—only panamax
and suezmax have an actual physical constraint and the ge-
neric terms are open to wide interpretation. The small ship
sector is particularly difficult to classify. Below around 5000
dwt the characteristics of the market change significantly
and this sector forms a complex sub-market in its own right.
(This paper concentrates predominantly on the market for
larger tonnage.)

All shipyards are constrained by size, although this con-
straint can of course be relaxed through investment, if a pos-
itive cost benefit situation is identified. In general terms,
larger shipyards have an advantage. This is not because
larger ships necessarily attract higher value as demon-
strated by the calculation presented in Table 4 comparing the
income per unit of work (represented by the compensated
gross ton) for a handysize and a panamax tanker.

Market conditions for the handymax ship at the time of
writing are significantly better than in the panamax sector,
so handymax ships attract a correspondingly better price.

The advantage for the larger shipyard lies in the fact that
it can “trade down” to build smaller vessels, if that is what
the market demands, giving an added flexibility. The smaller
shipyard cannot trade up. This is illustrated in Fig. 5 which
considers order density in the tanker market, that is the ratio
of the number of ships on order in a sector of the market to
the number of shipyards participating in that sector. (These
graphs are based on a sample of 1407 tankers ordered or on
order since 1989.) Competition reduces as the size of the ship
increases. At the far end of the scale, i.e., VLCCs, the level of
competition is much reduced, and a number of shipyards are
currently anticipating the replacement of the VLCC fleet
when prices could be good, due to the balance between supply

Table 4
Handymax Panamax
Tanker Tanker
Estimated Current Price” $33 million $42 million
Estimated CGT 15,120 tonne 22,160 tonne
Income per CGT $2,182 $1,895

* July 1994
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Order Density (Orders : Shipyards)
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Source : Fairplay Ships On Order / A&P Appledore international
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and demand in this sector. Price per unit of work for a VL.CC
is currently around the same level as the handymax sector,
but this may be adverscly affected by new capacity due to
come on stream in Germany, South Korea, and China. This
could upsct the fine balance in this scctor.

Thus, it can be seen from Fig. 5 that, while market volumes
are greatest in the smaller sizes, competitive conditions im-
prove as size increascs.

Initially the decision as to whether to relax an existing
constraint in a shipyard is a fairly simple matter of econom-
ics, considering the cost and the perceived benefit. However,
the cost is likely to be high, and ultimately the decision must
be made on the perception of the risk associated with the
expenditure, in addition to simple economic calculations.

Finally, there is a need to match the physical capacity of a
shipyard with the level of workforce.

Capacity is very difficult to specify in exact terms. It is a
function of many paramelers including surface area, cran-
age, equipment, launching arrangements, and above all, peo-
ple. The most useful measure of capacity is output (measured
by compensated gross tons) per man-year worked. For exam-
ple, a shipyard of 1000 persons, operating at a reasonably
productive level of output of 50 CGT produced per man-year
worked, would have a capacity of 50 000 CGT per year or
around 3.5 handymax bulk carriers. If the shipyard has re-
stricted berth space (particularly if it is unable to build in
tandem or semi-tandem), or perhaps even more critically if it
has restricted berth cranage, then launching this many ships
could be a problem. Conversely, 50 000 CGT cquates to
roughly one 125 000 m* LNG carrier per year, the production

20> 45 45> 80 80> 200 >200
DWT (000's)
Fig. 5 Order density in tanker market
Table 5
TARGET MARKET VOLUMES
Ship Type Relative Market Volume
Bulk Carrier 62.3
General Cargo 53.5
Tanker 31.5
Container 21.6
Passenger (including Ferries) 17.4
Chemical Tanker 171
RoRo 13.9
Reefer 12.8
0BO 1.3
LPG 5.0
LNG 1.0
Table 6
Volume Markets Bulk Carrier
General Cargo
Tanker
Intermediate Container
Passenger
Chemical Tanker
RoRo
Reefer
Niche OBO
LPG
LNG

of which may not be constrained by the launching bottleneck.

Market volume, market share and other
market factors

It is not the intention to present here a specific market
forecast. However, it is important to gage the relative sizes of
market sectors to judge the size of the target that is being
aimed at. This is illustrated in a nondimensional format in
Table 5.

The statistics in Table 5 are based on a recent market
forecast undertaken by the author for ships between 5000
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and 100 000 dwt. The smallest market sector, liquefied nat-
ural gas (LNG) carriers, has been assigned a factor of 1. The
other sectors have been assigned a factor based on the rela-
tive size of the market. For example, for every 1 LNG ship
constructed, 21.6 containerships will be constructed.

In terms of volume, the market can be divided into three
sectors as shown in Table 6.

The implications of these classifications in terms of market
share are important. For the shipyard outlined above as ca-
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pable of producing 50 000 CGT per annum, equating to 3.5
bulk carriers or one 125 000 m” LNG carrier, the implied
levels of market share would be around 6% of the bulk carrier
market, but well over 80% of the LNG market. It follows from
this that a shipyard with 2000 workers aiming to specialize
in the LNG scctor would be short of work.

A strategy aiming al niche sectors has to be very carcfully
considered. The intermediate sector is also not without its
problems. For example, 99 containerships were delivered in
1993, representing a peak of deliveries in this sector. The
containership market is forecast Lo improve, but not to a level
significantly greater than the deliverics scen in 1993, al-
though demand is likely to be steadier than seen in the 1980s
and carly 1990s. The caveatl to this is that a new market
entrant aiming a strategy in this scctor is likely to have to
gain market share at the cxpense of established specialist
builders and competition will be intense. Market entry will
be difficult. Conversely, in the volume scctors of the market,
market share can be gained through the significant market
growth that is forecast, giving a greater likelihood of success-
ful market penctration.

Finally under this heading, the characteristics of likely or-
der should be considered.

In the volume sector, series orders or standard ships can be
expected, with low cycle times lcading to high throughput.
This leads potentially to high economic efficiency in high cost
countries, with overhead or establishment costs being recov-
ered over high throughput, minimizing unit costs.

At the other end of the spectrum, in the niche sectors,
orders are more likely to be for onc-ofls, with long cycle times
and low throughput. In some cases, an entirc company over-
head may have to be recovered against a single vessel, or
even less than one vessel if the cycle time is greater than one
year. This is considered further in the following scction.

Production characteristics and organization

Production characteristics vary significantly depending on
the target market sector. This is best illustrated by consid-

ering two ships at the opposite ends of the spectrum-—a bulk
carrier and a cruise ship. Various aspects of the production
system arc contrasted below for these two ship types.

Automation/Skill. High volumes and the high level of re-
petitive steelwork permits maximum use of automation in
the construction of bulk carriers, requiring minimum craft
skill levels. Conversely, passenger ship construction is diffi-
cult to automate and relies more heavily on craft skills.

Skill balance. For the bulk carrier the emphasis is largely
on steelwork with the reverse being the case for the passen-
ger ship where outfit content predominates.

Throughput characteristics. High volume flow throughput
for bulk carriers permits the use of process orientated work-
flow. In the casc of passenger ships, the long cycle time leads
to a much more product orientated flow, with the ship being
the primary workstation for much of the time. '

Organization. Workstations remain largely fixed for much
of the work involved in bulk carrier production with fixed
operatives. Passenger vessels are better suited to multi-dis-
cipline teams working in ad hoc workstations and zones.

Querheads. The repetitive nature of series ship production
enables overhead staff to be minimized in the case of bulk
carrier production. This permits maximum economic effi-
ciency, with low overheads recovered against high through-
put. Conversely, higher numbers of planners, technical staff,
QA and inspection staff, estimators, purchasers, supervisors,
and most other overhead categories are required for passen-
ger ship production.

The above factors arc summarized, along with the market
elements, in Fig. 6, which demonstrates that production fa-
cilitics must be matched to the target product mix. It would
clearly not be efficient to construct a bulk carrier in a pas-
senger ship facility, or vice versa, although technically it
could be done. This is the reason why shipyards can no longer
be all things to all shipowners, as they were 30 years ago, and
that most successful shipyards today specialize in selected
target areas. The target that most closely matches warship
construction for those shipyards attempting to convert is
cruise ship construction. It should be clear from studying Fig.

Tanker Cruise Vessel
Attribute
Market Volume High Increasing Volume Low
Target Market Share Low Increasing Market Share High
Order Characteristics Series < Increasing Order Length Unique
Cycle Time Short Increasing Cycle Time Long
Automation Potential Maximum Increasing Skill Level Minimum
Skill Balance Steel Trades Increasing Outfit Contenl> QOutfit Trades
Throughput High Volume Increasing Throughput Volume Low Volume
Overheads Low Increasing Overhead Costs, Higher
Potential For High High Increasing Unit Cost Low
Economic Efficiency b
Production Defined Flow Lanes Increasing Fixed Workstations Ship Orientated
Organization T

Fig. 6 Comparison of atlributes of volume and niche market building
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6 that attempting to build volume ship types efficiently in a
former warship shipyard is likely to be difficult without in-
vestment and possibly downsizing, in particular of overhead
staff.

Mixing noncompatible ship types, such as bulk carriers
and passenger ships, in the same facility should be techni-
cally and cconomically feasible, but would require very care-
ful thought and planning. In particular, the allocation of
overheads would have to be carefully considered so as to not
jeopardize the cconomic viability of the more simple ship
Lypes.

Other strategies: order sharing

In addition to target marketing and the matching of facil-
ities and organization to the chosen product mix, there are
other options that could be utilized as part of an overall strat-
cgy.

As an example, the following calculations concern a strat-
egy of combining a series order in two shipyards at different
levels of competitiveness. The measure of competitiveness
utilized is cost per unit of output, the unit of output used
being the compensated gross ton. .

Consider the case of a reasonably competitive shipyard in
a high-cost country that proposes to form an association with
a less efficiont shipyard in a low-cost country, with the aim of
reducing unit costs of a serics order build jointly in the two
shipyards. This is illustrated in Fig. 7.

Figure 7 is based on curves of constant cost per unit of
output [4], taking into account total cost per employee (hor-
izontal axis) and productivity (vertical axis) measured by em-
ployee years used per compensated gross ton produced. Total
cost includes labor costs and overhead costs, but excludes
material costs and other contract costs such as builder’s risk
insurance or financing charges. The product of the two pa-
rameters gives a measure of competitiveness; cost per CGT
produced.

Shipyard A is typical of a developing country with low pro-
ductivity but a very low operating cost, giving a level of com-
petitivencss of $500 per CGT.

Shipyard B is typical of an average level in Europe with a
reasonable level of productivity but a fairly high cost, giving
a level of competitiveness of $1500 per CGT.

Total Productivity, Employee-Year/CGT

The components of these costs are presented in Table 7.

Table 8 presents the combined level of competitiveness de-
pending on the proportion of the order placed in either ship-
yard and the percentage reduction in cost per unit output
from the situation in Shipyard B alone.

The validity of this strategy is clear from Table 8. Signifi-
cant reductions in cost per unit output are possible via this
course of action, without any improvement in productivity in
the higher cost shipyard. A 50:50 split of the order would lead
to a reduction in unit costs of one-third.

The aim of presenting these caleulations is to show again,
that strategy is not simply a matter of looking inwards to
improve those factors under the control of the shipyard. As
indicated in the introduction to this paper, external factors
outside the control of the shipyard produce both opportuni-
ties and threats; creative ways must be sought to maximize
the advantage from the former and minimize the problems
from the latter. Order sharing is one example of a possible
strategy to do this.

Conclusions

Shipyards do not operate in isolation. They are subject to
forces imposed by the external environment to which they
must react. The external environment provides both oppor-
tunities and threats, and the nature of the external environ-
ment must be understood to enable these to be identified and
addressed.

In general, external forces are outside the control of a ship-
yard. In particular this comment is directed at price, which
fluctuates on a commodity basis. It is one of the characteris-
tics of the shipbuilding industry; very large fluctuations in
price have been experienced in the past, and it is largely due
to this variation that shipbuilding is seen as a difficult and
high-risk industry.

In order to survive in this difficult environment, a shipyard
must adopt a coherent strategy to match the facilities and
organization to a targeted market sector. This strategy must
be considered very carelully, with decisions made on a ratio-
nal and scientific basis, and not on intuition.

When deriving a strategy, the following factors must be
considered:

 Physical constraints—There will be a maximum size of

0.14 —

0.08 -

50/ 50 split

0.06 —

0.04 -

0.02 -

T shipyard B Only

$1,000/cqt
$500/cgt

I e B N Sy o
0 10,000 20,000 30,000

L e e T S e e
40,000 50,000 60,000 70,000

Total Cost, $US/Employee-Year

Fig. 7 Combined series order effect on competitiveness
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Table 7
Shipyard A: Productivity 0.1" manyears
per CGT
Cost per manyear $5,000
Performance $500 per CGT
Shipyard B: Productivity 0.033*" manyears
per CGT
Cosl per manyear $45,000

Performance $1,500 per CGT

* an output of 10 CGT per manyear worked
** an output of 30 CGT per manyear worked

Table 8 Combined series order effect on competitiveness

Share of Order Combined Cost % Improvement
(Shipyard A : B) per CGT Unit Costs
A B

0 100 1,500 0

10 90 1,400 6.67

20 80 1,300 13.33

30 70 1,200 20

40 60 1,100 26.67

50 50 1,000 33.33

60 40 900 40

70 30 800 46.67

80 20 700 53.33

90 10 600 60

100 0 500 66.67

vessel that can be constructed and a limit to capacity,
although both these constraints can normally be relaxed
if this is justified.

» Market factors—The capacity of a shipyard can be re-
lated to market volume for specific target sectors, and
the market share required to achieve reasonable
throughput can be identified. These must be reviewed
along with the competitive situation to identify the po-
tential for market sector penetration.

e Production characteristics and organization—The char-
acteristics of a shipyard must be matched to the chosen
target market sectors. At different ends of a spectrum the
characteristics are highly automated, high throughput
and low overhead to higher craft skill level, low through-
put and high overhead.

Finally, an example is presented of a potential strategy
based on sharing orders between shipyards at different pro-
ductivity levels. The aim to this strategy is to reduce unit
costs without changing the internal characteristics of either
shipyard.
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Discussion

Rafael Gutierrez-Fraile, Astilleros Espafoles, Madrid

Mr. Stott is to be congratulated for being the first, to my
knowledge, to publish a rational analysis of the serious di-
lemmas faced by shipyard marketing executives when decid-
ing the product portfolios their companies will offer.

The introduction of the concepts of order denstty, market
volume, and market share is fully appropriate in shipbuilding
and should not be considered too “consumer market oriented”
as some people might think. It is worrying that the conse-
quences of the above concepts on the size and organization of
the shipyard, as reflected on the type and number of ships it
can hope to sell, have apparently not been taken into account
by some new cntrants in the shipbuilding market and by the
protagonists of some of the capacity cxpansions currently un-
der way.

The paper bas all the basic ingredients to provoke the nec-
essary internal discussion in every shipbuilding company be-
fore product strategy decisions are made. I fully agree with
the author that the answers are not straightforward and that
cach individual shipyard may have a different optimum prod-
uct portfolio, depending on its facilities and cost structure,
but also of its industrial hinterland, as explained below.

I also agree with the author that U.S. shipbuilders with
warship experience might feel more comfortable, and be more
competitive, in building cruise vessels and other sophisti-
cated one-off ships, than with series of simpler ones like
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tankers. The present market confirms that complex ships
like cruise vessels are built more efficiently at developed
countries, in spite of the much higher labor costs. The reason
is the requirement for a very strong supporting industry to
build these vessels in a reasonable time and with the re-
quired quality and finish. Such industry is not available in
developing countries. In consequence, prices of these vessels
reflect a differential with those of simpler ones, as will be
seen below.

The author is absolutely right in pointing out that unso-
phisticated ships may be built very efficiently using ad-
vanced processes, adequate for developed countries. How-
ever, this applies mostly to the hull construction, and not so
much to the outfitting. Therefore, the advantage of developed
countries is not totally decisive, at least not in all cases. The
current market reflects a situation with simple ships like
bulk carriers being built competitively at such different coun-
tries as China on one side and Japan or Denmark on the
other side.

My own data do not coincide with some of the author’s
quantitative assumptions to the extent that some of the in-
termediate conclusions could be the opposite to the author’s,
but this does not invalidate his methodology, nor most of his
reasoning, nor his most important final conclusions.

For instance, according to our own database, tanker mar-
ket prices at the end of 1994 ranged from 1450 to 1850 U.S.
dollars/CGT, depending on size, while containerships ranged
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ORDER DENSITY IN THE SHIPBUILDING MARKET
ANNUAL SHIPS AVAILABLE PER ACTIVE SHIPYARD
MARKET PROJECTIONS 1996-2000

SHIP RANGE
Boruen

Orannen

2/5.000 GT| -

5/15.000 GT
15/40.000 GT
4070.000 GT| -

70/100.000 GT .

UNLIMITED | » -

o 1 2 3 4 5 6 7

ANNUAL SHIPS PER SHIPYARD

Fig. 8

from 1700 to 2200 U.S. dollars/CGT. So, the author is right
that unit prices of some containerships can be lower than
those of some tankers. However, the average price per CGT of
containerships is 13% higher than that of tankers. Further-

158 AUGUST 1995

more, the average cruise vesscl price per CGT is in the range
of 3000 U.S. dollars/CGT, i.e., almost 90% higher than that of
tankers. So, there is a difference. More sophisticated ships do
get a higher market price per CGT. This does not mean the
author’s conclusions arec wrong. Most of the above quantita-
tive differences in U.S. dollars/CGT values are due to the
stepped nature of the OECD cocfficients for CGT, making
them unsuitable for a ship-to-ship comparison, although they
work well when large databases arc aggregated. Another rea-
son for the differences is that OECD cocfficients were ini-
tially intended to represent labor contents, even if the differ-
cnt evolution of shipbuilding technology for different ship
types has blurred this aspect. A comparison on a value-added
basis, as suggested by the author, would probably give much
smoother and clarifying results.

Finally, in Fig. 5 the author shows the order density for
tankers, for proofl that large shipyards have a clear advan-
tage over smaller ones. However, when we consider the pro-

jections for the whole shipbuilding demand, as in Fig. 8 at-

tached to this discussion, we can sce that tankers are nearly
100% of the demand above 200 000 dwt, but only a small
fraction of the expected demand for smaller ships. It is clear
that, in the medium term, there will not be enough big ships
for all big yards to build. Thercfore, most big yards will have
to-build smaller ships to survive. Medium and smaller yards
might be more comfortable and competitive in that market.
This should be a relief for some shipbuilders and a deep cause
of concern for others.

I would like to stress again the importance of this paper,
opening a new line of discussion for shipbuilding strategists.
U.S. shipyards, being now relatively uncommitted at this
stage, can be among those to profit the most from a rational
approach to determination of their product portfolio.
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