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Abstract

Abstract

Lean Production System is one of the most successful production sys-
tems in the world. Its success generated a shift in manufacturing around the
world. Manufacturers in all industries from automotive to aircraft to paint to
computers and on and on, are moving to a different production system called
Lean Manufacturing. The world manufacturers made great progress with
“lean thinking”. The author of this paper with lean thinking have studied
the production system of Japanese shipbuilders and concluded a modern
shipbuilding system, the Lean Shipbuilding System.

Lean Shipbuilding System starts thinking from eliminating the non —
value added process of shipbuilding in order to clear up the wastes and save
the resources for raising the productivity and reducing the cost. Lean Ship-
building touches upon all sectors of the shipyard management, including
marketing & development, design & engineering, business & production,
planning & controlling, human resources, material purchasing, financial
affairs, facility & safety management, and so on. With the lean principles
of the shipbuilding distinction, this paper describes the lean practice in de-

tail for Chinese shipbuilders, such as product value chain analysis, zero in-
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ventory management, just — in — time & level production, one — piece flow
manufacturing, takt time, mass customization, pull planning system, four
Ss, built ~ in quality, flexible labor, motivated employee, total plant con-
trol, etc. ‘The focus of this paper is to provide and introduce the Lean Ship-
building System to Chinese shipyards.

The first chapter analyses the current Chinese shipbuilding situation
and points out that the high cost and low productivity are two main obstacles

in the way of Chinese shipbuilding development. The Lean Shipbuilding

System can provide an ideal approach to remove these obstacles. The sec-

- ond chapter elaborates the principles of the Lean Shipbuilding System. The

third chapter discusses the lean shipbuilding work breakdown structure in
detail through the shipbuilding process. The fourth chapter analyses the lean
shipbuilding value chain by means of Value Engineering methods. The fifth
chapter describes the planning and control system of the Lean Shipbuilding.
The sixth chapter introduces the theory and methods of shipbuilding accura-
cy control. Last but not the least; the seventh chapter introduces the appli-
cation of total plant control in shipyard management, where the 4S% are the
most important management tools.

In the trend of rapid development of Chinese shipbuilding today, the
author think that with the advantage of low labor cost, the Lean Shipbuilding
System will help Chinese shipbuilders to establish a kind of modern ship-
building system, which contains high technology, good profitability, low re-

source consumption and environment protection. If the Chinese shipbuilders
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keep doing so, soon or late, China will become the largest and strongest

shipbuilder in the world.

Key words: ship engineering, shipbuilding system, planning & con-
trol, value chain, value engineering, advanced manufacturing, lean pro-
duction, lean shipbuilding, just in time, built - in quality, zero inventory,

mass customization, 4S management, total plant control




B B
( Preface )

EENVIS FREEVERHAENETEMETNEH T, ¥

EPEMHILVSAREMEERIIIET 258, EEINELEE
MEAMAREMEANERTE, XASEHEHTHEEHREMN
NBIK . MBERME BRI, 20 4 80 FRWH, PEEMHH
NBAEHRS, ERETFHBHORET, —BTHTHREMS
W, Z+EZFEUR, FPEHEMBEEMBR, FTRCEH#ME
JEo 2004 P EEEMT T ERARD 880 FHEM, CLEL 1 4
EHRTREAMAEI A, HEAHAMNER,
METHZFMEELR, TEARKNEFEKEANRS, H3h
NBAAHER. B TEEMBERNKE T, PESAAMER
MM ERKRERE, B E 3 3h 7 A K50 21 76 2 %7 51 55 .
BRPEMEHSBNERHY X, SMAPNERKSEE, &6
EARABAUHBHH#EL. HEMTHEFH IR A KO EELR,
FEEREERT S LRSS IEEES TR, TEM OER
BMAKREE, EMETETERAEK. Bk, E48RFPEY
HABAMBEHLSE, MREBRTEER™ L, P EERRELE




BaEmEXTAR

BHATHRAEMTS, AERIHRE -NWEMKEMRE, &
IS BERF B TH T LR R EmER,
EHEHRAEIYE, EHXINEALETHC 24 ENAR
EMEANMRES, R THEEEPREAREHEER S LKL
HBE, FEXMENIREHERCLIROMESEE, HRMN
HRBRALIORE, REMERT OFE MR BT X883,
BN, B4 w0 b AR R 0 56 B R R R A R R
EAEATBMERBERTREAERAHYFEEROL LR
BARE, BRYMTEESMETRERESENANEERRHN K

- B, XFIEXEEAX P EMTFAEGRE, 4417 %ki#ER

EAREE, ERAMBEETHEEMTEL, 23 8%, Bit5%
BRSNS . BA AR R, MR [F 9 fa B A B AT b A R T R A
e A 2 08 3 A AR A IR R, AT AT LA 0 R kA b AT
&R, KB R P EM HERESES.
SERTAKRG, REFMHEL 20 FLFERNEEFSFZ—,
REFLHAT A, EH-FHESRE. 2FBBT. WENE
. FEGRD . AHRERSBINFES REO TR T ALK TF.
BEMG, REPEMTA3 -5 ERntE, A BRE sl
MM, BERERBANERE>SE, B Ae, 21
B, REMMT LR - ERBERBPEL -2 AFH T LS
BRI BT, AP EEE AR — 658k B MR E

TIHR o




H =x

# & ( Preface)

#1 % ¥ ®i& 4R (Chinese Shipbuilding Situation) -« -- (1)
1.1 sEEAR B ZE B ( Review of Chinese Shipbuilding) / (1)
1.2 hEEMIMAR S 47 ( Status Analysis of Chinese Shipbuilding) / (4)
1.3 hEEHR % FHLE ( Opportunity of Chinese Shipbuilding) / (9)
1.4 451 ( Conclusion) / (12)
B % 3Lk ( References) / (14)

¥2 & # £:& #4 % 72 (Lean Shipbuilding Principle) «--eeeeee- (16)
2. 1 #%iR ( Introduction) / (16)
2.2 ¥4 F= & R [E ( The Formation of Lean Production) / (17)
2. 3 #5285 1E AR48 3K ( Lean Shipbuilding System) / (18)
2.3.1 =R M1E%E (Product Value Chain) / (19)
2.3.2 B4AKMEl (One - Piece Flow ) / (21)
2.3.3 sy R R (Pull System) / (23)
2.3.4 #ERHAER (JIT) FIBHPEHEL (Just in Time and Built - in
Quality ) / (25)




B IEMEIA R

2.3.5 HHAEFERIAEFEHH (Level Production and Takt Time ) / (26)
2.3.64S HH (Four Ss) / (30)
2. 3.7 EMEEEHE (Accuracy Control ) / (33)
2.3.7.1 W T K33 51 (Reducing Non — Value Added) / (33)
2.3.7.2 RRAK T YE b EPE ( Decreasing Operational Difficulty) / (33)
2.3.7.3 A FEH0E#E (Increasing High Efficient Welding) / (33)
2.3.7.4 8 T 7 & R & (Raising Product Quality) / (34)
2.3.8 2R T & (Total Plant Control ) / (34)
2.4 518 ( Conclusion) / (36)
& % 30k ( References) / (36)

A3 & M K& A5 4 45 B (Lean Shipbuilding Work
Breakdown ) ......................................................... (38)
3.1 #%i& ( Introduction) / (38)
3. 2 ¥ MRE AL 4544 ( Lean Shipbuilding Work Structure) / (39)
3.2.1 P=5h485H (Product Structure ) / (39)
3.2.2 ZA—4&4k (Three Integrations ) / (40)
3. 2.3 fEdL A ABEE (Work Breakdown Elements ) / (40)
3.2.3. 1 fE b & 45 ( Work System) / (40)
3.2.3.2 fRk X35 ( Work Zone) / (40)
3.2.3.3 fENP A (Work Area) / (41)
3.2.3.4 YRV BB} (Work Stage) / (41)




H *x

3.2.3.5 YRV 4 MR (Work Breakdown Model) / (41)
3.2.4 HEAIFER, (Interim Product) / (42)
3.2.5 A =4 ( Production Value ) / (43)
3. 3 ¥R EARE 4 ( Lean Shipbuilding Work System) / (45)
3. 3.1 BMERAELAZR (Hull Construction/Outfitting/Painting
Work Structure ) / (45)
3.3. 1. 1 ¥§25 #4475 ¥ (Lean Hull Construction Method) / (46)
3.3.1.2 ¥525 % 1 (Lean Outfitting Method) / (46)
3.3.1.3 42512 % % (Lean Painting Method) / (46)
3.3. 1.4 ¥425 %8 F Wik ¥ 1 (Lean Pipe Piece Family
Manufacturing) / (46)
3.3.2 15K 4t (Building Strategy ) / (48)
3. 3.3 #ENL4ES 8 (Work Package) / (48)
3.3.3. 1 #5 ik P ( Progress Management) / (49)
3.3.3.2 @i sl A ( Cost Management) / (49)
3.3.3.3 RGMA S H7 7785 (Cost Analysis by Systems) / (50)
3.3.4 MR — AR 3R (Integrated Schedules for Hull/
Outfitting/Painting ) / (51)
3.3.5 B KAENL 3T (One - piece Flow Application ) / (53)
3. 4 FEIEAR{E AL 538 ( Lean Shipbuilding Work Breakdown) / (54)
3. 4.1 Mk #E k48 (Hull Block Work Breakdown ) / (55)
3.4. 1.1 43B %143 (Block Definition) / (55)
3.4.1.2 ¥ K E M4/ #9443 B ( Enlarging Part/Sub — Block




BEIEMER TR

Assembly) / (57)

3. 4. 1. 3 FF4 0 T.(Part Fabrication) / (59)
3.4.1. 4 EM:IVE(Part Assembly) / (59)
3.4.1.5 #{- 3 AL (Sub Block Assembly) / (60)
3.4.1.6 4}B: &4 (Block Assembly) / (60)
3.4.1.7 #4{A K& (Hull Erection) / (61)

3. 4.2 FR%EAF SR (Outfitting Work Breakdown ) / (62)
3.4.2.1 #B% %R (Material Procurement) / (64)
3.4.2.2 BT % (Unit Assembly) / (65)

- 3.4.2.3 51 BLHM%E (On - block Outfitting) / (66)
3.4.2.4 ft %%5 (On — board Outfitting) / (67)
3.4.2.5 %% ZYGia % Bk K (Operation and Test) / (68)

3. 4.3 ®¥EAEA SR (Painting Work Breakdown ) / (69)
3.4.3.1 944 BILLHE (Shot Blasting and Shop Primer) / (70)
3.4.3.2 H#HH&% (Pipe Piece Painting) / (71)
3.4.3.3 43Bi¥4%% (Block Painting) / (71)
3.4.3.4 HIG1% (Unit Painting) / (71)
3.4.3.5 BREE#MNE (Touch Up) / (72)
3.4.3.6 5E 1% (Finish Painting) / (72)

3.4.4 ISR ( Pipe Piece Work Breakdown ) / (72)
3.5 &5 ( Conclusion) / (75)
B & Uk ( References) / (77)

L




H *

#4 & 4k K& A5 4~ 1h 44 4 3 (Lean Shipbuilding Value Chain
Analysis)  ceeereeerenieeen
4.1 %R ( Introduction) / (78)
4. 2 YH{ESE S8R ( Value Chain Breakdown) / (79)
4.2.1 TEHB (Work Flow) / (79)
4.2.2 BEHS (Production Organization ) / (80)
4.2.3 Hr{H%E 58 (Value Chain Breakdown ) / (82)
4. 3 MEFENHFIETE ( Value Chain Analysis and Control) / (82)

4.3. 1 HrESE S AR XK (Value Chain vs Cost Chain ) / (82)

4. 3.2 M{EH S (Value Chain Analysis) / (83)
4.3.2. 1 #3784 = AR 57 ( Yard Internal Cost
Analysis) / (86)
4.3.2.2 SNSRI/ PME A4 ( Yard Outsourcing Cost
Analysis) / (87)
4.3.2.3 HEAE X 5 A 537 (Cost Analysis by Top Five
Activities) / (88)
4.3.3 {4 ( Value Chain Management ) / (90)

4. 4 EMBEAREMESH7 ( Value Analysis of Ship Engineering) / (92)

4.4.1 BMEEARBME ( Value of Ship Engineering ) / (92)
4.4.2 FEIMBBHFEAREAR ( Engineering Cost for Different Types
of Vessel ) / (93)

4.5 %58 ( Conclusion) / (94)




