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Table 1. History of shipbuilding after the second world war.
Description
Year
Shipbuilding Welding and steel
1945 « Construction of all-welding ship (1 200 DWT) world’s first
1950 « Construction of 20 000 DWT class tanker + Introducduction of submerged arc welding
1955 » Introduction of 100 000 DWT class tanker + Widespread of gravity welding
+ Construction of offshore jack-up rig “Hakuryo No. 17
+ Advent of shipbuilding boom for export
+ Introduction of block construction method for shipbuilding
+ Construction of the Japan’s first submarine after the second world war
+ Construction of the world’s first LNG carrier (abroad)
1960 + Construction of the world’s first LPG carrier « Development of one side automatic welding
+ Increase in size of tanker
* Trend of aft-bridge type
1965 + Achievement of No. 1 amount of shipbuilding « Introduction of vertical automation welding
+ Construction of 310 000 DWT tanker (ESW, CESW, EGW)
« Antarctic observation ship M/S “Fuji” - Introduction of controlled-rolled steel (abroad)
+ Introduction of container ship
- [ Accident of large ship]
1970 + Construction of the Japan’s first nuclear powered ship “Mutsu”, 370 000 + Widespread of COj, non gas semi-automatic
* DWT tanker, offshore jack-up rig “Hakuryo No.” welding
- Introduction of working unit construction method [ The first oil crisis] * Introduction of steel for large heat-input
[Start of energy-saving welding
1975 + Increase in strength of the developing Countries « Introduction of advanced controlled-rolled
+ Construction of 480 000 DWT tanker, 550 000 DWT tanker (France), and LNG carrier steel
- [The second oil crisis]
* Trimming of personnel and production facilities
1980 + Construction of new type sail equipped tanker, fully-automated ship, 560 000 DWT tank- | - Introduction of thermo-mechanical control pro-
er, and naval escort ship “Shirase” cess steel
+ Construction of mobile arctic caisson rig “MARK?”, and deep sea research vehicle
“Shinkai 2000”
+ Accident of accommodation platform “Alexander I. Kielland” (oversea)
[Drop of oil price]
1985 » Intensified depression in shipbuilding * Practical use of high tensile steel (YP-50)
* Report to the Government on the cutting of production facilities (20%)
+ Decrease in demand for offshore structure
In future | * Promotion of the development of energy-saving ship - High technologization, robotization, labor sav-
+ Development of special-object ship ing etc.
Table 2. Changes of welding method in ship- 100 ) ) () :x1000t
o | 233 Conventional HT(YP32) . . .
building. 90 TEU : Total Equivalent Unit

Crowth period (1955 to 1965)
Manual welding 100%
High growth period (1965 to 1975 ; mass production of huge ships)

Manual welding 55%
Gravity welding 30%
Submerged arc welding 15%

Low growth period (1975 to date ; semi-and simplified automatic welding)
0, arc welding 40%
Gravity welding 30%
Submerged arc welding 20%
Manual welding 10%
Near future (Around 1990 ; robotization)
Robotic welding 40%
CO, arc welding

Submerged arc welding 20%
Gravity welding 15%
Manual welding 5%
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Fig. 1. Changes of percentage of applied high ten-
sile steel (at IHI Kure Shipyard).
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Table 3. Comparison of preheating temperature of conventional and thermo mechanical control process type

high tensile steel.

Conventional HT

TMCP type HT

Season Preheat Temperature Steel Thickness Temperature Preheat Temperature
Cold seasons =>100°C YP-32 <35 mm <-5°C =>20°C
(November to March) YP-36
Other =75°C YP-40 <30 mm =-5°C =20°C
seasons <50 mm < 5°C =20°C

Note : YP-32 ; 0y=>32 kgf/mm?, 48 kgf/mm® < 0560 kgf/mm’
YP-36 ; oy=36 kgf/mm?, 50 kgf/mm’< 0p<63 kef/mm>
YP-40 ; oy=40 kgf/mm?, 54 kgf/mm®< 05<64 kgf/mm?

0.70p
0.60F
0.50F

0.40F

C., and P, values

0.30¢

0.20

106610681070 19721974 19761978

Fig. 2. Transition of C,, and P,, values of domes-
tic HT80 steels.
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Table 4. Welding procedure of thermo mechani-
cal control process type high tensile steel.

YP-32,36 YP-40

Welding
method Thickness Heat imput Thickness Heat imput

(mm) (kJ/cm) (mm) (kJ/cm)
SAW*! <35 =250 <30 =220
SAW*2 =35 <180 <30 <160
EGAS <3 <270 <30 <240
CES <35 <750 =30 <720

SAW™*!: Submerged arc welding (Copper backing method)
SAW*2 . Submerged arc welding (Flux backing method)
EGAS : Electrogas arc welding

CES : Consumable electroslag welding
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Table 5. Technical transitions on 80 kgf/mm? class high tensile strength steel (HT 80) and its welding.
Period Steel Welding procedure
1954~1960 |7Period of usage of imported HT steel (T-1 steel) | l Study on fabrication procedure of T-1 steel
(OT-1 : Welded structual HT80 steel OWelding process : SMAW
Ni-Cr-Mo-V-B Type (OWelding rod : Imported (Atom- Arc)
1955 Coy (WES) : 0.55~0.60 OPrevention of transverse crack in weld metal
1960 (OlImprovement of welding rod
(QODevelopment of domestic HT60 steel (OStudy on the fabrication conditions
(ODevelopment of domestic HT80 steel
1961~1965 Period of development and study on domestic HT steels and their Establishment of the welding procedure on domestic HT80 steel
practical usages
ODevelopment of WEL-TEN 80C (NSC) (IN treatment) (ODevelopment of domestic welding rod for HT80 (L-80)
* Cr-Mo type (QOChanging the groove geometry
* Good notch toughness. OSetting the maximum allowable heat input
* Low sensitivity against sulfide corrosion cracking OSetting the allowable limit for fabrication
* Low sensitivity against SR cracking Angular distortion+ misalignment<15 mm/m
1965 OAdoptlon of ACI (Anti Crack Initation) bead for low temperature
QOApplicability to low temperature service spherical tank service tank
(OSmooth grinding at toe of weld
1966~1970 ’7Period of full applications of domestic HT80 steel Improvement of welding proceduve and tightening of quality
control
(OStudy on toe crack at low heat mput weld
QUsage of the HT80 steel of Co; <0
OControl of preheating at upper I|m|t temperature and adoption of
postheating
QOProhibition of short bead less than 50 mm
(OSetting time before inspection after welding
1970~1972 IInprovement of weldabilty of welten 80C steel Conclusive surveys on the conditions surrounding weld fablication
of large scale spherical tank
O Active developments on heavy thick low C, high strength steels | OHistogram of C, on HT80 : 0.59~0.62
for long span bridge, penstock elc. Measurement of weld joint restraint intensity of actual tank
—400~800 kgf/mm* mm
Development of low C,, Welten 80C QO Survey on preheating and postheating conditions and control of
Ceq : 0.50~55 welding rod at site
L OSurvey on vapor partial pressure in the air inside and outside of
spherical tank
OSurvey on the change of apgular distortion during welding
1972~ l;actical usage of low C,, welten 80C J l Improvment of fabrication procedure
(OControl of angular distortion : <10 mm /m (Spherical tank
guidance : 1978) .
(OFull control of preheating and postheating at site
Development of automatic controlled pre-and postheating burner

Fracture stress (gross) (kgf/mm?)

90 -

Figures of solid circles show'angulm:
distortion plus misalignment(mm/m)

3 i 2 2 A " "

—120 —80

Testing temperature (°C) .

160 80

Fig. 3. Wide plate tension test results on
HT80 weld joints with angular distorotion and
misalignment.
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Table 6. Technical transitions on 9% Nickel steel and its welding.

Period Steel and LNG tank Welding procedure
IVQueched and tempered 9% Ni steel (Electric furnace) i Election of welding materials for cryogenic service and welding
process
1969 OConstruction of the first LNG storage tank in Japan made of 9%
Ni steel Selection of welding materials
Capacity : 35 000 kl (Inconel type)
Comparison on weldability of imported and domestic welding
materials
« INCO-WELD A (DC)
(OProblem of magnetic arc blow - YAWATA WELD B (AC)
- INCONEL 182
Selection of welding process
— SMAW, MIG (semi-automatic)
Survey on welding procedure
1973~ , A I X
(OTrend of large tanks ?evelopment of automatic welding process and practical apprica-
i
Capacity : 60 000~75 000 kI b
OTightening demagnetization treatment of plate < 50 Gauss Development of hastelloy type welding materials for automatic
welding process
0022237 kgf/mm? 0p=67 kgf/mm?®
1978~ Development of converter 9% Ni steel and its practical vsage 4\ Development of high proof stress welding rods
09.2=>37 kgf/mm op=67 kgf/mm?
(OChanging steel making process Go.2=42 kgf/mm?® 0p=70 kgf/mm?
Electric furnace—Converter Development of automatic welding apparatus
Application of automatic welding
Girth seam of shell plate = SAW (1973~)
Vertical seam of shell plate = Automatic TIG (1975~)
1980~ :
Improvement of steel production : High toughness and cleaness J Extended application of automatic welding processes and inprove-
ment of the quality of weld
(OAdvancement of converter refining and ladle refining technics
(OAdvancement of vacuum degasing technics (OExtended applications of automatic TIG
| - Shell plate (vertical butt joint)
«lowC, P, S » Bottom plate (butt joint)
 Tremendous decrease of gas in steel + Annular plate (butt joint)
+ Tremendous decrease of non-metallic inclusions * Roof plate (butt joint)
« Tremendous increase of fracture toughness in base metal and (OExtended application of SAW
Z - « Shell plate (horizontal butt joint)
1982~ + Shell to annular plate (T-joint)
(OCapacity enlargement of LNG tank QOlmprovement of welding fabrication methods
Capacity : 80 000~ 100 000 ki Olmprovement of welding materials
QlImprovement of joint design
- QOAdvancement of non-destractive testing methods
Study on the appricability of converter made quenched and tem- | [ )Maintenance of domestic rules and regulations
pered, and direct quenched and tempered 9% Ni steel by Con-
tinuous casting process
Same or superior properties of base metal and weld joint com-
pared to those of 9% Ni steel by ingot process
International joint research on arrest properties of 9% Ni and its
weld joint
|
Confirmation of the arrestability of LNG tank against brittle
fracture
1988~ (OSurvey on new type LNG ground tank
Outer tank : PC concrete with metal liner
Inner tank : 9% Ni steel
(OSurvey on more enlargement of tank capacity
(OStudy on the properties of heavy thick 9% Ni steel

Table 6 iZ LNG # > 2B 9% Ni il & 2 0BT
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Present steam condition

246atg, 538 / 566°C SH tube Main steam HP rotor
HP) (LP) pipe

Thermal ;

efficiency Developing conditions  Jb 18-8Ti  24Cr-1Mo Cr-Mo-V
Present 38~40% Step I® 316atg, 566/566/566°C

: Step ® 316atg, 593/593/593°C .

E (EPRI) 18‘8T1
Fufure  42% I 181" 81‘;‘30 Mod. 9Cr-1Mo Cr-Mo-V
Step I  352atg, 649/593/593°C reotoy Super 12Cr

45% Tempaloy Al

17-14CuMo  18-8Mo ¢ AZ88
Incoloy807 uperalloy

Fig. 4. Trends in steam conditions and candidate materials.
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Fig. 5. Trends in aircraft gas turbine materials
use.

Table 7. Weights of metals used in one F100
Turbofan Engine (1 400 kg).

Metal Weight

Ti 2468 kg(41.4%)
Ni 2043 kg(34.2%)
Cr 674 kg(11.3%)
Co 401 kg( 6.7%)
Al 304 ke( 5.1%)
Nb 66 kg( 1.1%)
Mn 1.0kg(0.15% )
Ta 1.4 kg(0.05%)
Total 5967.4 kg(100% )

Metallic makeup of engine
Superalloys 51%

Ti alloys 36%
Steels 11%
Al alloys 2%
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Higher efficiencies

Advanced
materials

Improvement of
specific thrust

Reduction of weight
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800

Temperature capability ("C)
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Year
Fig. 7. Changes of temperature capabilies of tur-

bine blade materials (Temperatures at which creep
rupture life is 1 000 h under stress of 14 kgf/mm?).
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Fig. 6. Roles of advanced mate-
rials in improvement of perform-
ance of aeroegines.
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Fig. 8. Relationships between temperature capabil-
ities and contents of r’ phase of various Materials.
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Table 8. Potential composite materials for aenoengine applications.
Densit Maximum
Class Designation Fiber Matrix gj’;illgy Tempgcrature Characteristics
FRP Conion | Epoxy resin s 120 High specific strength (S. S.) and ductility
Kevl S. S~100 km
F}ber . evlar
reinforce -
plastic Ef{% resistant Carbon Polyimide resin 1.5 250 High temperature application
composites
ég\gnced H. R. Carbon 1.5~1.7 400 Further higher temperature application
sic Al alloys
Al matrix MMC Carb Heat resistant 2.7 450 S. S~50 km
roon Al alloys
Metal = 'y magrix MMC sic Ti alloys 600 S. S.~40 km
composites .
Advanced MMC Sic High temperature
intermetallic 3.4~4 800 S.S~25km
compound
o MCrAlY
Fl:f;;gffff;; ced Re'fll:i(:iory :)I:)‘;g;l’(:f:g“lc 8~12.5 % 288 Higher temperature than superalloys
refratory Alloys
e be d SiC 1500 S.S
temperature | Fiber reinforce i . . . S .S~40 km
composites ceramics Carbon Si3 Ng , SiC, Glass 2.5~3 1 800 toughened ceramics
. Ultra higher temperature application higher
Carbon/Carbon . . _ g P ..app g
composites Carbon Carbon 1.7~2 2000 Ss.g‘flz&)cksmtrength and ductility
IETNZER T % 45 GRLTE 577 W 72 D BUIE 5512 b 3 < it 2 000~
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NTBSTHFEMOMBED % %% 0T 1300°C §i i et alloys S
. aa N N 5 - - . - olie -
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5 y = g - A9 )4
Y HOBMILAE SR, ZORKRY Y — THKTR S O s O
s 5 1000 &=
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S o i
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MY v 7 ABIREOREBICL 2T, Z2OFEMEREIRE
HELTn5,

—7, FRM (Fiber Reinforced Metal), FRS (Fiber
Reinforced Super-alloy), FRC (Fiber Reinforced
Ceramics), C/C (Carbon-Carbon composite) % & O
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Fig. 9. Anticipated years of introduction of var-
ious advanced materials.
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