: TECHNOLOGY TRANSFER AND COOPERAT!VE RESEARCH
: IN JAPAN :

Y Tho_mas_W. Eagar
INTRODUCTION o

There is much bemg wrltten about Japanese busmesses and their current success; a
number of re_asons have been proposed to explain this phenomenon.. One of the most
admired aspects in manufacturing is the Japanese ability to assimilate and apply new
technology from around the world. In addition, Westerners are often impressed with
Japanese preparation and knowledge concerning seemingly minor details. One American
engineer tells the story of a meeting he had with a Japanese company in Tokyo one
afternoon. He asked a rather specific question but received a rather general answer. The
next morning, feeling unsatisfied with the response, he phoned another member of the
company who was stationed at an office 600 miles away and asked the same question. His
friend answered by saying that he thought that the questlon had been answered by his
colleagues in Tokyo the previous afterncon! The’ Japanese company certainly had excellent
communications both about what was sa1d and about what' was allowed to be said to this
engmeer. : o :

Another cla1m whlch is often heard is that Japan 1s a unified economy t1ed together
in some sinister way labeled "Japan, Inc." To those westerners who have spent much time
in Japan yet another common characteristic of the Japanese is their apparently endless
series of meetings. In this paper, I will attempt to explain some of the spécific ways in
~ which the Japanese achieve such rapid assimilation of new technology, and such excellent
' commumcatlons, why they hold so many ‘meetings, and whether they are unified in their
- research. This is presented primarily through a description of the organization and the
administration of two Japanese professional societies with which I am familiar: viz. the
Japan Welding Society (JWS) and the Japan Welding Engineering Society (JWES); however,
the general orgamzatmnal format is very similar to most other Japanese engineering
societies. It will be seen that these societies take a much more active role than most of
their - counterparts in the United States. "It is believed’ that this active role of the
~professional societies is the glue which holds Japanese universities, national laboratories,
- and industries - together and contributes not only to exceilent commumca’non of new
technology but also to conSLderable cooperatwe research ' :

Before startmg a dxscussmn of the JWS and the JWES it may be useful to descrlbe a
few facts concerning the role of engineering and, specificaily, the welding profession in
Japan. - In the United States, the most respected professwn is a physician followed in
second or third place by a scientist. The engineering professmn generally ranks in the
lower of the top ten professions. In- Japan, the situation is reversed. Engineering is the
most highly respected profession with science ranking within the top ten, but considerably
lower than engineering. This difference between the United States and Japan is easily seen
in the number of science and engineering graduates (Table I). 'There are roughly seven
times as many scientists educated in the United States as in Japan, but equal numbers of
engineers. On a per capita basis this means that Japan has twice as many engineers as the
United States. As a result of this dominance of engineering professionals’in Japan, the
more practlcal or applied disciplines receive much more attention (and financial support)

than in the United States. This is especially true for welding, which in the U.S. is
- considered to be on the low end of the technical scale. In Japan, welding is a much more
respectable professmn because the Japanese - recogmze that it permeates all types of
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manufacturmg even if it is not Very sc1ent1f1c-: weldmg has tremendous practlcal'
importance. This importance is illustrated by the mclusmn of weldmg as one of the 59
 national committees of the Science Council of Japan (ISC). The JSC is the statutory
advisor to the Japanese government on science and the National Committee of Welding
ranks equally in the JSC with National Committees of Physics, of Mathemancs, of
Chemistry and of Space Research. Whether one agrees with such a ranking or not, this
. example demonstrates the 1mportance of the practlcal engmeermg dlscrphnes as percelved

o by the Japanese.

:THE J WS-«-A PROFESSIONAL SOCIETY FOR INDIVIDUALS

Asa professronctl socrety dedxca.ted to 1nd1v1dual members, the Japan Weldrng Socrety
is similar to an engineering professional society in the United States. It holds two annual
meetings, issues publications, holds trammg courses and the like. There are also nine
technical research committees (listed in Table II); however, what is unusual is the. act1v1ty
of these technical committees. Each committee meets for one or two days, four to six
times each year with 50 to 100 people in attendance. ‘With only 25% of the 4000 JWS
members as active committee participants, this represents five man days of technical
. committee work each year per active committee member. While this alone might'not seem
excessive, one has to combine this with the six days of semiannual technical meetmgs and

the act1v1t1es of the J WES which will be descrlbed subsequently.

: ’I'hese technical research commlttee meetmgs are not short- admlmstratwe groups
held in conjunction with other professional society busmess as is often done in the United
States; they are full day stand-alone meetings. As an example, in November 1984 a
~_day-long-meeting was held by the Welding Processes Committee to discuss harrow gap
_welding. - In the morning, five persons from mdustry discussed the status and future
potential  of this process in the pressure vessel, heavy machinery, construction,
shipbuilding, and hydroelectrlc industries. This was followed in the afternoon with five
hours of discussion concermng narrow gap welding among experts from industry, national
j.laboratorres, and universities. Such an extensive discussion on such a limited topic must -
‘have provided ‘each of the experts with a comprehensive knowledge of the state-of-the-art
~of narrow gap- weldmg in Japan, its major problems, and its future industrial potentlal In
essence, this was a specrahzed seminar, given by experts for other experts in the same
field. Although very labor intensive, such a meetmg is very effective in transferrmg
- technology among laboratorles, and mdustry. : : R '

*In the same month the Arc Physics Comm1ttee met to review some of the techmcal
papers which were presented at the International Institute of Welding meeting which was
held in Boston the previous July. In this way, persons not present at this international
. conference could be instructed in detail by their colleagues who had attended. ' In addition,
a draft of one of the Japanese publications which will be . submitted to ' this same
1nternat10nal conference in 1985 was presented for review and comment. An: updated
review was handed out at the next meeting which was-held in February. At this second

~ meeting, ﬂve or 31x current research papers ‘were presented by both umversmes and
mdustry. ' .

Although ‘these c.ommxttee meetmgs are ofhcrally pubhc, the mformatron Wthh is
shared is not readily available to nonmembers of the committee. Several chairmen explam
that this public yet private issue is not a problem at present as the reports are usually in
~ Japanese, and only committee members have copies except for a copy which is kept in the
files of the JWS. When asked if the WS flles were open, 1t was explamed that any specific
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request would probably be honored but a non-Japanese person could not review the flles at
will. If they allowed such open access, the compames Wthh contribute mformatlon would

not be so cooperatlve in the future. :

As another example of these open, yet closed meetmgs, ‘this author was- 1nv1ted by a
Japanese colleague to attend another society's technical meeting.  This was the Iron and
Steel Institute of Japan meeting in Hiroshima in October 1984, The meeting was in
Japanese, but there was a special two-day seminar of particular interest on accelerated
coolmg of steel plates, a new technology in which Japan clearly leads the world. Upon

~arriving with an interpreter, we were told that foreigners could not attend the seminar.

After explaining that we were invited by a Japanese friend, apologies were made and we
were permitted to enter. The surprising aspect of the seminar was that most papers dealt
with the design and construction details of the processing equipment and how to avoid

_-techmcal pitfalls. After the meeting, I commented that this was certainly unusual by U.S.

seminar standards and my Japanese colleague responded that this is the Japanese way of
"normalizing" their knowledge among the entire industry. It is not a practice that is illegal

“in Japan and it certamly is an effective means of intraindustry technology transfer,

Each technical research commlttee defmes ‘the scope ‘of its interests.” For example,

the St_rength of Welded Structures Committee lists the following four points of interest:

weld cracklng and residual stresses,

fracture-safe design, ‘ ' -

time dependent fracture, e.g:, fatigue, creep and stress corrosmn crackmg, and
fabrlcatlon problems—-sharmg of experiences.

' The chau‘man has four subchaurmen, each of whom is a umversny professor, who are

‘responsible for extracting one or two papers in each area, usually from industry, for
‘presentation at the. committee meetings. In this way, several dozen; papers -on weld
- strength are dlscussed 1n detail each year. _ : : :

Another exampie of techmcal commlttee orgamzatlon and act1v1t1es comes from the
Committee on Solid Phase Welding and Brazing. The JWS recognized in 1983 that more use
will be made of dissimilar materials in the future and the conventional fusion welding

" processes are not appropriate. As a result, they formed this newest committee which held

its first meeting in 1984, Starting a committee requires a strong and influential chairman.
He must invite companies, universities, and national laboratories to participate. Each
company pays a small annual fee ($100 to $200) to support the administrative expenses of
the committee. After one year, the Solid Phase Welding and Brazing Committee now has
45 industrial members and about a dozen more from universities and national laboratories.
After - defining -their scope, which in this case includes both metal-to-metal and
metal-to-ceramic bonding, they divided up responsibilities for a worldwide literature

- survey of the state-oi-the-art. At the next meeting, different laboratories agreed, at their

own expense, to repeat some of the better studies which were found. This allows the
Japanese laboratories to build up their expertise to world-class standards. In future
meetings, the resulis of these studies will be presented and new research will be
suggested. Each company can volunteer to perform some part of the study and share the

. results’ with other committee members. By such cooperatwe research, the Japanese can

quickly develop world-class capabilities in this new area and can pool their resources to
advarice the state-of—the-art. While some of the early reviews of the current

state-of-the-art may be published in English at the International Institute of Weldmg, most

~of the new research results w1ll remaln in Japanese with dlstributlon llmlted 1o commlttee
: members. : . : P T
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Although professxonal soc1etles for 1nd1v1duals ih the Umted States have active
technical committees, their activities cannot usually compare with the effort and the
- scope of the technical research committees of the JWS. Most professmnal society
technical committees in the United States deal with topics such as public meetings,
' continuing education, or development of ‘new standards. -In Japan, the technical research
committees function much more toward a "normaltzatlon" of research knowledge between
universities, national laboratories, and industry. This is certainly one method by Wthh the
Japanese achieve rapid technology transfer from the laboratory to the productron facility
‘on an industry-wide basis. Although Japanese industry usually competes fiercely in sales
- and marketing of products, there is much truth to the idea that research studies are unified
‘and coordinated and the results of this resea_rch are w1dely shared within Japan. In former
times' of rapid market growth, this sharlng was very open but in the more competitive
. market of today's eccnomy sharing 1is becomlng more limited, Even so, this sharing of
'research knowledge is stxll much greater in Japan than in the United States. :

B THE. JWES--A PROFESSIONAL SOCIETY FOR CORPORATIONS _

. Although the J WS is a professmnal soc1ety made up of 1nd1v1duals, the’ Japan Weldlng
Engineering Society consists primarily of 160 corporate members and 300 invited personal
members. The corporate membership dues are $1000 to $3500 per year and there is-no fee
for personal members, Although the JWES coordinates its work closely with the JWS (their
headquarters are located in the same building); the JWES is primarily organized along
industrial lines and their primary duties include cooperative research, qual1f1catlon of
engmeers and welders, and the development of 1ndustr1al standards. S

Table III lists the technical d1v1srons and research committees of the JWES Each
. "technical division has a division chairman, usually selected from an industrial company, but
" many also have a technical chairman, who is a university proféssor. The technical
‘chairman of both. the divisions and the research committees have several long-range
projects. For example, The Welding Data System Research committee is trylng to
~establish a welding data base which will be computerized. Approximately.20 compames
and several univérsities are contrlbutlng information which can be used by everyone. "It has

. ' been -said that such cooperation was very generous a decade ago when the Japanese

shipbuilding and steel industries were very busy, but in today's recession, it is more
~difficult to convince companies to share all of their knowledge. The Japanese claim that it
i1 'much more competitive now and it is' only through the leadership of influential
‘committee technical chairmen that companies can be encouraged to participate. As noted
above, most of the committee technical chairmen are senior professors from the
“universities. Their old ties ‘with former students make it possible to extract mformatlon
E =wh1ch a company mlght otherwxse avord dxscussmg in pubhc. : :

Another example of cooperatlve 1ndustr1al research sponsored through these techmcal
committees, is research on a project entitled, Metal Working by High Power Lasers. In
March 1980, a technical committee of the J WES was formed to evaluate high power lasers
as metal workmg tools. " The project is led by Professor K. Masubuchi of ‘Massachusetts
‘Institute of Technology (MIT) in Cambridge, Massachusetts, who uses the 15 kW COy laser
 at AYCO Everett (now Combustion Engineering) and Professor I. Masumoto of Nagoya
- UNiversity who has a 2 kW C02 laser. The experimental program, listed in Table IV, was
~ financed by the 15 member companies. Each company can propose a specific portion of the
research provided they are willing to provide the research funds. The advantage ‘of this

* - system is that not only can each. company haveits own spec1f1c research needs addressed,

-but can share in the overall results of the entire study. This is very effectwe cooperatlve
research. .
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- Of the JWES dwzsmns, ‘each carries’ out an average. of three cooperatwe research
- projects per year. In most cases, companies do not directly finance the study through
JWES as with the high power laser study at AVCO, but rather, they agree on which
companies will perform: which research and they share their research fesults. Any member
company can request a cooperative research program by suggestmg a topic m one of the

- d1v131on s commlttee meetmgs.

In addition to these mdus’tria:lly-sponsor'ed "CoOp‘eratlve welding researCh_projects, the
JWES often acts as a contractor for the Japanese government in administering research
programs. There are currently 18 government-sponsored projects. Those sponsored by the
Power Reactor and Nuclear Fuel Development Corporation (PRC), the Japan Atomic
Energy Research Institute (JAERI), and the Japan Defense Agency are listed in Table V.
The Ministry of International Trade and Industry (MITI} also . prowdes monies for
development of mdustrlal standards, although the amount of money prowded is very small '

When a government research contract is recelved by the JWES, a strong chalrman is
assigned who can encourage companies to participate. This is necessary because industry
~will receive only 10 to 30% of the total research costs while participating national
- laboratories and universities ‘will receive 50 to 80% of -the costs if they agree to
participate. In any case, the government can have a large cooperative research program,
administered by an eminently quahfled expert in the fleld usmg hlghly-leveraged research
~funds. _ : : : :

It should be rnentloned that although compames'feel very pressured to participate in
such projects when invited by influential chairmen, industrial participation is not
- ‘guaranteed, When MITI began one of its nine large-scale industrial projects on a flexible
_manufacturlng system complex provzded with a laser, Hitachi, Toshiba, and Mitsubishi
Electric were invited to participate in designing a high power CO5 laser. Even though this
~-was_a $60 million eight-year project, Hitachi felt that they were well ahead of their
competitors in laser development and they chose not to part1c1pate even under extreme
pressure. Hitachi felt that they had more to lose than to gain. Today, at the end of the
project, Hitachi, Toshiba and Mitsubishi Electric each have comparable CO, laser
technology. Toshiba and Mitsubishi Electric shared their development costs with the
government and shared the results with each other. Hitachi paid all of its costs itself and
did not share dxrectly in the results of Toshlba and Mltsublshl Electric.

"1t 'should be noted that for a pro;ect of this magmtude, a new professxonal soc1ety was
formed entitled, "Engineering Research Association of Flexible Manufacturmg System
- Complex with- Laser." This association includes 20 companies and some 200 engmeers from

- industry and 40 from national laboratories. It is clear that this society is a private

administrative agency of MITI, based on the fact that questions referred to the Association
two months after the project completton were referred back to MITI for response.

'SUMMARY

If one asks how the Japanese achieve such effectwe technology transfer between
: laboratory and production, certainly one answer js that they hold many meetmgs on an
industry-wide basis. There is not just technology transfer within a company, in Japan, but
between companies and between compames and universities through the many meetings of
the individual professional societies. The topics discussed. at many of these meetings
“include much more technical content and detail than is common in the United States. In
.addition, all research laboratories become familiar with the efforts at other laboratories
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} resultlng in I'apld drssemmatlon of hew results’ and less dupllcatton of effort. The meetmgs
also permit the Japanese to communicate knowledge of works outside of Japan very
‘effectively. The Japanese are often frustrated by multiple groups of Americans coming to

~-learn what has already been explained to previous visitors. There is not a system in the

* United States which disseminates information on “international research actiyities as

effectively as the Japanese systemn.

" There are a number of ‘reasons why the Japanese meetmg system. works. : One is the
strong leadership of the university professors who serve as committee chairmen. There are

“strong ties between these professors and their former students that do not exist in the
- United States. Japanese industry does not have any higher regard for the research done at

Japanese universities than American 1ndustry has for research at American universities,
but there is a much greater respect for old acquaintances in Japanese soclety as. compared

‘with American society. Another factor is the community spirit of the Japanese rather than

the individualistic spirit of Americans that makes the Japanese more willing to. share their
successful ideas with one another rather than keeping them to themselves for, private

~advantage. Still another factor is the greater patience of the Japanese. Few senior
- American scientists would tolerate spernding 10 to 20% of their time in outside professional

meetings in addition to the internal ‘meetings within their organizations. Finally, a very

~ important factor contributing to successful technical meetmgs in Japan is the Shinkansen,

the "Bullet" Train. In many ways the small size of Japan is a curse, but insofar as holding
meetings, it is a blessing. With the Shinkansen, most people can attend a one-day meeting
at relatlvely small expense and only consume one day of the1r tlme 1nclud1ng travel. :

These d1fference<. suggest that the Japanese method of technology transfer cannot be
ransferred directly to the United States with equal effectiveness. Scientists in the U.S.

should consider which aspects of the Japanese system of technology transfer can be used

‘and should ‘then try to implement such changes. One thing is certain, the impression that
“the Japanese have more effective technology transfer is true, and there is probably much
' 1hat the Umted States can learn from the Japanese in thlS regard. o

“The Japanese methods of coordmatmg and cooperatmg in research could probably be

~ .used effectively in the United States if they were not illegal under U.S. statutes. There is"

~much . dupllcatxon of research effort in the United States. One thing which we can learn

from Japan is that cooperation in research does not mean a lack of competition in the
marketplace. Japanese businesses compete actively, while also cooperating in research. In

.contrast, American industry is hampered by laws and regulat:ons which were made 75 years
‘ago in a very different world economy. While the concept of a "Japan, Inc.” in the world
tnarketplace is not very accurate, there is a form of "Japan, Inc." in the research

community. As one Japanese leader stated, "In order to avoid the useless duplication of

. research work and to push forward the development and application of research efficiently
'[to] needs in industry, it is preferable to establish a study system for joint research [by]

industrial and academic circles,” Japanese research money is spent more eff1c1ently
because of thls strong c:ooperatlve research effort. : '

.‘ "Weldmg Research in the Far Eastern Countrles," in Proceed'mgs for Intematwnal

C'ongress on Weldmg Research T. Kobayasm Welding Research Counc1l New York,
1984 : :
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. . TABLEI
SCIENCE AND ENGINEERING GRADUATES
IN THE UNITED STATES AND IN JAPAN

“United St_ates o Japah - Ratio
' Physical Sciences R o
Bachelor . .. 83,859 - 11,803 . 7.
Master's . - R CB5318 - 1L,710 9
- Doctoral .- o L7378 822 9
Engineerihg_ | _ -
‘Bachelor . 71,096 - 75,188 0
Master's - 18,5500 0 6,975 2
~ " Doctoral - 2,742 0 1,186 2
CTABLEH -

- NINE STANDING TECHNICAL RESEARCH COMMITTEES
IN THE JAPAN WELDING SOCIETY

. Technical Committee on Strength of Welded Structures
_ Chalred by Professor K. Satoh (Osaka Unwersxty)

" Techmcal Commlttee on Weldmg Arc Phy51cs .
Chaired by Professor H. Maruo (Osaka Umversuy)

' 'I'echmcal Committee on Weldlng Processes -
- Chaired by Professor I. Masumoto (Nagoya Umversuy)

' Techmcal Committee on Welding Metallurgy
Chalred by Professor F. Matsuda (Osaka Umvermty)

‘Technical Commlttee on Fatlgue Strength of Welded Jomts
_ Chalred by Professor K. lida. (UmverSIty of Tokyo)

Teehmcal Committee cn Electron .Beam-Weldmg :
Chaired by Y. Arata (Osaka University) -

Technical Commlttee on Resmtance Welding
Chalred by Professor S. Nakada (Osaka Umversny)

~ Technical Committee on MlcrOJmnmg |
Chalred by Professor S. Nakada (Osaka Umversny)

Technical Committee on Sohd Phase Weldlng and Brazing
Chaired by Dr. H. Nakamura (Natlonal Research Instltute
for Metals) '
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TABLE III _

o JAPAN WELDING ENGINEERING SOCIETY
B .TECHNICAL DIVISIONS AND RESEARCH COMMITTEES

‘ ‘I'er.'hmcai Dlvxsxon

- Welding Filler Metal _
Electric Weldmg Machlne :
- Gas Cutting '
- Shipbuilding and Marlne Structure
- Aircraft :
Machinery
Rolling Stock
. Automotive
Civil Englneenng
. Patent:
‘Iron and Steel
- Precious Metal Brazing
Research Committees
Special Materials Welding -
~‘Chemical Plant Welding
Nuclear Englneermg _
. Plastic Design
- Robots Promotion ... - S
Weldmg Data System Research Commlttee-
Commxttees for Contract Research

(Curren_t_ly_ about 18 in total) . :‘ '
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SUMMARY OF RESEARCH PROGRAM CARRIED OUT BY HPL COMMITTEE OF JWES @ ‘

TABLE IV

_ : '-Marku'f- . T e Time* |
Theme Experiment] -Titles ol Etpenmcnls Me@bers | Schedule . Rgmnr_ks
: Tlie refution bctween beam power nnd ' iy
A beam prolile : KHJ_' o Stepl -AYCO
on beam 8 B-1 | OnTEM mode 0TC. Stepl | AVCO
character- .B-2 | Beum profile o 0.T.C. Stepl |
istics : }
Influence of slope-up and sl0pe-down ot : :
¢ . " to weld penetration - Toshiba Step 1 AVCO
D Slope bead on pl:ne test CKHIL Stepl | AVCO
E1 | ' MHIL ‘ s '
: , The refation between weidmg condluons )
E B2 | ,nd penetration and/or weld defects LHL Step2 | AVCO
_ © E3 : _ : 0.I.C. = .
onwelding { F Bead om plate test of ajuminum alloy Nissan Step2 | AVCO
| . ~ [ sEL |
G Mechanical properties of HPL welded joints - | Kobe'St, Step 3 ‘AVCO
' " . . o Hitachi "~ B
_VH-1 | Fillet welding of aluminum ailoy . Mitsui R
H — — . Step 3 AVCO
H-2 | Fillet welding of steel piate NKXK. i .
H Fundamental study on beam pattern Toshiba Step! | AVCO
. on heat : . - . 1;;1;3"“_-51- ' L
treatment | J. ability of : - - ‘
: 1.1 Hardenability of .mate'nals  Hitachi S. StepZ AVCO\
MHI : .
- K-l Thick olate cutting, - 0.T.LC. Step 1 AVCO
oncutting | K-2 ' High speed cutting of thin steel Hitachi | Step2 | UTRC
' K-3 Cutting of heated stesl plate KawaskiS.| Step3 | AVCO
N Irradiation test for sintered silicon compound | Nissan . Step3 | Nagoya Uni.
0 Study of precise bending by laser line heating | NK.K. Step 2 AVCO
: : P Lining welding of stainiess steel Mitsui Step 3 AVCO -
on practical - Y, Do 3 N Ui
applications Q Joining of éeramicsto metals aido Step agoya Uni.
R Surface alloying Hitdchi Step 3. AVCO
S High speed welding of thin stainless steel Hitachi Step3 | AVCO

Planned period

*Step 11 from Oct. 1980 to  April, 19811
Step 2: from March 1981 to Aug., 1981
Step 3: from July 1981 to Jan., 1982

Actual period
from Nov, 1980 to June 1981
from Oct. 1981 to Sept. 1982
* from Jan. 1982 to Dec. 1982

‘@ Reference for Table 'I“V”taken from Technical Report on Research on Metal Working
by High Power Laser by Massachusetts Institute of Technology to the High Power Laser
‘Committee of the Japan Weldmg Engmeermg Soc1ety, September 26, 1983, :
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TABLE. V

JWI" S-ADMINISTERED GOVERNMENT RESEARCH

Sponsored by the Power Reactor and Nuclear Fuel Development Corporatmn

'Acoustlc Emission’ S;gnal Analysrs for the Purpose of Structural Integnty of Pipmg. :
R Components for Fast Breeder Reactors (FBR)

_ Estabhshment of Weldmg Procedures for FBR Structurai Components .

Creep—Fat1gue Crack PrOpagation Behavxor of Structural Matenals for L1qu1d Metal
FBR : o . o L

Nonde'strl..lct.ive .techni'qt‘.les for FBR 'Str_ucttlr_al W elds _' 4' :
_.Structural Desrgn of FBR & =
- Sponsored by the Ja.pan Atomlc E.nergy Research Instltute _ L
Fatlgue Strength of. nght Water Reactor (LWR) Components
Fracture Mechamcs Evaluatlon of LWR P‘nmary System |
7 Sponsored by the Jap:m Defense Agency _ SR
o Weldmg Code for Ni- Cr-Mo-Nb smp Steel

NDE of Steel Weidments-—Development of Standards

B Hrgh Deposxtlon Rate SMAW for Submarlne Steels i

_ Standards for Fabrlcat.lon of Submarme Hulls
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-3

TECHNOLOGY TRANSFER AND COOPERATIVE RESEARCH
RN IN JAPAN

_'-_-:Thomas W.Eagar
INTRODUCTION o
There is much bemg wntten about Japanese busmesses and thexr current success,

number of reasons have been proposed to explain this phenomenon. One of the most
admired aspects in manufacturing is the Japanese ability to assimilate and apply new

-technology from around the world. In addition, Westerners are often impressed with

Japanese preparation and knowledge concerning seemmgly minor details. One American
engineer tells the story of a meeting he had with a Japanese company in Tokyo one
afternoon. He asked a rather specific question but received a rather general answer. The

- next morning, feeling unsatisfied with the response, he phoned another member of the

company who was stationed at an office 600 miles away and asked the same question. His
friend answered by saying that he thought that the question had been answered by his

- colleagues in Tokyo the previous afternoon! The Japanese company certainly had excellent

commumcatxons both about what was sa1d and about what was allowed to be said to this

: engmeer.

Another c1a1m whlch is often heard is that Japan is a umhed economy t1ed together
in some sinister way labeled "Japan, Inc." To those westerners who have spent much time
in Japan yet another common characteristic of the Japanese is their apparently endless

series of meetings. . In this paper, I will attempt to explain some of the specific ways in

which the Japanese achieve such rapid assimilation of new technology, and such excellent
commumcatxons, why they hold so many meetings, and whether they are unified in their
research. This is presented primarily through a description of the organization and the

" administration of two Japanese professional societies with which I am familiar: viz. the

Japan Welding Society (JWS) and the Japan Welding Engineering Society (JWES); however,

‘the general organizational format is very similar to most other Japanese engineering
- societies. It will be seen that these societies take a much more active role than most of

their counterparts in the United States. It is believed that th1s active role of the
professional societies is the glue which holds Japanese universities, national laboratories,
and 'industries together and contributes not only to excellent communication of new

) technology but also to con51derable cooperatlve research.

Before startmg a discussion of the JWS and the JWES 1t may be useful to descrxbe a

' -few facts concerning the role of engineering and, specifically, the welding profession in~
Japan. In the United States, the most respected profession is a physician followed in

second or third place by a scientist. The engineering professxon generally ranks in the

- lower of the top ten professmns. In Japan, the situation is reversed. Engineering is the
-most highly respected profession with science ranking within the top-ten, but considerably
lower than englneermg This difference between the United States and Japan is easily seen

in the number of science and engmeertng graduates (Table 1). There are roughly seven
times as many scientists educated in the United States as in Japan, but equal numbers of
engineers. On a per capita basis this mieans that Japan has twice as many engineers as the
United States. As a result of this dominance of engineering professionals in Japan, the

more practtcal or applied dxsc1p11nes receive much more attention (and financial support) a

than in the United States. This is especially true for welding, which in the U.S. is
considered to be on the low end of the technical scale, In Japan, welding is a much more

‘-respectable professzon because the Japanese recognlze that 1t permeates all types of
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‘manufactunng even if it is not very scientific; weldmg ‘has tremendous practical

. importance. This importance is illustrated by the inclusion of welding as one of the 59
national committees of the Science Council of Japan (JSC). The JSC is the statutory
advisor to the Japanese government on science and the National Committee of Welding
ranks equally in the JSC with National Committees of Physics, of Mathematics, of
Chemistry and of Space Research.  Whether one agrees with such a_ ranking or not, this
example demonstrates the 1mportance of the practxcai engmeermg d13c1plmes as perceived
by the Japanese ' : :

THE JWS-—A PROFEaSIONAL SOCIETY FOR INDIVIDUALS

As a professmnai soc1ety ded1cated to 1nd1v1dual members, the Japan Weldmg Soc1ety
is similar to an engineering professional society in the United States. It holds two annual
meetings, issues pubhcatlons, holds. training courses and the like. There are :also nine
technical research committees (listed in Table II); however, what is unusual is the. acnwty
of these technical committees. Each committee meets for one or two days, four to six
times each year with 50 to 100 people in attendance. With only 25% of the 4000 JWS
' members as active committee participants, this represents five man days of  technical
committee work each year per active committee member.. While this alone might not seem
‘excessive, one has to combine this with the six days of semiannual technical meetmgs and
the activities of the JWES whlch W1ll be descnbed subsequently

. These techmcal research committee . meetlngs are not short admlmstratwe groups
held in conjunction with other professional society business as is often done in the United
~ States; they are full day stand-alone meetings.. As an example, in November 1984 a

day-long-meetmg was held by the Welding Processes Committee to discuss narrow gap
welding.  In the morning, five persons from industry discussed the status and future
‘potential of this process in the pressure. vessel, heavy machinery, construction,
shipbuilding, and hydroelectric industries. This was followed in the afternoon with five
- hours of discussion concerning narrow gap welding among experts from industry, naticnal
laboratories, and universities. Such an extensive discussion on such a limited topic must
“have provided each of the experts with a comprehensive knowledge of the state-of-the-art

- of narrow gap welding in Japan, its major problems, and its future industrial potenual. In

-essence, this was a specialized seminar, given by experts for other experts in the same
field. Although very labor intensive, such a meeting is very effectwe in transferrmg
"technology among laboratorles, and 1ndustry _ _ . : :

In the same month the Arc Phy51cs Committee met to review ‘some of the techmcal
-papers ‘which were presented at the International Institute of Welding meeting which was
" held in Boston the previous Juiy. In this way, persons not present at this international
conference could be instructed in detail by their colleagues who had attended. In addition,
~ a draft of one of the Japanese publications which will be submitted to this same
international conference in 1985 was presented for review and comment. An’ updated
review was handed out at the next ~meeting which was held in February. At this second

- meeting, five or six current research papers ‘were presented by both un1ver51t1es and
mdustry. o . : :

Although these Commlttee meetmgs are offlcxally public, the miormatlon whlch is
* shared is not readily available to nonmembers of the committee. Several chairmen- explain
“that this public yet private issue is not a problem at present.as the reports are usually in
Japanese, and only committee members have copies except for a copy which is kept in the
flles of the JWS. When asked if the JWS files were open, 1t was explamed that any: spec1f1c
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request would probably be honored but a non-Japanese person couid not review the files at
will, If they allowed such open access, the companles whzch contrlbute information would

- not be s0 cooperatwe in the future. |

As another example of these open, yet closed meetmgs, hlS author was 1nv1ted by a

Japanese colleague to attend another society's technical meeting. This was the Iron and

Steel Institute of Japan meeting in Hiroshima in October 198%. The meeting was in
Japanese, but there was a special two-day seminar of particular interest on accelerated
coohng of steel plates, a new technology in which Japan clearly leads the world. Upon

" arriving with an interpreter, we were told that foreigners could not attend the seminar,
- ‘After explaining that we were invited by a Japanese friend, apologies were made and we

were permitted to enter. The surprising aspect of the seminar was that most papers dealt
with the design and construction details of the processing equipment and how to avoid
technical pitfalls. After the meeting, I commented that this was certainly unusual by U.S.,
seminar standards and my Japanese- colleague responded that this is the’ Japanese way of
"normahzmg" their knowledge among the entire industry. It is not a practice that is illegal
in Japan and it certainly is an effectwe means of 1ntra1ndustry technology transfer.

Each techmcal résearch commlttee defmes the scope of its mterests. For example,'

‘the Strength of Welded Structures Committee lists the followmg four pomts of interest:

weld cracking and resrdual stresses,

fracture-safe des1gn, : ' '
‘time dependent fracture, e.g., fatlgue, creep a.nd stress corrosmn crackmg, and
fabrication problems—-sharmg of experlences. 7

]

The chairman has four subchalrmen, each of whom isa umversny professor, who are’

" responsible for extractmg one or two papers in each area, usually from industry, for

presentation at the committee meetings. In this way, several dozen papers on weld

- strength are dlscussed in detall each year.

* Another example of techmcal commlttee orgamzatlon ‘and activities comes from the

~Committee on Solid Phase Welding and Brazing. The JWS recognized in 1983 that more use
‘will be made of dissimilar materials in the future and the conventional fusion welding
_processes are not appropriate. As a result, they formed this newest committee which held

its first meeting in 1984, Startlng a committee requires a strong and influential chairman.

He must invite companies, universities, and national laboratories to participate. Each
“company pays a small annual fee ($100 to $200) to support the administrative expenses of
" the committee. After one year, the Solid Phase Weldmg and Brazing Committee now has
45 industrial members and about a dozen more from universities and national laboratories.
- After defining their " scope, which in this case includes both metal-to-metal and

metal-to-ceramic bonding, they divided up responsibilities for a worldwide literature

survey of the state-of-the-art. At the next meeting, different laboratories agreed, at their

own expense, to repeat some of the better studies which were found. This allows the
Japanese laboratories to build up their expertise to world-class standards. In future
meetings, the results of these studies will be presented and new research will be
suggested. - Each company can volunteer to perform some part of the study and share the
results with other committee members. By such cooperative research, the Japanese can

- quickly develop world-class capabilities in this new area and can pool. their resources to

advance the  state-of-the-art. While some of ‘the " early reviews of the current

‘state-of-the-art may be published in English at the International Institute of Welding, most
- of the new research results w1ll remaln in Japanese with d1str1butlon limited to commlttee
- members. :

ONRFE SCIBUL 10(3)85 = 34



Although professmnal socretles for individuals in “the Unrted ‘States have active
technical committees, their activities cannot usually compare with the effort and the
scope of the technical research committees of the JWS. Most professxonal society
- technical committees in the United States deal with topics such as public meetings,
- continuing education, or development of new standards. In Japan, the technical research
committees function much more toward a "normalization" of research knowledge between
universities, national laboratories, and industry. This is certainly one method by which the
-Japanese achieve rapid technology transfer from the laboratory to the productlon fac111ty
on an industry-wide basis. Although Japanese industry usually competes fiercely in sales
and marketing of products, there is much truth to the idea that research studies are unified
and coordinated and the resuits of this research are w1dely shared within Japan. In former
times of rapid market growth, this sharmg was very open but in the more competitive
market of today's economy sharing is becomlng more limited. ‘Even so, this sharlng of
_ research knowledge is'still. much greater in Japan than in the Umted States. o

E I'HE JWES-—A PROFESSIONAL SOCIETY FOR CORPORATIONS

Although the JWS is a professmnal socrety made up of individuals, the Japan Welding

-~ Engineering Society consists primarily of 160 corporate members and 300 invited personal
members. The corporate membership dues are $1000 to $3500 per year and there is no fee
for personal members. Although ‘the JWES coordinates its work closely with the JWS (their
headquarters are located in the same building), the JWES is primarily organized along
industrial lines and their primary duties include cooperative research, _qualification of
engmeers and welders, and the development of mdustrlal standards. . :

Table it hsts the techmcal divisions and research commrttees of the JWES Each

" technical division has a’ 'division-chairman, usually selected from an industrial company, but

:many ‘also have a ‘technical chalrman, who is a  university" professor. The - technical
chairman of both the divisions and the research committeées have several long-range
projects. For example, The Welding Data System ‘Research commiittee is trying to
establish a welding data base which will be computerized. Approximately 20 companies
and several universities are contributing 1nformat10n which can be used by everyone. It has
‘been said” that such cooperation was very generous a decade ago when the Japanese
-shipbuilding and steel ‘industries were very busy, but in today's recession, it is more
- difficult to convince companies to share all of their knowledge. The Japanese claim that it
_is much more ‘competitive now and it is only through the leadershlp of influential

- _committee technical chairmen that companies can be encouraged to participate. . As noted

above, most of the committee technical chalrmen are senior professors from the
universities. Their old ties with former students make it possible to extract 1nformat10n
whrch a company mlght otherwxse avoid dlscussmg in publrc. T :

Another example of cooperatwe 1ndustr1al research Sponsored through these techmcai
commlttees, is research on a project entitled, Metal Working by High Power Lasers. In
March 1980, a technical committee of the JWES was formed to evaluate high power lasers
as metal working tools. The project is led by Professor K. Masubuchi of Massachusetts
Institute of Technology (MIT) in Cambridge, Massachusetts, who uses the 15 kW CO5 laser
at AVCO Everett (now Combustion Engineering) and Professor I. Masumoto of Nagoya
‘UNiversity who has a 2 kW CO; laser. The experimental program, listed in Table IV, was
financed by the [5 member companies. Each company can propose a specific portion.of the
research provided they are willing to provide the research funds. The advantage of this
-'system is that not only can each company have its own spec1f1c research needs addressed,
. but can share in the overall results of the entire study. Thls is very effectwe cooperatlve
research. . i '
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Of the JWES d1v151ons, each carr1es out an average of three cooperatwe research

. projécts per year. In most cases, companies do not directly finance the study through
- JWES as with the high power laser study at AVCO, but rather, they agree on which

companies will perform which research and they share their research results. Any member
company can request a cooperative research program by suggestmg a top1c in one of the
d1v1s10n s committee meetlngs.- :

In addition to these mdustrlally-sponsored cooperauva weldmg research pro;ects, the
JWES often -acts as a contractor for the Japanese government in ‘administering research
programs. There are currently 18 government-sponsored projects. Those sponsored by the
Power Reactor and Nuclear Fuel Development Corporation (PRC), the’ Japan Atomic
Energy Research Institute (JAERI), and the Japan Defense Agency are listed in Table V.

" The Ministry of ‘International Trade and Industry (MITI) also provides monies for

development of 1ndustr1a1 standards, although the /amount of money prov1ded is very small

‘When a government research contract is recelved by the J WES, a strong chalrman is
: assxgned who can encourage compames to participate. This is necessary because industry
- will receive only 10 to 30% of the total research costs while participating national
+ laboratories ‘and universities will receive 50 to 80% of the costs if they agree to
participate. In any case, the government can have a large cooperative research program,
" administered by an emlnently qualified expert in the f1e1d usmg hlghly-leveraged research

: -funds. _ : _ , . '

It should be mentloned that although compames feel very pressured to part1c1pate in
such projects when invited by influential chairmen, industrial participation is’ not
- guaranteed. When MITI began one of its nine large-scale industrial projects on a flexible
manufacturing system complex prov1ded with a laser, Hitachi, Toshiba, and Mitsubishi
Electric were invited to participate in designing a high power CO3 laser. Even though this
~was a $60 million eight-year project, Hitachi felt that they were well ahead of their
~ competitors in laser development and they chose not to part1c1pate even under extreme

pressure. Hitachi felt that they had more to lose than to gain. Today, at the end of the
* project, Hitachi, Toshiba and ~Mitsubishi Electric each have comparable CO, laser
technology. Toshiba and Mitsubishi Electri¢ shared their development costs with the
government and shared the results with each other, Hitachi paid all of its costs itself and
did not share dtrectly in the results of Toshxba and Mitsubishi Electric.

S oIt should be noted that for a pro]ect of this magmtude, a new professxonal soc1ety was
formed entitled, "Engineering Research Association of Flexible Manufacturlng System
‘;Complex with LaSer." This association includes 20 companies and some 200 engmeers from
industry and 40 from national laboratories. It is clear that this society is a private
administrative agency of MiTI, based on the fact that questions referred to the Association
two months after the pro;ect completmp were referred back to MITI for response. :

a SUMMAR_Y- -

If one asks how the Japanese achieve such effective technology transfer between
laboratory -and production, certainly one answer is that they hold many meetings on an’
industry-wide basis. There is not just technology transfer within a company, in Japan, but
between companies and between companies and universities through the many meetings of
the individual professional societies. The topics discussed at.many of these meetings
include much more technical content and detail than is common in the United States. In
_addltton, all research laboratorles become familiar with the efforts at other laboratortes
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resuitmg in rapld drssemlnatmn of new results and less duphcatron of effort. The meetmgs

also permit the Japanese to communicate knowledge of works outside of Japan very
effectively. The Japanese are often frustrated by multiple groups of Americans coming to
- learn what has already been explamed to previous visitors. There is not a system in the

" United States which disseminates 1nf0rmat10n on 1nternat1onal research actwrtles as
Pffectwely as the Japanese system.

" There are a numbér of reasons why the Japanese meetmg system works. One is the
,trong ieadershlp of the umver31ty professors who serve as committee chalrmen. There are
~ strong ties between these professors and their former students that do not exist in the
‘ WUmted States. Japanese industry does not have any higher regard for the research.done at
Japanese universities than American industry has for research at American universities,
but there is a much greater respect for old acquaintances in Japanese society as compared
..with American society. Another factor is the community spirit of the Japanese rather than
the individualistic spirit of Americans that makes the Japanese more willing to share their
successful ideas with one another rather than keeping them to themselves for private

- advantage. . Still another factor is the greater patience of the Japanese. Few_senior

American scientists would tolerate spending 10 to 20% of their time in outside professional
meetings in addition to the internal meetings within their orgamzatlons. Finally, a very
important factor contributing to successful technical meetmgs in Japan is the Shmkansen,
the "Bullet" Train. In many ways the small size of Japan is a curse, but insofar as holding
meetings, it is a blessing. With the Shinkansen, most people can attend a one-day meetmg
: .-dt relatlvely small expense and only consume one day of thelr txme 1nclud1ng travel

: These differences suggest that the Japanese method of technology transfer cannot be
-transferred directly to the United States with equal effectiveness. Scientists in the U.S.
should consider which aspects of the Japanese system of technology transfer can:be used
and should then try to implement such changes. One thing is certain, the impression that
the Japanese have more effective technology transfer is true, and there is probably much
: 1hat the United States can learn from the Japanese in thls regard. , .

: The Japanese methods of coordmatmg and cooperatrng in research could probably be
“used effectively in the United States if they were not illegal under U.S. statutes. There is
much duplication’of research effort in the United States. One thing which we can learn
from Japan is that cooperation’ in research does not mean a lack of competition in the
marketplace. ' Japanese businesses compete actively, while also cooperating in research. In
contrast, American industry is hampered by laws and regulations which were made 75 years
ago in a very different world economy. While the concept of a "Japan, Inc." in the world
" rnarketplace ‘is not very accurate, there is a form of "Japan, Inc." in the research
community. - As one Japanese leader stated, "In order to avoid the useless dup11cat1on of

" research work and to push forward the development and application of research efficiently

[to] needs in industry, it is preferable to establish a study system for joint research [by]
~industrial and academic circles.” Japanese research money is spent more eff1c1ent1y
'l:necause of thlS strong cooperatwe research effort. _

e “Weldmg Research in the Far Eastern Countnes,“ in Proceedmgs for Intematwml
Congress on. Weldmg Research T. Kobayashl. Weldmg Research Councu New York,
1984, -
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TABLEI-:

' SCIENCE AND ENGINEERING GRADUATES _
. "IN THE UNITED STATES AND IN JAPAN N

Umted States ~ Japan o
Physical Sciences 7 L _ |
 Bachelor L 83,859 4 11,803
"Master's L a 15,318 - . 1,710
Doctoral - = -+ Sl 7,374% - 822
| Engineering 7 : _ o
- Bachelor . : 71,094 - 75,188
- Master's S T 18,5500 6,975
Doctoral L 2,742 - 1,186
‘TABLEIl "

NINE STANDING TECHNICAL RESEARCH COMMITTEES
: IN THE JAPAN WELDING SOCIETY

o Technical Committee on Strength of Welded Structures'
Chaxred by Professor K. Satoh (Osaka. Unlversuy)

“‘I'echmcal Commlttee on Weldmg Arc Phy51cs |
ChaIred by Professor H Maruo (Osaka Umversﬂy)

Techmcal Committee on Welding Processes

‘Ratio

Chaired by Professor I. Masumoto (Nagoya Unwer51ty) _

- Techmcal Committee on Welding Metallurgy '
' Chaired by Professor F. Matsuda (Osaka Umversxty)

Technical Committee on Fatigue Strength of Welded Joints
Chaured by Professor K. lida (University of Tokyo)

Technical Comm;.ttee cn E.lectron Beam Weidmg
ChaIred by Y. Arata (Osaka Umversn:y)

s Techmcal CommIttee on Resistance. Weldmg
Chalred by Professor S. Nakada (Osaka Umversxty)

' TechmcaI Comn’uttee on Microjoining
' Chaired by Professor S. Nakada (Osaka Unwer51ty)

_'I'echmcal Commlttee on Sohd Phase Welding and Brazing

Chaired by Dr. H. Nakamura (Natlonal Research Inst'xtute

for Metals)
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o TABLE 111

: JAPAN WELDING ENGINEERING SOCIETY S
: TECHNICAL DIVISiONS AND RESEARCH COMMITTEES

: Tec:hnical Divisidn

- Welding Filler Metal o
Electric Welding Machine
~Gas Cutting :
‘Shipbuilding and Marine Structure L
Aircraft _
- Machinery
" Rolling Stock
Automotive
Civil Engineering
- Patent.
‘Iron and Steel
- Precious Metal Brazing

- Reseak’ch Cbmmit.tees‘-
- Spec1al Materials Weldmg
 -Chemical Plant Welding
. Nuclear Engineering "
. Plastic Design:
Robots Promotion: - : : : .
Weldmg Data System Research Commlttee
| Com_mltte_e_s for Con_tract _Research L :

(C_ui_‘_rentlj abbut; 18 in total). -
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TABLE v

SUMMARY OF RESEARCH PROGRAM CARRIED OUT BY HPL COMMITTEE OF JWES &

 Planned pcnod
“‘S:ep l from Cct. 1980 to April, 19811
“Step 2: from March 1981 to Aug.. 1981

- . Actual period _
' from Nov. 1980 to June 1981 -
from Oct. 1981 to Sept. 1982

- { -Mark ol iy . Sl o | Time* | o
Theme Experiment Titles ot Experiments Mewbcrs Schedule Remarks
A The relation bctween beam power nnd K .H‘.L: ' Stép -l AV.CDI
. beam prolile . , - :
onbexm | p | Bl | OnTEMmode 0.T.C. Stepl |. AVCO
character. B2 | Beam profile 0TC. | Stept
istics . N
c Influence of slope-up and.slope-down Toshiba - Stepl | AV C 0
_ to weld penetration
D Slope bead on plate test KHI Step 1 AVCO
E.} S : . M.H.I. ]
: “The relation between welding conditions ) S
E E2 | and penetration andfor weld defects LHL - Step2 | AVCO
‘ E-3 ' ' O.T.C. S
on weiding | F Bead on plate test of aluminum atloy - Nissan Step2 | -AVCO
- T - [ SHIL T
G - Mechanical properties of HPL welded joints | KobeSt. .|  Step3 -| AVCO
H-1 | Fillet welding of aluminum alloy Mitsui - .
H - - - Step3 | AVCO
, H-2 Fillet welding of steel plate NKK. N
I "Fundamental study on beam pattern - Toshiba | Stepl | AVCO
on heat _ ‘ . ' ?EgonSt.: C I
treatment . ili raterials -]
J1 . Hardenal_.jtl:ty 9f maten;ls Hitachi . Step 2 AVCO
MEH.L
K-1 Thick plate cutting O.T.C. Step 1 AVCO
on cutting | K.2 High speed cutting of thin steel Hitachi Step2 | UTRC
K3 Cutting of heated steel plate .| Kawasaki$.| ~Step3 AVCO
N Ircadiation test for sintered silicon compound - Nissan . Step 3 Nagoya Uni.
0. Study of precise bending by laser line heating || NXX. Step 2 AVCO
- . P Lining welding of stainless steel Mitsui Step 3 AVCO
on practical - T " -
applications Q Joiriing of ceramiesto rl?etals Daido Step 3 Nagoya Uni.
R | Surface alloying Hitdchi Step3 | AVCO
s High speed welding of thin stainless stee! Hitachi Step3 | AVCO '

-Step 3:. from July 1981 to Jan., 1982 from Jan. 1982 to Dec. 1982

a Reference for Table IV taken from Technical Repofﬁ on Research oh Metal Working
by High Power Laser by Massachusetts Institute of Technology to the High Power Laser
Commlttee of the Japan Weldmg Engmeenng Soc1ety, September 26, 1983

'

ONRFE SCIBUL 10 (3)85 40




TABLE V

JWES ADMINISTERED GOVERNMENT RESEARCH

. Sponsored by the Power Reactor and Nuclear Fuel Deveiopment Corpora.tmn ) o

' ‘-'Acoustlc Emission Slgnal Ana1y51s for the Purpose of Structural Integrlty of Pipmg
'_-Components :Eor lFast Breeder Reactors (FBR) -

“:Establlshment of Weldmg Procedures for FBR Structural Components

Creep-Fatlgue Crack Propagatlon Behavnor of Structural Materlals for quuzd Metal
FBR o _

‘Nondestructwe techmques for FBR Structural Welds |
Structural Desxgn of FBR _
| Sponsored by the Japan Atormc Energy Research Instltute o |
, Fatlgue Strength of Lxght Water Reactor (LWR) Components ,
‘ Fracture Mechamcs Evaluatlon of LWR anary System
Sponsored by the Japan Defense Agency | PN
. _Weldmg Code for N1—Cr-Mo-Nb Ship Steel o
;NDE of Steel Weldments-—Development of Standards o
~ ;_I-hgh Deposmon Rate SMAW for Submarme Steels - -

. 'Standards for Fabrlcatmn of Submarlne Hulls
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