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- ABSTRACT

In 1977 a tour of Japan was organized to foster scientific communications between the Office of Naval
Research and the Naval Research [.aboratory and the industrial and academic materials research com-
munities of Japan. An effort was made to visit key P~borator ies and industries involved in metals produc-
t ion (steel , cast iron, aluminum, copper , t itanium), in transportation (ships , aircraft , rail, automot ive), in
energy production and use (oil, electric , industrial chemicals , nuc lear and chemical energy) and in con-
struct ion (off-shore platforms , oil and gas pipelines, buildings, machinery). The universities vi~,ited were
chosen on the basis of research interests , ava ilable contacts , and prominence in materials research.

The results of the tour are given in this report.
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%~~ O~ FRHFW OF MA IFRIAI SS IFM I 4’%J ) F~~(;l’%FFRI’,(, I”~J4 p&~~
I’~ IROI) I ( I I O~

Itic 15115 descllbed h ere sselc intended to Pa” ide .111 cx ~ Iungc ,‘t tc~ hni~.tl IIltOi m.ttioii iii 11w malci ials
and s it  ULIiIi ~~ 1? c.i beis~et’n ( )NR and intlusli i,il. it ls t It I i i l t ’II.i l. .i~ .I,It nlI~ .iiid to an ext t’ni . giase t nunental
0* t~.IIlI/atIons 10 l .SpaIl I he tool began tan 1.11111,11% 12 , I ~~

‘ * ,uid ci I i i i u l.I ictf on \ p u t t  ~t* . I 9 ’  V i~ ii~ s~ etc
t i(II lit ’ it flls .*iitl ss idesp i cad , hut 0111% 111.1101 uIIt ’~ ti l l li t ISl .tlitl ’ ,,I I l , ’ ulsl l ( I  .III~I KS 1151111 t ’IILI he ~t isei ed in
t h e  1111W *5 .11 l,i hi e I he 1.1 pa nese coot .Ic Is 5t ~ t~ m.idc I lii Oil ~ Ii ‘1.1$ • t i  I lit III ci .ii III C , I cc omnlclida t ions
Itoni t to ted ~tatcs technical col leagues and tlitt ’ tIg h ~‘t

.I 5011,11 1 ..- t~ III.IIlt ‘‘ 55 1111 11 I.Ip.II1 sksefopcd
* lit oug Ii s c.I I 5 0 I di sen ssioti s a tid col t cspondei i~ s’ in toni ic~ Il,’l - - ‘C .I t hi pt ~‘i ccl s~ published papers
.tiid te~hnical ~ I csclll.lI ions - I he ( )N K I oks o t i l t  u~ c . I ~\ K I lt.lsIstiIat let t 111k c . \as .*l Reseat cli
I .tho~atoi s .tnd loans ONR ~‘oI1ti . i tt OIS also pt Os idest ‘ l IC~ ’ (’% t l , , I ls  lou Islis

I he industi ics coiita~-icd sse rc in the meta ls plOtItit I ,‘fl ,iiid i.it’, It .11101% .11 c.l i’it~t~I, t , Is i  1100 . aluniintim.
titanium , copper) t he i t  anspoi 1.111011 j I ‘.* (automobi le’ . I ~til , .IiR 1.111 - s lu t’ ’ I I hII~ CIRI gs .11 ca In i ls  lcat
fosst l fuel , geot hermal , electric UIIIIIICS) ~ii i~l tlit’ 5Ol i s t i t I s  11011 I l I t t l IS i t S  it ’ll shs ’t~ ~‘Ia( f t a r t i ls , oil and gas
pipelines , buildings . mach i l le l ) . I he unlsetsut i e s ,itutl iuus i i tulcs ~~ .u c ins ols ed ii .il,iiosi all .1* c.us ol
iii.t t er u. * Is I CSC.l t cli from basic ph sica I nicta 11(11 g ,iiitf hId .il ph s ues ii’ t he LIt ’s eltipuicti t t a t t% elti p

~ o~-ed ii, es
.*iitl the pi occssln g of cci .imI~ s . Ihe specitu~

- 01 ~.II1l,’.% * i t ’Ils s is i t ed .ii e lisieti it the I able oil. ontcnts
In .ilmosi all cases the is ils stere ss elcomed ent luIIsi,I’ iu~ aI ls I~s the I.up.incsc 0t *~.iiii,’ ,liiOils I heR’ s’etc

lit ’ .ISS k %% .II tI incidents .ind .ippai ent Is no IM oblelus des eloped It  ~‘iii t he pt csen~c of a \as s I cpl esc ntat usc .
~ en a iiiong t lie ~i udell Is - lb is ‘s as ci reass * i r i ng f’c~ .ut i ‘~ ‘ iii the initial con 1.1 s - I s  .1 test of t he .lapa nese
ss ci e •*pprehie nsts e about t he s isil s One *iiiis ersi t s pi tit essot ~S ,is so coocci ned about possIble incidents . l t ’l
exa m ple , t hat .i pi oposed s isut to his l Im its ci sit ss .us t ic ’ ci ~onstinimated . I hi is pi otcssor ss as iiic identallv .*
persotia l .I~qt i.uiIlt amlce ‘~ ho ~ a’ cr~ anxious lo • u **  .luigc .~ pi ~~~ c meeting .‘\not her s¼- hieduled isli to the

P .ipa itese I )e I en se .‘~gencv ts as cancel led fol loss ing .u su I t pi i ~~
. last 11111111 IC i eq l i l t  cnwn t hat all quest i t ins be

stil ’nim tte d in ads .ince and ill SSI 11111g.
-\s s i s I t s  ssei c ai ma miged thet e stas usually a request for pi escnta t lons on ONR-NRI .iclus h ues l’hese

prescni.*i ton’ ss etc tailored ss it Ii respect to tcchntcal in let esi s and s u e  ol the audience (tile audietices s atied
from .i mere handful to mot e than a hundred at institutional and technica l socis ’tv gathericigs~ major ad-
dresse~ sscre gisen at Nagosa Universit s , Osa ka Uniset st i~ and lohoku t u nis ci sil~ ) Most of the talks ss etc
organu,ed ss it hiimi t he general framework gis en in the Appendix .

I lie ~-oti i tess and hospitah it~ of t h e .Iapanese has c been ss idelv acclaimed , but one ~~~~~ help being sti r
prised and deligh ted on a first s Isit - levond the fabulous treatment and genuine friendliness f r o m the peo-
pk h i s  oh ed in the formal s is its , t here were numerous encoutilet s with total stran gers ss ho werc j ust
niagliihicelit iii I heir kit idiicss and helpfulness.

\ t ip to I urukawa A lunihtiuni I td . in Nikko , (‘or examp le , required tile first lotlg traiti ride ..\b~ tit a
half hour out of lok s o s endors began to pass t htot tg h t he ais les to dist ribute a number of ’ delicious snac ks
and bes erages As they arrived at the wr iter ’s scat a t icarhv man bcgati to distribute mans- of these edibles.
Since no mones’ exc h anged hatids , it ss as assumed to he part of the set s ice which comes ss ith the t icket .
I las t u g  ento ed t h is excellent ‘‘ feature ’’ of .Iapanese t ra in set vice, it was a sh ock to learn later that in fact
t he ri er had ads emit iot islv jo ined a parts’ of ,~apanesc on an exc u rsion, and t hat h is  good neighbor had
paid tot all the refreshments! Of course , out of’ the writer ’s th oughtlessness and naivitv , the generous

S Japanese companion received iiot evet i a ‘‘ I hamik soil ’’ Perhaps he ss ill t cad this atid com e to ktloss- the
ssamm gratitude w h ich  lingers.

ibis cour t esy and concern shown to the foreign traveller is perhaps horn of centuries of relatise isolation
at iti t he natural cllriosli s 3hOUt strangers which t h is creates , plus a long tradit iot i ot ’ grac ious customs and
good nianners among the Japatiese people themselves. Wherever t h e  hospitality Originates , one notes sadly
t hat t he pm t igi c’s of W est erni/at ion seem s to proceed relentlessly, and t hat this , coupled ss it ii a butgeonitig
iiumhser ol 5 ist to rs , appeam s to be s los s ly eroding these charming .lapanese customs. One de tects l’or exani
plc . a slig h t  dift ’eret w~ betwee n t he young and the older citiFens .
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-\tiothic r I e~~s~ im~ for t he civil behas uor , good niamsuers and cheerful tolerance among t h e  Japanese people
is perhaps that Japan enjoys a uilitv in race and cultural background. Mort ’oser , the very crow ded condi-
I ti !;’ in I .~pan mas h i a se  nurtured our ot sheet iieccssit y a system of re lations hips which preserve peace of
nuittd . i ~ is Is h igh ly vms ibl e in the respect for prisaey , fri several ins tauuces , fo r esample, lunches were se rsed
hs Japanese girls on company premises (wonien ’s liberation is bareR launched ut Japan), I he sers ing pro-
Cess requ ire l nu nierutis em it  rances into and out of the din mug a rca , usual Is a con ference room. The point s
t hat ese ry entrance and exit involved the opening or closing ot the doors to t h e  room, and every entrance
produced a prior knock ott the door . This ssas quite amusing and touchirw in cases where numerous dishes
sse re served.

Ihe iunit~ of t he Japanese people generated from isolation , rac ial and cultural simi larities and ancient
tradit iomt s maY in part also relate to the disaster of ’ World War I I—the fight and the defeat. lii ses-e ral cases
spectacu lar industrial successes seem to derive from meeting the challenges which the early post-war cx-
per iemiecs imposed as an absolute condition for surviva l. * One examp le was seen at Hitachi Metals Ltd. in
Kitakyushu. Imm ediately after the war with all u s  damage this malleable iron manufacturer was unable to
obta in the customary rass materials . The iron, fuel, shags , ferroa lloys , etc. were hopelessly erratic in com-
posit ion and in metallurg ica l characteristics . This is a disastrous situation in malleable iron manufacture
because only small variations in composition or the unsuspected presence of trace elements can wholly alter
t he annealing and casting characteristics which must he controlled for a satisfactory product. The Japanese
answer ! Get to wor k. Hitachi Metals began technical investigations and research studies to learn how to
dea l with the new problems . They also devoured all the information they could get from the technical
literature , part icularly Europeami and American. They attended numerous technical conferences arid
meet ings os erseas. Gradually a series of company reports were generated which pointed to the solution of
spec ific problems. The 30 year technical output of this one small company, w hich was reviewed on site , is
most impressive. ‘roday, Hitachi Metals boasts new and modern facilities , advanced techn iques and a
knowledgeable staff. The compan y can compete ss ith any company in the world.

This is one examp le of how the Japanese compete so well economically and industrially. One aspect of
t his success has been stated—a willingness to work hard. This willingness is partly a response to the
challenges of defeat in war as has also been stated , but t here are deeper ancient motivations. Japan is an
island without resources , w ithout the capacity to feed itself , teem ing with people. These very conditions
were doubtless an influence in the expansionist policies which culminated in Pearl Harbor. W ith the
economic and other burdens of defeat , and having been frustrated in the attempt to expand, Japan was
forced to look to its own wits and the largess of the United States for its survival.

The willingness to work is evidenced everywhere in Japan, but especially in the educational system. It is
heartbrea king to see how young children are forced to compete in examinations which, if passed, lead
eventua lly to admission to the most prestigious preparatory schools and universities. Admission to the
right university almost assures success; failure precludes that a chosen career can be followed in most cases .
Parents make great sacrifices to provide special tutoring and instruction for their children to enhance the
chances for passing the examinations , Failure is taken hard. It has been reported that 800 Japanese
children age Sto  19 killed themselves this year because of the heavy homework or failure in examinations .

Within the universities there is also strong competition , and what appears to be unquestioned subordina-
t ion to the leadership. Students study hard. Associate professors work hard. This is traditional, and
beyond what is necessary to assure advancement; that is , t here is a pervading loyalty and devotion to the
immediate superior as well as to the system in general which spurs the intensity of efforts.

The same general tone is seen in industrial research activities. In industry, loyalty to the company is a
further motivation since the individual ordinarily spends his career with a single company. One senses the
Japanese worker is driven by the expectations of his family, his fellows, his company and perhaps his coun-
try w ith an intensity unfamiliar to Americans. This perhaps accounts also for the near absence of street
cr ime. I

in addition to the willingness of the Japanese to try hard, there is also the willingness to live cheaper.
This is especially noticed in the housing area where there is just no comparison to what is considered accep-
table in America. Top professors and industrial executives with world-wide recognition live in very modest
houses or apartments in Japan. This situation worsens with time and the disappearance of building sites.
Many Japanese families were observed to share their parents homes, wholly unable to purchase a home of
their own as prices have burgeoned. Even one car is a luxury. Part of this is of course due to the compact-
ness of the islands which imposes a special premium on any possessions which require space or hand. Other
valuable goods, such as fine cameras , are widely possessed . Still, the impression is that in Japan people
work longer to obtain fewer material goods.

Other wri te rs have challenged the opinion thai Japanese engineering companies do welt in st iff competiiion (see Chemical and
l-ng inecring News . September 5 , 1977)
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S \s  to i  the ctu m un r i huti ons of the ( r u led States to the ssell heumig ~i .lapan , t he most obvious is the it l i t i it l l i l -
ts from the hurdemis oh defense. Other assistanc e has becti gisen in t he lorni of tolerance iii pet m iu t t i m i g
.lapamie se products to floss rc lat i’. eI~ umiimnpeded u m it o the I. it ited Stam es mark ets . * A sotticss hat less obsious
contribut ion hi~us been tec himica l assistance, For s&iinC 30 years there has been a flo~ of Japanese to t he
I niced Sta tes to s isit im idust i ies and to studs with pmotni m ien i scholars m i  t h e  lim iesi un ls eisi t i es l)uming the

is ils in Japa n it ssas eu~ noiiceahhe that a high proport ion of key technical persons had cit her is ited es
t e m is m s c lv un m lie ~ muted States or 1- urope or had ac muall~ st tid ied extensivel y abroad to earn an ads anced
(leg ree or done pos t graduate 55 ~ir k -

thi ns there is a highly t ra ined ca ( l re  of technical ex perts in ,Iapan ss ho has e been trained abroad . It i s  ap-
paremit i hat m lie tec h iuii cal espem t ise amid technology of the Unüed St ate s base been exporteul at a 5 en
reason able price Iht is is no ci ilic ismli oh t he Japanese ssho base om ily sought t O prosper under di f f ic u l t  con-
dit io ius . wit hin out rules amid ss ithin the hounds of fair pla~ as we has c def ined these houitds .

The ss riter ssas told that os er the past decade or so , as bas ic research funds in the I_ rutte d Sta tes bias-c
es aporated , mt ianv hj stc sclcui t i s i s  (in materials areas) ss ho were trained in the U nited State s base returned
to .Jap~un where t hc~ ate doing the type oh ss ork ss hichi tio lomiger at t ract s  support here. Flits ssork ts  being
supported hs the \linist i s  til Educam ion amid (5111Cr gosernment agencies in the form of small hut
unrestricted anmiua h gran ts . [lie s pectre arises ol’ Jap an (and other countr ies) capturing the lead in fun-
danienta l research areas ss here t he t nuted States has for mi~amiv se ars heemi out front. Ihe b u g  range el f  eels
cannot he seen clearly . hut t he United Sta t es may he sas itig se~v litt le moticy in comparisomi to the risks in-
vo lved.

[he succes s of the Japanese i s  therefore seen as the product of intense ci tor t , unii~ in cu lture and goals
amid help, intent ional or otherwise . from t he United Stat es and Europe. Under these circu msta nces it is

doubt ful t hat the United States cottld compete econonticalhy w ithout the adsanr ;tec s of ’ ahundat it natural
resou rces , space and per haps an edge in s cry high technology.

In th is connection there is an important point to he m ade in favor of the Japanese tech nical commu ts itv .
ss hich has been utider fire recentl y in the American press . itt all ~it the technical exchanges which were
nmad e in this tour , the Japanett- appeared to he honest , forthrig ht and sim icere. There ss as no Cs idemice of
anyt hing deceitt ’ul or simlister or underhanded or dishonest or treacherous -at at iy mime,  A-~ a mat te r  of fact

t he Japanese appear to he sc rv anxious to cooperate in a sar ie tv of techm iology trans fer arrangenientc . It is
as if at last Japan can see itself becoming an equal partner , and ta kes pleasure in this.

To the mind of the writer , them i , t here is no profit or substance in searehimig for unprincipled t itethiods or
motives in the Japanese technological world. Technical organi/atiot is in the United States are at least as
rnischues ot i s -

In one ssay Japan is a sad place to v i s i t  imi that the crosvding, depleted resources . heasy itidustr iali,ation .
dec line of agricultural areas , pollution of the ss- aters . land and air and the gemserally decli miitsg let ci of
mater ial self ’ suff iciency could pres-iess the United States to come: the same road is being trase led , St hl ,
t here’ is hope, for Japan us wide awak e uo the dangers . One sees new interest iii green space , t iatural areas ,
and pollutiomi control ss stet ns , and t here arc fierce strugg les sv ithin Japan betweeti the forces of commerce
and those comicc rned with etisironmenta l management. Because Japan has been hurt earliest, she st ill
perhaps also he first to find the solutions .

The sections which fohioss describe individual visits. Sotne of the thoughts which has-c been expressed
here will appear again in these descriptions , ifomily hetssecn the lines. Hopefully , the af ’fect ion of the si riler
for Japan and the Japanese people and his sincere gratitude f’or t he chance to t’orm t hese nets friendships
w ill also come through.

Finally , for t hose patiem it readers who have reached this poit it , the ss-r iter should ackt ioss ledge that lie is
str ictly a 90 day wonder with respect to Japan, painfully aware that the impressions described are based on
limited experiences . As a matter of fact , the wr iter suspects that a major qualification iti being selected for
t he tour was an undisputed claim to total igmiorance of Japan , t hus assuring an open mimid and freedom
from any preconce ived notions. This major qualification wa s probably otilv slightly abraded’ by the es
per iences recorded in this report.

• the reser se t’lo~ appe ars to he highly restricted . etce pt tor perhaps rats misaterua ls and sonic agriculnural products tIi~ re’latus t’
number ni ‘~nier ican or I urop eait automobile’s. id es isuon sc- is , appliances , cit sccii in Japa i t s  micart s iilt’li - On being queried ihoum
i he spar s i t s  I Amerieaii tars , the rep ly is often i hat -5 nuc ricali ccii cit’s arc too l arge I to .Iz ip! mn ’ roads - hiuii A ntc:-k’an suhe-ompaci
and ma its I- uropean c a rs arc ,ts small as J apamiese c urs  hui are ‘ccii no mole $ reqUduit ly Sum ilt ri ii a otuld he unheard oi t ot  ,i
Japanese indiisi rv in import steel producis Irons i he I. niued Si ales

5t’c lot esalmip lc rck’rcnccs i s ’  t) r I - lkeiuo (Nippon Stee l (‘orporatinui). p ~$; l)r k - tc ,, ui ( Naw.isu ~.i Iteas Iniltis ir ics) . p ~~~~ ISis
- Nishio , R 1- tiara and 1 t ) au ko k u ( St i isi u his f i i  I teat I mi(ltist rrcs) . p ~ and 92

• the 1 apanese ha’. ~. trouble a ith a ords like this . (Sue conipatis broc hure hoasied of experirneni abrasion ” cooling - Ii issok sonic
sl isci issuomi before ii a us is cer I ained that ‘ ‘ablat m u ” cooling ss •is iuiicnded - \V hau fu n !
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HIROSHIMA UNIVFR SITY

Hiroshima Uniser s i ty is eighth largest among government supported Japanese unisersit ies. Although it
w as  not established until 1949 , some elements date back to as early as 1902. There are nine faculties at pre-
sent including law and medicine. Of interest to the materials community are the Faculty of Science , which
incl udes a MateriAls Science Department , and the Faculty of Engineering which includes a number of
departments with interests in materials and materials performance. There are also several Research In-
st i tutes , including a Laboratory of Crystal Physics which is attached to the Faculty of Science. The Faculty
of Engineering has recently been reorganized into four divisions: mechanical engineering, electrical
engineering, chemical engineering and structural engineering. Doctoral programs in engineering have also
been started.

On t his visit Professor K. Nakasa and H, Takei of the Faculty of Engineering were visited. These pro-
fessors are working in the areas of fat igue and fracture. A few- highlights of t he discussions follow:

1) 500° F embrittlement - the professors have shown that 500° F embrittlement shows up in Kc’ (crack
initiation) and Kc parameters but t hat the plane strain parameter K tc is insensitive. Thus plastic deforma-
t ion is required at the notch or crack tip for 500° F embrittlement to be observed. Of equal interest , dimple
rupture is the fracture process in both embrittled and non-embrittled specimens , and t herefore an in-
tergranular process does not necessarily accompany 500° F embrittlement (See JJIM 37 , 754 , 1973).

2) Sheet thickness effects on fracture toughness of high-strength steels - Studies of the effects of
spec imen thickness B on the fracture toughness parameter Kc and on shear lip thickness Bsi were made on
severa l steels of varying tensile strength. The value of Kc increases with thickness in the range of small
specimen thickness where slant fracture occurs. At intermediate thickness , where mixed slant and flat frac-
ture regions are observed, K~ decreases w ith increasing thickness. Greater specimen thickness , where flat
fracture predominates , produces gradually decreasing Kc until the value of K t~ is approached. Shear lip
thickness BSL decreases with specimen thickness over the intermediate region of mixed slant-flat fracture.

On t he basis of the results Nakasa and Take i propose an approx imate relation Bst /B afl~
m , where B is

spec imen thickness , 85L is shear lip thickness , l3
~ 

is relative plastic zone size , m is an exponent (salue 0.6
1.0) independent of material and a is a coefficient dependent on the work hardening exponent. The re lative
plastic zone size I3~ is given by K~

2/ Bo~ where o~ is yield strength and the coefficient a is given by
0.00l6/~I .6. The work is described in JISI, 62, 1523 , 1976.

3) Effects of mechanical and environmental effects on fatigue life - Several variables on fatigue have
been stu died. For example, t he effects of small repeating stress on the delayed fracture crack initiation in
high strength Ni-Cr-Mo steel (4340 type, SO Re) has been of interest. It is considered that very small
repeat ing stresses (large R value) may produce fundamentally different effects than larger repeating
stresses super imposed on the static load. Very sma ll repeating stress may have little effect on static faiigue.
and may produce effects similar to a change in temperature or environment. On the other hand, larger
amplitude repeating stress superimposes fatigue and delayed fracture phenomena and the interaction in
corros ion fatigue must be considered. In short Nakasa and Takei are attempting to use superimposed alter-
nat ing stresses of various amplitude and frequency in static fatigue tests to deduce mechanisms for the ef-
fects of corrodents and hydrogen. Two papers (JJIM, 40, 744, 1976 and Eng. Fracture Mech, subm itted
March 1977) present data on the effects of superimposed stress and varying frequency on fatigue strengths
of notched specimens and on crack incubation time, crac k growt h rate and Kj ’.~ of precracked specimens
The superimposed stresses decrease fatigue life in the notched specimens , The incubation time (time to ini-
t iate crack growth) and Khs~ in precracked specimens are decreased by the repeating load as the range of
AK or th~e frequency increases. The crack propagation rate is decreased by the superposition of increasing
alternating load but there are minima in the curve of frequency versus da/dt. The investigators attribute
t he decreased incubation time and Kt’.~ value to the effects of the repeating load and increasing frequency
in promoting corrosion reactions. Surface films rupture at the crack tip, w hich in turn increase the supply
and adsorption of hydrogen.

The decrease in crack propagation rate is explained as a net reduction in hydrogen concentratiom i at the
position of highest triaxial tensile stress. The area of highest triaxial stress moves inward from the surface

-
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wit h u t tete a ~tt i g A K, and hydtu sget ~ t i ius t dt IIu’c luruhen b ro o m the su i (.ICI am the crack tip. W hen  mI te sa lue ~1
A K us l.ut ge , htvdr ogct t . cannot dull use to u he reg t o m u ill nsa sitnum s i t  ess hel o m e  hit .’ so t.’ss  es It. ’ ret ci ses Ii is
a lso suggested that the gen eration ol conipress is e residual s t i  css om a imatige oh m uuucruisurUe ’tui e mica r t he
crack ti p ~

- .ius ed hs the alte rnating load inas suppiess m I t e et itr ance and dmff us ion ol hisdrogcn
I he i u $ t c m a c t i ’ .s l )  oh dela~ed haml u re and mite I m ui I I , t t i o m i  and rmo l~u~~iliomi of ta t  ~,

. ci~icks  itt Ni-( t \ lo st ee l
wer e t l i s c i t ss e ’d s tum bi idet eitce to a recem it paper ( l uamis  II \ l I~ ~2(i , I 9~ (s ). N~ik.i’ .i at ud I akei (‘.5 i t  (1 1
~ s .uhtu sts ’ I des elop ati exp ression (or fatigue crack grow th mate i i i  Staten ss huchi sutils t h e  I ati guue crack pt o-
pag,ut mon rate i i i  air and the c t a c k  propagation during stat ic lat igtue in staler. Ih t im s ,

4 +4
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toantI —j—— ~~, K0

lii t hese express io ns AK us t h e  s t re s s  u m uiemis it range . K 0 i s  the s t r e s s  i n t e n s i t  5 in delayed f a ibture (stat ic
fat ugue), I t s  f requency and (3 is an additi on coelficiem it ,

rise sa lue of (3 found by the Hiroshitna University insestigato rs is apparenils 0,3 ra t h er  than u he s al ue ofI t )  ss huch 55 ci and L andes had proposed ear lier (Mat Ret Sid., 9, 25 , 1969), flue value es f ( 3  is related also.
according to the Japanese Insest igato rs , to the tu ste ract uon of hvdrogetu atoms and the cyclic ch ange of
tria x ua l st l ess field,

Nak~usa ami d fakeu hate recently studied the effects of temperature out mite f re quic i te s depeiidence of crack
propagation rate in delayed failure uiider cyclic load, t he paper is intemided for publicatio us in Engineering
1- racu tire Nlecham iics

Another recetut fatigue investigation muis ols es t he effec t of ’ fati gue accu niulatio ms on delayed fai lure crac k
inmt iation in high strength s.teet The steel is again the 4340 Ni-CT-Mo type, tempered at either 2t$)’C or
40O~C. Bend spec imens have been used iii the notched condition , and pulsat ing stre sses of var ious
amplitudes and frequeticies fiat -c beets applied to stud y the effects of t’amigue accumulation on subsequent
s t at m e fati gue test results . It has been found that specimens te m pered at 2(X) ( slioss a decrease in crack m i -
c ia muon i tunic in delayed failure wi th  increases in fatigue amplitude and accumulation. The critical s t res s  for
suc h intimation , howeser , is not affecte d. Specimens tenspered am 400 (’ sh ots both reduced lime f~r itsitia-
lion and iii critica l stress w i th  fatigue accuniulatious. I’or further detail , see J I M  39 , 73 5, 197 5.

The discussions ss ith Naka sa amid Takei convince one that first c lass work is com uducted at Hiroshima
Unisersi ts - A lengtli~ nit would likely have beets well ss-orthwhile. When one recal ls that the holoca must of
some 30 years ago wiped out this school physically , the progress which has been made i s  astot uishluig.
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KOIIF %1FR(’&~ t i li : ~IARI~~F: t\ivFRsIT~

Follow tie a s sit to k.i’.’.,is.tki IIe’.t’. l i te l us t i  ic ’ s ( l ) t  - K. I e iau . h ost ) , mite ‘.s t t te i  ss .us c ’ .s i i t a c ted h’. \lt - S
I’.sai .t ot k.istas .tki ihe ’as ~ l itd i ist i  ies and l’ i ‘.‘t esso i ‘i - ~ .t i i  ot Koi~c Slctc a i it i lc \l .iriuic I It is e i su t s  cous ’ .ct it -
t u g  sonIC espct imsic t i l  s lse~ are conduciiisg on .u sit up i~ropu lsuous sc t ic mise I he sto rk us beimig eloise at the SI em
c.uiit i lc \l .iriti c I. t i i sc i s i t s  - ‘.s ith lssata st ot kung on a spaic  s’i te le,u se- m ui t ie hasis . I lie i i i ’ s e s l i  u I’ .s i s  nequested
.ti i ott s i te  5 usit . amid i his ‘.s ~ts done

Bastc.ill~ , mi st’ propulsion des ice ins o hs cs m s urt uui tg mite situp amid sea into au electric miio iot - 5 niagutetic I eU
is supplied i i s i t t g  stupe t conclt uctiu ig C i t  c i i t i s , and an electric crtt  rem it p.u s sec h miirot ugit the sal ts saie t produces a
t . s t ’ . c ts fiuc ii ;it’.spc ’ls the ship, I he ~luic ’t ads :ui i iage is ot coui ~c t i t a n iioise lions a puopetler is e limimsated ,
I hull seals . i t c  a lso eliminated. l) us .ucls .it ii.igcs include it ig lils detectable m iiag mi e mi c and e le ct nmt.- fields amt ~t
PO0~ c l i  iCtet iCs -

I tie espertisseii u~il setup at u s e  Sle rc aus t ml e Slat tie I_ nt’ . ci s i t s  m nc hmid c s .i “ . o rki usg miiodc l -Shout mite si/c of
hiree bread haskei s . ii produces a lot ~c’ of ~ g rati is . It also rc k,uses cs~pioits q m maut t mt ues ot gas generated d cc-

tro lvuic a l ls i i i  t u e  water amid am t h e  sut Lice trom tls e liquid isel iutis requmied to produce the superconducting
m agnet -

\¼co t ,.litig to t h e  u mss - esm i ga mo rs . the c’i I icu c i ics is polem s ita hly touch greater mis a Lutgc sc_ t I c model . ,itiel mites
.im t.~ seeking mi t e mieccssa t ~ siippoi I I or t i t u s  stork I he c omism m uct ion ot t he pm cxciii ts ot k l u g  nsoclel and I he
calcu latio ns indicating ,im~ c f f uc i cmt t s  i t ici( ’,tsC ‘.t mmii si/c . i t C  appate nt ls mite t . hic t ~-otitr ih u t i om i 0$ lssam, u and
S a t : the bas ic ic!t.Su of mite propt uhsuoui s %’stemfl w a s  ~td i i t itted l~ described earlic i lit I. ‘s - S its est ig.ilot (amid so
rct e r c msc ed h~ Its ama .iiid S,ui i)
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KYOTO UNIVERSITY

Kyoto University was founded in 1897 and a College of Science and Engineering was one of the four col-
leges which composed the university at that time. In following years many other colleges were formed and
Kyoto University is of course well-known today throughout the world. On this occasion the Department of
Metal Science and Technology and the Department of Metallurgy were visited . Principal host was Assis-
tant Professor Paul Shingu, of the Department of Metal Science and Technology. Dr. Shingu is a graduate
of Northwestern University and is in the Foundry Technology Laboratory (of all places) directed by Pro-
fessor R. Ozaki. Other groups in the Department of Metal Science and Technology are the Lattice Defects
and Crystal Plasticity Laboratory (Professor J. Takamura), the Structural Metallurgy Laboratory
(Professor M. Adachi) the Science of Steels Laboratory (Professor I. Tamura), the Metal Physics
Laboratory (Professor Y. Nakamura) and the Welding Engineering Laboratory (Professor M. Mizuno).
The juxtaposition of basic metallurgy studies groups with the “ practical” groups associated with foundry
and welding is an intri guing feature of the Department of Metal Science and Technology.

The Department of Metallurgy is composed of the Iron Metallurgy Laboratory (Professor T. Mori), the
Nonferrous Metallurgy Laboratory (Professor J. Mor iyama), the Electrometallurgy Laboratory
(Professor H. Majima) the Science of Metallic Materials Laboratory) Professor Y. Murakami, the Foun-
dry Metallurgy Laboratory (Assistant Professor Y. Kawano) and the Process Metallurgy Laboratory
(Professor Y. Kondo).

It is obvious that the groups in the two metals departments are often complementary and perhaps even
overlapping (the Navy reorganizers would have great fun here), but a great deal of interaction and
cooperation was observed. The present organization is working.
One current activity of the Foundry Technology Laboratory (P. Ozaki, P. Shingu and K. Kabayashi) is

on the details of crystal growth and solidification in the eutectic and near-eutectic compositions of the Al-
Si system. In hypereutectic alloys the plate-like primary silicon crys tals grow by the so called TPRE (twin
plane re-entrant edges) mechanism. The silicon crystals in sodium treated melts appear to be spherical and
are composed of several pyramidal grains with tops at the center of the sphere, Many have a twin relation
to each other. The sodium enriched regions are located at the boundaries of the pyramidal silicon grains.
The external surfaces of the spherical primary crystals exhibit regular crystal facets, usually parallel to
l l l l } planes.
The crystallographic relationship between the primary silicon crystal and aluminum crystal nucleated

heterogeneously on the silicon surface in hypereutectic Al-Si alloys is apparently random, but Shingu and
others have shown that the orientations may be clarified simply by consideration of the twinning in the
primary silicon crystals. The epitaxial relationships between silicon and aluminum crystals in untreated
alloys and in sodium-treated alloys are different,

Silicon crystals usually nucleate on the surface of aluminum with little undercooling, but aluminum
crystals are difficult to nucleate on the surface of silicon crystals. An explanation is offered in terms of
relative interfacial energies.

There is a shift of the aluminum solidus in the Al-Si system resulting from sodium additions. Slightly
hypereutectic Al-Si alloy treated with sodium shows primary crystals of aluminum rather than silicon. This
shift in eutectic composition is explained in terms of thermodynamic considerations rather than the poison-
ing of heterogeneous nucleation sites by sodium as advanced previously by other investigators. Further
details on this work may be seen in Jr. Materials Science Ii , 399, 1976, /0, 290, 1975; Scrip ta Metallurgica
JO, 525 , 1976 and Trans JIM, 17, 545, 1976.
Shingu and his colleagues have also studied and apparently discovered the first iron-carbon amorphous

metal and in particular amorphous cast iron. Shingu and Ozaki have made numerical calculations on
solidification rate for splat-cooling, and the relative importance of such factors as splat temperature,
substrate temperature , thermal contact between splat and substrate and splat thickness, These calculations
indicated that improv ements in splat-cooling procedures could be made and this was confirmed by the pro-
duction of amorphous structures in near-eutectic iron-carbon splat-cooled material . A gun method of
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C .111 be s um l is t a iii ia I ct e’ut st he’it liii,’ I cii silt’ stu en g ii is mie ’an ‘ci o lii us us accou mit e’cI lus t 11% t iii,’ i,’ It i,’c t s c t t  iii

Ie’u hock i h g  ss lilt sum lace ii megil ha rim me ’s -

I ‘eta miii gs ou u t im mtgs me ’ mi Ii lieu s c ii c’.I u hies mi , c,i  i hots mIt ide a mid mite ’ he ~~ lit otl lice 5t u eus g m hte’it ing - 55 hte ’ui ‘~ I _ t i  lie’t
ol mm m i te Ii act mc iii ) is less t hiatt S its iii (miii iii mu tu mis hi lieu 

~ u ici ie in lest cc’ ihic’ misaIm ix nsa u em ia U, m hem e us • m m uidei
st m auu i , f t  act tire of i he’ fubet s m mt mite comtsp osuue to ccitt! iit tuali y shiest m e’m lems gi his 11111 ii mIte lemigi is Ic is m cae’hecl
(Ii,’ us ilme c t  t t i~-~il lemu gt hi gut i,’n lit Ic ~l ~~ 

.~ 5 . n beimtg time ’ sh ear s t m eng t h t  at miii,’ iimter i ’ae’e), I ls’mt ce the ’ altie ’s
c ii mite c i i i  i c’a I aspe’e’l i a Ito ~tid s itc,u u s mi e’ss at mI t e itt m eu face ta  i t  lie ohm a mited - ihe s al t ies oh e’t ml tea l aspect
t .1 l is i a utci sh ear 5 Ii c’s ’s clepem id c’ it  \ - a nsf mlii ,’ mitt e’t I ,ic’i,t I e’omtd u t iotss ‘5 mi ex t er na I load it i.ms m m amss I em t e l mitt ’
ii lit ’ u s es Cit ss it ii ecu ci mit t  em I .1cc bond mug hsee’atu sc~ of m i te ’ ! u it ’ t i e s ui_i I lot e’Ct am i t t  mig situ m ~ t the t’ouii pu exxion su m ess
t c’st ill u it s i’romsi elm l’I’e’r euie ’es i i i  c’ott t m ac m te s tis a itch del’oi mat let ii ht’t ss e’en lmb c m s a nel mit a It ix,

The ’ ‘.‘. on k ~sf I t c’ It u.u I, Slut  t a k _ mimi  u h i t s  I of hem s on fibi,’i coin ~i&isl Is’s us s um m it msia m iced in sc ’s i,’t a I P~i Pet x ‘see ’
I t .u t i s  IINI, Us, -Ru , t~I’c , Ui, 345 , t c rc , I’, (‘49, lt)” (i; lINt ~~, 2(18 , I9’3 , ~ 

“
, ‘Y’~) , l’F’ 1: Metal Scue’mii,’e ,

9, 535 , l’)7 , I 0, 401 , I ‘) “fi) - 55’ sir I, h a  s a Iso been eloise ott mit s it il ct tuii ~i5 ss u I c’s as iii miii, ’ m u t ii d i m ccl mona lit
sc ilmcl i lueel II tu .u su h i uui , tm s -S I S (I ‘tu NIg~.AI ,) e u mm e ctmc , lh im x ss~ii he t c’latcs sc il ielt i cat ion late ’ Id s t hu u e ’ tn u e ’ amid
mtiechi ,iuiuc - .iI lit Ope’m l ie ’ s (se ’s’ Ii .u mts - .11 NI , / S , (‘Cs, 1974 ),

l ime Sc ience ’ us h Metallic Nialci i,tis I ,ils s ii.Iis ii has _ ml s o be’t’ii s t u d s  uu t g s I t e s s  Cul l iOs t uiIi c’ias’kmiig mit
alminsin tim a llots ( )uic such stu ie ls  f t , t s  beets us is miiie’t ost u ue’ t t i t  al e l f  Cci  s cm S ((  cit -SI / ii NI5 allots -
NI tirakaiiii amid colleagues s i af t ’ tha I mlii ,’ SI ‘I ‘ ‘s usds’pI mb m li t s is c’csIs It cu lled l’s mlii ,’ s u e ’ ami d disI u ibui ie ii i c ii
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grain houndam precip itate ’s . i t t  umu m ii  de pemude u it upomi m Ite giant besu midau s s u u t ictut i’ Bict S s Ia is  s t i l i t  t w s I

amig les suti allem t hiami se’s em ~uI degi c_ c’s d ispl ayed ex cell emmm S( ‘( - n c’ s ust a m ic e n egar dk ’ss of h eat t I c’ , i I t t me ’lIl e’ss t u dm
t i or ms , I lie st idti u of prt’ c u pu uate lice /c uu ic (I’ l/) amid u t ah mx pne ’ci l) Itaie’t Stt ’m e mitte n m uufImic i ie ’ex on SI ‘( -

- I he’
Pt eseusce el f slie\ue’s w hiic’h m ay mm ml  Iue’ne ’ e’ e’le\ t m oc - hie tsiuc -a l behas mo m at e suspect eel to he imm ipcs r lau u l i t t  addui ucu it
h I he u iui ~’m uls i m net u r a I its II t ie’ ncex - ~ ee I ‘t etc - I mum Cr utat ics mia I I ighi m NI cm aIx (‘ciii l’cm euie’e , I ecihemi - Wit ’ i t , I ie’m
mans . I)

I lie ScueiIce ’ cii Mer~uIlmi ,- Slate, i ,i l s I .uh iou amo m s iii c’c io pei ammomt st im h i mite I-ouutdr y Nie’taIlurgs I abciratou
(Kats amici) ha’ s a lso s tu d ied m It e sm , u i iu lu i s  cit ce m itcust i t e i i i  u mc i mi - c a r b oms a lloss am id m u ca s m u ic i t is , One’ a l i p t o _i c i i
has been ohisem s _ uuiou t  c ii h it’ el icci s ci l impact s l im the lou iti ~ m uo m u cii ’ guap h uih t ’ at e’ k %dle d l e nmpclaumlu e ’s i i i  uio m i
- 4 2 4  carh i c i mi a ll c ’s s (‘- (1 I Si) -5 c i i i  ic’aI let el cii el e ’ fo ru msa t ics m i (abo mim 71) percemi m ) ss as o bse rs ed he c i is d
ss iti eh g i ap hu t i i . i t ic s mt .i m l (X$ ) ’ ’ ( ’ es cc rm rrcel s e t s  rapidly. I-lake graphite I’ormised a long lime d ime ’c t i~ t u of plasuic
t ’lssst - L mil es ’ s t lii,’ e m  ii ic ,i I dl etc i m ut t a l ici ut he’s - el lest graphiit i/al lou is reache d . a u i mi ea l m m i g at I (XX) - ( - lit ctel ue’ e’s ciii Is

~-hange ’ us s i t  m mct u rc a lIeu eleforni at iou , amid ito gua plt im i/a m ion. I hie ins esm igatcin s smuggest thaI I Iiu s pros c s

h i t ’ u .m te cu t  g uc is t t im of g r a p h mi le is c oms m rmtlle d by mite rate ~s i so l u t uc ims cii ’ ceui se us tm me ,  I lie’ effec t oi’ i m ts pae ’I de b t
t ita mmomi is m s ’ break dots mi mite cc is a le ’m mt bomids umi cem ste mslile I lie gcitc ral background us g i s e ’ui umi I tm u l l c t u iu  1151 ,
11, ~~I3 . l9”2 . th e it m i pae ’m St c’t he is , lu c us s eser , sti l l  i t t  nuz umt uscr ipl tot-ni ,

I’ m cu fesx o r I MaLi dcxci ibed son ic’ c u um u e mit ac uts i tu e ’s of mite Scieutce c if Steels I ahiot . i ud iu \ - I )mie m u ttet  e”sI Is

i i i  two  pht .u’se muon ,tlIci~s st ut hi t h e  st’c-o ut d phase’ displayiuig seiml t C d u c t i l i t y  l Ime s t t c ’ t ue t t t _ uum d s luuc tm lm l s  ci i  suit - it

~m l los s as cmiii uu as u e’ei to ‘s i mtg le’ pht~i sc a lbo~s is related mo itt ie’rosl tt ic m t i le ’ - I - hums the ’ s.u r ia ble’s a i e’ g m a in si/c ,
S eiIU mite i i  .lc t ic i u t cii sece i uid phase , a mid du f f  c’t emt t’es iii I cuts tie ’ proper mm c ’ s bet st e’~ i m the mit a m r mx a mid sc’c’ci i i  ci
phase’. Suc’h s .ir uabli ,’s ,m i e s-o mstro lh ecl by cous iposum moms a utd h eat m ream mu emim A l b s  s ss It c i t  h a t e  bceu i s t mmcl med
arc iii mIte I-c ( t  - Nu , h - e ’ - Nu C and I’e-(’ s \ ’ s mc t i i s

t h e  moore imt ipt im t a m ut t ’indi rigs ott (a—y al loys) are I hs~it l ts’o p h as e ’ a lloys usa shots lieu met ee i mi sl i im s a t ici iis c ti
strengt hs amid cl omt gati es mi , ~rohahIy becatmse mite graims si/c of t h e  155 0 phase alloys is gc mic ualls - stisa l let - l hi e
t eu ide mi c s to co arsemi us also ree lmm ceel , I’Iie ei’i’ect of gra iut su it us the sa rute t’i,sr single’ phase aims] I sto IiIs~ise
j IIct~ s , ami d fo h leit s s the l’ e mch s relat io i is h iip , A paraniet et (‘ is im i trod m mc ee i ‘s t - hs ic ’h i is s imtsp ly mIte rat io c ii mite 0, 2
per ceu t h yield s i ic migt is cii m Ite h arder ph ase mo the s ofter pis ase , S5 if  it (‘ less I haui a s a lui e’ ci t 3 the lass of n ut s -
lures applies: b mut at hi igl seu s al ues t lie hats us must p redi ctu s e , l’he mm i s - e% tt ga t c i rs h iat t ’ ties elop ed t h ese s ,I is c ’~ s • t

lions t u b  so use raths e r ect itiplex ml sc’oretical analyses of I ‘sso ph ase alkss s ~ eta i ls u i ias t ie’ seen mit I tau t s .  11 NI ,
13 , 28~ , 1973; MaIt ’t ial s Science amt d Fngimsccrim ig, 24, 85 , 1976 amid its l’roc . of 1974 Ss - u itp t isiu mtt ciii
Mecham iic al ikhas ior of Materials , Kvoto , 1974.

‘ A m mo t h ter i t i t e r e ’s t o f ’ ilie abets-c group is in tine strength and c1uctihit~ of J i) ’s tt ’ t lu l ic’ h e  Ni and h -c - I t - Ni
‘ allo ys as iisfhmu euteed by sm rain - imtd t mce el mt sa rme mss iti c tra mssf o r ms s at io mis ( I’RlP s teels ) , I lie t mn pe s rma ut t  pot uu i t s

i hsat all allo ys imi s -o ls iusg 1k IP m s - l i e ’ mi i a rt e m t si t  Ic i’oruss am io us x sl s os s Is igh e’Io umga m ion , a rid .i ii cs( it mmmu mmmn c’bong a -

hiomi occurs ss mis a i m opt ins m im m ate  cii ’ istar me ’IssiIC l’o rmts al iout , I’iie mst. urte ms sit e suppresses m i e cku mi g bec’ ; ut i st ’ cii
t h e  c om i t ims m m ot m s ami d large incm ease iii strait s hsareleuiiusg exponeusts. hut acIdu lous mt iie ’r c u crack cm ache im i i l mat ue i i m
and gro w h is is s uppre ss ed because of t h e  relief cii ’ local st t e ss  as u i tar tems s i me ’ I’oruss s I ise stork us prexcusmed iii
greater detail its Frauts 151.1, /0, 163 , 1970; Proceediutgs of (‘ouif ’ememi c e cuts mIsc Si m c m ig mh c i i NIt’Ia Is amid
Al lo y s , 3 , 9(X), Pacit ’ic Grov e , (‘ahil ’or nia , I 97t) and h it. S~’ um i pc isiiuuts ciii I miipi ci ted h)t ue ’ m m l u l  atsd
l’ou gi smtess , l ro ui amid Steel It i s t i m ute of .lapa mt am id (‘ l imi tax Mcslv hde t iumn t l)es elei pmsic u it (‘eimst pa uts I td
(Japaus), K’,ciio, 1971 ,

l)r, MaLi , st- hits i ui c ideus m ,i ll y did post-doct o rate st ork s s i mhs Pro f essor Way mi t ami ai ( h i t  em ‘o ls ot I l l u u t csm s umu
1976 , a lso d is c us se d so mi te curre ism ss ci u he omi amsiorp lt ot us mss et ah s . Iii p armic m m lar theme us un te ’re’st iii su h a t  si inc

li t re’ de~cIops lit ams iorpho mus mt semals u poms aging. t h e  s t m udies arc beg i utmii ut g ‘ss it l i Nu- ( c i Si h~ al hess - . l ’ lse u c us
ab sci ittt c ’r es t itt high speed steel ss hi ich s has h-seen rapkhhy quc’ncitc’i,I as bs roller qu e’ i mc ’ lmi ms g . Flit ’ rapidly
d ltte ti che d hsi ght speed stce ’ l is i)t)l amno rphsott s I,tmt t hsc re is great iu it e ’r est itt w hat kuitd cub ’ car h im eles pr ec i pitate ’
as co m npamed to t hso s e ius nori tsal ls’ treated lti gh speed st ee’l , l ’ ise pc iss ih u h imy cii ’ ittipi ot c’s1 ss car re’s is iautce auicl
mechanical propert it ’s is s -is ua l i ieel .

Fise im t ,u tc ’r iahs a t m usmt  tes am Ky olei L I u ii s e’ m si l\ a te ’ of ’ course lam uiiore exi e ui sus e h iat t ceituld be cci’. ci ccl iii
dine short s ix i t  , I heist es cm , the cx cell em ice oh ’ the st ork ges u is g ot t could he appreciated 1(1 5~t C  a broader s me ss
of Ills’ dc ’ HS u iie s ~me i iit g tilt , h is tit s g s of the 1976 rese arcIs a ct i x - i tucs ol ’ t h e l)epartmemits cii ’ Metal Sc’ie ’mt cc ’ amid
I’ cc h ius cilci gv aisd Metallurg y are appcmsdcel to t h i s  rc’port.
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APPEN D IX
R E SEARC h ACTIVITIES IN DEP ARTMENT 01” MF ;TAI. SCIENCE ANI ) TEC HN OI.0 (;V

Lattic ’e Defects and Crystal Plasticity Laboratory

Professor: J. Takamura
Assistant Professor: K, Furukaw-a
Assistant: F. Nakamura
Assistant: N. Narita

I) Vacancy-So lute Interactions in Dilute Alloys
2) NMR Studies in Dilute Alloys
3) Deformation Twiisning and the Stacking Fault En ergy in FCC Metal and Alloy Crystals
4) Radiation Damage of FCC Metals
5) Positron Annihilation in Metals

St ruc ’tura l Metallurg y Laboratory

Professor: M. Adachi
Assistant: S. Kikuchi
Ass istant: J. Takada

I) Deformation Mechanism of Al and its Alloys at Elevated Temperature
2) Deformation Mechanism of Cu and its Alloys at Elevated Temperature
3) Mechanism of Sup erp last ici y
4) Mechanism of Dispersion Strengmhe tsing

Science of Steels Laboratory

Professor: I. Tamura
Assistant Professor: T, Maki
Assistant: S, Fujiwara

I) Martensitie Transformation and Morphology of Ferrous Martcmssit c
2) Thermo-Mechsanical Treatment and Transformation-Induced Plasticit y of Steels
3) Relation betwects Melallographic Morphology and Fracture of Steels
4) Precipitation Behaviours (including Spinodal I)ceomp osi mion) and their Stremsgmhs cms ing Et ’fects in Steels
5) Structure and Mechanical Properties of Rapid Freezed Steels
6) Strength and Ductility of Steels with Duplex Structure of Two Phases

!-oundrv Technolog y Laboratory

Professor: R. Ozaki
Assistant Professor: H, Shingu
Assistant: 1. Sawamoto

• Assistant: K. Kobayashi

I) (‘rysma ll ographi c Studies on the Nucleation and Growt h of Metal Crystals
2) Studies on the Metallic Amorphous Structures and t he i r  Formation and Stability
3) Studies on the Nucleation of Eutectic Solidification Reactious
4) Studies on i he Influences of Annealing Environmetsts on the Graphiti,ation of W htiie (‘ast I rests
5) Studies on ihe Heat amid Solute Distribu tion d mm rit s g Solidification of lui gots
6) Structures of Metals and Alloys Splat Cooled fr om L iquid Stale
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-tleta / P/i I”. it ”. / ahorutori ’
h’ t c ii ess om : \‘ . Nakauust ura
- \ ss t s l ,uu i i  Professor : I - l st me -Iiid,u
-5 ssustau s l  : 51, Shi ig.m
,‘\ssms m~m ui m : K - St i m i mi s am i t a

I) Nlagm sc ’mi c Pro~iert ies cii hi ss ar -5 h esS
2) Slagmt em c is ol mu m mie F f le’e’l s in Slagus e m ic -5 hlcu ~3)  Nlaguie mic I’roper m me ’s cii Rare FaIth I ui m em mtset alh i c ( ‘oti t pc smuutd s s’. ith (‘mi t-sic I at e ’ s I’htase4) NM R Stud ies cii l’ ram isut icimm Metal .Silie’ides a m ieb Sulphtielt’s5) S lc i ss iuaum e m Stuttiex cii Magnetic -\lltiy x

II t ’ltlin ,m,’ I’ng,,,t ’t ’r,n ,t~ / sibo raiui r t ’
I’mcu f e ’s se im SI, Nlii t umto
-5ss ist~u umt : -~,, ()tsu ki
,‘\ss is m. u msu : \ ‘ , t’ouii ii

I) Relam mou t cii 55’ele himtg ( ‘outdit ieins Its I’c’urcis i m s imm \S’ekl Metal2) luts es l igati ou t cif l l es t— ( ’ mae ’ k mms g its Mecl im m m it S m remi g mhi -‘S lmm n t i msmm t n -SlI ciSs3) Age hlardeisimi g of Welds im i Medium Smremi gths Al-/ u i-Mg ‘S Ilos’s4) Fmt ibri mt le ntem it of Solid Metals by Iiqmuid Metals
5) I)ec’ar bm mr i,amkiu~ Nlec htaus ismii its I ow ,-\lb c is Stee l Welds
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R EMI’ AR ( ’I I ACTI~’I1 ’IFS IN IWPAIfl ’M F N ’I ’ 01” M F: ’I AI . I .UR ( ; i ’

lro~u %leiu llurg,m’ I. ahoratort ’
‘ ProI’essor: I - N-Ion

.‘Sss is(anut ProI’essor : I’. Ichiss’
I ectur er: A , Niorooka
‘\ s s ixt ,uus m : N-I. lwase

I) Stud ies ott ernf Measturensenms by Nlcaits of Solid I- lecmrtslyte
2) — Se mis im y Measureitseist s of ’ Iroms Al loys b~ Kism udsems (‘elh- Nlas s Spectroitietry
3) Deoxiclatie imt oh’ L iqmuid Iron by Ceitstplex l)eoxidi iers
4) Fuuidanseistal Sm tidies c-sit Gaseocts l)escul phtmm ri iatiomi m oist Slags

Non,frrrou.s Pch ’tullurg s’ I. ahoraiort ’

Professor ’. .1 . Moriyauisa
Assistant Professcsr : K. Otto
Assi stat im :  T. Oishi

I) I’herussodynarnic Studies on Sttl phsides b (‘al Solid Electrolyte Gals-aisie (‘clls
2) Fiserniodyusansic Studies out t h e  St- s m e us ss of Nb-Mo-(’ -O , Nh-W- ( -() amid Nh’Ti-(’ -()
3) Stu dies on Phase Relation sh ips and l’hermnod namss ics in the (‘t i— Fe—O-Si( ) Sv smemts .im I’ hes amee l

Tetstpcrat mmre

Elei.’trome:a llurg s’ Laboratory

Professor: H. Majimim a
Assistant Professor: M. Kuraehsi
Assistant: K. Matsuda
Assistant: Y. A st-akura

I) Leaching Meehantisus is of Metal Stulphides amid N-lcta l Oxides
2) Recovery of Metals from Aqueous Solutiomis
3) Elecmrorefining and Electrowi msuiimsg ot’ Mela ls at Highs (‘turreis f l)ens ily
4) Ebeetrocrysta llitamiots and Electrociseunical Dissolutious of ’ t he Alloys Couitaiitiusg l mt merm ts eta lh ic (‘otis-

pounds
5) Thermodynamics of Concentrated Aqueous Solmitiouss Based out mite hlyt iramed (‘r ssm alx
6) Waste Water Treatment its Memallmurg ie’a l lisd rmstries

Science of Metallic Materials I.ahoratori ’

Professor: Y. Murakami
Assistan b Professor: K. Osam sura
Ass ic ianl : S, Yamansot o

I) Studies on Ageinig Pisemsonsena its Alloys Mainly by X-ray l)ift ’usc Scat meriusg Methsocl . l’ramts t isixsu eui i
Elect rout Microscopy, and Mosshammer Effect Measurement

2) Transport Phicusomena in Alloy s
3) Preparation of Ill-V Compounds ants] mi seir Fhermssodyisaniic amid Physical Propermies
4) Fibre-reinforced Composite Materials
5) Stress-Corrosion Crack lug in Alurtsins mini A Ilesys
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1 i~t s ’ usui  s t f , ’hI/ l u, c i  / 5t1’ s s , ats ’i

-5c s sus Ltt i( h’ u e ,Iexscit •i k .t ’ .% ,iuu c~
\ s s i s t , t t l i  - N - I l ie ’S atmu a

I) Situ~lmc’s ott I cit uita i ie st i  ami d Sit  t ie tm im e s cii Slihueu c uidai ( t , u h i l i t t e ’ i i i  lme u mu - ( au iis u ui A ils ’s
1 K c’la t iouishii p hsctw ec mi m ite l’hiy sic a I. I her mod mia mi t is’ I’m o~tct t ic~ dil ( s i Ii ciii NI elm , t ime I a ti1i l u /a m uc s m t

s ’ t di i  aphite lot  mu ot ( ,ts l l itsit aui~I t h e  hmsip ui UuL ’s iii Raw S h a t s ’u u,i lx

~) ~5s l i shu f ic ’ , t t i c s i t  Sle’c f iau i t s u i i s  ci l mIsc Spheroidal . l - m i t ee’ h i c , h - Ijkc’ ( ,a i iii im c ( ,ts t I uc u mts amid \\ h u e  (‘ ast h m c smi

4) \ lc’ch i ,tuit s uii of t h e ’ Grap tsit t i i t t ic im u of (‘e’m ue’ iu t uIs ’ iii i iu e 1 .tst Ii ciii

~
) I et t i pe t a t m fl e f )e petic ie it c ’e ami d SI , m g m ts ’i u c I’m ci lucu t ies s ’ .t mite S Iuiic ’i c u u W il (~ u .ihs lu t t e ’ I ,ust Ii ciii

Ph V’ e sm k u i mg L n m t ii c smiItte ’iul cii ’ the i’ m i tmmi dt y Shicip amid m hie I , is ~ ’ t t t d i ms Gm c uti pt isg the St tt ~iII I c it i uu c l u  Siuci~’s

!‘ro es ’. .t!e ’Iu/ lu r,i~I ’ i  5~/) s I~s l/u i /

i’m c i t  c’ssc ’ t  - kcuu icl ct
- S s s u s t , t i u t l’u of c’ss c ’ i  : / -
- \ s s t s ( , h t t t  - SI.it ti

- ‘t s s i s t  m ust:  -\ - I ,iuu.the ’

I I Ic.ut ie’t ic ’s ci i I- hu mdm .’esh ibs’st Ro. i” iuuug c it /imit ’ Soil islc ’
2) kuu it ’ i t e ’ s c ut I )xmc i ,uhuou u cii’ lmcimi Stml fid e ’
1) Sfc st hs’hh i uig ‘ut itches oii time I lash Sn ieiu ib i s I’u ocess
4) SI m ic hic ’s sit) t his’ Sc’gi e’g~ ttt uui I’m O c e ”s ’ s cii

’ 1 ale ’u mm u~ N icke’i ( t i c s

- - 5) St uchi c ’s i st i  mIsc N.um t u u .tI (‘outs ee’mic iti j mtel Mj ss Ii . t t u s l c ’ i of I ci (c ii i ute ’j i misc \ c’m t ic ’j h I ‘opps’i I ‘dt his ’ e( L ’ “ i t t i

I.tc t’
n) Si ti~Ims ’s ciii I lie’ - S u m I ix iclam me im s cii’ I e’ lois
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Ks t ushsmm I m ist  it t ime cii I echi mse ul e igs u s  l’oha ua , K itak ush itm , st at I c ituuselet l sonic’ si x t s  year s .tgo a’s a pu is ate
sc’hocil aitci hecansse .u Namic it ta h I. m i u t e’ msmt  i i i  1949 . l’hic goal cif t Ise s~ii~ eil us to prsidmmce ‘‘gemi m hem tu eut prc if i-
c’ic’ t l t in mechinohpgv ’’, amid m hte pm ~ hc’s s c i m s emtc o mu ustc ree l on mh tu s s isim se crc certainly jm is l I hsat

t h e  pm u imcup al htci s t se j s  I’rcift ’ss tui I - Ow adano, j ut ci ld ‘‘pc’mi pal ’  I roust I lie c lays c-sf Cas i trots graplsut u/a-
t isin situe lies am NRI - I lus special interest Itas h-seems t h e ’ k imse t ics ~ f sece imsd stage grap is it i iat iomt cii black heat
ma lleable ( luii ci uscs , 46 , 110 , I 9”4; 45 , 193 , 1973 : 46, ~34 , I tY’4), sp h eroid al gt .iphtite e ltm cti he iton (I ulie iitc i ,
.14, 3(1, l9”2; 45 , 2 1 , l9~~ Jti, 4 , l~r4: 46, III) , l9~4: 4” , 3 13 , I97~ ; 48, 5(13 , lcr(i; Iran’s. .1151 , 16 , (-s63 .
l’i’~ ) . imt el g m , is cast ui om i (lutieinei 46 , ~ 1’ , l dV ’4). I he pt i itc ’ipa h f ’uuic liitgs of t h ese  u m l s c ’si u g . tm ic ’ i uss  are as
fe i licist s:

I ) I hse secc imich stage’ g r~u pit it uiam isi mm m a It ’ s h’rcins best Is a must cii i me a mid it oust pear lit e (cli m cci .t t ict m mid ii cci
c n .i pit i t  uia mu ciii m t’ .ic ’ t iou s) ,u m c’ depeuse lemt t ciii mite m a me ci I cli f icm sic s it  cii ca rbeiui thin citi ght ferrite , a c’c’Ot dii is I ci
Os’. ,uc b,u mm 5u , a itch m lie rates c it t lie’ t st ci t e’ac’t mc i mi x are a boti t mite ‘sa ms se i t t  I he sa tie’ black hiea i’m mna I lea Ii Ic’ cast
tr o mi -

2) I ftc g m a ph it e nod mu he m imi mit ben PC~ mmm i i I s cuh mi mime ’ is rela mcc l mci i lie i i  nun bet pet mu is it a rca hi~ t lie c’x pr ess its m m
N’. (n 6 S ,) - (ci N ~

) ‘ , s~isere \‘
~ , us m Ite s eihm m u s tc frae ’t iom s of gm . tp hm ut e iii I lie trout amtt l ci is a I ac’to m depets-

dent s ilt n hue cI’~ 51 r ibmn t ieint nuod ti h c ’s - I lie s a lime oh’ a ‘ a t i c ’s bet ‘.c c’e’ni I a mud I 4 F he c’s lire’s s iou a ppl mc ’s to hot hi
sphicreuielal graphite amid mit ,ulle .ihile c’j s i it eit ls ,

3) the tmmise to ferrm m u ,’e a cast urc ims is iuis ersely preipori itiutal to I lie ilci ct t ihC umtm m i sber , Ns 3 cii N ~
, lh e  c i -

feet cit usodmu le msmm mher mis sphici oucl.ul d m51 ur o ms s hieccitiic’s less a’ I lie’ mc mitp e rat c ur e cit grap isut uiat iciui is lc iw em ccl -

Itt all c as e s  inc- i case d Si cc ii sce m s m ra m it s ms imtcr eas es mite rale ot rej c ’t ieiit,
4) Forgiusg of sphcrome lal gm apIs i Ic mre im s s m mic rcases t he ra Ic cii’ tsot h e r  utah I ci T u t u  iat iott , pre’st m ntua huly hi~ i t t -

~‘te.isu mt g misc ’ grapltime su rface ,u ut ’a i-sen t u mtut  ss i l m m mss e of ut e iut , Ihu is appeaus tci c’o utmrad ic ’m tIle ’ cam hmcr c’cut ic ’ t t i s iO t t
that eh ii’fusioii ml s ron m g ht t ’cr m’i me is ces msm rs ihh i iig.

5) Iscith se nmis. uI fcrr i m i iat i c ims iii g T . t S  c’js i urciuss is slc ’is’.t’i t lhu t t its sj ’s hs e mt i icl,th i mom s sit’ i mm black beam - i mita llea ble ,
Ossaclat io attr ibutes tisis ici the ef fects of cs im it posimie int ,

6) t h e  gross- mit rate of ferrite dt urm i ig secom sct stage ~rap It tmuia t tc um t uu s c ’reases s’. iiht Slut ami d Si cs u mt t emtt -

I lost-es er , mite rate d ecrease’s as m lie S ims cciuice itt rat ioms iii s phtcrc s mda l am id black h eart mtsah leaNc c’\c ’c’c’dls abc imui
0,2 perceus m , App aneutth y a iixcel sm u l ftur com sle ms m is a ss tm mt s t ’cl.

7 )  i-’erriti iat ioms its spiseroiclal c’js t ireims s , u u es ‘.t it li t h e ’ Si aitcl Sl im pt ’e ’seu tt a mid mupout t h e  hut icam coo hm ttg
rate. !‘he I’err it iiai lout by mIte direct g ra phsit t iam ion miS .i list enul e i s  pi’opcirt tcin ah I 0 t he sheg rc’e cii ’ tum t dc’rc’tisi l -
iutg .

8) Its usot her u s a  I il lisle t t t  ia t m ci mt ot ‘sphieroic la I trou t . i item ca smut s t ise mciii pet -a mitre atiel gm .i pIt it c micic l mule
usuuisher utt c rca ’ses m lie rate.

St res s relief ’ iii ductile i romi depeutc l s Ott m lie lb t i mica Ii ng I cuss pera in re a net t iutse rat her I hiatt ciii m lie utiagm i it mielt’
of mI t e initial stres s , acc ss rc l imtg md i Os’. achau te i (see .Ir . .bapau i Fommu s t lrvm t ie ms s Scic ’ 3 / , I, 1959), Ihic rexic luah
stress ins c a st  imigs issay he redu ced by use c it ‘seh i-ci t ill iusg fins (.1.1 ES . $3 , I , 1961), Else geuterati c uus cii m esi c t mua l
stresses ins hrcsni.’c cas mimtg s hias also beeut st mmc lieel (.1.1 ES, $3 , I • 1961) , ‘Sisoliser paper (.1 ,1 lA S , 3’) , 1 , I 9(C) af-
f ir utss that aus usea himig meiisper am u re and uiuise , midst ims itial s i T  c”s ’s, arc coistro hh i us g I’ssr st re-ss relief it t c’js t sled ,
gm as’ cas t iron and ductile’ cast ironu . l’he cfiec’m s ot c’hte’mt tid ’al compci’siI iou ol’ i ron d’li,sI iumgs simm t es ic luu ah s i i  c’ s ’ s
geutera l iom s us comis iderecl ins .1,1 ES 32 . I, 1960. Silicc its red uces residual str es s tip Iei a let el cii 3 , S p~’i c’ c’ t i i -

Phosphiorums m e t  eases res idmma l sires ’s sl ighsl is -

Ow~damio itas also studied sei lie l—l id lmm iel dif l’usisu ut iii mite Fe— -SI , -\ h (’ mm anti ‘S I-/us ss s ic ’tt is , Sm ichs ch ift t us ici ut
t a ke ’s place wiseis , t’or exaitiple . it ciii is cli~~pcc1 imsto I iqm mmch a lu imi s imsmmmi s.

-S curre’uit st tick Ott t he s’. ear of cast  iroit it s ’s cult c’s misc ’ cut ’ au elec u rom i beau s tc i  rc ussel m spots  ciii misc st uu fat e .
th itis ;-snodmmc immg a pumsc t uf o rus i arra y of Isar e lets ec l spots . Sm uiehies of mite frac mmire lcit ig ht t i c ”ss ti t gi .us c’.i” i i t  ciii
autd ot iser irons are ,uhsc i mum tchc rst a . I’Isus de te n mss im s a m ieuii s of .i~ ausd K 1~ aid’ beiusg t isade , I’hiese use’s’. s m t is lic’s
arc stremsgmhiemsed h~ Os’. atlaitci s kui ost led ge gaimse ci sltirit sg a s.uhubat ical lease’ a m I ehsi gh miis cm x im y its
196 3-64 . Os’.-adaiso co n im rihmm mesl t ti the Second I islermi a m ic s mtah Ss mm sp c is imun s diii u s e  Nlem all t m rgv sit (‘ast Irciut at
(‘,cnes-au mu 1 974 , and us eit Isc ’T ‘.s mse ’ ree’eigisuieel internal msuutl i ll% -

II

: —



— -~~ — —-r — — “,,.- ‘ 
- ‘~~ 

-~~ -~~~~~ ~~~~~~~~~~~~~~ 
‘ - 

~~~~~~~~~~ ~~~~~~~~~~~ — .... — - -- -

I) usc ussucum t s were h eld also wi lls Professor S, Nlukae whio is inss-ols -cd iii welding isietuhlurgy. [he major
mntere s m of Mukae , w iso studied iii the (‘is-il Engineeritsg Depantuts euit am Unsis ’ersity of llhiiiois duruntg the
1967-68 sc hooL year , is in the heat affected iesne (HAZ) of’ welds in steel and aluminums-i alloys , amid iso’s’. the -

‘
grains til e its these HAZ zones can be reduced or constroh led. Thie belief ix that thie smre msgmh ausd fr lmdm mire
loughmsess of ’ welds is largely determiused by the nsticrosmr ucmur e amid iii particular the grains size of the weld
meta l amid HAZ zones. One approach is the additions of Ti , Zr am sd Nb ns emal to the base steel , Th ere is nti
s(dmdy ~i’ electrons beam weldimig at t h is minse ,

Professor K. Takahashi is imiterested in the fundanienitals of ’ i’at igtme , iii particular the dishocaliont struc-
ture induced by fatigue. He is studying cell formations imi Al , (‘U amid I”c-3 Si alloy during hemsdi mig fa m igm ue , ‘

For gen eral back ground see JSME , /6 , 161 , 1973 .
rhe yisit concluded with a conversation wit h Dr. NI. Konomi , Presideun of the Kyushsu Institute of

Technology. 1~r. Konomi stated that he was pleased uhsam a repr csemsmamive ot’ ONK had visited Kll’ amid t hat
he hoped such interchanges would hecesnie customary.

I
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I he l)c’pam t mi te ’ mi ts cit \ la te’ mi. t ls “s~ lc ’t i ~ d’ 1utidl I c’c h t t i c u l c ug~ , Nucle a r I- usg imte c riu sg amid lre u mt autd Sued
\ie t 5mhlc t m c ’s at Ks mt ’sisu I, ‘ isis ci su m s mit I-uk ucika are c e rt au msh s t’e usm er s of exce ilemice ftir mssa meriah s researc h amid
c mt g ut s e e ’u uu t g , I’nc sl c ’sso m I i’gmi c ’ hsu ~st the \ i ate i ials Sc’m e u tc ’e’ am tc l I i mgmm i e ’e’ r iusg l)e’pa rtmsi eut l ‘.5 as princ ipal host
c iii i h t m s m sui ,  I’g mic ’ h tu hiej c h’s .u g tc s mip (KO/ -5 ) s t t i c l tuu t g  tIme ’ p hty ’ s t c s  cii t it cials a usc l-a l lo s s , I’hie group sta t
tcsumts c ’n Is amm , t c ’hsed mc ’ . m I te ’ I)ehi ,um i m t t e ’ t t t  cu f Ii ciii ,uuisl Steel \ le’ma h h t ui g s , hum ims Mas 1976 Ihsere ‘.t as a ust o s e tc i
ihte i t t ’’.’. tlt’l’i,ii Ius tc ’ umt - It t , t c i ch utuc s mi ic u l -g tuc ’hti , i lseme are iii mite g ns itmp -Ss’sc ic iale Prof ’ess cu m K, Oki , Researc h
\ ‘- s c s s, .1k’ ~ - 1 c uus te i k us c i  ,iiicl g ma sltua te s liucle ’mii s

Pm cit c’sscir I- gt uc l tu us Suit imt t e ’u est m u g  pet sc s t i st t b a c’ m mt io ns bac’kg rs ituuiel for a misa meri luls specialism , lie hegats
,u’, .i t h t e ’tsue ’ t t c ’1t h Phi’ s lc ’ is t ,iutd spe’ mt i mIte ’ s e a m s  1954 j uts 1 l95~ as a Seusior S c ieus t m st  am mIte l n t s t i tu te  t’csr ,‘Smc inis ie ’
Reseat c i t  j i m ite Ic i’.t,i Slj t t ’ I ui is e ’i sum S at -Smite ’s , st uel v imig mis esom is amid Itich euterg s’ p u ss ie s  Si abou t m ite
s . umss e ’ tunic ite ‘.t sir keel s t u n Ii I’m cii ds s ciu In s cit  m lie I. ti lt em s i t s  cil (‘hiic’ago. l)uriiig ear l uem eats lie s’. as ami c’x -

chta uigt’ gn ac h t iamc ’ s m t ucleutt ( I’)~ti 1952) a mt d ami exchauigc ‘S ssis iat t t  Pm c uf ’esscir (19 5 1—195 2)  at Ituss a Slame . ‘SI’ler
m etmur usung Ici lapaut he tt is is c’c h m t t t t u sesh iel s ta te  phis s ic ’ s ,i itc l f rcuis t ihtere t ts Ittecure lical mit em a lh mmm t! s am id fi uta lls
e’xper umi set imah t iset a lh t im g~ - I lit ’s c l ism isal slid e ( front s a pits sic ’ is t ‘5 c’S c’s) st at promitptedl hs- geis ern imiieista l amid
mtiauiagcria h pm e’s stmre ’s I cur lc ’ ss t hte’eirel ical phiv s i c ’ s •uuicl utie su e ‘ ‘pr.ic’m meal ’ ’  rese1ur cht, Umm t I :gmm chs i teeth ’s cc imttettt
amid Is is ~ht~ t ics hackgro tu itch s I remtgl ht eus s Isis w turk iii ns tc mal lii rgv

() m te of Eguciti ’’. cu\ ‘s is a mie’.’. h ig h s ciltage e’he’cirous m itucte is ces pe (.11’ 51 1(5)0), liii’s ms i ic ’rcssc opic’ reach es
I,~ ut i m lli c ims s t i l t ’ s  cc im iurc ihl a hle’ u s  I — ste ps .11 10’ tc uu u 5’. imii a sI~tbiIi Is cii l0~~, list’ ,li’()I uts i c tox c ’sipe’ is stable

tb respect m c i s silt age , c turrets I It mt sl niiec’hs1tti ic ’ s . a mid 1 halt ice m titages of t’s’ . o a mmg s m rtsu ss s cats h-se seems - lit add i -
iiciui , 5 mm c’s’s au th m e ’uitper.uI mire ’ are ccim im rsi lhahle ott mIte aridsus uiticrosctspe stag es ‘5 cold stage is available tci

120 ‘( ‘ amtel j  hiol suage t c u  i(k5) (’ -5 ’’ superco ldl’’ m u table stage reachse s tetsspc ratemre tut 20~’K , ansi permits
t he si-sectu iseti tt s lie stressed sutsim ul t at te otu shs - -5 ss st cms t  is heimig pha usmied whsichi wil l  rc’achs 2 ~-4 K: I  bus still he
tisesl I ~im stm perc ’c iu te t tm cmu s m s ex peri me isms i i i  s’. hichs t h e  ultagm set ic h’Imux can ah sc s he csbsers eel , The mihicrosctspe is
ctu ist ro hlcd his I’t c i i e’ ss s ut i gt ms~itm hmum is am preseut l mused ’ by mants’ d lepar lmssemtt s its ’ s tilt eel in sixm eem s prtije dts ,
‘\Ilhieitigi t titicrdisceipe ausc t hsttileti ng (at 1tpproxi utiate ~ I misi ll ioms e’cs s t ) ssere ims sm a llee l ax recems ul as October
I 9’fs , se’. er1uh ins est igam ions h a s  e heemi cotsipletecl auitl sc’s c’ral papers ‘.t e’ r c ’ sd hied lmuled f’ssr m lie K ycito I nlerisa-
Ims imsa l (‘om iferemice of I lught i- i tem gy Fiecursiti Si icroscc ipy -S mug usm l9~~ - l’ s’. ci papers st ere also sch eduled for
list’ ( ‘c u itf eremt c ’e ciii Orelei -I ) isssnder u s Soliets its Paris , ,I til~ I

-5 hric~ elescr ipt lc st t eif seimi te prouec ’ m t’ mu rreuim Is mm m ic he r ’ .s as w iiichs mu ss es ls e misc cii the microscope I’oihsu’.’.
I ) N hi- / m - am mc m ii pm ’s are bet its mitas le 10 correlate m lie besmmt isl aru es h-set ’ .’ . ccii di f’t’erem s m phases s’. it is t ac liat it 5mi

ski miiage.
2) I e’ -S I — St tislies cii circleri mis It us1 spi itcudllul etece imit ~c~’si t out a t e  hiei utg itiade,
3) (‘mm ( ci ~t uic l (‘t i - -S I phase mm ansI cs rusi at i o mts , s ltc irt i .itigd cii dieting autcl prec ipimamicims PT c ic c ’ ss cs are heiutg

s lt tshiec j ,
4) ( ‘ t i m  cal s ts lmage eifec ms its (‘u -S I ami d (‘m m - S tu a llos s - 5t t cer m a imi ‘.‘. as e Ie utg m hs s cii mite ehectre uuis . sonste

pests amid bites chis ,ui-spe1u m - l ’ t t m s us te llutedi mci mite Et umurier comi ipt umie utm sit’ mite periodic potem imial in usie mals 1usd
allos s , lu us hisupeti tsi de m erm it umse t h is h-ouurier comi it- scsmtemtt cil periodic pote uttial liv sshsers imig Ihie oltage ~-sro-
cl mu s ’t’ct hs t he elect rout p11cm osc cupe s’. h ere mIte spots limit1 limic’s s Imisus hs , I’Ise ci itical csllagc ’ e iie~m us used tei
cletermii imie mIte stru ct tmre factor, rise I’ommrier co uttpo usc mt ( , iticidetit lt llS- , is depenstient cuts alitsy cci miipess itious.
I’hie i m i ucm cisdsu ;i e’ pcrniiil’s ‘ Olmlige 10 lie chtausged essemimially ct s mtmi us mm ei mm s ls ’ .

5) (‘cs rrc’Iammout s hetweems usiagisetic donstaimi hcsumidary str u m cm m m r e and mhse utor uisal str u uc m mire ( lattice dei’ects ,
precipitates , etc. ) . lIst s st ork is hieing elonse out (‘u-Mtt -Al allo s .

s) St mic l~ of ’ hsydrogets emst b ri m m lemis emsm mechltusismns iii uiteta ls ,
‘) Smmmcl y of ’ radiaticin etaissage in irous 1tiisl irtius ,tlhos- ’s .
8) Plastieily mtiechs ~tmiisnss its isiet.t l c’rys l1u hs r.udi,umesl liv elect rs imis .
9) -S gu ite mtiechsauiisnss in demital allesys ,
Mausv cii t h ese promects are smipportes i his mite Sl i t s i s t r y  cii Ed ucations , ‘.s isich also ht umghi m mite uses ’ .

mi i ic rc isccip e.
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I it t ’ s’. c ii K cil I guc him ’ s K( )/ ‘5 mut t ol’s c’s ge usem aIls su tidies cit l i t d i l t i t c ’ j t  ramigem ite nt ls luttel meat  rau sge mttc i i t s m it
hum i.ui 5 .ulls is s  cs f h e , ( 0, (‘0 1uuid ‘SI, I’he allc iys of i -c ’’.’. mi ii (‘ o are comiipates l , fdsr exltm iip le . s’. iii t he alloys eu
I c’ ,im ic i SI; thus ,t Ilo~s cii ursi ut st imh t ,i s imti u igl\ h’errdum ut ag m ie ttc uttetal (( cii are cci isspare’d to .ih ls is s  cuf h e st mi t a
micitt -i t i l tg uiett d mite ma l (- S I) , I’htc’ et le’c’ ts  of long m amu g e c in d er d i u t the se alloys is mite c um tu e ’m s artable.

“-‘ u m i t ui1 mu ly , 1uIIei~’ s ci i  (‘m u ‘ .tut it ,u st tc u m i g lv mttagm iemu c ’ ut ict 1t l ((‘ ku) . imc ’ cssnstpare sl i s ’  ,i l ltu s s  cut ’ (‘ ii s’. u mh i .t utoit-
utsa g mietuc mts e ta l (-S i). .tiicl mIte eitec ’ us of sh uom m-u . tmt ge c i tc le ’t am ud pn edupit 1tt us iui are cihseu ‘. esi, h u e ’ pmmrpc isc cit
t isese ex perumsscm i t s us md i cc urr c ’ Iat e am c u mtt uc arm amu geits eus u s w i t  is uttagmiem mc prssperm ic’s -

It hilts tieeut t’siuincl t h a t  its (‘ t i ’ ( ’ ci alloys (‘ci atois ts e uitc ’r sc ih ic h so lmum is i mi .tu 7(n) ( ‘ be um ptecip imam e j t t c ic ut is
tctttper a u mire . 5’. hiuchi ca muse ’s mite 1ttls is ’ mci bec’simisc uti~tg miet m~ , I’hse’ size slistri bm ut isun c it ( ‘ di pant t c ’he’s cant he
e’si i i i  ma I esh I rcsun I his’ mtt .tg Ite’I id’ i-sr cipe’r t ic ’s , htu i t hie’ c’ heci rout i i i  mc rcisc ’ope us I .t’. cured us ’ u mill k e dim ecm
une asmur c mt sem sbs Its support m hieci re m cal j mtalyse’s -

li t  ( ‘mu ~ -SI ah los s mime ehectrucal m esi s ia imcc ’. spec if i c ’ iseat , latt i ce ’ csim is m amtt ltttt l hs1mrslute ’s’s ‘s .tis ‘.s ithi s hs e i rm —
ramtge or der , .‘Sg.ttut X i  as lumsa lysus cii sh scirt ramtg e circler is elcimie , (scu m mite elec t rc ius , mtt icroscsspe pro’. id es
cti mc ’ct eshs er s1t mioiu ,

I lie teso ls misos m mused hs I- c i tc i t i ’ s KU! -5 . um c:

( I)  elect rout eli ih’ract j ots
(2) \losshaucr s pecuroscc ip% for maguteti c luut lt lys is
( 3 )  Se’ t i s i t is e ntsagmte d il tm eme’r (rmtas le imi — hus s mms e )
(4) (sighs acc c mracy ussea smmrent e’i sm of electrical res is t i t  ii v
(5) specif ic h eat mc’as umet isem tt
(6) electrcimi usiicnc uscc upe c sh ser sa mmc u tm s at 25(1 KS amid 1250 KS’ ,umie t
( I computer anta lvsis

I’ur mhcr details ciii thiese si udies are git cmi its ses -er lth pmu hhicat ionss , Sec m ramm s .1 IN1 12 , 390, I’)” I: /4 , 8,
l~r~ /4 , 91 , i9”3; /5, 39, 1974; 15 , 143 , 1974; /5 , 338 , 1974 , 16 , 489, 1975 amid 18, $7 , 19Th -Slsc u see
,lapamtese ,lss urmsah cii -Spp. Phivs ics , /2 , 1522 , 1973 Iumsd 13 , 753 , I9’~’4, Oise paper cuts ferromts agms et is uts au di
cinder ims g l i i  Fe~(’ci ItlldiS’s us pdt hlu ’s htect iii ll-F1~ I mats ’ s  ott Maguietics , 1968. 5 11 reierems ces cited are iii
I- us gfi s hs ,

I’m c ut es sc ii \‘ciu idht m i’eikmuuiaga cii t h e  1)epartus se msm ssi I rots amid Steel Metallurgy is ryims g to des elsup mses’.
uisaragints~ stee ls ss imh mill ra-hiigh st remigm h. l’hie precipitation react ie mss are heimsg usts uiiitssred usumig
ms sdlusd urenseis is cii specific heat, ititernal h’ric mioms , hiardutess ami d di lato tsset rv , Repetimis e less ’ . memispera t ure ag-
m u g  us mhie lmpproacht am pm’esemsu , a u d i nsaragittg steels ‘s’. mths 2(5) kg miimst ~ 151usd beets prodduce di , I’hse hlts is of th u s
‘.‘.csr k is cl cscm mhed iii ISIJ , 33 , 254 , 1969, 34 , 234, 1970 , 3” , 1330 , 1973 ~usd l il l rrutmss .1 INI, 12 , 250 , 1971,

I s-s k~tnag~ ami d lit ’s ,tss csct atc ’s have also stueliesl pot’.eher uts eta hhurgv prc-shletns its ’. s-sIt ims g ahmse irms sah lin t-
t lemsess of huighu demisitv sm ustered iron (see Jt itmr msa l Japamt Society of ’ Powder lmusd Potvder Meta llurgy , /6 ,
(1969), 266. It st-as c ibserted mhsa t simste resl irons powsier specins euss ummsder insspact stress ru pture easi ly lit the
grain htiumsdaries at u se  tumsique density dii 7 ,Og cus s ’ (a mts iu t imtt mu its ims c’usergy ahscs rpmie ims of ’ (‘isarpv speeitssemss
is tibsert Csl at t h is c leuss ity ) . reikt mmsaglt coutchudes thiat t ue  7 ,0 g cmii ’ slip ussay he catusesi by oxygen at mite
gr1uum s hd imulsdharies cii ctsttsns ercially pure iron ptiw cler , l’ite amsa mtso lous hehias isir is stubdued if carbons is
.idldlc’dl.

i’tc uiessc ir Hideo \‘dis hiimt lmga is ams inmeres t im ig ziusd ra t her  uttus umal case t if ’ a transier t’roits one ums i’s-ers it
I’ohokuu t ‘ utu ve rsi t y)  to ausot hser (Kyt ush um ~ ns iv crs i tv )  Itt It us uam mm re s iagc s-sf isis career. He’ elesc ni hest s’.ork

done at both mn is t i mmi t i e sm is , Ouse area cii research is mite dlishd-sdlm m~oit dv miamt s ics of’ sc-s imile hardeusesi metals am
h ighs temiiperat cure’s. \‘oshiiiiaga lt rguies m hsat Ihere ~‘s a plastic instability at inter m ed iate temperat utres. l’ise’
so lute ats unts amm isosphere arocutid a mt s eivi ng dishoc at it i n, ss itichi prcsdcmces a dragging stre s s , tnav decrease ius
si/ c ami d density Its mite velocity of mite clislocatioms iiicrc ’,i\es , [isis uss as ’ prodmmee serrated floss , The earlier
‘.‘.or k ~‘s described in Phileiseiphical Magazitie , 23, 1351 , 19’ I -

‘Stiot hser sif ’ \‘oshs j naga’s studies iuts’olves t h e  defs s rtssa liots meehanismtss imi hiexagoisal mssl tter ia ls. l’hc mss aims
clifierensce hemst-eeui hexltgousal metals amie l cc mhi c mus emals is the’ basal slip process -S metal cannot deforit s
hs oms sss geuteo mt sl y through basal slip als-sne; m hcrei’e-sre, t he plastic sieft irumut issus ins polyerystalh iuse nictals
shou ld he hinsiteel , Flo’.’. cs cr , in prac’t ice isexagotsls h itietals del’orttt u s  uislimstite cl amoutits am h igh
menisperatmur e , I’iserefsure , anot her ship nsechanicuuss us suspecteci . ro miss estigate this , ‘~‘ oshs imsaga sI ressccl
s uu t gle crs ’smals in cc umis prcs ’s ioui ts o rmstal to the blisal platte’ (miss basal ship). -Sm how tetss pe rat tmrcs only m’s’. iii
sle ics rm itamit uut stat see’ut , hut at h igher temtsperat utre slip sims ~uyramie1aI planes ‘.‘.‘a~ csbserveel, anti mii i’s ttas sce’ut
as pnocii of a chlsmige iii nsech tami isist wi t h mem is peram mure , [h is wturk is dcsc ’t ihc’d its greater demail ims Materials
Sc uc utce Imm id l:usg iiieerumsg 12 . 2~ 5, 1973; ‘Sc ma Met . 2/ . 845 , 197 3 and l’rans JIM, I” , 102, Feb. 1976 amid
I” , 559, Sept. 1976,

Stti c lmes of ’ the th iiut i sim ig s-il’ time Group S’a nietahs 5’ , Nh and l’a have shsitt’mi t h a t  t h e re  is mto hsys lrogems pick-
tip I rsim elecmresc itentic al and chemical t hsiusmtim ig: Spark cutt msg iii kere seuse preudmmccs mis-s hss’s irogeus pick-up
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mit V amid Nb, bum Ta picks cup as mmichi a ’s l(X~
) ppmis. Wet ‘.c tied c eu tt imug imttr oduce’s se veral ppm of ls~drogc’mi

i ns l o lull three ’ nsie ma ls . Electrol y t ic m hinsmtim s g of 5’ s ingle crv ’ .ma ls nsas precipi tat e hydrides . l his ‘.‘.cink I’,
de’scnihesl in Iramis J 151 , / 7, 551 , 1976.

Curreiit ly \ oshinsaga us st Irs cv trig mhie nitectians is isis tui dei’si rmt iati cu t i iii metals amid alloys be’ hasi~’ qties-
ions is ts hem her I here u’s a iunsdan iseusmal difh’ereusce iii I he deh’ormat iomi of pture nietals a’s contrasted to sss lisl

solumioms ’s , \ oshiniaga concludes lhsat t here  is a sl iiieremsce al luig hi memstperature , al mttomigh this is se idehv dl!’.-
pumed (dsp by Nix at Stanford). \‘ c’i’.huintaga reports tisan t u e  ficist nesi~Iam t ce of pure nisemals is de m erms u insed
by the mns uer na h stresses , t isa l thie dislc icam iot ss utso v e disco mlt imtud mmsh its free flight. Ins ‘seuhiel so he utions ’s mite
dislocations glide throutgh viscous motion. Am present there is am - s attempt to prove t h is experin ise usua lls i-s
com iipa risoms of flow velocit y just lifter smre s ’ relaxatio ut , ins t ree ilight m nsiolion (pure nietals) Ihe hits’.’. s e lcucitv
should respond to ‘stress relaxations , h mm m iii visc o mus niseink ums (solid solutions ’ .) the’ i’how s’ele iciiv shiciuld re ts ia iu m
unchanged.

-5 project is heginsn s intg out the des’elopnsieuim of h i gh meniperatture cer~unt ic -ntcta l alloys uhirc imug is powder
metallurgy. i-or example , composite material ’s of 50-SO TiC- Sit -i are umider stu ds’ for possible applications
ins heam excha usgers for hs mg iu teniper lutmire gas-cooled reactor s , Ihie sers ice ie iitperalumc would he 1(5)0 ( ‘

s’. hich us hes’sind the limit ot ’ nsormal reh ’rac lorv mater ials ,
h5 rcsie ssc i r V . Havasbii m x ass~ucma tes1 s ti m hi the Sc urface (‘ isenti’sI rv of Metals  Seclion cii Ihic I)epartmenit of

Iron arid Stee l Meta hlc urgy and lie is engaged ins studies of ’ cornos iomi and bsvdreigen i ensib uilens tenit , lise
‘specific project’s are described below :

(I) Mcchauiuca h properties of iromu amid steel as af fected by l ivdro~zeni iii solutions - by si ra ums i m ig x h u ec imt ie mt ’ s
durinig hydrogems charg ing, it hilts heens shsowm u that mite tiost ‘sl iest nsas’ rise or fall. Stress rellt x lt mio mi mas he
ohser’.ed ansd t here may he imicreased plastic deiorns uatiom i. Ese mt imi misc elastic reg iomi Isi gh chltrg imtg rates oi
hvdrogent mas’ produce plast ic deformations (in pure irons amid iroru—c bs rorni mm ms s alloys), I’ xami miau iou ’s l-ss
electron microscopy shos ’ . a hydrogeus-ricli ionic am the grait i beumsdarie ’s . predont insamimly d ims ouse side of misc
gra in.

(2) Elecmrochemical evolution of hydrogen on steel sm mrh ’lmci.’s amid eustrai sce into the steel - mii i ’ s is pr imusa nilv
a study of t he effects of poisons suic h as As in H~SO~ electrolyte , Thse preseutce c-si arsemsic imte rea ’se ’s misc rate
of hydrogen permeation by a factor of 20 at the saitse cem rremit ,

Havas hi has concluded tItan a thin layer of ’ ansorpitous ltrsens ic is deposited oms thue irs~-s surh ’ace,
Hydrogen is adsorbed on the arsenic surface amsd the~s enters t he iron; the arseniic is a smeppimi s ‘stomi e , ‘St
suff icient po entia(, As H.- gas is formed.

(3) Interaction of hydrd)geni s’.’ ithi stacking facil ts its nickel base alloys - m hse smacking fami lt cniergy cii Ni
and Ni-Cu alloys is decreased liv hydrogen in solmitio n , because the electrom is of htydrogcmt ge-s im smsi mIsc
d-band.

(4) Hydrogeti permeation - the imsmeresm is in the effects of allot imig elements on pernseamion of isydrogemi
in dilute solutions. Trapping s-sf hiydrogen decreases difh’us iv imy amtd iuscreases soI~hiIitv, Order-dise-srde r
transformat ions affect the hydrogen permeation in t u e  :“oys Fe ‘el , 1:e, Al , Ni, Fe amsd Ni Mmt. Ordenimsg
increases permeation rates in Fe Al and Ni, Fe, hut mite reverse effect is seen with Ni Sin.

All of the work described by Hayashi is incomplele amid has not set beets published.
Professor K. Matsuda ‘.vhio heads the Casting amid Welding Section of the Department of Irous Itmid Steel

Metallurgy was away on the day of the ’. is it , hut conte rs1tt iouss st-c rc hield with Associale Professo r Keisaku
“Cast Iron” Ohge. One cmirren st study is on solidification. Fluid flow is one interest ins ihtis area, st iths ex-
periments underway on the fluid ilo’s’. cii alunsinunt ah oy’. in a rotating magusetic field, Dinectiousal
solidification and eu mectic growth in highu-chromiminis east iromus are also of inimerest , Current ex per intsemsts its-
voive interrupted solidificatious with subsequent study s-sf the distributions of elements msear mIte liquid-solid
interface. Analyses are being done with the electrons niuicroprobe amid esthier mieroanalytical techsuiiq umcs ,
l5he alloys under study conmaits 15 to 30 percent Cr in pture Fe-Cr-C alloys. The alloys are hiypoec mtec tuc .

conta ining aboum 3.4 percent C. The f I’eeiing range varies wit h the conicem smrauion ofchtr omium nt. lii ztddi t ioui
to studies of segregation am the so lidificatioms front , t he distrihumiomu of Cr li -i misc eutect ic cell’s is miuscier
study.

The purpose of studying the high-Cr cast irons is me- i develop hemmer st-ear amsd abrasioni res istamil irdifls , ‘Flue
irons develop high hardness , and arm improved ductil ity is heiusg sou ght svit l iotut lowering hardness . rhe
belief is that this can be done by control of the eumec lic am- id misatrix str tmcture.
The thermal fatigue properties of the high-Cr irons are also of interest , amid studies of crack growths lis

thermal fatigue are underway. There are also torsioni tesms am Ienuiperatmmre to 1000°C beiusg com sslmm c ted imi
another department.
Professor Sadakichi Kitajima of mite Material Science amid Nmuch c’ar Enginseen insg Faecu hiies is pre -snt si msemit in

studies of nlasticity, stress corros ioms cracking and surface effects. His work esmi misc corrosion ham igmuc c- il’

is
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austeisi muc stain h~ss stee l shtstt s that a square ‘stress w~u s c ’ us he ’’. imiju nious t h t ais .i saw -tei ot ht ‘ s t m e’s ’s st ,ute, I lii’s
m ’ s s iew ed as c’s udence than the csirrc i ’ s m s e eil’ec ms at e  u it ci ’s t sesere umtd er i mscr el t ’s ii ig stress wht ere there is a cott-
t inuous forms sa mm csuu of ties’. slip hands amid n hiereircsnu it cs ht ansi cleans msu c ma l sur face.

Kutaj imisa believes that microscopic stra in i rate us coustro lled mtt a in shv by the rate ol’ ‘s lip-bau d iorm uua t iom t
rather mhams th e velocity of diskicatmouts, c ’ test mlii ’s he isa ’s studied ‘s insg lc cm ’ s sta ls oi copper ii radi ated se it l i
neutron s to pres-enu moverneism of’ dislocations , He t item i deiornsed t h e  copper crss u ah ’ s at ta rious st ra i ts  rates
amid found a direct correlation bemsteeni mIte def ’or u ts a t i ouu rate amid t u e  number oi ‘slip hands produced, Titus
the dis location velocity nsiodeh us ‘suspect because dis lc icam iouis st-crc muom nso’. imtg ins t h u s  case , ‘\ccord intg it ’
Kitajunu sa it us mite nsssuvi rsg d us lc ’c at icu rs dem ss imv s’. isich us mite controlling f a ctcur , nsci m mite dislocam iomi ‘s e locitv ,
Fhis stork to clarify the role oi dis locanioiu dentsit y on cr~ st a l plasticity ‘s consm ini uium g .

Kit aji ma and his colleagues have deseloped au interest imsg means c- if producimig higlslv perfect copper
crystals (see Jr.  Crystal Gros et h 24 2~ (I9~4) 52 1 -526 ) . ‘Fl-ic method u m s s o h s e ’ s  ‘ s uccessise 3(1 i m sini m um e ~h m e r mt s a l
csc les bemwe eut 1050°C and 850’(’ , l’isu ’s reduce’. the nsm um uuh er of dis locami ot us w ithout f ’sunus ti n i~ ties’. sub.
boundaries and old sub-boundaries are also hrokeuu up. (‘r v s m ahs w iths dis lt icauie-ius deuss itie ’s of I ‘ 10’ m is
has- c nc-sw beet-s produced.

The production of highly perfect single crys tals of copper is useimm t in studies mdi deter muuse surface e f fec ts
on mechanical behavior, Surface dislocam iouss are more nssobile u lsani dislocationis itt mite imu m erm cl m - I s c ’ti
before yield surface disle camions elon gatc and prevent Use nsotioni of dis locamiont ’s frommi ant imu m erucur source ,
An edge dislocation emerging ott the surface us n-sore mobile than ~cres’ . dislocations ’., Sm urt , icc si mxl c i c’am mciii ’ .
punsned bs’ oxide, host-es-er , are immobile atsd t h e  yield force is det eni t s i mtcd by uhue putt t ’c m c e  ot ( ‘ it (1 . Ibm ’
work is dis cussed in part in the Proceedi ngs of the Comsferemsce on Sturface Effect ’s ums (‘rysu ah i’hasi u~uts .
September , 197 5 at the NATO Advanced Study In ustim ute in German y,

Kitajima st-as st-elI ate -are of the work on surface eff ects of Dr. I, Kramer of NSRI)(’ - ’Snm s.t pci his ,intd ‘ .‘ ..is
most complimentary.

The final discussions were w i th  Associa te Professor C’. Kirse-s ,slt ita , a hri lh ia nsm scme uit i ’ s i  under Kitaj ins ia amid
a former student of Eguc hi. Kinos hita is studying the mechanisms of radiations damage , especia lly the
kinetic behavior of point def ects prod t mced by irradiation. It it desired to mssea s mmr e the eusergiet of ’ icsrnsationi
and migration of s ’ac arscie s in concentrated alloy’s, butt m lii’s is difficult, The high voltage’ electron
microscope (HV ENI) may introduce radiations dansage itself so it is not useftul to demer mine order
parameters. The critical volta ge effect gives the st ruct ut re parameter bun not the cinder parltnscmer, Kinosbsina
uses the thicknes s fringe because the extinction -s of dis locationts is depem udenm oms the order parameter , T u e
order parameter of Fe, Al is reported to he imsfl uuensced hy high voltage electrons ’s tinily, and thie csrd~r
parameter of Cu,Au by electrons at all voltages.

Kinoshita m’s applying these methods to determine mIte rate of ’ disorder as a f unictions s i onie mimati oni , ac-
cehleraming voltage and order.

Another area of Kinoshita ’s wor k involtes fusion reactor mssl t menials ins the Nh-Zr sysmem is , Zirc on si mun is
forms in the alloys through mransfor mamion. The studies have shost-n so I’ar misam the Nh-Zr phase diagrani is
very sensitive to the presence of oxygcis. The studies bensefim from some exee llemi m experim itenta l equipni iensm
and skills, For example an ultra-high s’acuunt S stem reaches 10- 0 torr amid specimem is mnav he ltm inscaled at
l000~C am l0~ morr.

Resistivity measurements may be made to au accuracy of I0’  ohms am elevated tenspe rlt mmmres ,
In summary , there are many highly skilled, eoittpetent and bsard ‘.vork imsg individemal’s engaged in

mater ials science and engineering at Kyuishu Unsiversi tv , The st remsgm h u in basic aspects ~ ‘ n c ’ t . t l l t urg v It ii~~solid state physics is unsurpassed.
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NACO~’A UNIVERSIT Y

Nagosa hintivers uts us one cmi t he leading tec himsical universities in science and engineering. Formerly
Nagoya Inspenia l tius i ’ .- ersi my , t he schc oh seas renamed Nagoya Uni’,ers i mv in 1947, and reorganized in 1949
un der a se-i-ca lled tie’.’. educa mionsal system. ins addition to science and engineering there are post graduate
sch ioculs of le t ters , Educam iesms , Law , Ecorsonnics , Niedic imse amid Agriculture. At present there are also four
Research l m u st im ute s iii l- nsir onnss em tal Medicine, Atmosp herics , Plasma Physics and Water Research. An
lnmti mute ins Aerois autica l Medicine seas abolished in 1945 after only tw o years ’ existence , obv iously a
cas c u l t hts cuf the st -ar , The industrial amid center ci ty of Naget a has been largely rebuilt since the war and
N1ugcusa l’n is ers i ts  ha’s also mut o st ly beets built during the post-st-ar period.

Wtt hmn the Department of Metallurgical Engineering, t here are several research-teaching units. They are
Metal Physic ’s , Nort- Ferrous Metallurgy , Ferrous Metallurgy, Ch ensical Metallurgy, Welding Metallurgy,
Metal (‘asmim ig,  Am ia lvt ica l (‘hensismr y , Metallic Materials , Process Engineering Metallurgy, Reactions
Engineering. Solid State Physics , Plastic Working of Metals and Strength of Metals. Three of these units
we’re v is ited - Welding Metallurgy, Metal Physics and Strength of Metals. A lecture on “ St ress-C orrosioni
(‘rac kinsg iii Sonne High Strengt h Steels ” was presented to a stu dent faculty assembly,

Professor lsao Masumoto i’s ti - ic well-know -us leader of the Welding Metallurgy Group and Laborators .
The group investigates welding technology with emphasis on the relation of mechanical properties to
nuemallurg ical structure. -S ’s one example of the work , methods have been devised to improve the fatigue
‘strengt h of welded joi ms ts , Gals’atsu,ed joints (after welding) should be quenched to improve agin g
c h aracteristics and the residual stress pattern. The function of plastic (epoxy resin) coatings of welds in im-
pros ing resistance to fatigue has been sho w -ni to be the exclusion- i of moisture and oxygen from the at-
ns’iosp here.

Professor Slasummoto and his colleagues have also done some important research on the avoidance of
hot-cracking ins weld misetal and in the welded joint of steels,. The important finding is that the weld metal
shoctld solidify within the delta ferrite region of the phase diagram peritectic , to avoid sulfur grain bound-
ary segregation. Thus there are limits to the ams-sunts of C, S, and Ni (and to the Cr in austenitic steels) in
order to avoid hot crackim sg. The threshold values have been specified by Masu momo in many articles over
the past decade.

Mas umo mo and colleagues have also published widely on electroslag welding (11W Doe X ll-J-8-7l), and
(‘0: .‘Src We lding (Welding Journal Res Sup. July. 1958, 11W Doe. X Il-B- 135-73). Research on under-
water welding of steel and elect roslag welding of aluminum has also been undertaken.

Recently computer programs for the critical parameters for si~elding by electron beam, CO2 and
‘submerged arc welding processes have been studied. Another area of current interest is the transfe r of such
meta ls as Ca , La and Mg in the arc from the metal wire in MIG and Ar-CO2 weld processes. This metal
i ranst ’er can influence the ease of welding and the properties of the svelds. The refrigeration of welds to im-
prose properties is also an important study of continuing interes t .

In the study of strength of metals , Professor A. Otsu ka concentrates primarily in fracture and fatigue.
His studies on fracture are based on the COD concept coupled with metallurgical observations. The prob-
1cm addressed is the fibrous fracture initiation in the mixed mode loading condition. The fracture initiation
from a precrack in low and medium strength stee l occurs by fibrous cracking at high temperatures and by
cleavage cracking at low temperatures. The transition temperature is greatly influenced by the degree of
plastic constraint.
Otsuka and his colleagues define the transition temperature Ti as the transition in fracture mode which is

accompanied by a large change in toughness. A steel should always be used at temperatures above Ti.
Am temperatures higher than-s Ti, the COD (crack opening displacement) a fracture initiation (di)

becomes almost constant , showing little sensitivity to temperature , specimen geometry or loading rate. Am
temperattures below Ti, di is sensitive to these factors , Therefore Omsuka defines the fracture toughness of
low and medium strength steel by Ti and di. The transition temperature Ti is dependent on specimen size,
loading rate, etc., and is therefore not a material constant. The crack opening displacement, di , is a
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it i ,iic ’r m. ui c ’ i i u i ’ s i . i u i t  hu t ’s ’ . c’s e’m . i n c h m i i i ’ s  i t i c ’ it ’ f i u u c ’ l’e’ i u ’ s c ’ f u u h  iuu t um.u t c ’ u u.i h s r i  cu i~- i l i  r ,u u i t lu uu c ’ ’s ’s I m ’ uuumc ’’s ‘.‘. lii’ i c ’ Ii
m u l e  u uu c ’c ’ f u , u u t u c ’ ’s ,I m u u u t ~ t lie u s e d -

di Ih uc ’ m u u , t s i u u u u m u m u  ‘ . , uhu u t’’s ,uI Ii . I l , uuuc ’ ‘s um m i i i  c ’ i u uu i l u m i t ’ mi s  ,iic ’ ic ’ac ’h it ’cI 1 ) m ’ s im )...u iu. u ’ s cIi’ sc ’ h i ~uc ’tI iii ‘‘s~ ’I t ’ s ’ s R ’ ur
‘.‘. in c h  cl c ’ f u u u c ’’s the ’ c ’ u i i i t  uI ‘. ,ihu uc ’ of Ii fu ’ r  p1 _ ic ’ ‘ s l u , u i m u . is  f u ’ h htu ’ s ’ .  ‘s

a , Ii, “.\ a ‘( i Ii’. i5

t ’. Iut ’is’ . m i ’s ‘.‘ i. ic ’k lc ’ i u~’ ihu , ~ us ‘spc’c’u uuuc ’ut is chi l i , I’ us ‘) o mm urp ’s t i mc ,c huu !u t s  ,‘‘. 
is it’ hcl s u u t ’ uugi hu .iitc l R m ’ s i lu c ’

‘. ue ’ lcl ‘ s u i t ’ni~ i hu ii i i u h t u m u i . u i c ’ ic ’ u i ’ s u hc ’ s m i c ’ui t ’,ili, I hue u a i i ’  ‘f uu u a ’ su mm uuuun u  ie ’ u u s ih c sumc ’ u i m ’ i lm  i t ’  uu m , us u u t t uu i u u  ‘ s l i t _ u
s i i t ’ i i y m t u (, , ‘. it i.us m m m i x )  us u I ’ s , ’  .u u .u u ur ~m s i u u i i i u t m  ‘.‘. Iuc ’ um t i tanic ’ ‘ s i u .uuuu  u ’s u ’ .’.t~’ lmt ’cI

( )
~‘ s uuk , u  u i ic ’. u ’ s i u m c ’’. s’. mdi ‘-~I \l ,u s , u hu ue ’ u I  ‘‘ s lm . ’ m~ n m h unt ’ clc ’ t uth i ’’ (“~/ I if ‘.‘. lt ic ’ t u u ’s .u um u , ixumt t uu muu it lie hi c~u ti m ot

s l ,t i i ,,’ tm , uc ’ i iu ut ’ , h i t ’ s  dime’ u I  S/I) is u l ine ’c’ u f s  ~u n uu ~u ,,u int , mua l u i ( ‘ ( S I) u p  ii’ i hu e ’ Ii me ’ uuu m u e ’ i , u immm c al’ tuse ‘.‘. I n c h  r l ’e
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ago, apparently a casualty of ’ t he Japanese administrati ve decision-making process but also the result of
Yamam ue ’s dissociation from his former employer , Hitachi Shipbuilding arsd Engineerinsg (‘o., l.td,, whsere
the titaniumui work was done.
More recently Yamane and others have specialized itt studies of neutron irradiation effecit on iron

alloys . Of’ imute rest is the study of the response of N and C’ atoms to irradiation, t hrough insmern al fruc miois
meastu remssents. This work has resulted in a long series of papers. The thrust is that C’ and/or N atoms are
trapped by defects produced by neutron irradiatious , amud re leased upon annealing at sarious menuperatures.
Anusealing may take place smepwise with temperature, s ignaling various events in the release process . The
annea ling temperatures required for release vary with the composition of the alloy, For instance’, carbide
sta bilizing elements such as Cr and Mo inhibit release of C and N from the radiation-produced (‘-N-
vacancy complexes. The commercial pressure vessel steels ASTM 542 and ASTM A533B have been imuclud-
ed in the investigations. Further details may be seen in Jr. of Nuclear Science and Tec’hnology (9 , 598,
1972; JO, 587 , 1973; 10 , 556, 1973; 10 , 705 , 1973; 11, 99, 1974; II , 114 , 1974; 12, 519 , 1975; 12, 634 , 1975).
An award for best paper of the year was received in 1976 from the Atomic Energy Society of Japan.

In the field of fiber reinforced materials Yamane’s group has studied primarily copper reinforced with
W, Mo or Fe fibers. Areas of special interest have been the use of internal friction measurements to study
the rolling and ausneahing characteristics of copper reinforced with Mo and W fibers and the relationships
between due mechanical properties and interfacial reaction of composites containing W or Mo fibers in a
matrix of copper or copper alloyed with Ni or Mn. The presence of Ni or Mn promotes a reaction zone
which may be observed in the microscope and which is tractable to analytical determinations with the elec-
tron beam microprobe.

The studies indicate that with (espect to strength there is an optimum 5 to 10 microns thickness of reac-
t ion zone. These studies are summarized in several papers (see Proc. 1971 International Conference on
Mechanical Behavior of Materials or Vol. 5 , Soc. Of Materials Science , 220, 1972; Met. Trans. , 1250,
1974; Trans. JIM 13 , 160, 1972; Trans JiM 17, 25 , 1976). A somewhat related paper dealing with
superplastic deformation in the presence of cross section inhomogeneities appears in Met. Trans. , 2159,
1975.

In the Department of Welding Engineering there are continuing studies on the hydrogen embrittlement
of base metal and weldments. The researchers employ memallographic and fractographic observamiomis,
acoust ic emmission and internal friction measurements to study hydrogen diffusion and interactions with
defects and impurities other than hydrogen.
The work has shown that hydrogen does interact with dislocations and does precipitate at dislocation

sites. Plastic strain intensifies the effect of hydrogen and plastic zones attract hydrogen. Kikuta and co-
wor kers see the concentration of hydrogen near crack tips as the indirect result of dislocation multiplica-
tion rather than the result of stress concentration. The conclusions are supported by finite element analyses
and computer simulations. The substance of this work is described imi papers published by the International
Congress on Hydrogen in Metals, Paris, 1972, pages 144 and 293, 11W Doe. IX-837-73, 11W Doc
IL-A-327-73; Trans. ISIJ 15, 87, 1975, Trans ISIJ 15, 503, 1975; NuclearMetallurgy 2O, part 2, p. 789.

Discussions were also held with Professors Y. Mukai , M. Watanabe and others in the Welding Engineer-
ing Department. These investigators have been stw iying corrosion fatigue (stainless steel and structural
steel) and stress corrosion by H2S (in high strength steels). There were no startling findings reported, but
several solid papers have been written (see Technology Reports of Osaka University, 14, No. 602, 609,
1964; 22, No. 1040,155,1972; 24, No. 1202, 487, 1974).

Of perhaps greater current interest are some studies in I he fracture mechanics of stress corrosion crack-
ing in austenitic stainless steel which Professor Mukai is conducting in collaboration with M. Murata. Us-
ing specimens which feature increasing, decreasing or constant stress intensity, t he investigators show that
substantial differences are seen in plots of da/dt vs. K. If K is decreasing there is a smooth transition be-
tween regions 1, II and 111. In the cases of increasing or constant K, however , there is an abrupt drop in
da/di with increasing K as the boundary between regions I and II is exceeded. Within region lIthe value of
da/dt is fairly constant , but a steady increase occurs again as region Ill is reached. The investigators at this
point associate the “jog” with crack branching. The work is not yet published.

The Welding Engineering Department boasts some massive welding equipment. there is, for example, an
electron beam welder of 100 KW and 100 KV accelerating voltage. Welds from 30 to 50 cm. can be made in
one pass. New equipment is being obtained which will permit a 300 KV accelerating voltage, and there are
plans for a 1000 KW electron beam welder which will weld up to one meter thick.

There is also a 48 KW hydrogen plasma welder and plans for a 100 KW plasma welder whicii would he
the largest in the world.

The Welding Research Institute at Osaka University is distincm from the Department of Welding
Engineering. The major contact , Professor N. Iwamoto, and his colleagues have written many researchi
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itt’c.umise ci i mite ’ uu u teue ’st l i t  . l i i l c ’ i  : “ f n c i t us  lifuases mit s I .m e’s , \ n ~mv sl m f f ’rae’t m out st s ueh ue ’s c m l  ~i l t t c um phc- itms u tt am e ’u ual s

.m t e ’ c m u m e u s t l v  .u ’ .uu ’ .  c ( I i  alus l\% RI , ~~. 
“, I’-)’ tt) . l)e’le r mt t mun ~t t uc um t s c - if t adial e l us tu uh i t m t mu im t  f u t me ’ t ic i i t s  1c m N,i (S

‘- it 1 ) -  ( e’( 1- glasses ‘.‘.em e um te ’d m ci ummfe m t i m ucture.
\ fum ma l  ullle ’t L’t t s’. hic hm w as dist’m ms se e l sc itii l’.c ,tmui otci sca s pressure’ sce ls lu m mg c- i l .m l umm muummummt m t c  tu t , tm i umm mtt

I m a i ms lW RI . ~~, 6.~, 
Ic)” ti) aut e l eh i f f tms m c i m u  s’.e’ls h iu m g cut t t t i hs l s lee’I t o a ht i t i t u i t tmui t  ( I  mamus lW RI , 4 . t ’ . I’.i’~ )

I het e’ has Iieems c’ollahi umm at iots ‘.‘.itlt I cuk~ ci Sli ibam mr a Flee ’t i  uc ( c u . ,  1 mc i.,  amt s l w i th  Ie’iku- iku i’ms mc ’ ui Ring, Inc’.,
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beg imiusu n ig met grc ’.’. m u list’ ‘.‘.c-irlcl at that t ut t l e ’. -S Researc h l m m stu lm mte ’  cit ‘~1iiie’ua h I) m e’ss u rug a iu c i \ lemal l t m n gs s’. ‘ i s
tormtt es l as part emI ’ m itt’ I u t isensu ts  him 194 1 , lltt’ I)epa mnmit ’ mm m c - i f  N la me ’u iahs Sc ’ie’ uue ’e’ mm It)(-i(l a mtcl l ime ’ I)e’iian ti mue ’u n i
c- if Nlct.ul I’m c- ic’cssiuig m it 1965. -5 Rcse a mc ’it Iu t s t i t i m t e ’ I c um S l uemugm i t ’ ai tc i l u  .mc ’ t u u m t , ’ u-il Nlcm .u ls  s’. .ms t’siah
h i-iJtccl in 1964 .

l ite’ pueseit l scRip us t it .ti Ike misrc e ’ mti.Ilt ’i i,m ls cicp.um tumse u t t s (NIe’na l lt i igs , Nl.it~’ n ials St ’iS’tic ’e’ ami d \ Icm.uI  I’n c
c e ’’us mmt g ) arc .te l iit mm sis mcmes l .ts a single ( m mi i i  ‘.‘. ut i t  pmc i f t ’Sstmm s me ’a clt m ms g sc flmte ’ I mmt le s i t t  imiom c l ima it cm i te ’ che ’p.um i i t i t ’ t t t -

I uk e”.sise , s lt m e leu its its time Iltrec de hia rtumme ’mt is t a ke ’ e’u t i t t i tm uu mt c ’c m m u i se ’s ,m ut c l slie’c’ta hu/ e ’ c iit h~ l i t  t i l t ’ t imm .u h sc ’.ii 5 .
(. i rasl uam c’ d egrees mIt rcmug it I lie dcic’m t im ate an e t i f f  cree l - -\ t I lie grad mm a me sc ’ lmc mc - il he’ . el , mm i cmms her s o f  t lie’ t e’se.i n cli
i t ts l mt ut c s suc h as misc Researc is lu ts t mm u m m e It- it l romm , SIe’cl amt d Other Metals he’c’o mt ut’ ~t’ l i 5s ’ i i i  t i l t’ clii c ’c t i c - i t t  u- i l
rcscarclt ansi it t I each m msg , I he mu - it a I ciii c- il l mm t cmt t c- il I itt ’ l it I Ce’ d elia i t t  Item its us ‘so mite’.’ . Ita I ci’ . e’t 2t5t t , ‘.‘. m m hr .i liu m u ml
55 ‘.‘.emr kuut g iii grasluame ‘.cltuicil fcir the dlt- ic’It mra le’ aut c l 5(5 Ic - i t  t ime ’ mtia si e ’ ns ‘.Ie’i’t c e ’

~ m st t t  tci the’ t )e’partu ncm m cmi Nle’t ,t l ht ur g s , Nlate ’rma hs :~c’ne ’ muc - e’ a m id \it ’tal l’ncm t ’c ’s s i tu g ame ’ m ehidu t It ’d hme ’nc . .utuc i
u s mis me - i mite Research l mt s tmm t mue Itir Irunt , Sme ’c l atte l Othtt ’t Meta ls ~ntch lIlt’ Re’se’.un c - fm I mt s t i t tm le  lu - in SIt c’iiel It ,um tc l

I -u ,it ’t mire c ut mt iem als are de’sc rthec l itt cit item an u t c - h’ .’s mu m h it s m epcum I.
I - c- it mIte I )cpa ut mttcms is c- if Ni e’m a 11mm rgv . N I ,u’m e’m ua Is Sc’me ’iice ~ mi d NI cIa I I ‘u c- it’e’sst mm g i t t ’ pru mid’ mpa I htc s i ‘.‘. .us i’m c

I’cssc-ir Kam asltm itsa w it t - i  us ‘.‘.-cll—kuso’.’. i t  Icir s’ .om K c - imt uht e s t t t ’uigl k c-il m t te t a hs a utch i t l  l.tc ’I heads lime ’ “mu c u mg m h t c ’l
Metals ( rttmlli ‘.5 lt ic ’it itu c ’Imu cte ’s also l) rs . 11. ( ) ikauua and 1, ~~ananiabs ’, .Sit mthit ’s of mi m i ’ s enuu mu p um uc ’lm mc i i .’ ( I) to’.’.
tct t t pera msu rc elct ’ortts a tu cu ut of ’ (‘ ii a mtd /mt l u m e n s sm , ihs , (2) slcluir i ts ai mum ni t - if  (i - i t  c- i t t  smu ig lc c ryst a ls , ( 3 )  cie ’ t ui i  mtt .i
miout of -NI Mg allc- i~- s amid A l - Mg simtg le crystals am h igh mett i per a mmmue ’. (4) light te ’ttt pe’r a l m l te  cit ’ei-i c f  I -c ’ \ lc m
anti i- c ’ Sm a l hcm v s , amid (5) gtai it hosuu is larv sl islimig amid frae’ mum e ’ Ite lcute clctcr ifiiuig imi s c ’ . ’ . i t  sc c m k , K .m P . t s I tm tm t a
cnimli mie sl briefly somiuc ac mm ’ .u m mc ’s cit c - im iscr utt am eri a ls grunlps ,- as l’cm llc-i’.’. 5:

I) Struclura l Maleria ls (II, Sa mc - i. N, Nemmt cilo . S . L’ e’mm iti r a. .1 . I- c’ Iumt ’ cu v a ) lte’aI l l eam im te ’t li cii te ’n u cu m is .iuicl
ut o mt— t ’e’ r nc iu ms a llcis’ s , slut’t m l imv c- i l ls mg i i— t mr e m s g mh al hc uv s , piiysic’~il autd ist e ’ciia mtuc al p mtm pcmt i e ’s cut s . i ’ . uu um mmt
e lepcistt ccl alloy l’iluuss , h eat r e’ su s l  tug al lu- ivs, h ig h -  sc — lu age-elect rci it uti m ’ .- n ‘ .usc cu puc sI tiduc s c- if phase’ I n .1 mi s  Ic -in itta
t ic- ills ol’mc malhic uts a mc ri ais stick as Ni -NI . s lnuc mtm rc c- if precipitates aits l u ut t t ’rt iieta llic’ c’c utm ptnuumcl s .

2) Special Materials (II. Ka mse ko , NI. i Iuimtsutsa , II. la ms a ka , .1 , I kemic is i) - I’ .’ (‘m - NIt-i hatch- litag mue ’t ahlc iss .
rare-eart h huars i—us sagnemic iutate rials stIc’li as R~Cci - and Smt u(’ o - , tie’.’. utiaglsetic ’ alh c us s f ’cu n m e’cc in cim n s g. t ie ”.’.
higis-permiseahility alloys , hsi gis-ni auigausese’ Iieat-resi st iuig alloys stic’ht as h e ’- I SNlm t - I 5( ‘ m alloy ft- it e’mt g iuit’
valves,

3) I’ itvsical Metallurgy ( I , Njshi,as’.-a, I. Sa ksuut ua , ‘5. (‘hiba , NI. I iaschc) - si um c ’ture ami d mnc m bih its c- i l
phase iitter l’accs, cli f ’f’susiom s—ctiup le ut um lm ipisase imste ’r faces , pisasc t uau ts lcuu msiat ic iuts ~utci iut l er lad’t’ mucihiil his
electromt mtsicroscopy cii’ ph ase tr a ms s f ’ort lsal hu - i mt s , thser isi cm s ls’naunics c-il huusast ’ equi libria . ef l’e’e’ts c ml utiag ute lue’
field c-in pltase equilibria iii irdius al ic i ss .

4) (‘hentistr s - of Metals (K. Igaki , V .  Nt-ida, S. llc , I’. Kagamauti , K. Ni sl i m mtstmma ) - p m e F~u m.l n i u mmi c -il tu l i m , i
pure uite mals sud s as Fe amid ‘NI, ms cimi stu - i ic ism ounctri c cltalccugeusi cles c f  t r ai t s i t m u ims tt seu als , (e’ u~ , (‘ui - Se) ,
prcparatit- imt ausc l propert ies c-if hittary ausc i merutary II - VI couuspoumiels s mme ’ht as luSt ’, sl rtm c ’ huu t e att cl I-it cipet t\
contro~ c-if aunorpisous se mtuic ci msch uctc - irs amutl liquid crystals.

5) Metal i’hs~’sie ’s (K. Ih ir au s t -i , V. Outuidera , S. Fujikawa , V . I i j i t t ta )  - elil’f ’m isi om t c- if hsdu cigeut iii m m c i i i  amid
,mickel , di t’fusiumis c-il’ trauss it it- its mel al imut purit ies iii ahumt siu s uuus , dee m rc mu tm ig! al Iumt i of c.u n h omt in mu c iii. ite ’m u ta h
dil’fusicimu his Al-(ie ahfcm v s , spiusoelal decc umutpt isuu ioms , sl lal -sp imsu ic ia l clct’c- iut i puisimuc it m . splam - c i m u t ’utt ’he’cl
ah unm inmuu ss alloys.
6) Fouutclry F ngineerimsg (C,’,. ( )ls ira , -N - Wal amt ,tbt’, I - Sat c-i, I -

- 
( )li i d e ’) cciiich i l’it ’.tu ic- itt cm l ,i h mm u tim mmu i tmt  a IIu’i% s

~itud cast irots , properties ol’ tisa lheable c’ast irtits , ‘.‘.-eam amid ft it’Iicun c-il ,t lhos- s , ht i gim temitpcr a mut c ums ic la m lout
sc ales , osisiam ioit c- if nscmal-carhouu alloys.

7) We lc l itsg h- usgi usee r iuig (I Kohavashsi . I Km us ’ . an t , u , \‘ , Khktut ’ lm i. R . Is t eu t c - ht ) . r mi iuc ge ’ mu ~t i’soi pitc m nt d O !
j u g  a re’ s’.elcl iusg , e’hte ’ mm u m c ’a i re’acttc ’,ims dm mri t t g a m ’ .- sce t c hutt i ’  amid d c c l i  ~ s l .u ’ ‘.‘. c’hc h t i i ’ , cI le’t’ ls c u t  Iti li i u ’ t ’ i t ni l
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I ~m Itmuti hm t mu , tt  sc ele l im mg, e i lee n’ s  u-it’ ~m Il cm s i ut g el emt ie utus cum t mtt e m.tI m m , i m t s f c r  ut t i te arc sI~ mc ’e’ , ‘.‘ .clctimtg ins hsi gii I~ e’s s tm uc
,ui mitoshultere s , ‘.5 e’iel mit g c t  .m~’k s in lci ’.’ .-allos steel s . mt c - i u i-s it uchc le ’sl arc sc ele im uig c- if steel,

8) ht i te t t ace Sc ictuce t-it’ Nte’ma ls (55’ . Stmcta k.t , -N l lam i .m , NI, Itt- i) - mmscilccula r ori e’ m t t a I i c , m m s j u t  m f m i i t  l ihumi s c ’ti
bulk m etal s e tr f ,u t ’cs , mnm c le~ ti out ~mt ieI grci’.st it of or gam s uc c’ m s s t a h ’  ciii mmscm al su i r f ~te’e” , e’le ’c l m c ” u m m c  Iti ghi-
sc nt smli ’ .  i iy ref ’lec t momi spe’c’ m t c msc ’ c ips . m ms f r~tresl SP(’c’ tm .1 t l .icIsorbt’sI specme s emit t i temal s , mit ec hsam si su ti s c-il c- it gammic ’
dorros idim s utt hhhi tcm m s

9~ 1 cis’. de’r Nleiaflum gs (1 , Niastic ia . R , SN’ atamt abc , .1 . lakck ~us’. .1, 1- , Oh s imS. u ) - su mmer uu ug , sle mtsm lic ’.it out
miiec ’ it .t mtu s utt s . gra ims grcmw ml itt s hmt t e’re’el miuclals , s intem imt g of ’ suh-miuic ’ru”nt I~ urm ic’le’., uutcc ’ lsa mmic ’ah prc- ipe’n lies cml
SS’ ( ’ - (, ’ti attci 1K-N i  Isarsi al loys .

It)) i’ la ’s tu c’ Wcmr k im tg cml Nle’t ,uls (11 , I aka has k i , I. Nia makanti , N. Oka mttt i r im ) — e\ I r uus i c ’ m m m ltmo u igk stepped
cliCS in plane strain. opcmt di~ t’o rgumsg, semi-closed die t’c rgim sg, m nsie’m s t atits is auts l pie’n cutig ,

I I )  Nlech.uuiical Nletallet rgs- (II. Sisinsacia , Ni - (‘hiha, K. Sit imiti ,u , NI. (Thala ) - t u t e’t’ita it ie ’aI behta’. icmm c f
uute ia ls umtcler bma’cia l 511 c’s’s, i iicucielasthc str ess anaissus eu shells and plates , ~1’tc~ts of gta ius bt- iuusclauie’s .
uiomc kes . s i /c eft ’e’cts autel gr a mm u si/c Oii yield t ieita ’.iom , st rcmig m t s of ms omm -i tomito g e uuc cmm m s ittaucr ials , mnecfu.u tut c.ul
he’Isa’. b r  c-il- a lumit b mlii mit hic’r~ s m a l’s a mtd det ’oru mt a lit-ill u-i l’ mis t ’ i’u hc’rvst als al ehc’.-ated tem liperat sure . hig it— spcetl
phuc- itc- ielast mc usethoels.

Prc i t esscmu K.mras hsutt ia muest ele”scri bc’d recet it stork on the effe c ts of defc irunat iots tcusip cu attire atuci ‘.um ienma-
Ib is c- itt u se I3auschmutge’u effect bus polycn vst a l im u e autd s im igle-c rvsta l al etmi usm mm us , respedhi’. els - I t  ‘.‘. .us poimtme ’ci
c- iut I ita m ouse mis us m he careful u s  reading misc lileralure me - i de mer nsims e’ w it icit Hausctuiisgcr strain paratue(e’t’. ~ei e’
used. Sonic authors misc /3 auts l ot h ers /3 , dir /3 .~. Karas iuiusta comtc ludes th a m lilt’ Iausc’is iutger effect
cicc ’ me ’as cs s’. ith tm icre asi msg tem uspc ram uu-e , ams sl t isat t lsis is explainuesh by the d)samtge itt slislcical ioim s m rudtum c’s

‘.‘. it is deform itati out lemstper ai sure. Wi t h  respccm mdi orientation Karasis itusa ansi his collahoramors mtolh c ’e’ t lt at i i me ’
Bausc ’hs imtger e’ffec’t us smaller its crystals t iricustes i for a siutgle glid e’ t hsaut iii erys mais c- irienteet kit uuiemlt iplc
glides: that Is , Ihe ISasms ~’)s iuti~er effcs’t d cci case ’s sc- il ls iitcreasing Sei ti ut t mci h’ac tt - i r ,  l’h m us is iii acc’orclauice 5’. ii ii
mite ue- itt ots t hat Ose Raelschsimsger effect is produced by elastic ’ iui lc radt ic- iuts au luomtg chis lt c’a mhou t s ‘.‘.-iiieh arc in-
trocluced clur imsg prestr .siniutg. Fsmrt hter d etails nsa~ he seems im s S tatu s. .3 1M I “, 4 14 , t 9”b autel /8, 25, 1977 amid
im i Materials Scieutce amtsl F utg imt e’cr iutg, 20, 26’7 , I 9 5  - Karas hhmtt a ansi isis colleagues isa’. c also stustiet l ti~e’ e f-
fee ls cii’ tssaguueuic characterist ics or (‘uric temperature cuis creep. Stuc iyims g Fe-Mci , Fe-Co. Fe—Si ~its l Ni-( ’o

‘s , m m isa’s hcems found that the steady s la te ’ creep rate’ ‘. ers ims lcnupcraturc ~‘ur’. e’ s iso’.’. a shisdous t iimuhl% - am
the (‘ur ic temisperamure , Ic; t he creep rates us the ferromagnetic temperature regiotu are Ios’.er ihats es-
pected. I’iuese s i m m d ies , w h ich w ere coutfiute d ms - i lCtii~etilItites ~m ho’.-e 0 .5 Fuss (tuselting pesi mtm) , indicate mhs at the
creep slmsct- int iutu mt reflects the effect s ot’ fe rromtsagtset ismsi on st if ’l’tms itums. Simssila r results we’re obtaim seel s’.iths
icc and bce metals and alloys. this work is cleserihesi iii greater detai l u t Met, I ran’s, 2, 1359 , 197 1 , Seripm a
Nletallurgica , 5, 825, 1971 aticl L’ramts . A IMI , 242, (703, 196$.

Iui mist- ire recent slus lies Kama s itiu ssa itas collaborated hut a sm e isl y c-if tcst itsg tstocle tut cie’t ’otmat icius h~ha’s ior
in fursi- s mage creep amid itt tensile tests , Irimtsa rv creep curves oms i- c-N b a - Ir oms alloy’s ((‘lass I allo s ) at lO’ 4
atsel 1124K coulsl he classed in four ty pe ’s , intel s um ui ihiu r c iasse’s ce uld lie specified hut Ilte cc imt ’ .e ishit m ms al ‘ t t e ’ss-
sI ra ims cur’. Cs , II ence, the result s t’rons e-im5 e test can Isredict t he per forut s a mice iii mite c- it her , amid mite lit ~a ‘.1 age
c reep heiua’.-ic-ir caui he estimat ed ire-ins tise tens ile test am rooumt temst perat uie. liii’s work has heeus sutssniariied
bus a paper sit hmts imte d Ic-i Materials Scheuuce amid Fngimiecr imtg, I97~ .

‘5 paper , wills Karashiissa as coaut)se- ir, has beeus ‘.‘. ri tm e ’u t timt tIme gu aimi houuicl~mn s shidi m tg in iiite h hcr v ’ s ta ls ,
the paper ‘.‘.-as prescusted to the Fourth Imuernamional (‘oms fe remtc e u t t  Stre utgt h c- if Nbe ma ls ami d AlIuu~ s , Namtc ’ . ,
France , 1976. the work lreisls tIme musecluanisnis ol’ sliding, emusphasiiimug grain hounetar~ stret emure, c- ir ie’mmia-
mit -i ts amsc l crystal sie fc- iruitatiu- iut u s  as iditic- imi Ic- i slislot ’.u tic uut mtuodels . rite aiit dnuu m m c - if ‘.lidimsg increases sc iths tilt
angle, hut mitumna are seems at angles whic h produce a gc od nsatch. Ihtms gralmu bottnclam slid ing does usol
occUr ‘.‘. heus a good match in tilt angle and t’.’.ist hoummseiar is ohmaiise’ch: 1m m suc h cast ’s fractur e ustas be mmt-
tergraust ilar hut is list-ire likely to hecouste transgramsular . twist boundaries pre- isicte .u he’ster muiatchs (hams tilt
hc-iundaries se sliding is nit-ire el if ’f ’icsul t.

In other work wit h I’. NN’amauta he, Kanasi t iuuta siici’.’.s thaI cml ’. iroms ttte’mt t~il e’ t l e ’c m s uttas ne ’Lut e ’ Ic -i grain
houmsdarv str m mc tu re amid segregation of ’ imnpurimies usua~ ~u uispIify these d Ied s I hsus t t s’. .t’ ‘lie-i’.’. li mit one mui
stance I Isat silicon segregimtiols iuscreased ‘.‘. itis tilt angle and that t h e ’  silicon colleentu alit - itt ‘.5 .t’s greiiter it t a im
I h um his ‘.-actmuns (at elevated lemperature). the ins estiga ld- irs sla te ’ t isat the conceutt ratiot i at grain bc-inn-
ciarics is depeusderst d-in tilt angie hut mit -it twist angle.

Fcitlowiusg the discussions ssith Karashins~i, invc’ .lmgatt- irs uui the sa m it- isis c ititt ’u grc imu p’s ‘ . cc t c’ s t ’ s m t d ’eI I’ru
fcssor Nb. Nernoto is studying plasticity c-it’ Ni -NI ets imig tht’ I MN’ 115 I’M and a tensile slage at (MX) 5 ’

Ohscrs-alions are on dislocation mcn-emcnIs its rclu iiic-imt Id-i graiut su e, S ite re limtuu - iut cii g nau ms ‘s t / c e f f e c t s  1cm
stupcrp h a s ti e ity is sciuglsl. Imu pres iot is work s’.itis II. Sato, Nemotui had ‘studied the smructur e aitci s um e’u t g th  u-if
fine-grained copper anti silser prepared by yacuttiss eieposilboti. the’ gr ai ts  s i /C  could be hcldl t i) 20(X)
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it i tgs urc ’uuuss mit lIlt’ .ms - ele ’ pc us mi eel sLtte hut gm au mt s u e  i mt cm d’ase’dl ‘.‘. t h u ~t m i mu e a Iimsg . f lue ilalI-Petclt ie laim c ui
PtCdiic’it’ci I he’ ‘.1 re’m mg l it eii~mmtge s san us f~ dIct r iiv , Sec I rails ,J I NI , 12, I 97 I.

i— i olt’s s c - i i  NI I lciuuiutsj , I I . Kauseko amsd K , Sem / eu ki ha’.e’ hccmt tIc’. elopimsg Isard mus a g mtc m all cm ys lei r sei muie
S cam s , mnc-is mls mus mite l -e’ -( ’r-( ’o ss s icu ts , 1-air ls rccem t u de’ct’Itm pmss e mt t s isa’. c prtmdsmced a isard ulsag muctuc uiuatcrial

~ihm t mc m”t eqii~il mci -Nlui iccm 5’ its emsergy prc ic lemct ‘.‘. hichi is also eashI~ forged .tmsd ru lled. h u e  recemit ituipro’. cus ueus ls
cs ulm from tt us ij ucuc um is asis lim iouss of ’ Nh aus d Al Ic- i t itc liasic Fc~(’m -(‘ si a llc ys ‘.‘. Itucis mtt av c’omi ma ius t r im  20- 30

pereemit ( u  amss l I~ Ic- i 23 perceus m (‘c plus smutaller cousecm itratio ms s c- il ‘.aricnis t t hs cr  c lemnemi ms sucim as V amsd Ii ,
Nccoi clung Its hloum imtt a . t h ere  us usse me ls imutere sm his mite (J us it ed Sm a ic s , utota hlv am (cuscral Electric amid Bell
Ielcphst- imte. Kamse ko ssas scheduled to lecture din the use’.’. allt ys its misc tJuthtcd States deiriuig I 9”” - I ts addi-

t ici us , I Ie- itu imti~i cc as sclses lei leel to lecture at I)resdeit ous m Is is ssmh j cct in Noveiusher 1977 .
(‘surrc us t Is II einsmuia amud c t iser s are am menspti ng to pru~dsiec hsigis-pe’rmisea hility nsater ials st ich as I ise f~Iui5siUs

I-c-9Si-5-N I Setisiust alIc-iy iii a fc rgeahle amid deucmil e fs r uss ,  Nt-i results were gi cemu. l’iseic are also et tor ts to
dc’s cluip mite ’ n a m c e ’. mm t hu isard- musaguet a lloys c-if’ misc type R~(’o , .-Nlready aim allc- iy de’.elopiisg 30 miuegagae iss
c- icrsmed is.is hiecus foumssl , I’isis Is tops iii misc wo rld according to ilou ms utta ausd thu ere is already iut iermu atuoms al iii-
m et esl -

Rac k gros mutsl musater ia l on these subjects may he seems its I’ram ss .l ( NI, 9, 124 . 1968; -i IP Con/ ~’rt ’nt ’u’ i’ro-
c ’e’c’thngs No 29. .~f ugne ’ii.cnm and ,~!ag,ie’1Ie .%!alt’ria l.s , 620, 197 5 ; .4W Con/ eru ’n( ’t’ Proceedings N-a . 5.
t lagnt ’ti.si pz a,,~/ .~fa e’ne’tic ’ ,tlaierial.’. , 1088 , 1971; 1FF I- traits ciii Nlaguuet ics , Vol. Ma,m~- I I , 1440, 1975; 34th
-inn. Pro c’ !Je’etron ,~1ic ’ro,scop-u ’ .S’oc’. , ‘l,pu’r,ea , 606, 1976 (G. W . Barle~, Ediior); JEFF f ramu s , its
Nlag tucm ics ,V dil. ,~Iam,’- / 2 , 977 , 1976.
I’rcifcssor W . Suema ka auud isis co lleagemes perfornu smudies dims misc i i t te’rfacc ‘sci cm see of musct al s . ‘N brief

siescr ipt ious c- if mlsese act us it ic’s folIo’.’. s:

I) .‘Ndsorptioui of sim isple molecules on cleats uuseta l ‘surl’accs . Rcl’ Iccm ioms I R spectra are usesi mci idemsmi l ’y t h e
molecule and I t s  ciriemu ma l it-in ~idsorhec1 omu a nse mal su rface.

2) lus- s it im obser’. a ihoits s-if umitcrm cs lhatcs fornue’d ciii imset a l electrod es . t i s u mig laser he’am us c\ cmtatm o mu .
Raus samt sped r~m am ss l misc Ra ustamu rcsoms auice ef l’eci arc used for amu a ls- se’s at I lie uss cia l su rface , at potcus m ia ls
coustrc - illesl hy a pote ismie - istam. (‘oncemu tratiotss as los’. as 10-’ isuol- ’ liter cau m he dctectesl . [‘lie res su lm s are ap-
plicab le to mIsc desigmu of catalysts.

3) Molecular orielutatis its iui IImiut f’ilumus oms nmemal surfaces . Oume examitp lc of ’ t h e  above ac misi m ie s is the study
c)f ~idhesiots. (‘ouisielcr a l imu msiisuu us coated ‘.s il ls time pcifv muter a ~~att m~mcr late’. the ~m lmurmu i ,mtui t l .ms e’leemrcm-
polisitcd gi’. c’s one I R spccmr a ( I’vpe II), misc amso diied ahtm m msimsu uu s surf ’ace ams otis cr ( type -N ). T he st rt idlti rc s f
misc pcmls imseric layer slcpeuuds oum tiue type of t iutdcr ls’i uug ss mt f ac c . Is pc H c - in- type’ -N. S u e  reasd ms is t h at misc
type H surface is %nut- iof is so t h at Iimse’ar grow- m is of misc pe- ilymmm c rs is possible . whereas misc auuodi,cd seirfaee us
runugh so that nutuierous iumfers ecti ons occur as the polyuumer cis a h iss gross .

time same type cmi ’ researeis is heimtg dcmtme c-itt luhric~m nmis . I incar chain h%’ slrocarhomms are hound to form a
pr ismatic structure timu a smooths tuucmal surface ’ at Is-is’. meus ipcratures . tisis smru d mei rc is favorable I’s-it got-id
Ieuhricati s- ims , hum it is gradually disoriented amusi dcstrc - i~’cd 5’. htit imsc reas imsg teumuperature , ‘Nddimi ’ . c’s sud s a’s
carhoxylic acid of time sam ume chaims leumgm iu as misc itydrs-icarhes mm luhricamst assis m mu uaim s tc uuamscc c-if misc oriemited
structure to )u iglser meuu upe ratetre , hut the efi’ects of ’ addimi’ .es sli mus iuu ish t sc - b u s dccreasimug chmaius lcisgthu .,-Nlso a
bulky tnd-ilecule such as isostcaric acid disorient ’s thsc luhric amsm c’s ems at idiss meumupcram sure amid experinsc iuts
ss ith elilfereis l umse tal siihstrates (iroms , copper ausel gold) sisci’.’. a cluausge its oriemutathom s wi th  uuucma l species,.
S huts u~umsv ‘.-ariahles arc hciusg smuslied usimug cx pc ritu icusta l meci umsiqucs ut- i hem ter eim mderstau sd amid inuprc ’. C
lubricants , adhesises , corros ic ms inhibitors , etc.

Further hackgrouitd amid detail oms misc ‘surface stu~ ics arc foutud bus (‘imetsuis try Society cf .lapauu
Cisemimistr y Newsletters , 113 , 197 5; 189 , 1973: Ediurt ls Fmiropcam s 55 uuspc - is ieiuu u oms (‘orrosit- imu liuhihiteirs , I-cr-
rara , Ita ly (82tis Nla msit ’estatioti s-il’ time F u ropeaut Fesicrat iomu of Corrosiotu), 67, 197 5; .loem rmsa l of P u s s .
(‘huem. 79, 1 190, 1975; Semr l’ace Sciemuce 62, 308, 1977 amsd Hullet ius. Cisent . Soc. &-ii’ Japams , 48, 2428 ztusd
1512 , 1975. A paper oiu misc effects of additi ces bus Iuhricau mts is iuu preparation.

Prol’cssor Keis-icisi Hiratso of ’ mime Metal Physics Grc-ituis eliscus’se’sI some cxper iuu ueust ’s ous misc clectroi msigra-
h ots of ’ carhouu ins irouu . FIonsogemmeciels speciumuemss are u sed sc-Is iciu cot staits ahoum 0.01 perceist raditiacth’ .e ear~homs . Electric curreists (IX’) are passed tisroughu tIme specimeums am s-arious temperatures hem’.seciu 5(X) ami d

10(X)-C . Typical current densities range betwee n 9Oand 90 ()ampercs per ‘cni~.
Os er a per iod ot’ t imuse (use-i t specified) misc carbon ~egrcgalcs tossars l mIsc cathode emsd u-il’ t he specitiscum; a

differeisce of ahoemt 30 perceust its carhott cotscemttr amioi m is ec ut us t umous ly observed , Ilse’ Ic- irces ciii time ean - homs
ator iss l’romn time flciw oh’ electroums cats he calceilated auud fit-iris liii’s the electrom s ic s lrumct ure of hite carhoms its
‘solut hors caum he deduced.

Time principal fimudhiugs are mhuim t carhoum isas a true cisarge msum usher of ahciuu /cru-i, t’rt iums cc isichs it is comm
eluded thaI the carbon iciul is suhjecmed mis-it to misc elect ru- is m~m mic farce hen to m Ite drag farce fromus time ctmrre ut m
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car r me t s ci sir m mig elect it -i ll u n .m u me - in. I’isc elcl cr mis m ita I Is ut I ita I m f tc c,m m b uuu ima’s /e rci c it a m ge it u mu lien is hascd o mt
hme c- ih’sc r’. at m d i ii l i sa I I itt ’ sI r u t  ‘. e’loci m v mis a-i r ims is prd iior m m u t t  .m I t i - i t im e elect the’ eu r m eutt sle itsi I a tict I ita I

thieiu.’f ot  e t h e  c’t tc ’~ t i ’s  c’ ch arge usumusher us iuse lepcmsdeutt cii s’le ’cm rhs’ ~‘ u mr m cull d e u s sh ms . lise cf l’s’eiis e e hta mg c
ms u mtu her cf e ’c n case’s s ’ . m mi t m mci  c’as umu g tcuutpcratu rc. the magmtetu c I r~m mm sftm mml s au i e - ims u-if a - mm out aff ects I lie ef l’eeii’. e
s’ltargc utumber mt a o ,is w itieii cams he expla mmtcd by the s’oms tr i hsutiomm of mite ‘sp ims-e lisorder m cs usl uc u t s - titc ’
stu cl uc ’s c - i t t eledt ic- insug i .i t m tm m i ht~t s e’ poteut mial applicatiort iii time ptiri l’ieam ious c- il irt iut

m . u mu  h m um s m ite la mm c ’s a Ist m di’. c f- is dcc l  ri— mis igra t iout at m ~! — n t idies of ’ su cIt uusci’ . cuttems m hit ~u I um us iut limit ha’. e beets
uttads’. I itc praetmcal ti td t t”st us mci t hmn-fi lmss cciuiclu~t ors anel t h e  opems- d irce mit t’ailttre c f  integrated circe mi ts
s’. h s m s ’it ut t s c i ls c gr au ut bciu itclar s uimi ’i’usi tmm t , Omise r iut s e st m g , u ncmm s are’ st u dying time gre-i’.’. ti m c-if’ a l u m u msiutumus ‘ s hm mg lc
e r s s m a l s  f - i s  e’le’dm m c m it m ug ra I i c - i t t  Id ’di t uti d l ue’ s . Sci mmic s iet a m ls c- itt mime elect re- i ltuigrat bout si tid ies ‘.s c ud’ ceiieduleei tei be
puhli’stteci mum P - of -Npplte ’eI I’its si~’ s , S i-i ii , 19”” . Se’e’ .t lscm I’ it imi Solhsl Fil umt s , 25, 353 . 1975 (pr iusted itt
Sw umicr lauiel ) .
i’ t O f d’s sc ”t St i tct .muid c imiicrs cil mIsc Si n uc t tmm al \tateu iahs (indsulu c ltscem ssed ats it mt s’rest husg siu mdv tin s’di u lt-

par msc - i mt ’ s ~ui mmtcc ’ ita itt~’ai Prd- iI- ie ’ rt me ’ s u -if age It a relc mmu itg ,milcis s mit time umisleraged aiss l c s  erased st a tes -N I b s
s’.cre mit t h e  i c-Cu . i-e - ( n , I e Nm C m u , I e Nu Si t u I. , h- c - ( ~u C u  \~~~, -N I Sm auud -N I~ -Ng ‘ sss t cmmt s , t’ isdcra gimsg wa s
1t ’tett id to tm sm pros c d uct mlii s , lu t’.’. ci I hit’ s me ’lcl po mmut ,uitef I-in smducc ’ a larger cmi amit isars lcusi iug expoticut i . at t hue
s~ mt m e tem ss m i e ’ ‘sm rc rtgt is. -N h um s 5 ‘.u ut it s’cm isercmil pre’cu i- i u tam es t m .mc i u n  ~‘ easier itt m hue et ns1eram~cd ecitiditbein,

Sate- i isa’s ~lse-i studied time em ’ .sialhui a m icuu t c- if ‘.aps-ir-elepositeet aussor hous dol’tpet_silicomi alI cts ’s . Pure
‘su luco mi erssmalli ,es l am SS t ) ( - , but iii ( ‘um Sm .illcus s , silis’ciit u e’c’i sm all i/ cd at 450 C. flue su e- irk of Sato mms ay be
see m its fm m r mi ter detail u s  .1151 , $9 , “92 , I 9’~ a ms s l I n  an t s . J 151 / , 596 , 1 9” 6 .

Prci t’e’ssor \ . Sas’.asla ause l c uth ser ’s m it mIte 1)epa rlmu ieitm cml Metallurgy hta’.e ‘smudicel s t ress con cision eraekh msg
us Al_ 4 c 1’tuCu alit - i s ’s. [hue cc i-irk ha’s slsos’. us iisat the ‘s mms cc’j u t ihiliuv of ’ Ihese alle’tvs ‘. arues c’. iOu aging s m ructure
ammel t i t at  i lie .t llc i%5 5’. m mii 5it’iiIdSI ‘ss m ’ .c’cptmbi lu t s  Ic- i s t re’ss -c e u rrci s is - iut crack iusg ‘show two  pit mim ig potential’s cor—
rcspoimdi img to pim I hutg dim iicr mu grammu bouuuslan me’s or st-u/nil graius hoclie’s , the’ pc - imc ism ial am t luc grains boumsd-
an me ’s us critica l for s ines ’  correisio um. NI,u~ i uu s smmut seusc’cpt hhilh tv oce’urs s’. itim agiutg mu -eatmusemums wlsicht prs-iduce
t u e  niaxits iemm us cliffereuscc its the ts’.o pote mstia ls . I)ctails uuu~ts he seems its JJINI , 39, 520 , 1975 amid (‘tirros ious
Scmemsce , / 5 .  709, l9”S
l’rsit’essc-ir (icirci ()iuira aimel tit imers c- if misc Fouutslrv Fms g imtee rius g Group itase beets st t tdy itsg directional

souic hific am us imi its eem mc e ti e cells ill ct i t e ’ d t id ~tticl itv pcrcume ’s’m ie iimtiitles l c’ J s t  iroums. Oilier stuudics arc ouu time
umu icl mrec m ic ’unsa l solidificatiout bus tIme iroui— gra ph i ime (Fe-4 .65(’, i:e_4 . I I  (‘- I - 7Si ams el i:c_4 .02C.0. IS) amid ire- its-
ceuneutm ue (Fc-4.~8(’-3.86(’r~ system’s . the results-are is’mis’rprs’ieci in terms of sohishiiicat iou i me usspe rat tire grim-
diemut amid eou uupos itioms. Sou se s- if misc detailed results arc gi’. cmi its Joemrmia l of (‘rys mal Gross-tim . 34 , 61 , 1976 ,
~mnsd Iunsmutet , 46 , 1054 , I 9” 4 , 4 ”, 10 , 1975. ‘N s memet v c- il’ u s e  iusorpitdi ld-igv of ’ pnimimary iroum carbide as related to
ahlc-iyiusg el cu muem sts is gi c ems iii Immsoit o , 4 ’. 562, 197 5,

Fite gctscrah immspr css ioms us t h a t  misc depar mm msci sts i-if Nlctalhurgv Nlamcria ls Scieuscc , arsd NIctal Process imsg am
T’eiisoku Vuuic cr s mt y are ex tret muc ly well-integrat ed , cse’ll- ’sta ft’ed and IsighI~-prs is Itmcm ice . Professor H.
Oika’.s ~t of I isc I)cp a rtmtmciut i-il’ Materials Scicuucc cxplaimiecl miii ’s: ~mhoumt Iemm sea ts  ago mmt a mu y .I~Ipatsese eauusc Ic-i
‘ st t u~i~ intel ‘.‘.itrk its mime Vi si ted States , because i’cllos’. sh ips paid for hy t u e Visited States sc-crc pleusmiful
and t h e  Utsited States ems jovesi ~t mecistuica l ls’asl u s  umss - is t misa men ia ls areas . No’.’.-, t ime people who camuse to misc
lIm ited States h ave rcttm rncd to .lapams . bus part because the support its the Utsited 5iaI c’s isas elitusiutis hsed .
They arc d oing basic rcscarcis w ork in Japams Ott mse ms-directed university funds , ‘I’ohoku tt niversit~’, as otsc
oh’ the leadimug cen ters ciii nuaterials researcis its .Iapams has quite usa m s ura hly attracted m isc cery best of t u e
retu urmmed .Japaumese sc hmcil ars ,
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‘I’OK~’O I~~”I Ilu -I’F~ OF ‘I’F(’H\Ol O(;~

I etkv o I u lsm i ts mtc c ut ’ I e’c’t uu iobogs ( l’c’ukyo kdigsc-i l)augaksi c’iuar actcn iics itself ~m ’. t iw Ieadiisg it istit e lt ious c- it
is igise’r lc ,irusims g its misc i’helsl s- if cmt g umtccrm m tg ~mmtd s~- ucm t ce u t  .hapaut. -Nl’me n .m s usu t  1cm butt i t  t i m s’ O- cm ka s ,ut n u,m i nt c f
Nagatsuta eai ttpu scs . mI sc su nimer sc otmlsl not s s’is t t t r e’ ic’  ,t n glue dim s their ‘‘suc ’uc ’ utm mni t bcu I ’’ - iroc’l~i mmnai icum t l ime’
dm se ’ u i s s i c u ui s at lime U—okz u~ .m mtt a d’amiipus ‘.‘.cr e’ pnmn mu j i r uls ‘.c ith s Ist mtom s tem SIc - in m , Prc-ile’ssom imi t ine I)s’panItmn c ’ u mm ’ s c t t
Nict iuI lurg ic’al Fmtgh utee nin tg amisi S1ate ’r m~m ls Sc’ic’itc’c’ auss l I- imgimi ccri nig. Prc ut ’cs’scur -N Sam o . t i l e ’ -\ssoc uate i-i t
Professor Slorm , aIss-i part mc ipamcd act i’ .e’lv. ‘

i’rcmfe s’so rs NIori and Salt- i are sse ll k itcus ’ . n mit misc u i t t e rmtatm cm mt a l  mtt e talhsm n gieal c’c i i i t u t t Lut t ui~ ants l ilus ’s ft cniu
has c’ rcsmcl e’sI iii t he t u nmnes l States for ‘. arms - i l ls pe’rucids . usot a hhs its ecitsu icdl uoui ‘.‘.it It acm us lie’s a Ncin u Ii’.’. c’su  cm mm
t utu ’ . er ’s iu s Prc- ilcssor Mciii s’. as a pc ist— elocic - ir~m ne u t  t ime (‘ us ii Fntg imscer uuig I) cpar tu sic t s m at No mu h ss s este ’m mu
t t msi ’ . s’ rsi tv irouti 1959 thsroe ig h 1961 . He ‘.‘. as also iii residence lit— u t I 9(-iS t lmrciu g lt I 9~u$ iii iimc \ l ,t : e’n ials
Sc icnuce I)e pasttsse nt. \1st~t reec ust lv , lie was at Non ihicces te n ii l’cu m t’.scu mi ss ’s nt hss in l9 ’~ eltutitig s’. Inich period
lie prod uccel itti ,tmttai imig t’our t cch ts ica l pubhicat loins in co lhaborat ic-itt su hi l t  i he Non fuss es t em it tacti Ii 5 -

‘Nut—t iter is’. ci utcims m is trip Id Nontim’.’ . c’s te ’r n m us se hue c l mm ls ’ci Is-it the sunsusu er c- it’ t ’) ’”  , ami d it s’. ill be iustcrc ’s I int g to
see ml t h u s  tam m n a s i i e prc - idt mct is it co mit int umes . bo  csimtip letc I lie Nc — rI is’.’. esic nul I ti c cns it d c - i n t u t edt i s - i u u. Dr S3tc u
olumaitsesi bus Phi , I), lucre i i i  197 1 . Profe ’sscu rs Niori ai mst S~tt o isa ’ . c t ’ .’ . 1u nsa is-it etirrent i mt t e r e s i s :  I) ‘.‘. curk
harden imig and recovery cit dispersion harelemseet materials , ami d 2) s un ess eff ect ’s ots t mna n le n ism t  ~c’ tn ansfo rms na-
u i-in an sci stilt ti sic - inal prcc ipitat is- ins.

~% i t i i  respect to I lie first area . Slori slatesi t lt a i iii’. early i itccireiical auta lvsc s ha’. e lcd hint ne -i h i s  ceu rrc m it
expe rmu uic mtta l adti ’ . j i bes . Bniell s . he prodmuced a series ct f paper’s begmu m uui tg un 1970 (-Sd ia 51cm iS: 939 (I
‘Ncta Mct 20: 29” (197 2) . Act a 51cm 2/ :  571 ( 1973), \Ialcnial’s Science antd 1-imgi utccri utg . 26 S (1976) ) iii
‘.s hsmeh lie ansd him ’s collaborators d eveloped a thwor -i.’ ot ’ dtspercioii harckmitisg ss bid s rece- iuseil~ ’s e aIcsul~st iotis cii’
‘.cs-ir k iiarslcnsing by ds u ntminitltm nu uuieclu~t mu ics amis i sli’- i le - ic’i I I i s - i u t  I ltccury. Prc ’ . Idicisis elis(c cat ioui theory tsiet elI1-
lieu Ins iii It imutclhiung clii s t u d ’ eo n ms m aus is  intel parl k-Ic itncurphs iIog~ - i’iic t iieoret ca l a m a  Is sc’s c— i c i u spc’m s iu nt
lsardenimig w ere sheuss n also let he applicable Ic- i fiher-es imi ia int imig it s ancr i~ml ( -Nc ta McI 2/ 55 ( I9”3)) ,

Fite f i rs t  experims ietital work appeared in 1975 (.‘\cta 51c m 23 85 (1975)). Thu s iii’ .olv ccl siu sg lc ~‘ry’s m a I
sp ccmm use mu s c- if ccipper-cti tsta iusing s u luca particles (c-ia ititerm ial oxielatietn) . [lie ‘stud 5’. as stI’ ki’mgth chaiigc amtd
‘sc f icnt iumg his reds- is-Cry duriu ’g ansus ea limm g am 2(XY(’ . Time obse r’ .ati omus ~IgrccsI sc- ills u s c  tiieon .

-Nt presenut mh ie work seeks to cxplaini n hue ch’l’ec rs c- if s lispersusiuss of part id es uport creep. l’s’. ci si uslcmut s am e
huicotsed . ‘sts tdyiusg the sv s t c m uu ’ s Al-Si and (‘s m-S it) : + 13e0, Orsl imta ni lv . muietal s are stre nig lisem ses l a’ ~t gis s um
~m iims - imimmt c- if precipitate immaterial is dispersed lisle-i susialter particles; huoss es ci ilsi ’s tusa usol he nrtme al cIt’s a m e’sl
mem iuperattur es . Nlor i amid Isis colleagues base show -ms . fo r example, t lsat sot ’t e’tu inc elurimig hoc’. tcmp eraut mrt’ an-
nealing is ‘ semssul i v e to particle si/c ‘N paper tint mi mi ’ s  subject , ‘‘F fh’ec m c- it’ Panti t ,le’ S u e  c — m m I ci’.’. lemis peraitunc
Softems ing c-if Work Hardenesi (‘opper-S ilic~t (‘ryst~ils .’’ hums been accepte d f’s-in imbliea iiomu 1w -Nct a
Meta llurgica. Particles 280A in diameter resemltce l its softets iusg after 20 us uiusutes al 4 2 ( ’ ‘.s)uenca’s 9(X)A
dianusenen p~mr iidles prodemced ito sof memu im ug . I’hscrcf ’cure at los’. nemiu pc rate mrc stsnall part icles str cmsgmhi ets , butt at
(sigh temperatures wh ere creep is a problem large particles uss is y he pret’crrccl .

Flue student studying misc Al-Sm svs te nus will he ccimsccrmtes l ‘.‘. m mii tiuc cl’f’ec ms c’uf ciuue IunceiPitit lc, c- it’ ‘..u m able
part icle si/c as prosleuced by heat t reat muue mst . The otluer ‘st - im c lei ut , siudyiuug u s c  (‘ t i Sit) : + Bet) ss slew s’. ill
he mn s c- uiived sc-lI lt a conuposite dispe’nsioms. these sv s t c nt us are prosisuced hs t h e  iusterm ia l ox idation of ’ (‘s m-St- He
alltiv’s. w hiej u dais he produced at the lluuh’ .- crs hm s It also se-i huappemis m i mam nitc SiO- partic les gnu-i’.’. mmp omm alt-
neahing w hereas the Bet) particles are rather stable. Tisem s ~t material cais he produced ss ills is’. ci disper’stc uis .
cu e wit i t particle size ‘.s-hichs is stable and mIsc oth er s’ .- im hs particle si/c ‘.‘.-Itieh ‘s s aniahle ami d ss isic hi cait hue c’ciit-
tro lled. Mon iss-ipes us- i demon strat e t h a t  a material s’. hsich is ‘st rdui g boOs a m lt ’.s tensperam sure’s (f ’ittc clusper-
s ion) anici at c le’ .ated teniperatti nes (coarse dispers iout) cams h-ic produced , lime ’ ~uIlc ys tisc ’el it t t ime ex pcrmmi m emsts
are, of ’ course , selected to s insp lut s t lie expc rimm te rtma l prcmh lcm mi’s I’lse iirmnidiples i”. dy e d, lie-i’.’. es en. s lmcim i lsl i-ic
applicable to else design ~f getsem ine rct ’racicirs alloys

Professor Mciii’s second area c-if currett t umitenest is the ef fects  of smn css c- its msia r lcmss imtc tr~iussf ’c- irui u~s t u c - imt  . umus l
cmi difl’ums ioui ~m l precipiiitt ic- iru. Interest i t t  I lie latter pruies’ss liii’s l’ocm iseel ~mbomii l ime i- c-N ss stem - Irtiti-0 . 5 per-
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‘ c’t’ nut N ails- is s ‘.‘. ent’ prcp~mrc’sl a’s s intgle e n s s t a t s , I he e n s sn ~m hs ci c’rs ’ queute’iis’sl I n t ut u 59( 1 5 to pioclmuc ’c’ ~u ‘st lus l
‘sole mluo t i , I Imeut aged am te uuspem a t e mu c’ s bets ’ .eems roti mmu te nusp cn a m tire ’ amtd l lOO ( , c ut lieu tmm td e ’n ‘s t ress of s .mm icitis
mt sa g msmt tid es , sir f rc’e’ dii si rc ’ss . I I ‘.5 as fom muisi t ht~t t m its’ ~ I’ e’ . N Pte’dipiti ltC ‘.5 ht ic’lt I c rmmts be’e’c imtse s pm cign c’ss u c  clv
f unser amid cr~ staIle - igr~mp hicalIs c i riemstccl ss it is ius s ’icas iusg S m res ’s c lun imug itgims g. Si c’s ’s iii t hse 101 I I diiecu it.u mt pi cu
dltic ’es prec iput itte d isk’s ‘.s Iu mc hs are ltcr peuts liedmlar to time st ies ” ml mum ten t smc ms hunt parallel ic - i tine stress if u s e
stress m’ s iui dc immsp ress mcun n , Reshsltial s lrc ’sscs ,m isc - i i mtf leme’mt s ’e ptccu piiau iout l iii’s ‘.c s-irk us dcscu best iii elem~mi I in
K insiok um ( iakk ,mis lmi , 139 No. 6 (1975 ) ,

W itis respcdu ts time effect ’s c- if sires ’s out t uiar le nn smte t u ,tni sfon mu uamisius , Sloru i ias sissis’. ii t he e \ u st emtc ’c ci f a
ucm us pe rat umre . ~~~ ss imicis is different lrouus misc usartemi s itic fonu siathomt m e mm s pe ra me m r e NI~ ss iniclu ohi ta imi s in the
ah’set ice’ i-ic stress . l)efonm uuam ioms s-if mite t use ta l abc- is e 51L1 i’s by su p, below M~ h~ u ra nssf ’c - i n i t iat ic - ims me - i uusar meii-
su me . .‘Nec’s-indum sg t o  Sic- in h ue  pm d ic es ’s m m m c c-il’. c’s tise u tme utucu m i  c- if partial dis locat iouts . I- e mr mher sletaul ’s arc gus cut i t t

a series s- if paper’s See \c ia Ste m 22 313 (1974) amtd ‘Ncta 51cm 24 853 (197(u) -N papet e u m m i u led ‘‘( ‘oust nibe it iomi
Is-i thit’ y — i t  autsform uia miouu of Staiu mless Sued Siusgle (‘nyst~m s ,’’ by A - Sate- i, V - Sunsaga ami d I, Storm isa ’s beets
acceptesl for peihlicat ious by -Ncta Meta Ilem ugic ~t .

rise skit t c- i  mite ()—okav ~uumia cansptms csinsc lemdesl cc m mii a Iabotztto rs mci tm r , I’hme itig it l igh um ss as the use’.’. Hitacimi
I-i - “(N) 2(X) K V tramusummi ss ic - ini clectrs ms uiuicnosct- ipc . s’. Isichu feature s mite rc - iu m i m se amm a l t imui e m st c- it ’ 2(h) K V amid t i t m us
offers hem men ressi lem mions.

The umuce t hmigs am the Nagamseita di Il5m~~t iS tocuk place am misc Researc h I ahs- iramorv c- if i’neeis ioui Slacht inue i s
ami d Electrousucs . c usc sif t h e  researc is i ms s mhtutes attac hscs l mci t h e  Namitiusal 13 isis cnsit ues , Ilse u u sus ’ s ic - ims of t i tus
1 aboramors- m’s mt - i ‘study the l-i.tsu e t heories ius prects ious cuugmitee nimmg ~t mss l mhscmr app liea uts- imn let imi s leis tn s - I’hsc
I ahoramorv is s rgaumi icd mci fosmer imtucrdiscmp l iun ars t us le m ac m meimt auuss- iusg p recu s iou s nt iac hl imne ns cm tgiusceu ’s , dee ’-
ircimii c’s etsg immecr ’s and m us et a hleur g i ’ s ts - ‘Nusss ’unmg misc t our mc e mu Dis ismc m uts c- il u s e  I ah~or~tt ory,  misc ‘.‘. titer s is itcel
mcc ci, t ue  Materials Seiem me ’es l)i’. isiort ss it ls Prol’e”ssc u Shu igeicimtto Numsu- iusiur a mIte prin cipal csi nttae i , atsc l the ’
Heat Ireat musem ut Di’. isiotu ‘.s mO m Prc - ils’ssor Toumsoo Semie mk i misc pnimscipal couitacm.

The ‘. usm u began ‘.‘. iths a mi- iem r of t u e  Nag~m m sut a dautup els ami d misc Reseane is I absitamc ir s-if Prceu ’s ic- im i
Maciuiusery amid Fle em rcumti cs its parmic umlar. Tiscre Is an eus onutso eis almu c iemuti of c’ousstr sid tioni s-if r a t h e r  iums-
pness is-e hemildiusg uums lerssav at mi m i ’s tics’. amid ouulv partially eotumplctec l cam uspem s . 1’Ise graduate scimocil 5 f  misc
O-o ka ansa Camusp tis u5 sciucdeiieel Ic-i iuso’.c mo t u e  Nagatseita dauspus ins l9”7 anti misc I abc-irauory c-il
Engineering Materials (amiot lmer researeis imu s tim tIm e) Its 1978.

Vs iths the exccpmiots of misc uses’. els’cl roms mmu icroscd-ipe am t h e  O-okayauua Caitipus , the ‘.s - rstc m- w as sIts-i’.’. us lii-
lIe iii mime way c-if sophisticated equipment. hus ouse cc- iuun pleme d hemi ldhns g , Ion example , mite lu — sm ’ s pci iuutecl ms - i misc
spol (‘.s’rv cleaum amusl s cry ready) c’. imerc misc elec mre- inm umsicr osco pe will go. if autd ‘.shseis time Siumn ism rs s-if Fduca-
lion comes up’ .’ . ith t u e  fuuucl’s .

In the Heat Treatm usent Dicisis-ins (a refreshsimig slep~inmeirc frouiu mite ‘. suguc s-if uu sve ms li us g prd ue uut iotm ’s titles ) ,
Professor Semiukh disce msseel briefly a miumuusher of activimics sc iticit are ithghuligiitcd as ft-ills-i’.’. s:

I) Fiber Composites — onme s u em d eumt is tryimug to ‘strc ngmhse uu polymmien s ‘.‘. m I s  glass amid earbsiit f iber, line
goal is light sc-eight coempled w - imhu imighi umuode ileis for ~tircrai’u applicamit tu. No spceil’ic restult s w ere dcser ihcsl .

2) In—Sit u Conuposimes — the interest is u s  t u e  cf l’ecns s- it’ mhermusa l cyci imng c-its direct ioum~m llv soliciil’ie’sI do lt s-
pos ites such as AI-Ni,AI. Seich cycliusg prodtmce’s secc re diu useu ssj ousa l cisausges iii aligused phiases ace otc l iumg Ic- i
Suzuki. This may conuplicate time prospective use of sud s tsua meria ls iii hsigim memusperameure applicamiouss iiivol’. -
ing thernsal cyc hiusg. Th ere is se’. crc grow-tim amid tss - istium g c-it’ mhe Al-Ni .’Nl conupositc . for exausmple. after a
few thousand 5-10 minemte cycles Irons rootus teumuper ature lii 5(X) 5’C, The ss-ork heinug douse iisvs- ilccs losc er
melting, exper imentally tractable alloys , hum the h ope is t h at t u e  l’euuuela usse usta ls 01’ couutnoll iuig amid
understanding the dimeussiousal instahilim it’s whicis are deveiopcsl will he applicable to time desigus i-il’ refrac-
tory direct ionahlv solidified conuposites.
3) Prc-ipermie s of ’ Ni, ’Nl — there is aim iumlerest ins sttis l~’iutg feimida uise umta lly t u e  amm onusalotus immcrease ’s ius isarsl-

ness of this compound with increasinug temperature . the imareluiess s-if t lsis itisp o rtausm ph ase (‘y ‘) ins hu gh
temperature alloys nn~sv increase by a factor of t’.s s-i or titree hetweems rd io uui mem iuperateire am id 8(X)”(’, No
specific results were described.

4) Hydrogen effects — thsc effects of hydrogemi s-its properties scud s as electrical resist iv it~ auss l tit us- its NI.
temperature are being smeidied. An apparamus Itt cimarge gaseotts isydrogeus iusuo spedinsiciss am 2(R~ at -

mospheres and &X)°(’ has been assembled . , ‘Nmt in ut er usal qu ienc hm m ammk is aus add ed (~snsd iis’dCSSiti Y ) f eature ’ .
Suzuki has published a paper, “Effect s-if Hydrogenm on tu e N1~ Feuuspcnaturc its Fe-Ni amid Fe-Ni t ’,” Fin’su
Japan Institume of Metals Inmernatis -imial Symposiemm i-ins New’ Aspect s s-if Martemusitic Tramusformumatiotu . Kohe ,
May 10-12 . 1976 (Sempp lement to Tramus. JIM , V 17 (1976). The paper is its collahorauious s’. itim .1 .C. Su mym ue of ’
the Divisious of Mamenials Research, Natiomsal Sciemuce Fotm usslamiots . This work , w h ich siui-iscs limam isvslrogeui
decreases M, comparab ly mc other interstitial ss- iIemtes sud s as C on N, w as douse its pant su hsi le both aumhors
were am Stanford University.

28 

- ,~~ .~~ -- 
— ---‘ -- ‘~~W~~~~~ -,~ ’c .‘. , - .. .  .~ ~~~~~~~~~~~~~~~~~~~~~~~~~ - -



~~~~~~~~~
-- -

~~~
- -. ,

~~~~~~~~~~

p

his site \l ,ticm i,mls ‘c u s ’m mcc ’ I)us isiout . Pmoi e ’’sson N t mu tcu m t i t mm a c lusc ’ t m ’ s ”c’cl ‘s t tm cl i s’s mis l~t Img t me ’ c n .m~k gut - is ’ . mit t a m e ’s
cit .ullos s I Itt’ gc iat us it t n e late’ mitt ’ t’t t e ’ c t s  c - if msteta ll t mm gmc . mI ~mn t ic ’t ut e’ ~,ms mi t t  ltmc mncccl I-is c’d mssp cu ’ s ui ic - i uu ,iiisl f me ’,tt
It e~t u miseu t t )  ,musd sucii mms ce is . tmmmc ’al t , t c t t i ‘s ,ts us ie ,tmt lci.t~l. ‘ s t ies ’ s  t u i l e ’ mu ’ s i i  5 t . t5 tc im m~m um g e ’. pe’n c u d c O t e ’m ltuicl , e’t c ’.
\u u umc u un t uuu ,m us .il’so •u m ue ’uusp u mmt g Ic  cle’ t s ’u mslmmi s ’ f .mi u g mme t hin esbtc ulcl m ,upuclls i- is .m put — g m ,tit umuie ’ci slt’s’ m e ’asc mum It!’.,
( c u  . tck  .tm nest ) .  ~Nt mite sa uts c mime’ itt ’ ~lt’ mmu ~”s mite c\ usmcmsc c ’ c it  a t. t m u g tms ’ th s n s’sitc hcl , btm t t ime c’ o nu t n , m s luc tu c iu s ap
liej u ‘s ic i h-is’ ,i mn u ~m mler c -i l dle’f i lt i l ic tt ss u nit m csps’dt t t i t f l ic’ic -i ,tutd macid c- ibsen ,t lmt - i i t ’ s  l ist’ e’x pcm m nste ’ mnl s a te ’ ~‘t i t  -

n c m uml s  bcu ms g perfc in m m cd ‘.‘. ut is  ‘s t ”~ -‘NI spee lmuse um ’s (‘m~m .k  gut- is’ . mis t .iue ’ us uss c mtutc i ucc l  bs .t u m mmse ’- Iaps e’
pits- itcig u ,t i—h s s misc ilt ocl , s’. htm c ht pen h ap’s i i m mz fs i m g l sts t h e  um tth.iLmi t cc ’ be’l’.’. ddit es lt u uptntet t l  ,tnssl b t m ul dumtgs .

-N tic -ic e’1 appn t -i . i c f t 10 mnsd. t ’ s t m n s’ mi t t ’ pl. t ’s tm c- ,‘ c i tc ’ c lui e ’dil\ m m cdl ta i ls sled ,ills uss w a s  ~t I’ scu d le’sc’ i m h c ’dl. l ist’ t r uc k
us Ic -i ‘st u es~ c-i n t . u m ug ue’ a pm e c u  . i c ke ’5t ‘spec’ um s se ’ms iii thus ’ ueum tp c ’ m att n e’ mc ’g uc u u s bets ’. ee’ui NI . ,Iutdl \I ,~ l ist’ mms c ~m e.tse~cI
s u n c ’ss t ’ s m ra u ms ) mis misc plastic ,‘c u t u c’ Pm ciuit ote’s misc t ra m isf o n It i atu ci ms Id tt i . t t  t d i t ’ s i t e , ~ttl c t t h e  titat Idm is ule mhs cm s sei ‘.t’s
t c -i c lecs- irate the plastic /cimie’. ‘Nccc m sl uutg to N t i iss i mss em n a t i le’ i t”. e’u ‘se’ pl . m s m uc ,‘O t i t ’ c . I um also he cls’ Iumsc atecl - I i t t ’ s
‘.‘.orlc lhl ’s hus ’e’ uu ‘ smimtii ) t~u m mis’s1 i t t  ,i p.ih-is’r d’l)iil le’dI ‘‘I)ui~’c’l \le ,tstim s’ mite u s m c u t Plast ic ’ /ouse ’s it s St c ie ’ ( i c -i0’ . dsl

c ut c’ Iot mg hs mses s Spcc I titdit ’s ‘ Id’ b~,’ pm c’ s c ’ mm t dci .11 t itt’ I- c -it i i l ls its ten usa m ic -itt al ( - ot s g m c’s’s out I - m .tc ’t t i m e ,
\\ amer lc- ic— , (‘amsa st. m , 1 t i mse ’ c) 24 , I cr’ ’ 
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TI l E UNIVERSIT Y OF TOKYO

The University of Tokyo is about 100 years oid and was the first in Japan to orient itself toward the
We steruu Wor ld. The first classes in science and lechnoIogy were in fact taught by foreign professors who
sc-crc ensployed to introduce these subjects which were not at that tin-ic advanced in Japan, at least com-
pared to European mcchsnicah levels. With this headstar m , t he University of ’ Tokyo led the way toward
westeruu izat ion and apparently has educamed many of the nation ’s leaders in government and industry. T ue
standards of admissions are extremely high and the examinationss upon which entrance is based absolutely
are referred to as pure “hell.”

As a nuatter of f irm policy , t ise University of Tokyo remains outside of part isan politics. Members of the
facu lty serve as special advisors or on committees of agencies such as the Science and Technology A gency,
Ministry of Education , Ministry of Transportatiotu , Ministry of Construction and the Environmental
Agemucy. The two professors visited , Professor Y. Asada and Professor K. lida, are for example heavily
engaged in research associated with pressure vessel technology and shipbuilding, and t hey interact directly
s suth such organizations as the Power Reactor and Nuclear Fuel Corporation and the Ship Research In-
‘st i Iwe (both governmental organizations).

— Professor ‘Scada is associated with the Department of Mechanical Engineering and is pursuing sec’era l
problems in high temperature low- -cyc le fatigue and 0mm cyclic strain induced plasticity, stra in induced creep
and recovery, For example he is currently studying the effects of hold time and strain rate on low cycle
fatigue of type ’ 304 and type 316 stainless steels at 650°C. This temperature is of interest because it reflects
Ihe reactor memperamures sc-here type 316 may be used as a cladding material. The test specimens of Asada
are of t he hour-glass type , 6 mm in diameter. The load cycle is triangular and involves both tension and
compression, bul the holding periods (of one to sixty minutes) arc always during tension, Tests are comu-
duc med in a vacuum of I x l0~ torn.

One paper on their work will be presented by Asada and several collaborators before the 3rd Interna-
t ional Conference on Pressure Vessel Technology to be held 19-22 April 1977 in Tokyo. Other papers have
appeared previously (see Annual Report of the Engineering Research Institute 3! 91(1972), Proceedings of
t he Inturnational Conference on Creep and Fatigue in Elevated Temperature Applications , Sept 1973 ,
Sheffield, U.K. 1974).

Asada was most interested in the work of Shahinian and others at the Naval Research Laboratory.
Shahinian has attacked similar problems but measures crack growth rates in precracked specimens. Asada
has considered the effects of notches (Proceedings of the 2nd International Conference on Pressure Vessel
Technology, San Antonio , Texas, 1973) but apparently leaves crack growth rates to others at this time. A
co lleague of Asada at University of Tokyo, Professor H. Okumura is , however, conducting fracture
mechanics type tests with crack growth measured optically.

The work of Asada and others on plastic strain was presented in part before the International Con-
ference on Creep and Fatigue in Elevated Temperature Applications, Philadelphia, 1973. A new paper on
“Accumulation of Longitudinal Strain Under Cyclic Torsion” will be presented before the 4th Interna-
t ional Conference on Fracture, 19- 24 June, Waterloo , Canada. (It appears that Waterloo will become a
Japanese enclave, to judge from the numbers planning to attend.)

The plasticity work of Asada is done on several rather intricate but well-conceived machines which pro-
v ide torsion plus push-pull strain. By measuring the push-pull plus the torsional strains , t he total strain can
be determined and comparisons made with theory. A hollow cylindrically shaped specimen 42 mm in
diameter is used (currently type 316 stainless) which costs $500.

Professor K. lida is associated with the Department of Naval Architecture and this visit began with a
tour of the laboratory. The laboratory features an assortment of machines designed to test specimens and
components for fatigue resistance , brittle fracture resistance and general strength characteristics. One
machine, for examp le, can apply 600 tons to brittle fracture specimens, t hus allowing sections of several
inches of thickness to be tested. There is also a 50-ton cyclic load bed to study high-cycle fami gue amid
anot her 50-ton bed to st udy low-cycle fatig eme. unsder servo constrol. A 400-ton Ams ler ty pe loadinsg
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iniac inimic fe-in s ta tue icxtc ls ss a’s ap parcn nmlv t h t e sce mse of l’rcu f e ss o m K~muta ,asc m ’s fa ituous d(uuhk t dlns!o mm t est
des elc pcel sss i t te  s-can’s imgo - I Isis test I ciii tires a small tensile ‘‘ ear ’’ s’s iii crack d arter ntoic is ns~mcit u mne d I m utt
bt it still amm ache d to misc larger specilnient Is-i he nested fs— r re s is m a mtc c lo bri t t le fr iment ire . [he small ‘ ‘ cam ’’

‘s er s c’s to start a crack m ra se lm in g m b  ,lie larger sed micu r t. The t est . sinusi lar Is) lime FSS() amid Rs uber t so nt t es m s , is
er~ c\pc u i ’ su s e hut s’. a’s t ms c f tm l mu can ter ins ’ s est ugam tons .
Ii s’. a’s mms tere s tin ng to see so m n ue of the snstallc r i’amm g ei e utua c iu imtes ansi specinndmis ss- iumci s sc crc duplicates of t i e

t~unmguc imta e lnumi cs used ear lmcr by I- - laitge s- if the Naval Re’searcis laboratory to test uninc- itched ‘sp ec utn ncu n ’s
imt low - CS ~le’ f’at t c i t ic ’ . I immigc us s’.cll knto ’sc it Ic-i t h e s e  iri s es t ugat ors at Um ni ve rs uty of resk vo . Flies u.’ particu lar
usaci umise s are hc mn sg scJ tci test sc-elcled .i u i m ui ’ s of 9 perceunt mtue kel steel for press ure cssei ca rruers of I Nt i

- If - it ) ( -

‘ I .5 psu gage). The I)cparimeunt ot Nava l -\ re isu me cturu .’ us also s t e m e lvum ig acou stic emuiis s io ns as a
tl s s’a l t s  of f’oulc ’.’. ims g the processes of fn aet tm re ’ . Ut-ic test ohser’.cd ins progrdss unsolved a 4-poim n i bend
spec inuenu . Ihe aeci ti s tue ensus’iion scissors were heittg em scd to follow mi s c plastic dcfs urmation amid cracking
processes -

iida prese uimed ii mall stack cit reports , tun amiv s- if tiucni ‘~erv current , ‘.c hiich ~hsows that he is a m ost prohttc
reseanc huer. h i s  hu gh sta m urc a’s ev idetnccd by iii’s m n iv i t at i onn s to serve omu hugin it ’s ci com uuni u ilmee s , hoards , amid
itime n is atiomsal ads m ’ s orv amid conurol on regulatory groups us e rs tunders uanda ble. Omne of the si uhj ee ms on
w tnieh h ida imas publish ed es t e u lsu s els is c-in low-cycle fati gtie , huo’.v crack ’s are inn utuated amid grow-ni by th is
F rt uee’s’s . atud h o’s’. miii ’s relates to design amid f’ahr icatio m u processes . especua llv of large ships and pressure
‘.cs ’sc l s . He iu.is beets interested itt lIst’ related areas c-if mhe effects of muotc hues amid weld defecms on-i fauigue
crack init iatiomi and propagation. The iati gtic spectrum , or shape of the fatigue cycle , has also been in-
sesii gated. Recently hue has heens svorkimng wi l t s  l)r. M, Kasvahara of Nipps,n Kokani Kabmishiki Kaisha to
d c’. elop ills cxpress uom i i’or the propagatmom i rate of ii !‘ati g e me crack from a surface flacc . [iii’. svork (see ’
report oui kit to Nippon Kokan K. K.) attacks list’ problem of variat ion iti crack front morphology depeun-
dimig oni ~ure ’ ss sys tem (hemuding or mensiomi) (see 11W Doe 13-802-76 , 11W I)oc 13-790-75 . 11W Doe
1 3 - 8 0 1 — (u) .

lida ansi collaborators presented papers at lIne Third -\ eou is t ic  Enniiss iomu Symposium. Tokyo . 1976 ,
describing acoustic emission duninug fibroems brit t le fracture arid during the los’. cycle fatig u e of
iiemiuisp henical pre ’ssl une essel models . One interesting findinsg s’ .as that in uhe caSe of hnilmle fracture rto m ac-
comiipamsied hs- a fibrous crack , there us almosl muo prev ious signal bs’ acoust ic emission , hem-ice no ‘ssa\ of
detect ing t u e  in ii u iatis n of hrimlle fracture. However most comiunsons st ns uetures do n-iot fail in a eomn-iplete ly
br ittle musam - inier , amid acoust ic emissions does signal tint ’ un u tt i a l  fracture pne-cesse ’s in t luesc cases.

Most rec cm t lv , lida presente d a paper , ‘‘Cs mpar isom s of Fatigue Str em ugths of Snet ’ ls timsden t)efiectio ’n
Controlled Beusding an-id Straits Controlled Axial Load Cycling. ” a n the 2nd lnterna mional Contf e remsee on
Nlec hanuieal Behavior o f  Materials , 16-20 Aug eusm 1976 . ins Boston. A paper on-i ‘ ‘Low Cycle Fatig c me
Smrc m sgth cit Steels and Welds in Relamio mi to Static Ten sile Properties ,’’ is scised etled for presetita t ion at the
4t h International Conference omu Fracture at Waterloo (svhere c Isc?), 19 -24 Jumue 1977 . This pispcr , its col-
laborations with F. Fujii of the Ship Research Institute in Nlikoma , claims to shocv that the total strain
ansiplittide ins reversed strain cycling can he predicted by stat ic fracture ductility (RA) an-id ultim inate te nns ilc
stren gth ‘.c ithin am- i accuracy of4 O perceusm. The visible crack imii l ia m iou -m Iif ’e mu ici st a lscu he kusown.

Ri-nh lida and .-Nsada were apologetic about the lack of usiodemn equipn~etit in t heir laboratories , par-
ticti lamly sc - im h respedl to the eornpumtenized control s- if tes ts  and daia nelrieval amus i ausa lvsi s . How ever , tint ’ m u -
pression sc-as thai t here i~ mu ch ins the ‘.vav of htmnsa iu ingenuims - at University of Tokyo muow . ss-hichu a floosi
ot new machines nsight erode.
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~()KO IIAMA N ATI ONAl. IINU~’ERSI I V

Sc’s em ,tl dep,tn Intents cit the’ \ cikolsams sa Nattosi~t l tits s’tssi\  iac ’im lts of cts g imt e ’s’n u mt g w s ’ ts ’ usn i ed Out mli i ’ s Oc~
~ isuon u - I Its’ I-in mu t cup ~il lt t ’ s m “s im s Pt ti l c’s’so u ~~ 

( )k i , ‘.‘. Ito duct u t t t t c ’it usto t s’ t lsai i s’ .a’s t’’.~-icc- t s ’c l cii u e ’ qm uu ms ’sl lot
s; t t ts l,ls’t t ut  ‘. c’se t m .i nu g c ’ I lts ’ uc ’ s’s a’s i t t - i t  i t t t ie ’It c h u s e m u s s u c u m u  eu mI m e Inisl c u m s t - i t l Is ts t t t s i i l t i l u t - i t t , lu mil it ‘.5 .15 e’sia l-i
lislteci t h a t  omil ’ . uti~s sts ’t ‘‘s dcguees .u u c - s t u i t le t  med amid ils~mt mitt ’  sc’ltool us imt pn -is’t’’ss ol mi t t - i ’ .  m u g  It’ .1mm s’ u i t i u c ’l’.
use’.’. c’a mts pmis sout ic 10 I~ ktl~it t se ’ue’u s ass as l Ist’ it mt u ’ . t’ sc - i ll be cc - i is t pls ’mc cl tm 1 ~ ‘. c u t s  I~c 1eitm t ’ .’ . huls ’, ills’ Cd

us Ii utg c’~t itt PU ’s is sou n t e’’.’. liii i mu i t  dt-i’.’. us ~u mid g c nn cm .111’. msc’gls’et t’eI i t t  st ‘ t a m a ’s c’t)s us t s’i u’ . 5 alu mes .1 n C C out cc ’ i i  it’d
I’ m c u ie ’ ss c , u (1k m c i c s e t hu e d t l te k( )/A  s \ s t c ’uti of .J iup~m mi 5’. hmc ’It m ’ s ,u u u.’ ’sc’ a u c - tt ti n pio tt ’ ’sscit m a h mi miut ‘ . ‘s - i uisis tu u n)’ cit
~mo t5 ’’s5~~ . ,is’so’ .- u , i t c  pic ’~f s’’ss~ n i- ibis . i ’ s ’ s m ’ s t . mm nts  cii lc’c’ t tmm s ’i s ~t tu d gu~mc I t ints ’ s it ic lctt is . Ins a gm ’ s cmi l i t mus ci su m ’ . .

e’ . i c l u  K) )/\  us gu , i mt t e ’e h ait mds ’ msim ~’~tl ; i m isc - it umi m ut utt ou tc’ y hum u ese aus ’h, aliltouigl t them e’ am e c luit t ’ uClic ’t’s tut ’ts ’.ccmi
iec ’ l iism c~mI el ep~m i lui te ’ utts a mid im i- ieu al m m i s  5lt’lu~s u m m tseusm ’ s . ( )f m s ’u hsaps g ms ’uts’m mtu ls ’ue ’s i , i ltc ’ mc a m c  su g m mul  ne.uu t l  c l i t
is ’rt ’utc’e”, its lInt’ utt t u t is ’v ~tl Iottcc l (by list’ N i umt i ’ s i i  ‘. of Fclt is ’im t io tt ) i t t  K( )/ ’\ ’ s of c l i t fu ,’ ut ’ mui uu t tmss ’ is uiis ’ s I lium ’ s a
Fs ( V - \ .it ( ‘ m i s  c m s mi  s c ut I ok~-o t s’e c m \  c’s utt ou s’ ul t tuum t ’ v I lia m u a K) 1/ -\ i t  \oku - i ha m tt a I, mmi ’ s s’u su m ’ . . ( ) m m t ’ clc ’ Ic ’u mm nunt
t u g  ta ’ .~mom umt t h i s  us 11w h ighest slc’gm c’s’ cii Ie’ts ’d, a mi d as s t a te d c .m n lieu . ~ t u k o l ta t ima of t s ’u s omil’ . mIt t ’ n t t a ’ s i t ’ u  ‘ ‘s
elc ’u ’ n Ce ’ -

l ine ’ ui s mi ~m l ~ut c’ss ’nut~stu c - iut ott act i’ . it it’s cii ( )NR ~su icl NRI ‘s a’s s’s elI t ccci ’s cd ~uitd i lte ’ us’ ‘.‘.as e’t ’t is mc ls ’m .u i’ le ’ m u m
m e n e’st m is Itt-i’.’. t It us ss s t c i mm opcm al e’s ‘ s ’ .mt l muu i mist ’ omg a is i ia ui o mt of the l)s’te ut se l)t’pat Iut t e mt m . l ltcu c us s m ul l  sonue’cl i l lu c ’ti iIs iiIttciIt5 list ’ .I~spism tese m i s s ustu al i ru ms g a dc ’ ict uss’ as h ’. ut ’ s  ‘.v hsichm m ’s pm iini~ut i lv ii u hmnt t ’ su  i t  ha’sis’ ‘sc’mt ’iie ’s’.

i’t ese utt .mi uu mm ’ s iut t s l eh us em uss t ’ s u i ms io llc - iss -cd imu lsomig 1 utu imsi l i e m of m — n c u f c s ’ s um ‘s at V t ukt uIt~uus t ~m N~m uucutsaI I ‘ m u m ’ . em ‘su
m ’ . I Its’ st uds ’ it i’s c u t  i’ n c ut cs sc ,t V - Wada uit~m dc ii s al maust ci li-il It - i  espI~m mms ihu s ’m n ‘s’s oi l’. m u m I lte ’ ~lnc ~us t u f  Im ’ .c lto gs’t u
emubu-ti t leutwut am id sum face st’ it sl u t  its iosi - Wit Ii t espcct to hys irogeut s’titl ’m ill leit ie msi . it s’s is oI’se’i ‘. ccl . iii I Its’
e.isc o h ~u imt ’ mt o uu . iliu m uum ’ .- n c iu ’ s umm g e’ mun ue t t l ’ s  cii c~ui lucuelt c ’ s’Iium rgiutg pm c- iu.ltm s ’s’el a clt’c’ue~u’se i i i  mIme ’ Ho’s’. s t ie s ’s  cit
R’ mnsu le spc’e’ ilt leuts . ( )ut ilie’ t ulter It~uutcl . i mt s ’u casiu lg s’ isuu m p,itig imult ~ieuugt’s out ~m um I l l - S O  ‘s led (t ) t)Q( ‘, ~t ‘-I Si ,
(1.82 Mus . (1.23 ( ‘ i i , 0.~~ Nt , (1 . 42 ( ‘u , 0.42 Mo, (1.03 V , (1.002 II) l t t us luu c ’t’cl is pn ogu c” s ’ s u ’ s c ’ls mtt ’ .’ u c . l s umt p tic”.’
s i n  e’ ’ s ’ s

I cu esp l~iimi I tt e ’ sc ’ e’t’!ec ’is , sps’c’ l u m te ’uts c u t  .uti III bt) st eel ‘.‘.s’ic c’Isaugcel am (1 .2 , 1 .0. 10, 40, ami d 100 m tm \  ‘.in i -

d mut t  utg I’.’ ut su Is’ I es u imt g - S lus.c- unt  tc ins c’ hai ge’d at 40 ansI 100 mit A ‘.‘nut - 
w ets’ a ppa tent lv cI aniagt’d - 11w ‘ ‘ eta mit age’’

lu te t ium ee l ca it hue s’s I—lit t tied , ae’s’ots i i utg to W ucla , on m is Ii’. t lie iut t ’ t ac’ I it uui bet ‘.‘st ’em m ‘ ‘ its _ t m ’ .  c’ ’ ‘ lird m ogs’ut a utc l
dms los’at iou ’..

I Its ’ simm t a~s’ sel l’ dih t t ms iom i us ‘slt utlis’cl liv \‘ ac i~u aitd l i t ’ s s mu ide t i ts c ’ s s c t t t t ~iIlv h-is s i uu ch ’ . uu t g  t h e ’ ta is ’ c u t
st iu- it- it It t mig of p not ’ ’ . e’cl ‘s~ ‘s’c’i utt c m is ii’s a i t t  uis’t mt - i t t c- i t u ciii r~e’u a m mi t s’. I lie utt a t s ’l ha l’s hits c - il ’ s s’s1 Ita se becis I F’t’i
s’eitm ( ‘ r si s ’ s’I , pure Ni amid 1 Pe’ucs’IsI .-\l It ’ .  ~~ada c’ciu itt ’ itcl’u that tlst’ si mm l i e s ’ nc Iasai it — m i Oe’e’ t lu s lus ‘ . t l u m u t s c ’
c lu t I u u s u c ’ t c . ‘si m m f .ue ’c c l t l f iu st o ut .mu t t l  es~mli ts t a tu t - iuu - s ’t - i t tde i msa ti t ’its. lie t a ’ s  c i i ’ s  m ite n t m , u ’ s s  t m a u t s t s ’i iites’hmai su ’su t i cl m ie to
Mtmll t its , 5’. li t ’ ct c ’ s e n nbc ’s iI~ ’ st - il t i l m cu mt  1cm the sis iot ’ lhiiu tg c- i f  a ‘s itt imso isla l it neiall u’ .- s tun  t i c ’ .’ it s ‘. ~uc ti t tmsi

I’m of ’e’s’sc- iu (1k m cI c’sc m ml it’d I’ m c’t I’. hi’s ‘.‘. t’i K c_ mi Itt - i t t ciii i utg a mid i us t~ u ml  he m t Ia u this ’ i cIa u mt - i t t bet’.’. ccii e’ocilu mi p
u . ui c ’ and ii’:’ u im ~m l s i n c ’ss in e a ’ sI tligs d m uu i u s g ‘s uI id ut ’i~’~m t t - i m s  ~uuicl s u m bss ’c i m i c ’ mtt  c’ooliutg ( lm t is ’m ut~itituii~iI 1- t u t im m il i ’ .

cu iu i ’ t c ’ ’ss . Hel pu adt ’ , \ u m pc ’ s ha ’ .  ma . l%~ ). ( ik i m ’ s Pi t’Piii lug a Pi5~ s’t out t his’ i t t c ’c um ‘s ol itt - i t team ii sg lou s uib itim’.
sit - itt It- i t he I.i;u .iut l i t — m i  amid Steel lu is t i tmut c s’ itt it lee l ‘‘ l ltc ’t u ueti s ’a I Stu ids - cit I iou I cat mu g iii Shout I- c — u u stmts p
Soliclu t mc ~ui IOmi .’’ lie’ also cls’’s ci u t ’t ’d sout te s s’u ‘. iu i t s ’m es tmti p . m e’s e ’ u mt s’soi K out tIn.’ itt ’t isie iticic lel tit c i  ‘ s s I . i l t m. . i
tm ’ s- its . %~ as tc aIls . he l ’.il s niiistv sisiall steel balls c - i t t  a t 1.i I c ’ sub tt’c’I it’ s ib miii to ut . h t i  m c — it t ’  sisd cit list ’ I.m mc ’ is
s tn ;tt t ’c l ss mi li pu s’als’r .iuisplttnc le ils ; uus hIts’ c- if lieu . II’.- s lo ’ . ’ s l ’s clcs’ie.usuusg Ihie’ uuitp im t ui c l c ’ gt’uset~ulls . lie ‘ . . i un s lid’’.’.
t ici ’s’ . ‘ .ms ‘s t~il’. uimis ’le~ite a ut el gut- is ’ . - lie e . i u i  .ulso musodt’ I mIt e ’ I’m c ue ’ e’s s e ’’ c - it m u s e l t u m u t , ’ . li’s pu aclm u~m ll ’ s  mum ’ . m c ’ . i s m mu p  mItt ’
it u i , i u i c - i u t  ~umii p Imm uuc lc . l Itis sc- t- ii- k tt .u ’s becut cless’iiliecl iii INION( ) (h0( t Nl)R\  1. Vcu l  48 Nc’ 8 , I’) ‘(,
I’it , tt ’ ’s ’so u A sak m mt a  desci-j bs’el ‘ .‘ .t ’ m K oum e’ot t f i~~l of cc ’ m u cu smomu ‘.‘.liis’ii In us g ic - iuup u’s cl c - iuit p mit i lic ’ I)cpaui uutcmti

c i t  Saic ’m ‘. Fuugiitecnu, tg . .~,its ’u’. and l- u i ’ . - i t t’ui t mt ie ttt ul Fuigtuis’eu uus g ht.is bt’c’ousit ’ iuuipc ~i t a u t  i i i  Iap~mn t i i i  n
years , a uid i i i  e c u n t ’ , ccjui cit’ .’c’ lIt is mis’’.’ . clepim ii uncu t t s’s a’s s’m cat s’el . I - an Is c t Ic — i  m ’ s base beets ciii e’.’t est t ’s- i’s ’ . .i mci  t In.’
ele’.clci pttt cusi ol ~ d - c u i i c ’ sm c ’ m n  m a ic ic ’’.i mis - m c n 5’. liie ’lt ul ss’asl ume ’s eo n n t ’ su o mm m ite f i oui t  i-it ’ l l n , ’~it i t iu t at .i el usiai ic t ’
IIiet c aic ’ lIst ’ cspc’ u im lie’mlls clc’.igiis’d I t - i s iut itu lame I - i t — lluit ic - i u s auitl l hsc ’ cI t I$ t i ’ .tc ’ iu c f  pt ’ l t ui ta ui l ’s iii 5’. .il c ’m ltti tft
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ii,’.- I c i l l lmm . t uiu ,i muci il uc ’ ‘.t’ .- u ’ . ’ . m , u,, c u t lu ’ .- t ’ c ’ l lumt . i u tu  . uu e c i i  m t u is ’ mc ’st I i u n u uu ’ .’ I u I , u m t s nu t ’ .  lu ic t e ’ ‘.- ‘ s u ’ s  c i t ‘.n ‘.. ‘ s m ’ . ’,I ii ’ .

iu~ I t c u t . i u u i ’ s  u t  ,u s i t  C’’ ‘.- m u ’ s  t m c ’t t uut ’ .’ i tu
1 m  I’., \ u t c t , ’ ~t c ’ ’ s e i  t~ c ’ . i  I t t ’. m u t t c ’ m c s u  m m m c ’ 5’s ’ . ’ n K iii t t u c ’ I tl’ c um i b m  s t c c m \i~im c ’ u m m l ’ s  t o n I iscu m ’ s  ‘

~~‘. s u ’ . m m t s  I I ’ .  us t m
m e ,  ‘. ‘t ’ .’el m i t I’m O t t ’ .’ I t  ,u~ t t i t c ’ ‘ c ’ t ’ l c u t m s  ‘s ’s u m i m  ~~~~~~~~~ s e ’ ’ ’ . ’ am ut h s’s mi t t  u , m e  c c i i n . iuuk . um - e s ’ .- ’’e ’I’s I I’.’ m c ’
‘.Ic’’. ‘.‘t , upc ’ci .t su m u u ~’t m t  d c l  lu t e t  Itc ’.iI’e ’t m ’ . - ’m t o  , i s s c ’ ’s s ‘.‘.il’.l t .m ’ . k nm m ,’ , utm ’ .’m ‘s’s c - l e t , , , , ’ us hu ptu ‘ s t n e’m ig i t n ‘ smc ~e~l I I’. h u m s

, i i ’ s c ’ ‘ s u u u c I u e ’el t , u i m * c m e  I i ’ .  t ilic ’ ,c ut ctt t , e ’’ ‘u .i m u n ete ’u ‘s m mmcl t Ic ’s’. n u t ’ ’.’’ .c t , uu , , ’ u , e  It .1’. i t i l e  tc i ui) ’tt ut ’ .’s’s 
~~~~~ 

. l m m u e t , ,

‘ ‘K , ’’ -i’s mu ’ . Ii , ut ’ s ’ s . m ’ s s us lc ’’s’.’.- u i l i u m  R~, ile u m l i i’~u uihui t c ’Ic ’u 5 ‘.1’.’’., ‘.‘ .i ’ .e s’s uu tt  ‘ . i c ’ . u  e . u ’ s u t u ) ’ c ’ mi u l-ic ’u . i m u m n  ‘. Itt ’ .’ s t e e l ’ .

‘s’s t In ‘.‘s lute - it \u nlc ’ us ‘..‘,u ’ . ‘.-m m m e ”.l l u ’ .- c i u t m ue c ’,mm ’i, . l m t e i  ‘s ki ’s ’ . ‘ . m , i ’ .k m m ci’s’s mi t  is t i t ’ sc~l ’ s e’ci m u ,  m u ’ .  u m u , ’ .’ nil’ .”. l u.imtu ’ .
i’.’s ts  il,’ m ’ s i l t c ’ i ’ . t ’ .’ m ’ .  t m ’ s , , u c ’ n ’ . ’ ‘.l’.- ’ ’ .- l ’ . ’~’ mu ’ ’.- c c i  m i m e - I m ui m e - ,’ , , uI  I. c, s ic ’ .  It ,uuu . u I ’ s sc ’s

\ uidIe ’ is  m i s c ’ , m ’ s ’ .- ’ m t m ’ . l m m u u ’ . - mime m , m u m m . t m u ~’ m u c u t  t ’ m m u i l c  t n , u ’ . t u m t ’ .  ? , ‘ . . unu m itt ’ d c l . ’ .  m ’ s  u s ‘ .‘scl ’ .is ‘s i t e - tm ,u’s i i ’ .  I’.
I’c’ u e ’ ut  , u mu ’ . ’ m m \s  .1 ‘ ‘t i ’ .’Iui’’. ‘‘  in’ .- m ’ s ut ’ s.’ I u ii ’ .’m c ’’suc’cl ut t h e ’ ‘ . 1  t ’ .’’ . m ,‘f n c ’ u m u l ’e m  , i u u m u c ’ c m i t , u u , m ’ uc ’ . ’ ‘. t .m ’ . K g m c i ’ s ’ s  it t  u . l uc ’

.uui’ .I c ’it t ine ’ Iil , istm ’ .  - ‘.‘ m u ’ .  ‘ s u e  u u’ .’.u u ih u c ’ t .mtu g u ic  ‘ . m , m ’ .  K ~t m ’ .i.’ m ’ s ,i tmu hi’ . u i t i . uhu i n ’ .’ct s,, i - i .u l , u u s t t u t ’ . - ’ . t  .1’ ‘ s ’ s c’Il i’ s

m t t .um ’ .’ u u.tl s ‘.‘ um m ’ m u m ’ . ’ . t  l n m m i ’ c ’t m liii t’ .i~’e’u ‘s b’s \mt ’ .I~’ .u I ’t - it ’,um m u m I) I c u tmc u k uu I ‘ mius e m subs I Iie’’ su ’ s. t ° ’ ’~ ‘1 I’m ’ . ’
‘.‘ ‘ . ‘ . i ,u m c ’ ’ s  ‘.0 .‘ m u ’ . I l m n u c ’u ut. um m c ’ut.m l ‘. ‘ , , t c ’m ’ . t u ’ . ’ .’ ‘.‘ m n ‘S ic”. iu.u nu , ’ .  ui I’m ci i ’ c’n m m ’ . ’., Ilt us i c int . l’- ‘(‘ . i t  I c ut u n m m , ul c ut “c ’’. m c ’ m ’ s

c ’i \ i , u m c i m . u t s  “‘. e m , ’ . ’. , I.im’ .iuu , \ ‘.‘t ,‘‘., ‘S.’.’ ‘u~S . ~ 
5)’ i ’ . > ‘~~

,

I’ m ‘.‘ i e ’’s ’.’ m ‘. 1 k . u m u t t i c ’ m m m c l  K “‘.‘k t t t c ’ , u m ’ . ’ uu t t s ’ n c ’’s mc ’ . t mum elc ’ hcu i mut .m mu . ’ u t ’ s m i t c h .u u i uuc ’.u hun ug ‘.‘ s mu u  ‘.
- ‘. .umuc l uu i’ .’ m n t ins’

m m t t l m u e ’ u m e ‘.‘ ci t u c ’~ u iuu c ’ ‘.‘ nm ‘s u m ’ .’’’ ., c n n  c ’ ’ s t c ’ t ~ ‘ .u .1’. K uut , ’ cit \I .u t lc ’s s mum s.uhi ‘s’.,h ti u u c ’mms \ ut u . i mm ’ . - i n s s mm ,  ‘ mu ’ ’. ‘.‘ i ’ nu h u m l m ms

‘s’s u nI t  m c’s;’c’’.- u ‘.‘ I-il c’ ic ’m l e d  ‘.‘t m c ’ mum . t u tc ’ u u ’ s h u m ’ s  e’ i’c’c’ m m ‘.‘h ’ ’ s e u  ‘ . ‘ . c t  N.’ ‘ . n  a~- k ’ s u~u u u’ .’ n m ’ .’ s m s  Isa ’s c’ li t _ C _ ut  u u ic ’tt ii’ uc ’ci - l’’.’n
m t m n ~’u n m l’.ilu’.’m ‘s m u ’ .’ ‘ c m t ’ . l c s t t c’cf mum I I l.u tun mn ~tl t ’ i S.i tc ’ t s  I um , ’ , , m ’ .’’ . m  m m m c ’ , \ ‘. ‘l., c u i m , u m m u . i  “s’ , t t c ’ . ’ un. ml I um , ’ .  c i  sum ’ . , \ t ’t 1.1 ,
“s. ‘ ‘, I~

)’ ’s , 2 ) l m . u u m s . i ’ . i u c ’ m u ’ s h I ‘SI . \ t ul I’ , ‘Nc ’ ~~, \ l.u ’s I’ . I , . t m m e l 1) I i , u m m ’ ,ie umc ’ m , ’ s  h I ‘SI . \~ uI I’ . t’.rn,
I”, . u m u m m , ’ . ’ u s c ’ sm ut ’ .’’ t lm , um ih uc ’ d i m , m u l t i ’ .  cit t u e ’ .  c’m uns ’n c ’ct ‘.- um l ’ u ’ . i i t c ’i~Il’s eIc ’iu c’ mte is c u nu t l ts ’ ‘l i e  k , tu ,  t . i u u lm ‘.‘ m u ’ . m  m ’ s ,

c ’ .’ m m m ;’ c m  . m m m u n  ‘.‘ , imn ’ . t  u u i u tm , u l  c i t  u’ .’ mm m. t u m c i uu  K , umt n i t c ’  ha’s suut c l m c ’d m i m e l.’msgmu t i ’ . I u i t~il ‘s’s oil ln .u m cic ’ut nuu g m m , ’ .’ c ’h \ l . c m u .
. u mu ’ . i s. mm \ l  b Ile ’’. s l ii ’ .’ .u ’.l’.lutu c ’mi c it ‘SI uc ’’ . mm e l ’ .’’., ‘.‘,usc ’s - . u .u ~ km , , ,  t .u tm hn ‘.‘ ,n cu m ’ s  amid i t t ’ .’ It s’d h tbc ’iu ’ .’ . cit . i e t ’ .’~ m u m , t

lo ut ‘s ’s t t l5  ‘.1 ’ .’ m~’,t’’.’’
I’m ‘.‘t ‘.‘‘ss~’ m 1 m m , ’ .  1 m m m ’ s s u u m ’ . l s nip thi c ’ mtc ’ m u sic ui’. l u uc ~u s t eb n u’ . ‘s t a t ’ .’’ c- i t  Ii a u s s t t m c ’cu t m i tc ’ua l ‘.u s ids’s . I t ’ .’ liii’s m c’I u um uu e’tl

cu t ’ . m ’ .’’ . ’ .’ mmn l’s t m t u mut mh uc L iii’s C m sum ’ .  c ’f Ui~ucI tom ’ . l. iuc ’at I s’c’ct’s, ‘s’s l tc ’i e’ Its ’ ‘ s ic u c l m e’’.$ ion u’ . ’s ’.’ Ss ’, in ’s c’s u tm R I I)

I ills’’. I lit ’ ‘ . ‘s on I., t t.u s ic ’’suu h is ’cl i i i  t unic ’ I t uf u I m c ’~i mm ’ . ’ m n mis b i t e ’ I m .mn ts ~i’.’ui~uit c l  this ’ h ’ h t t lc - i s cu i u lu u ’ .’al “‘.‘‘ . m ’ .’ u ’ .  cit t In’.’
Rc ’’..il ‘-.c ’’. mc m ’ s co I c ’nu dt ’ mu u,’ I Its’ II~u’s it ’ . “ um a i ms I mu ’ .’, ~‘ ‘ s t i t  t. m ’ s  su~iIIcuguil l” l itc ’ ‘,iu’.’~ut I’l~u m u ~’’ m u m  R e c t u m ’ .  e e l

I u m m m , ’’t ’ .’ um In  it ’’smclc ’’ ‘ 1 I Ins’ l ’ it I’ d’ t - i ’ s ill .ih’I ’.’.tn m it ‘S hus I’.~’ ‘ ‘S sbuh ’.sc’d l u ic ’tu i papem s’m u u uu l cc i ‘ “ s un tii u I mn ’ .-u C’ . lie ’
i ’ s ’ s  ‘.‘‘.‘ m m I’.ti ~ullc~l (1(11 I, n ‘. st~u Il c ’i’t .u m ’ tnm ’ . S Im s ’.im l ’ Ia ntc ’’.. m m Rc”.luic ’c’cl I t i tm c ’’ u’ .’t i In  bk u ’~,idls ’s

’ ‘ ‘.‘sill I’’.’ ‘s t mt ’mtt u it ’ .’ei t e ’

~~~~~~~~~~~ \ l.i’s’ a . n n m ’ .’ scic ’ ms
h um ’ .  l mm ’ s ‘s’s c ii K us i’. i sm ’ . . t i t ’ s bit t ’ c’~t l’.iil~m u i t ’ iu  , c t  this ’ s’I~i smm ’ .’ ‘s t m ,u m , n c ’m ) c ’m ~‘s chit’ Ic ’ c m ’ .  ‘si ,ulIt ~gm ilpinu ’ . ‘sh ic’am t ’ bt

i’I~i i i c ’s is mum , ’ ut l ’ t ’it i itc ~ I02~ , { 101 ~t usc ,l { (t0 l l’Iitutc ’ s . .ul’ . uul ~u b u ut , ’ this ’ ‘.‘a’ss’s c ii I’c uu it u’sohiilc’cl ‘s t t e~it i’ I.i ms ’ .’’s
.m n ueh I’.~ m ‘ l i i ’ s  c ’t ‘shis ’~uu i-il~u mus ’’s f tc ’ is .t i’ le ’ Ic ’c ‘.‘s u mm t u ~uic ’ Ott’ c ’ i . i ’ s tm e  ‘ s m i smut  c’uit ’m u’’. j ’’.’ u Iliu m ‘. t ’Imuuutc ’ t c ’n c i ’ .  ‘s u .ul ’ s ‘.
i~i bb t t mnm ’ ‘.‘m clc ’t ‘.‘‘.I ut 1 , 1 5 5  c _ I  c i ’ .  s uiihh c ’pm it piute ‘s htc ’a m Pliiitt ’’s Igc m c iui s’.ulc tmh , i u e ’s iht ,~u b i ts ’ utt ~u p i i m b imc lc’ ‘.‘t I tuc ’ s’l~l’ sim ’ .
s t n . l m m u ‘.‘ut c ’m ~‘‘s c’t m h tc ’ t hi i c’t’ I” l ,um u c ’’s m ’s c-il the cu ielt •i ()(~h “ l t ,’~ I0~ , amid t hat .um stuu ~iIl c m ’ s  ‘.u~u Ii ’ . c t ’ m ~u h ’ iu m ’ .
‘s Iu’.’, u m pla its’ ‘ p .u ’ . mm nc ’ ’. t lts ’ ‘ . u m m ’ s  c ’ s c it s’ la ’ stm ’ .  sit  au um s’uis’n gs ‘. ‘.‘u smu s ‘ . m s  ‘ sm . i t l t ’ g m .u i ’ I m m ’ .  s hse ’an m ’ h a i ts ’ scI~.in ~uu uciu u i , mk c ’’s
t I tc ’ len mit c it  sum ’ . - ’. ‘.‘‘s sn ’ .  ‘. ‘ j ’’.- ,u ks aumcl ‘s .ills~s ‘s lp.u m e ’ l t m c’I~t i b i t s  t c - i  f ta s  ‘.‘ ‘sit .’’.’. i t  s’’cpc ’m t i t t s ’ t t t ~iII’s tt mi i t  m I t e ’ c’las t m ’ .  ‘ sum .1 m m

‘.‘u u ’ .’ m C ’ s  doe ’ s i m tc tc ’t’d ~‘Ias .1 s m , ’ u n m l  m ’ . , i n t t  n c ’l’.’ t t t  ~‘t ’ i tu m t u I l ittg i ftc ’ um i u ’ .’mc ’ ’ s u i  t uc I t b i  5’

hln I h -bic i c ~, iii . u s s ’ . ’ ’. m . u t ’ .’ cit I’m ‘.0 c ’ ’ s ’ .c’ t K~t u i uui ’ .’. dls ’’sc’u u bs’cI t ’ n tel I’. sc ’ m n ’ .’ ‘s ’s t ’n I’, ,‘ u m m l tc ’ e l  Ic ’’. ‘s c c l  si i~”c’b i mtt
I’cisCdl im hm u .is , ’ nm u ’ .  ‘s I’ m a i c i  5 s In c’ s ’ s c ’ it ‘ s t a tu e iIc~’.’. s lmd ’’ss \ I’l’ai cu t b t ’ .  I- utdc ’  m’ s s’ .’ c mmu , ’ s, ’ mnm ’ .’ umme ’’.- Im , m mmm ’ .  il e l  I’.’’. u ’ s
.15 . m n c’ ’ s t u lb c it ‘ s uu pc’u umtu pc ’sc ’’.i um hb i  .i ’sc iuti c ,’ ‘. m h ’ m . u t m ’ . ’ um .ipjihic ’cl Ic ’ ‘s h- ic’em n i t s ’ its c it ltc ’i ‘s’s use ’ t uuie ls’m u c - i u i t um t t’ m ’ .’ mtsn t’ .’
lc’’s umi t t , ’ I Ii’.’ c l  I’.’’. i s  lt ,u ’s e’ i’s’t’it ‘s t’d’ui c i t t  .1 ‘ . ‘sttic’ s .m nmc ’i’. ‘.‘m uti s ’ual ’s m itch tIIc ’\ s  ( ‘SI , ( ‘ ci . S u t , ( u i  ‘S i . t~t u d ’

~~t ,

utiu lci smc ’c’l , \ lg. ‘S ic ’, I -1 I’ll , P1’, I i . ,‘ it  amid \ ‘Sl ‘S e i e ’ ’. t ’ .’ .i s ’ .’ mit s ual u ’ .- lIeu’.’. ‘s l t c ’ ss m c ’ s u u l ’ s  Ic ’ ‘ s a m ’ s  mm mc c i ’ .~m m ’ .~e~s

i t t  all c ii hl t e ’’sc’ mt sa ue’u i~ul’ s s’s Itc ’it tu hi u a ’ sc u tu c ‘s u h’ m ~u Imt ’ut m ’s u m t i hi c ’c ’ss’c l I t t ’ .’’. us c —i t ‘s ’s cci i’. Ita n c is ’itiuit ,’ m l I e ’ , m u m  ‘.1 m m ’ . ’’’.
.uun.l hi .uc Iumuc ’ m c’’ sm s l is t ic ’s’ (pm ~‘i’~uI’ I’. ch tm s ’ lulul ’ . I i t  c ’ c~I’’st’I ‘. cci ums se ’ tnm ’ .’ i u t 5 b~l t t c ’ c’5 bt iu not iii c -iuI t s ’i s I luci c’ mm ’ .  t i c ’

ci ie ’c ’ i s  cii e l t ’ .  i i  c ’ m t miut ’ u tb (~t um , Il - c l . c c  ‘I,) I’uuu ii e’~iikmt ~’’s au t t i tc ’iutpe’n ~i t t m n s’ us ia’ . isa’ . c .ini c ’ i l’ .’’ . m in ‘s’s j t ’ s  uic ’ t  c’it

1 m m c l’s c ’lc ’~u m utu s m ‘s’s Is is ’hi u s’st u hi s am t’ I ni~lci
’s amid ‘.‘. It ue ’It “s c ’ n s’ n ‘.‘‘ stub u ’ s  Inc c ’l’u, u m t u c ’cl Ii du st th e ’ hii s ’m . t u tmu c , h— cut I itc ic u is

‘s’.,’u k umu c m it l i i i ’s un ‘.‘,m l ist’ t m tim si s ’cl m , uid ’ c~.il us i t ’  c lc ’ic ’n i t t umi c ’ mIt ’ .’ mc -ilc’ cit cIn s Ic ’c~t im t ’ut ’ s , iutc l ‘s’s lis’ uh is ’ m .i ‘. tm ,um s, ’ c’ iii

b ’s en . l t , ’ c ’ ‘.I ts tu i’ . , i t m c ’ut e ic ’ t t s i b ’ s  t i l l s ’ Ic -i nihu , b ’ s c u mnm ’ .  ‘. ml ’ n~itcim s sum C ’s ’ s  mum e’’cI’l~u iui l It ’ .’ c’bsc’i ‘. ab ut umis I - l t c lc ’ us ‘s’s cm K m mm c ’
out I ‘.‘ 1 Su .uIIc s

l i me ’ pc ’nic ’n il m u mi ~’i ‘.‘‘s ’s i’ .’ mm c i t  ~ c ’.Kc ”f t~iuit~t ( ‘ tnt ’ .  ‘.‘n ‘ sum ’ s  i ’s ‘s c’u ‘s m ’ s c - i m .ii’fc , ( 
~uic ’ s’.’u ’s .1 t~lc ’t i II’. ‘s’s it ic ’ it m’ s clisl’ c’i s ’ .’ ,l

iii ut ’’ .’, luuit s’b ue ’i gd’ m uc ’ ~im u , I ‘s’s c it K m m, ’ ha it i . l Iic ’ siu i .hi ’uius il ’s.’ m u ’ .’ uit b e ’m n sc ’, sen m~n us ant e1 .ut’p’ .’.tb I’.’ I’cc’ c ’l’t .u u n u u m t t ’ .1

‘s t ’lblidl e~Ium ’ .’~i uuout ‘S ’s m’ s c’c i uiu ti tt - i i t  c’s cm ’ .’ . ’ . lieu c’ m iic’ne ‘s’s c ’n ‘.‘ ‘ .c ’tuspl ~u munis c ’’s em I i’ m ‘ .c’dI cl mlc ’c’ t i c - iut t ul le ’ I’n .1’ . mm ’ .  .ti
I”l c ubleuti ’s
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NI U ’SUI t I SIII  Ml ’~ I \I KL ’SF.’~R(’ lI INS l I I L ” I  I’

l~ise ‘ SIm t ’ s tm l ’ u ’ s tum \Ict ,ml Rc’se’auc ’li I m i s m u t t m m s ’ m ’s e’’s ’sc’iit m ,uhh ~ this ’ e’om peu mitu c m e ’ss’, t mc ’it I,uti c , m . t t ’ .c u  s c i t  ‘S lu i s tuh i us ln u
%)ei,,l ( ‘ciJ peulilluc ’ m t.  lit I’.)’~ t his’ ‘Sletal Ress ’~ui~’ii l i s ’ s mu ut iue  ,ue ’ iiue ’s eel ‘st a t t ms .m ’ s .m mi mms ds’hieis ’.lc’uit ec u uu m I~,tuus . b tm b
m m m ’s s’s ms le ’ ist ilium c - it g,u m i u . . t m u ~c uu. i I t u c ’’s u em s u a i t m.

Nlim ’ stt Iiislmi ‘SIs’ t. mI C ‘cn poiat iomi us ~u gu. m im m c’c ’.m m g l’ .im s ue’m .n t e e’ms g ags’eI i i i  mi uate i u,uI , u c t b ’ s  i b i s ’s 5% lumei t  i .uiig.e’ f t c ~tim
um u imsuusg ,tiscl m .ts’s mt na te ’u m~t I lum cu ’ .ht i c’tm oi t tcu lime ’ ‘sc’is’iic’e c i t  uise t , ul alLis i.t i iu u’ . ,’ t me ’mi I lie’ e- c i mss ~u ,m ms ’ s sh’ ’.’’ . m , t iu :’.’’. i i i

utouih s ’m t otu’s u ime ’i.uls .uiieI t i le ’ ‘siiie’lt uuig ,t isci u e’ l t t t t n u t ’  de’p,ui t it ie ’uil pt o d t i s’ s’ ’s is met. t ls , t u uc f .ullc i’. ‘s cii S it , I’ii. /mu .
A t m , - ‘Sc’ .t issl Smu Ilic’ mis e ’t ,n I f.ut u m teai t ’ .’ .is dls’h- i’ .u m u msms ’ u n m j u m ’ . ’ el tmc ’s’’s .t m~t mm gs’ cii I’ i ’ . id l tu e ( ’ s i t c uu i b  u u ’ . ’ mm l ’ .’ muc ’ t m ’.

m s t s ’m.u lhtmm gme ’ . t l  h ’ nosItm c ’ts t o m ussltm ” .u m mal mss as ’hs im i em s amid s’s s’ii pmgmi us ’ mum ’ s I lie Nmm g.tt. ~ pl.c uu m pm e i’ . i t tc Cs . f c ~ ‘.‘‘s’..tuii

Plc’. s mml is ’u s’’.I iis,l’.’ l im m s s ’ ~‘.uu u ’ s , oiie’ss l”e,un uisg a lLis ’s, umu s ’ t .m l l uc ’ fm h i s ’n s , ‘s l ieh imug ei’.’’ . b u  ue , i I e. it tb. Ic ’I .ilh’s ‘s iou
mu cUs ’s ”. ~im ic i ‘ s iu t te ’ bc ’cl msu.t g m uel m c ’ -‘SI Nm (‘ .i  mts. ugis e t ,iilc us s ( l) u.t imic ’t m u d  I) iaumt ,us umma lci i~uhsI h iss ’ ( )kc ’g.t’ss ,t
pl,uui m In c’dt mc ’cs e ’ . ’ n m c i ’s t ’ .itt ~iisl lb s’~lI i s ’’s bs t , i i i i  h l,isicllc~’s . f i.u m ~l f ,ue ’ um ig I I . ms m mc ’s Si c Ih i t e ’ .uilcis , hiie~lu ‘s tueis g iht
hi ‘.‘tl.’e’’s . Nlotse’I .mll ’ .’s s , s itu ‘ .- iuus itu i i i- s’o l-ipe’t c’O itcltmc ’tOi m s s aic~u m~ul , i- in c’c’ msu ’ . ’ m u c ,m s t u i tL ’ s . l ou  cu mu gs , .umt c l s ils s’m l’u .t. ’

u m m g  ~ml lc ’ s ’ s . lh i ’ ( 
~‘.u t  pliltil pi’ .i’ .fties’’s lulligsi c ’ mm e ’,tb I-ode’ toc’ls , i ‘.is’k di itlit ui,’. h u ts , di ,utstouu ’ .l tool ’s, ujs ’ist,i l cit ill

,u ltcis s ,umiel i.t ’ .’ .’ iii ill c u u t t e ’t ‘s . list’ c’ ot i t ~~i t b is  .mh ’sci I--i t ‘ . i c l tmc ’e’ ’s ,tms ’.l I’m c ’’.e’’sss’’s tu uche ’~t l  Ituel ’s ,m mt ’ .i is tic ’le’.un u s’ae’tct
,ml l~’s ‘.. ( i c — i  I ‘S’S R . I l l s  iR iittcl I BR m cac ’t ’ .ut s) . / i t  eallos t t i hiumg us m n  c ’cl t ms ’c’cl . lou c’sait up he’, mim e )kc ’g~m’s’ . ,t

l Iie Rs ”se ’,ll ~‘It lb t ” . l i l tm t s ’ i e’i l t ’c l ’s  t h e s e ’ s’. isle’ t H e m  ‘.‘ s t s  its il’s t s’’se’.u t c i t  .b’. u t ’ .  m m m c ’s I iic’ me ’ ate ’ c m enip’s e’c u mi se n its ”.1
‘.s ut it suit’ c’cittc’t ’ l tt i  at ie - imm , c lue m i tm ’ . , t l  ~u mnel i— fm ’ .  si t u scp,tm .tlic i ,t ise l ptiu b i i c ’~t t t c u i t .  ‘S im i,tlc ’m m . t I s’. te ’ t uc e ’ c m e iut lu m ’ s mum
‘.Ol Ss ’’.l ‘ssi t is  j - i tm s s m~.- .tI m ms s ’ba hltiu g s- , s t tc ’ii .t’. s’lt’s’ t m e ’imi iiti eu ’ . ts c’e ”(’s 10 ‘suti cls disi’.’e~mu t o ui locup’s to c.’te’s’p ‘.leI~’.i msu c’dl

iii’.’kel-l ’~u~~’ .t li’.’s ‘s c ’t t h e ’ t i i i s’ t os t t  t le ’ t t u i s ’ c ut ’ Itc’t t ’ sc ’ ’ s t . t t t ’ ..t hh~ pme’’sscsI pc’’.sds’is of stm pc’nu ll’.i~ ’s . t his’ is te t ~tIs ,uii d
.t lloss gic - i nup st t islies isss ’luu m ig , c - .is i mmmc .uitcl (a l u m mc ’~ut mcum i c i t ahi ’.us s s tmc ’Iu .u’s uitic ’ts ’~t i m u u . t t ’ .’ u t. t l i ’ . um t h i s  I

.ltuc l utso lsl msi. ttc ’b i.t l’s Is um c’ c t i t uu l t tO t i s ‘.- . m ’ s tum ng l i i i’s g~oup ,il’scu st itch es this ’ ‘ .ubtut uuc i o l e  ci, I s’, ( t i  . m mi c i ‘Si bass ’

.Ilhc’s b~ ‘.tm’.’ii m u m c ’.mmu ’ s .i’s s’le’s’t m cnc lug s’s c’lc lim ig amid ‘. .t’.-t ut mt mu h it a liimg. -‘S gm ci u ip us .u i’s’ .u c’’ .u imc ’t’t ii’.’ei ‘.5 m mli  ‘.~ ‘, i t u m m g’.

.uimd ‘.‘c t  cu s u o um ami d ‘ s i t e ’ s ’ . c c i i  i c i s i c i l t  ci au .u’sscum tmst s’ mi t cut alloys. Ike ’ ‘ sum L’ s ’s s ’ C i t i O siciu i ccl u m u c ’kei base .iii’.’s

.uuic l s t , i u u n i c ’ s ’s s te ’c’h s mis t tm s ’l ~ii ’ sCS am id iii mu ic ui t s ’mi s . i ht ”. m ’ s .111 e’’c. i t t t plc ’. -\ pc u’s ’ .c ls’u m ite i , ul h e m i gs pm cup s’.oi ks ciii
lit oblemits c’i smut t c ’i (cci p mu 

~ 
c f  pc’s’. ci I’m lise’t all c ut ci. s u mi a m e’m i.u Is st i c ’ in .t s mut  ant iii mis ,u mid it e’.m i .1 uic l eoi m t i’s be ’ t i n ‘.‘ s u s

t.u , u m umu ’ .’kc ’h-b~mmi~’ ,ill’.i’s , uu m ’ . f  it u ’ . t m t - i m b t u l . i i c ’u i.u i’, (It - it e l m ’ s ’ .  I’.u’.tkcs, iai lss ,ts hu m ake~,e’u’.- .) . I him ’ s gm ’.-iup .t ls’ .i ‘s t t id me”.
the’ cle’tj ils c- il s ’ sc’.t m amid f uac ’ t nmi s ’ Pi’.uc c ’’ssc’s il l  c’euu se’ mi us ’cl can bids’ t ct c u l  isi~u ms ~m m~uIs ( I uC ,um icl ‘S’s. S - um i s’cclu,ult I

)n hien gi c uips 5’. ct u k ‘.‘. mlii I mit ’ .’ c e ’t . b b u t i e s  st ic k ,m ’ s Nu ( t m  te ’t mite ’ s Icc i b u u . b g i u c b e ’ s t t  u ’ . iu s 5’ s it —u , ltc n 5 1,55 h ib e f I  .li 5’

c’Idti ui ss ’’.l Ic ’  c ul-ic’i .i I’.’ ‘s’s elI tim icls ’m h igh lit c’s ’s u mu ‘.1, nil In apum t’ m isa t e’l t,i i s . mm i ci ‘sc mu i t’ . ci mis1 tic .’ t ’ .’m iiu.tl e’b t.i Is ‘ s t tc ’ Ii .i’c

C .i -’S s l iic’ui’ . i m C .ilsti sliichit ”s cu l miu m e ’ hs ’iuu inch ~nsc l imi m~’le~um .ut uso m bei uuu . tu c ’m u.t ls , es tu , m ’ .’ t m ’ .  s’ iius’i,n l l tuu g s . Poilti
th e — mi Ies’IttiO lOg’.’ .iuss l ,iut, u is t uc .nl tee’Ismiologmes

-\ toni c-il hIt e’ ‘Sle’i.u l Rt’seaus’ii l mi s tm m tmt c ’ wa s ecu u s sltmc ’tec l tm ms s l e ’n m ite’ gtmi c la t u ’ .e’ sii Di - - ‘S lat ’ h its ’ u s u al
. is sc ’t t m i s c ’ us t  c- il u uu .ic.- l u tuu e ’u ‘. t en Ic ’ ’s b u l u g  l .t tm gn ie , uiii p.tc’h amid te ’ mis u le ‘s i i c’utgt ii ‘.5 ,1’s se ’ e ’ m t I tmc ’t s’ ‘s’s .1’s ,ilsc ’ .1
mmi ,mc ’ltiiis’ to t est ‘s5s’.M ,iiich a tm I - u me iu’ s c m i c’ti p ts ’’s b t o .u’s ’s’ .’’s ’s nic’t al I c um u i iah — i l m u ’ . - -‘S sc’m ‘. s’sts ’ mt ’ s b ’ s s’ ~‘~ille~’tu ’ .uut ccl
cci i  tc ’slomi ami d sun c’s ’s c’O t t O d i d i b 5  t c ’’ s tm i s g ee ltui puise’mil 5’ ..u’s ci h’ ’sc’m ’.e’.h . l c 1  s’’ca iuipls ’ iits ’ us ’ we t  c ’ i t l i l i t e ’ t , ’ ii s

,nu t c- ic- ha’s c’s l’ .’m t c’.t mm ig mIt hi ighi melts ps’t a m tim e’ him p u pu essit m e’ ‘.‘s .11 e’u a ticl a Isc u hocup test i.t’. ul it mc ’s ut i mdci hit phi
t s ’ii5 ~ s’I i l l t t i t ’ . h igh ~ i s’s’s IIie’ ‘.‘..uls’m ‘.‘osmc huti t nis . ‘SIl o ’s ‘s mi,i ~I’.’i t e s t  .un ‘.‘ I l,i’cls ’lici’. , Imic ’cm is’l, Nlc itis’t ,Uicl / i t ’ .
,lllc ’’e t his’ s lu’.’e t m uue ’ iu ’s ,t u s’ mnn’’s O’. ( - beusd amid ‘smitcio t lt tensile , l i t  ,iclsli t mc uti to lIst’ tubs’ ‘.tticl pIpe’ 1 1cc’.’. t ’ .’ s i s

i ‘ . i ’ s b ’ . i b i  b s ’ s t s  iuic ’ f t mc is’ t ime’ uci t i ul m i ug d is h ’ . i ’ s rc to ‘stmi ’.k s ‘.‘h t u e b t s  cI ie ’ . m ’ s, Id mmti pui sgs ’uiseiit lest ’. Ic- i st itch
s’i tusic iti e’ l ( t i  I’.is’.’ .ull’ .’s (.‘\I - bu cut i / e’s) i t t  ‘se’.i’s’s ~tte ’i . s,ul t ‘spi ,us be ’’si ’s ( lc ’t - ‘Si .11105’s) , ‘ s t I  c ’ s ’. cOt u c - i ’ s u cc m i t e s t s

(‘sIt lci ci t hi ‘sI’s’c ’l I it s’im ’ s ii u misc - i t ’ s i .1mm , .m mi i i  nom liii a mid hen Ii tsp “ 1 pe’u sc ’ii I iiiil ~ uis’su limit C hs l eu m isle’) s’s el cli c ’ s c Ic ’ It’s Is
lit ‘sc’,m’ s ’s ,ltc ’ m ,imicl .u m t mm lii us mc le’t ‘.‘.s’t e lms  s nmt ss i s u ms s ’ mesm 5’is~uuu i he’t - liiet s’ m ’s .u ls ’ . u . muu t m hm m , i ’ s c i u ut c i,’,t’. th , l t lc ’b i ls ’’sl
f . i ’ . m h i b s  - ‘S ’s  .m t u i u .m le ’ Ic- i h is’ lout , t his’ Slu imstac linu SNI\ “0 \ u .m s  t hu l i u a c ’ t ioms ‘ s i i e’ ’,s . uuu . u ls ‘se ’ m ‘.5 ,15 ‘s hc- i’s ’s mi I u s ’
ut ias ’is I nte ’u S’s .1’s h ’m m 1K s cciii I ~‘~I re’s1 Ic ’ t its’ etIti ir imi tell I d c ’ s  t’ Ictpecl lu’s I. ‘ci hue ’m I .1 iicl l.iii it ’” ~ut Nt uu i Its ’s c’s u c m i i  I ‘ u m m

s i t s  unc le m (INK cc i t t  u ,uc ’i
lit Iechu mt is’al ‘ . l bs ’ . lu ’s ’ s ici t t ’s . Ilu , II l i c iu . I)iu c’c’t ’ . ’m of Ills’ i’ci’.’.c ls ’m NIs’tu lln m i ps I~u’. i” .lciti clt ’sc ’l ibeci som its’ ‘s’.c’l K

(‘s’. ith ‘I - SIshii s~ui uik i ~tu icl Ni - ‘Sl.t ’ suuul  oil ‘s .tm u, i lm ’ .’ in ’ . c- il the’ c’c iii ptuslm m’ .ihl c il th is ’ Pit.usc ’ i l l  l it s ’ Nm h— a s s ’
snupt ’m ,ull os I, ‘ c li ms is ’t s l It s’. tHu . t c m b u t t ,’ len ipem dihmi t t ’ . -‘Si $00.t Iiic’ me us , um t .it ui ,’’ sImulP c _ I ~- ‘.i. m u s t ’ u uuum c c it t i l t ’ 1’iu,tss ’
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a m abe— ut 51,) h ours. 1 1th’. ii’. not ohser’.’ed at higiscu or lower tetn perate mres . I)sui ex plaims ’s ilsis as a deplet ious c- il
“S I and Ti in the Cr-rich region arotmnd Ihe paruic les wlsi cls c-ce nts at 8(X) (’ cussl 50 houms (sec Sc ript a Nle /0
gØ~ (1976)).

l)r. ~~
‘
. N-lae described studies on u s e  ef ’fecm s of lClflpsiiltlifs ’ amid c’mo s s rolling out T i-A l-2 .SS nm ami d Ft tc-NI -

4’S’ alloys . ‘I’he experiments itwo l’s-ed smra ig ist and eu- cuss rollimsg in tlse beta rauige followed by cithem straig ht
ts r ~‘ros’s rolling in the alpha ~ beta range. Fhe’ ef ’i’ecIs oil Ihse ueussi le properties , Isar dusess anisotropy aisd
(exmcmre were examtsiused. The cs-inclusion w as that lIst’ miss -st ciuiil ’orts i properti es are obtaimsed by em- c- is ’s roll imsg
il l ti s e alpha -t heta ’r am sgc , irrespecui ’. e’ c- if t he iusii hal workims g procedure iii the beta rausge .

‘ Dr. Mae has also etescrihecl a issethsocl cut ’ preveu stius g edge crac kimig during the rolling of’ alums ituunut s alit ’s ’ .,
hs’ attaching a mttore shuc’mile m ateria l to t h e ’ edges of ’ th e’ slab hei’c r e  rolltop ti n . I iglst Metals 26 No. 6,
1976).

Imsspeirtanc papers by Dr. 1-I. l)oi and ‘.-~huei s have appeared ims Proceedings ol’ tlse 1976 Powder
Metallurgy Cotsferetsce. sponsored by the Metal Powder Iiislustries Fe4eramious amid u se Amsser ieaus Pow der
Metallemrgy Iuis ti tem te . Its stile paper the str eusgthem s imsg c- if ce rmtsel hinder ‘phase lhrough pres’ipilalioui of iii -
termetallic compoeiusds is describesl . The st remigthem si usg throe ighs tihirai’imte grain carbide geiseratioui us prs-ns-
isimsg for t he es-eistttal applicac ious of ’ cermems in nsac.’hinizug ope’raiions urns’s requiring highi’speed steels. ‘I’iue
i’imse -g ra ius cerusset ‘.s-otmhd resist ‘.‘sear amsu. l reduce list’ temsdency oh’ mIs c tool to ‘.‘.‘eld ts the metal heing ussa-
ehtimiest . in the’ other paper , hot forging c-if’ pow der nselal product s w ithout the usual iusiernsesi iaie sinteri isg
step i s  proposed.

‘r he 155 0 usiOst ituerest imig ohserv~mt issm ss ntade during mite vi s it sioneerused itemns w’his’h could j t~ I hc’ thus-
et m ’ss esl iii detail , for emusderstausdable reasons. l” irst , t here are’ te ’s ts goiusg oii ol’ u s—bass ’ auiel Al-base
‘saeri l’icial atiosle ussateria ls. Ohs-iousiy, these sle’ss’Iopms’st t .s are imuts’uss led for a highly eom pemihi’ .e market ,
aussi the detail ’s of comsiposit ioms ams d sur uc mtmrs ’ are under st em dy to enable thu s’ eouflt afly It) CotsipCte stueeess t ’em l-
ly. Sc’eonslly, mhser e has beets a developmniemu of ’ (‘r-hase alL-vs s’s-hick is most au mra eu i ’ s s’. These (‘r-b~sse’ alloys
arc res ista ust ms- i both nitric aussi hydroclsloric acids . l’hev cais be lsot- l ’orged ausc i hot-rolled tip to3 O percems i.
It appears therefore that a usew class sit’ alloys has been de’.’elsupcd ‘.‘s’iuk’h mitay be’ en mmss’i’uI for ecu la ims up-
phicat iomis , and may has-c real imswonamscc ts the U.S. Na’. slc’sphis’ prohleusss s’s iths ehrs - ims s iemu u availahihi us
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THE NAT I ONAL RESEARCH INST I TUTE FOR METALS

The National Research Institute for Metals (N RIM) is essentially an in-house laboratory for the Science
and Technology Agency of Japan, which provides 90 percent of the support (approximately $10 million
per year). The remaining sponsorship comes from other governmental agencies such as the Ministry of In-
ternational Trade and Industry and the Agency for Environmental Protection. A few tasks are handled
under contract for industries, but this is done indirectly through various governmental agencies.
NRIM was established in 1956 and is organized into five groups, each containing three divisions. The

primary functions of these groups are as follows:

1. Materials Group (I) metal physics involving bot h ferrous atsd non-ferrous nsetals.
2. Materials Group (2) — responds to national projects , and involves electronics materials , nuclear

materials and high strength materials. Project areas involve breeder and hom-.wamer reactors , fus ion,
nuclear fuels, space, deep-sea diving, high speed transportation , MHD.

3. Process Metallurgy Group — metallurgical chemistry and process metallurgy and development. Proj-
ects involve improving extraction and refining processes. As an example, wor k is underway on the con-
tinuous electrolytic refining of Cu, Zn and Ni.

4. Metal Processing Group — welding, foundry practice, powder metallurgy and one division concern-
ed with corrosion control.

5. Strength Group — a host of activities including NDT, compos ite materials , t he basic approaches to
increasing metal strength. Fatigue and creep properties are included.

Materials Group (2) is scheduled to move to Tsukuba New Town for Research amid Education by about
1979. Earlier construction at the new site provided a building for testing superconducting materials (1975)
and a laboratory for testing materials am high temperatures in special atmospheres (1976).

This visit began with a description of the organizational features and research philosophy of NRIM by
the Director , Dr. Toru Araki. Following this there were tours of the Fatigue Testing Division and Creep
Testing Division (Strength Group) and the Welding Division (Metal Processing Group). Discussions were
also held with various members of the High Strength Materials Division (Materials Group (2)) and the Fer-
rous Mater ials Division (Materials Group (I)). For about an hour and a half a group was convened to hear
the writer describe materials a”tivities am ONR and NRL, The visit was frustrating in one sense; too many
interesting projects are un ‘erway to visit in a day and it was necessary to probe haphazardly. An adequate
review would take a number of days.

The Welding Division is engaged in a wide variety of activities and is generally well equipped. One study
is underway to relate the controllable parameters in electron beam welding to weld defects , especially in
deep penetration welds. Materials under study are semikilled steel and Al-Sn-Mg alloys. The defects of in-
terest are penetration irregularities, porosity, spike formation, and the cracking which may occur at an
assortment of boundaries (fusion line, near b’ow- holes, bead line etc.). The controllable variables include
changes in the electron beam gun, vibrat ion, change of feeder material , etc.

There is also some interesting work going on in underwater welding. A pressure chamber is available for
tests of the plasma arc weld process. Pressures equivalen t to a water depth of 300 meters (31 kg/cm 2) can
be duplicated. According to Dr. Michio Inagaki, who conducted the tour , plasma arc welding is especially
attractive in deep water (100-300 meters). Stick welding and GTA welding are satisfactor y up ho lilY)
meters, but problems with arc stability are encountered at greater depths.

NRIM developed a controlled pressure system for butt welding of pressure tubing for atomic energy
plants. Gas pressure in the tube is controlled to provide a delicate balance between surface tension , gravita-
tional forces and arc force during this TIG welding operation. This equipment has now been produced
commercially by Mitsubishi Electric Corporation under the trade name “Melomotic.”
A tensile restraint cracking test machine of 1000 tons capacity is in use also at NRIM (and in fact was

developed by NRIM to investigate the cold cracking of welds by hydrogen). A sustained load is the major
f”-i:ure, and rather massive tests can be conducted. The data are plotted as typical static fatigue data —
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misea ts t~misi i~’ st res s itt t his’ w eld s ers us mi nse of sustained load. The time-mo-failure and threshold t ’ca me ires of ’
misc cur se s arc use d to shlo’.s’ such cft ’ccts ~t s  w eld memperalure , pre heat and postheat .

“S is~ic liitie dcsiguiated as ‘ ‘Vs ’eld Thcriss orcsuor ’’ w as sisowis w hich is used to simulate weld thermal cy
cling, ‘sI res ’s or stra in during welding, ami d otlser welding conditiom is in a controlled atnsosphcre , w hich mslay
iuscle ms l e tsydrc gcms , t ss s - iismure and argous. A high f’requeuscy heamiusg system us emsed . The machine cant be cons-
trollcd to sitsleilate a ‘.arieuv of theruisal cycles and can produce const a ust load or constamst strain , Titis
nsachiuie , also developed by NRIM , is ava ilable commercially now , and a m least ouse has heems sold mis the
V is ited States ( U us is ct s i t v  of’ Michigaus , accor diusg to lusagaki ). The Welding Divisioti alss has es ieuipruseu lt
for t he plasnsa jet spray coating of sud s materials as aletmim ia and zirconia sm i Ni amid Mo to impros e
rcsisu ancc to heat amid wear. No resuUs were presertled.

The Creep Testing [)ivisious is cousducting the most ext eussive collectisiis of data oti conitilolsl\ used
cuigiuseering alloys iii the world. There are literally 1100 creep test machimies cohlecm itig data on 35(k) itt-
div idemal spedits iemss. The philosophy is not only to collect representative creep data on the various Isigls
lemperimteure alls- iys hemt to establish the statistical spread of properties between differeust parts of a beam , he-
twee ms different heats , and between heals made its different conipatsies . All iusdusirial h igh temperature
alloys plus several uses’s alloys cact i sear are tested at a variety of ucniperalurcs , so far iii air. Tests have hecus
run for limes as Iomsg as 60,000 hours (8 sears), amid evens longer tests are umider ssay . Temp erametres rausge to
I 200’(’ dependimig oti im’iteuided service temperature. Oust’ imiv esti gatious ssas described: A stemdy was  made of
t h e  ef ’t’ects sin str css- rempt Lure of slil’fercmsces in cross sect iomtal shape among specimens of identical cross see-
tional area. The results imidicate that material inhomogeuseity is a larger effect than t h e  sh ape facmsir .

The Fatigue I)ivisions is also apply imig the misassive assault approach to the predichion and com itrs il of
fat igue crackitig in cominniercial alloys. Special emphasis is oms I) fatigue strength at elevated Iemperaiures ,
2) fat igue strengt h of ’ we lded members and 3) statistical variations in fatigue strem igt ls . Agaims literally
t tsousauids of’ specimens are tested to assess th uc probability of cycles to fai iemre at various frequencies and
tetuperattmre:~. The S-N curves prodemced show the couif ’ideticc limits to the designer w ho nsay thems exercise
the desired degree of conservatism as related to cost and str emc~ura l performance. Var ious types of
machiuses are used iuicludiu ig rotamitsg beam, push-pem hl and reverse torsion. One push -pull usiaclsimie is
capab le of 150 ton. Another machine permits combiused axial amid torsion tests. Both high and loss- cycle
fatigue tests are used to evaluate alloys at temperamum -es w 800°C. High cycle fatigue lests remus to 100
milhioui cycles.
lii one iusvestiga uiouu with aeistenitic stainless steel the plastic st raits range was plotted ‘.ersus cycles to

failure a various tensperatur es. The steel failed iusiergranularlv at Iosv strain range beut mransgrausular ly wills
larger plastic strain range .

The High Strength Materials Divisiomi interests as octtl ined by Dr. V . Kaw-ahe are imi the dcvc loprnse nsm of
both high strength and tm lm ra high strength steels. Six geuieral areas were described as l’ollow’s:

I) Low alloy steel development ins the high strength range. Examples are 4340 amid H-I I.
2) Fatigue behavior of ’ highs strength steel iii the ussariise cuivirotsmelst (for the present , however , tests are

cciusducted omily ims air).
3) Steels for deep-diving submersibles , T he Japams deep sea rescue sehicle under design was originally in-

lemi ded to reach 60(X) meters . and stee ls seuch as mIsc U S , Steel 10 Ni - 8 (‘si stee l s’.ere of imiterest , Prohlenss
imi dealing with (lie heavy sectiomi related to reproducibility, stress corros iomi crackimig, fatigeme ausd f’ractture
toughness eticotmraged a revisious of the goal to I (XX) nsemc rs . For the latter goal, steels similar to HY - 130 are
of interest ,

4) Maraging type steels and particularly wi th respect to euiihrittlemsseuu by hydrogems,
5) Cryogenic steels for cisc at liqemid He temuperat etres .
6) l’xl remely highs strenglh maragimig steel (400 ksi) for potemitial emse in cemstrifug iuig unacis imies few the

concemsmration of euranium isotopes.
In individetal disctmssiomi , t)r, T. Aoki first described his work omi delayed fractu re crack growths (K t5~~

) 0f

high strength steels (4340 tempered am 250°C amid 430°C and 4320 teunpered at 200°C) ins distilled water.
Little temperature effect was noted Sims the valem e ot’ K~~~, hut the mermimial fracture moug lsness parameter khj
ca lculated by measuriuig the crack deptls at the onset of ’ fast f racmtm rc increased rather markedly with
t emperature in both of the steels lernpercd am 250°C’ and 200°C’ . Tlsis was observed to he caused by its-
tergranular crack brauichimig as temperature iuicrcased. Crack growth rate was depeuidemsm ous st r ess im iueus sim y
factor for the steels tempered am 250°C and 200°C, hum itidepemidcnm of stress i ,sme m u sim y for the stee l
tempere d at 430°C. An activation energy of ’ aboui 9000 eal/mol was mneasemred , its all eases , hut a coruee-
lion factor was applied to conspensate for the effects of crack bramicIsimig. ‘\oki also obsen s ect duscous iims uous
crack growth. The intervals hetweemi steps were couimrolled by tine th erm usal ls act i vate d process w ithi th s e ~~ k)
cal/n’iol activation euscrgy.
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Work was also described by Aoki on the role of pitting in the stress corrosion cracking of martensitie
sta inless steel. A 13 percent chromium steel was studied. The corrodent was 3.5 percent NaCI saltwater and
the speciniens were smooth and electrochemically polarized. Wi th anodic potential , most stress corros ion
cracks initiated am corrosion pits , and the time for pitting accounted for most of the time to failure, As
might be expected , the cracking process was relatively independent of applied potential.

At corssma nt anodic potential , crack initiation time decreased with applied stress. The depth of pit at
w hich stress corrosion cracking commenced was found to decrease with increasing stress. Furthermore
there appeared to be a threshold pit depth required before cracking could be initiated.

Papers covering this work have been submitted for publication by Japan Iron & Steel Institute. The first
of these will appear in June 1977.

Dr. T. Saito discussed his work on t he toughness of Ni-Cr-Mo steels in the as-quenched condition (see
Transactions ISIJ 16 325( 1976)). After determining t hat the fracture toughness parameter Kt~ could be ob-
ta ined t’rom t he experimentally determined J integral value, Saimo investigated the effects of prior austenitic
grain size on fracture toughness. Fracture toughness was found to be relatively invariant with increasing
graimi size although tensile properties deteriorated, A very large grain size, however, fracture toughness
decreased abruptly and the fracture mode changed from transgranu lar to intergranular. Seeking to explain
t he relative insensitivity of fracture toughness to austenitic grain size, Saito notes a correspondence of frac-
t ure toughness with the size of the dimples on fracture surfaces which initiate at small second phase par-
tid es. Austenitic grains larger than this interparticle distance would not be expected to have a large mi -
fluence on the frac ture process.

Saito is currently looking at the fracture toughness in two phase materials , in particular 4330 steel
quenched from within the stable austenite + ferrite region of the equilibrium phase diagram. Some struc-
tures have been obtained which are quite tough, but the tensile properties are not spectacular. This w’ork
has been accepted for publication in Trans. ISIJ and probably will appear in March 1977.

Dr. Y. Sumitomo discussed interests in the hydrogen embrittlement of iron alloys, espec ially interactions
of hydrogen and dislocations. He is studying an alloy of 0.001 C, 9.87 Mo, 0.003 S, balance Fe, w’ith the
idea of isolating for study the iron-molybdenum (Fe�Mo) precipitation process which takes place in more
complex alloys. Sumitomo applies a tensile strain, then commences electrolytic charging. Unlike the case
of purer iron alloys, the introduction of hydrogen s eepens the stress-strain curve, A change from cross slip
to planar slip is observed. Sumitomo concludes that the slip processes are changed by alloying elements
which in turn change the response to hydrogen. Tests are now underway with Fe-Si and Fe-Al alloys.
Dr. V. Kawabe described some of his eft’orts to produce tough 280 kg/mm 2 maraging steel through con-

tr ol of microstructure (see JISI 62, No. 9, 1976), The steels of interest are highly alloyed (13 Ni, IS Co, 10
Mo, 0.1 Al, 0.2 Ti) to achieve high strength , and the precipitates are therefore difficult to dissolve. Kawabe
has studied the effects of higher solution treatment temperatures (850 to 1250°C) upon the tensile proper-
t ies and fracture toughness.

‘The fracture toughness parameter Kk increases as the solution temperature increases despite grain size
increases which deteriorate the tensile properties and ductility. As the fracture toughness increases , t here is
a shift from dimple fracture surfaces to quasicleavage fracture surfaces , t he reverse of the usual relation-
ship betw-een fracture mode and toughness. Kawabe believes the observations reflect the dissolution of the
precipitates which are regarded as more deleterious to fracture toughness than is large grain size. Large
grain size , however , does deteriorate the tensIle properties and ideally the precipitates would be dissolved
but the grain size would remain small. Toward this goal Kawabe has been studying thermomechanicai
treatment and a variety of cyclic heat treatments. There has been some succe~s hum these treatments are
complex and expensive and therefore the work continues,

Dr. M. Sumeta stated that he will be studying the fatigue of high strength steels in seawater in the future.
i-Ic was therefore very interested in the related work underway at NRL. I-he intends to study steels such as
HY-l30 , precipitation hardening steels , maraging steels , 9 Ni-4 Co steels and HY-180 type steels. The tests
will be in air and seawater, and the specimens will in some cases contain sharp notches.
Dr. M. Inagaki, head of the Welding Division, is active in committee work both in Japan and interna-

tionally. He chairs the Class Structural Steel for Welding Committee of the Steel Division of the Japan
Welding Engineering Society. In this capacity he represents Japan am assemblies of the International In-
stitute of Welding. For example he presented a report on the study of cold cracking wi th the implant test at
a meeting in Australia in August, 1976(11W Do. IX-970-76). Other concerns and studies of the committees
are lamellar tearing and fracture in heat affected zones.
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Uuuder t he geistle persuasiols of Profess ot K . lid~t of t h e  lu sts e rsm m v of rs-iks’e , uhc s’s r m ts ~u s usitcd mite Sh ip
Research I us s m it e mte c f  the 4apaus Ministry of l raussps rm . I lie l) ireeiom (iemss’ra l is Dr. N . .  Amu s lo , . m m t ~f m imude r his
misamiageusseuut are I)i~ isioi~i coiscerned w- itls s h ip prs pu ls io mm , s lvms ausics , st ruet utes , s’s eld imsg ~m mts l f ah r ie a mi o mt ,
emug ine dcs elopnscist , mis~m m ’ umse emsgumt es . shup cqu up uts cmi m , utuc l car sisips , oceaitographical eusgi useeriusg aisd
phys ical ettg iuscc ri nsg~ Al$ isough misc Ship Research It i s t i t t ime as origimsal lv estab hislted its 1916 , the pm csemst
organii/a ti ou t app arcusm lv too1~ foru ms ins 1963. It s’s as at Ibis uiut n e t lsat the presem~n Ship Research Iu ts t i nem te  w i t lt
t he mets Research 1)i~ us ions aissi l’s ’s o Bramic ites (at ( )sa ka a mt d Fok~mi) was f ’e- irmcd as a I eehs nsieal resource of ’
the ~sliu sis t r v oh Fra u ispormation. l’lse I u ns l i t e ute eli—es research oms sisips u n t areas of ’ comi cei’ut s’s It leit are t i-
dicatesi hs’ mite Dis isiomi fumictiou ss. rise ne se il t s of this research arc ptmhlis lsed itt ‘‘Report of ’ the Ship
Research I it s t i t u me ’’ ams d ‘‘Papers of ’ Ship Researc h I mtsmiu c ute. ’’

In t he SIt i p Eq iii pmens t [)iv isiois . u mieler c Ite di teem ion s f ’ I) r - K . Oh niaga . sontic cx pen mine mum ons alter usa me—
iniuisersiois es-irrosiomi w-cre show’ui (by I)r. S. Na uto) .  Speci mste uss are es iutt a imie d iii cells amis i subjected is )

t’amig e me in hertding to maxinsum tt st ress of 25 K~ nmu nt cc bile evelimt g hetweemu IS am id 1 St) cpmit . l tm c cells per-
mit a lmerm iate fil limig and emptY ing wi t l t  sv ui t h ien ie seas ’s ater , so t h a t  the I S ~ 1 4 ’  s pecimilemis are se ihje cmeei
to hot It rcsc rse hcusdiusg amid a lt c rusate mts ints e rsie i ut. ‘I’cmperatemre us coti m rollesl , am usi up to 12 ‘s pee imtu cm ns nuav
he tested sm usue i luanesnislv. Specm me mn fa ilure us mnnomti t or csl by boIls s ’ s c ug h im lass amtd fract c ur s’ At least omse
paper oms ulsis work us puhlisiscd (‘‘(‘orrosioit of Ste el hs A it A luermiate lusimsser s ie - its Mct ltosl .’’ Sttup Research
luss m imume \ ‘oI. 13 No. 2, 1976 . p. 76 hs’ K. Ohitaga , S. Naito ansi F. Shibzmta ). line work is instensled to apply
to prohlens s sv it h s cs rro sioms of misc ballast tamik s e - if ’ taunkers z mms e l s- ire carriers . I’hse s’sork to da me u un s hu c a t es
rapist imterease .s in corrs-isiomi rate s’smu It iiss ’rcas mutg s’s a mer amid air tem lspc ratetr cs , but not usuch influence si t ’ the
fatigue shre ss .

Iii the Dmvision of Ship Structures sonic mi sas s use test f a cm l u tu e s  were observesl . Ouse test w a s  c mmn s lerss a of
ami emitire sect ious of a ship at I / 10 scale. lhis sh ip section te st conspoiseust . repr e se u st a tu s c of aut oil ma u i k cu ,
s’s-as subjected to hotis bemsding stresses amid couiipressi ’se s t resses -a t  t h e  sis is’s . as ‘s’souls i lie e mucouumn teres l mi
oceami serv ice, Hydraeihic jacks were used liberally to apply mhse slesiguscsl t ntuhtup le stre sses , M,t s s mse i a m i m ~iue
tes mimig machines s’s-crc also seemi , Omic Schseusk Fatigue \l achsimse of 30 ton s tcussi ot i ou coui spressuomt eapacits
had been modified to provide 200 tons ins te ussiom i sir cots ipressious.

Ors a niorc comsvetsti ona l scientific laboratory slats u. ex peri meusma l apparatus l’or mIte u it easuremi nem im of ’
stored energy resem ltim ig froni low—cycle fatigeme was shsow n A  slit ’t’ereusm ial t iseru nsa l au sa t s sus calor u t1 ~’ter us
featured, The specitnens are 3.5 musi diamiieter rods defs rmed by famig e me. No c raekimsg us iii’s s- il’s eel . f u em u ce
there is mio effort to measure directly fatigue-produced stored eunergy as crack tips,
The Ship Research lmssmit emte Welding amsd Fabricamiou n l) is isiou t directes l by l)r . A. Kamitso us cotneerm iesl

both sv ith use- in-destructive test concepts and, aga ims , with mssass ive tests fs-ir t’amig t me resism at uce am id br i t t le
fracture resistance. Kanmso is especially interested in radiographic tcchnmq emes ts- i s lcm eet cracks , t,’ l t i~uso mnm e
methods are alsei uusder steidy. The laboratory has a 3(X) K’s ’ Bctatrous for rashiographus s- if ’ th u ic k plate ,minj
welds (up to 50 mum). Kanno is smudyim ig thse unseamss of nicasurimig and slete ctims g the ci os~ see t io un of it z t l t l t a l
cracks by X-ray. A cylinder conta initsg a isanural crack is iusser med insto a close fit es limss l rmca l hole iii a I hiuck
plate. By rotating t h e  cylinder durirsg radiograplsy Kamum so is try itig to estab lis h th is’ rc lai iomt ot~ clef ecu ‘s’s us iu ls
ss-hichs appears in the radiograph, w ith crack niorphology and or ienstatiom i .

The nsas sis-~ equipmemim imi the We ldiisg ausd Fabr icamiout Dis is iots feam em rcs a push—pull ts pe 3(XX) nou n
fatigue machine only 10 years old. A IS issill iomi ~lectroii s olt Bematro us is as ailahle l’or s n- si tu rast iog i .mphs
during these fatigue tests of massive plates amid welds. There is also a lcnus i le machine for hr mmm le I iae t u t re
tests , niax imum capacity 4000 tons. This macisimie was iusstal lesl primarily to test steels for miuclear pu s’s s u m u  e
vessels.
A large test pressure vessel mank , t hree meters in diameter , was showis. Fbi’s tams k s’s as bcumug subj ecues i to

hydraulic pressure , and acoustic emissiomi s frouss a small suhnserged notch were heiusg stuelmeel A msi m usi cOmt i-
puter gives a graphical display of the locatisiis of ’ flaw’s , rise particular sietector c mse’d us a Nortee \F A I
Flaw Detector, NDT 256. This Richland, Wasttiuigtous i’iruts is am least siuse examisple of arm eqcu ipms s e ,sm sale m s -i
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Japan. The Ship Research Institute Isas under consmrucmio rs machines to test dynamic fracture toughrsess,These dynamic tensile brittl e fracture machines are estimated as three years away.The Director General of the Ship Research Institut e , Dr. Ando, is. Secretary to the Organizing Commit-tee of the International Symposium on Practical Design ins Ship building to be held in Tokyo 18-20 October1977, This Symposium will celebrame the 80th anniversary of the Society of Naval Archit ects in Japan.
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11ff RI’~~FAR ( ’H I~.s f lU ’  I F  FOR I RO N , SI’FFL, ANt ) OU t E R  ~IF I .~t ~i

I hum s l t t s t u t t i i c ’ s%. ts  esu ,ubl m sh us ’d mum It~lt- i .15 ,m l) .uu m c f  I oltoku t ‘ m t usem s i ts  iii Se’uida m . Japa mi, [S m.  ko mau o I b it-
cIa ‘s’s a’. iii ~‘hia t u~e c ’ I mi s c m e’sc.i I ‘ii s’s ci t h~ .uui  ~f mite ’ a~ huts ’s e’m t ie’ mi t ’ . in the sles ebopuncus m i i i  ins ag m ue m mc a I b y  sS St emi ts
and mis t s ’ i m c i  unsai~uue mmc ifue ci m s 50015 , u ttm ,m cm e ’d ii ,timc - i mual , i t t eu tt mo n . I Isis u c .’su ltesl its t hue gu cis ’s ifs of the I mustu t cmnc
m t - i mus clu de’ light mi s c t. m hs .uusd t u t t s ’m mtit ’ t al l ts . uuus t itis ’ ha h lic 5 s u u u p c i u t s s l s a f c’’s ’s s e,m i s ha t e ’u -

I lie’ pm s’ss’t i I mu t t  ss m o t s of thus ’ I i ts t m t t m i c  is Ic -i c c i  mud tic t m e’sc.i u ~
‘ hi ciii it o us • steel a mud ci t her ulte ’l ,t Is a t ush m lieu u a lb

a mud umu .m~l~l it moms to ps ’m f t — u i t t  liii ucla u t i s ’ t i m a I su tidies cit u tess 111.1 u c ’ I u.u Is s’s it Is .t s mes s Is- i  ads a m ucu tug k tioss ledge
getsct .u h hs ,tti~l Put ’ mtu c imum t g pt.u~’tie~ml apphi cat mo nt ’ .. lo d c i  t i t us t hem e us .t s n j t  I cii osem ,ttX ) pe’oplc’ uit cludmm tg 26

Pt c -it e’ssci i  .iiid ‘ , issis t , t t l t  p s t i ’ ss s i
( ‘1mm te ’lil st i tc hie’s it ie lcms hc uisem , m1 l~tss s ue s . , c t mc i mtu.t te ’u u. ml s st ’i5 ’t 1~’c’ .11 c’as scms ’hi .ls pnopem t ue ’s at c i ’ s  c ’5!s’ i t lc

ue ’ mtu l— e t. mtcmm e ’, m is s ens sum dig  utt. ug m ie ’ umc hu c lc hs cii c uu sd e ’ m s ems h ugh i- i s s’s s u mm s’, Ilte pius sic ’s of ’ lmd h um d m nmc m a ls us also
mm u tde m s t i tc h ’s - hum thus ’ f me l5h cit u mt chmis uu m,i h m s’ss’. t m 5’f t . s tm u c ius ’s & ‘ u t  pe’rms t .I m ie’us u mnag ute ’um c ’ sled s , h ugh pet t ts e ’a h m hui s
t iu ,ut s ’m m.d s tmc ’ii .15 Semud eis t . s plme tomci .it c ,tst i t  out . t unis ’ gn .unt ste el c ies cho pusse ’ u t u auth umt c lcm s moms es -’nutr o l ,tm e ’ oh it s-
I Cm s’ st -

I Its’ Inst i tu te Iu.u~. .u un u uu s bem of ( t c — c u ps c he’s ig mts ’c l tO muice t this ’ I s’s~’.lI cl i  me s h u mu c u us e usts .15 Imsiesl bels -iss

I S um ec t on - R ese. tm cli I )epam t u us eust

‘s h ’t i ’ s sit ’ s cif Matc ’t t.ils I. ~t cit m p

I Isec u e’i mea l SoItsi Sta te Pits s uC s
4.~t s  st ,il PIts s ue s

~s I ,igmsc I msm ii I
\l.igusc m isu ut II
( ‘us st ,i l l’I.istis ’it 5
( ‘Iseu it us ,m l l’Iis ‘.u~’s cii’ \ lem.ul s
I ) i t t u , i e t u c - i ui ( ‘u s s m.tllogi.i~’Ius

~%Iet .ul Pius s ue s c m st msg R.ccf ic ’,us’ t i s  e Ile’.tu ts s
1 c’s’s letiipc’m am t i me  l ’hu\su ~ s
Nlagiuc’m u s u u m  .in I ow Feunperau cmi c’s
PIts su e s c - i t 1 bs ’,.’t u citti,.’ ( Ouuipcituui~l \l,t mei u,c h ’.

It . (‘hemu ums ’ai \ I et , ml lcuu gs amid Metal i. ‘f ic ’ut uu ’ . t i  5 ( u  5 )51 1)

Scum lace ( ‘ite’nsisti of ’ \ le t .ml s
\Ie’t.i llt ingic .th ( ‘hi em su i sm us
R, ishuc s~ hus ’ ut iu st us  c - i t’ Meta ls
State ,i isc l I, ‘h se ’un ical Ans ,cl s su s
( ‘us st .u l ( ‘f iet s uis un

(. -
- l t u ~ si~’ .ml \ len , i l lm uu gv (;rocip:

I rc’sui amid Stc~ls
Nciusfe’n tol l s ‘~ llo’s s
i’hus s mc ’.il \Iet al lc i u gs of Irs- its and (St hseu \ ls’t ,i l’~h hts s uc ’,il \Ic t ,il ituu ~ t 1  Retr a ct s — u s \ lemals amid (‘omispo utucls
l’Iss smc -.il Men.ilhc mu gs oh’ Nuclear ~sh ,u ts ’u u.i ls
h um .isit .ut u, u u e’t’ ~5l.itc ’m kmIs

I), I’m c -ice’ss \ le iahlurg’s- ( u s - icup ,

rsletai ’ssc ’su kiusg
Nielu m u g  . iutcl (‘ .1st u m s g

F. ltranchues Ic t Spce’ual Rese ’, ti  cli I”a5’il i i us ’ s
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h- .u~i Iutucs

SpeLtuisen I> rs’paratis- in I ab.
i as ‘s iu ,uls s us and I- leem rout M ICI c i s ec ips 1 .ub.

Opt i~,Il %I ici c iscops I ab,
~lecitaus ical Ics u mug I tb.
lussltu st u ial Resear ch I ah ,
( heutmical .-\isa lysi s I .ih.
1- lect u s - i mt lcs 1 ab.
Rad ioisotope I ab.
Rare’ I ,in lii Scparai id- ins I ah.
(‘erauss ic \lons o-Crvsm al Prepanatioui 1 ab,
11 igh rslagute tic Ficlsl 1 al’ ,
II igit Pu essure 1 ah.
\lass’Separa to r 1 ab.
N t i~’lear Nlaguscu ic Reso nsausce I zi b.
Neutron [)iffraec iomi I ab.
Far~ lmsfr ares l Spectroscopv 1 ,ch .
lenu ss iusal St atic - it s c- if Ek’c mroutic (‘oitsputer
(i .ts I isluelact ioms Plamit

On t int ’ .  ciecasiciti the I ahoratot ’~ for Irsits amid Sued ’s ss ithits mIsc Ph ysical Mema licum gs (insnip s ’sa s s mst te sl ,
t h is I ahorator~ is uusdcr m isc dirs’ctioms sif I)r. I’ , Nla s cu m ni ci to . ‘sons c- if mhse t’auisous 1)r. I lakaru Nlasuu mso tc - i
who wa s  I)irector oh’ misc emsmire lu nst i tu tc demn iuig mIsc years 1958- 1 962 . Flue 1 ahorators ic- in ln e u i  ansi Stee ls is
st cicls iung cisietly misc physical usieta llurgv and unceisa nt ica l prolw rmics s - i f ’ irons aisd stee’ls. Snens lies are umsade oms
misc nssi c rcis mr cuc mura l heimasior aussl ussechsau umsns c - if nhse s h ucti k— bnumml e u ra uus in io us s iii fracture unosles cuu ssl em cons-
ditm ouss of ’ both stat ic amid dvmsa uii ic s t r e ’ss , ‘\lssn stuslie’si are creep uss echt amu ics amid misc s lefor ussat lous amid t i  .me -
tune of ce misemsmine de irim sg t u e  course oh’ misc s’s onki m ng 5-if steel. II ighs sn re uugm is issameri a ls u n  the h’orun cif es— mu-
ps-isitcs .uuisl as aumsorpiious metals or rapisils- -e t ue mtc hscsl itsat ~nials are .u particular eurr em um it s teu e’st - -‘ t’cm r n liem
musmeres m is iii misc iuimeractiom is oh’ alph a ire - its aticl a ustem s iu ic incu s ‘s’s i mh s msimr o g e ms o i ni t i m s a ramige c- if ’ h i gh-
ucmpena men rc . h igh pressure regimes.

Its pre Iimisuui ~cry el is c ussmo ts s , l)r, NI.isuussots- i ciutlimse e! mhs c t h ur cu st cit his 1 ahorameins’ for Irons ansi Steels ,us
t h us relates to other groups am mis s’ l’ohss kc m Ilus i’s er s its - l hse re are basically three area s s’s bid s con iple utsemsu
cu e  .iuso nhue r usice by its uuuslersta uisl iusg isoss uisatcniai s hchnas e’ us iech ia msic alh y ~iie1 to au extent ciscussic a lly . I’isesc
areas are basest ciii diiss emss io msa l reginscs . rise ats iussisti s’ approac h im us ol s imig latt i s ’e slis locat iout ’s. pt- iuis l
detects etc. us an aspect s- it’ st etete tre cci’s ered liv Pu’euf ’csssur Karaslninii,t .suisl his colleagues iii this’ I)epari tssemsu
sit’ Nleta llurgs- . Nlaterta ls Sciemscc ausd Metal Pis -ice ’ssiuug , , .‘s m mis c o t her  ex tneus se l’rsi h’s’sso m \‘ oksuhort ’s group
am misc Researc h lis stim ume 1’.-ir ~trcusg mii ansI l- ’ ract c mrs’ of ’ \lc nals is orieuiteel tossa reb c cu mstius cuc m u s n misechia msics amid
elast ucin s ansi plasti”’ N h.tsciniisi to ’’s grsnup has s - i rs n lie nnicroscopic s ics’s , tit us coniplctucg the line cit att .wk
Irons misc amsiussistic . , .‘cii (Karasisin isa) to the uiiacrosccipic approac h (Yokohori). I’isc smusl y s- it’ gram us
tioumidanies . prec ipitat ‘s , u ‘lus ionss . seg rCgat iouss , crysta l  s t re ic tu re , etc.  are thus t u e  usual cous cerus of
‘s las ium iss uto .

On misc occasiom s of time v isit Nlasumoto sta med tisat b ins n’s ’ s ci largest i esean cli grocips ane coms ceu itra muutg iii
the areas s-if’ anss-irphous usus’tals aissi in refractory alloys , Omiscr stus lics , hlOs’s e”s en • are going on as itsclic ’ates l
pres- iously . Current stuslics sims time process auusl u us cch sa msis t ts c-if sle mc t i lc-hr itt le fracture in B(’(’ ferrous alloys ,
for exansp le , cemite r cmi suhsers-amioti s cut’ se ibstruc teire •c roc missl propagatitsg fatigue cracks amid sims misc re’latisuus-
sh ip s- if ns icrostr ucm em re to the imsiti am isu is amid g rossth s oh’ t’atig cu e cma cks its mitantensitie steels. Stus1k’~ cit. t he et-
f e’c’ts cii’ t iscrn sisu— ,snechaisic al m meat  nscuim s- its misc smr c ms gt hi amid i’raetcm nc sif stee ls arc relatesl te n t lie def ’surms iat ic- its
amis l fracture oh’ t h e  ceniis’nt ime phase. Coussis ieramiomi is gise is Ic- i misc lattice d efects ins the cem iseu s time . t he
uusec ii.iuuical propertues of cet uem itime and tiseir tcniperatemre depemseiemcce , an.! sun the fractec re toughness
cha racte ’ rnsm mes s-it’ cemnent imc.

I’ levates t ts’mispe rameure properties s-if steels are of ’ iuimeresi w i th  respect tcu trauisieuit creep ansi factors such
a’. chemisical cc insspc isitious , gra imu si/c , pnestrails , tex ture amid precipitates “s statistical stud y sims scatter its
creep proper ty uss easurcusen ts is amicihhiarv to t ltese studies

In the composites area the strengthening ci!’ iron-base aIls - is ’s such as Fe, I” e’-Cr asic! Fe-Cr-Ni s’s ithi c inspem
sIOtis oh’ ‘\l:O, or rho: us uuss ier s nttcl ~ , ,“sbsc misc uuuisl irecmic ’uuiallv sohislil’iecl I-c-Fe : Ii ccumsipcusite is cit Itt
t er es m .

“ssucie breins these iusvestigamio ris , the usi eta ll ur gv cii aunsirphous usmemais sir rapidly-queuiciscd nsa tenia hs us an
ahsorhuimg imstere st s’s ith Mascm mi nc - in s - i amid htis groups Fhse ams ucirphotis usie’tj ls area h as  hs’ems a pniuscipal aet is it s
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tci r s ouse 7 ‘s ea rs , accord ims g tc Niasemmino to . ~imid sonise .4(1 pcct ple ht~u’sc hcconite its olsed . -\l re~ud~ apprux-
imisame ly 80 papers isa’. e been publish ed amid a miuns her are its preparatioui

rise aii s e- inphs - iei s nsi et ah prograu ins inselude alusuo st all aspects s’s Isic is cams he imagined . Suhje ~ m areas iusc letds ,
t u e  amoniic strelduci ne s-if mi sc nso ms -cr y sm a lhi nic s late . the phsys ic~ul properties of ’ aniso rphicsus m inet a b . t h e
mechaus ical properties as related no ioad c o msfig em rauio nt , Ieni1pen~itdI re and pnesscmre amid eu ss in ou sm ise us m . def ’suu -

nuat iomi arid m acm et re pmocess cs amid t h e  processes itnsolse s l in t u e  rccrysn ahlira nions of auso rphs oc ms usien als ,
“sIlo ys of ’ iustcre s t imsc lemdc irous -hase alloys ( t-’e-( ’-P , I’e-(’ -B , etc.), ns ickcl-hase alloys (Ni-(’ -P . Ni-(’ -i3, etc.)
auss i reh’nac ms s ry msse ma l base alloys (Mo, ‘sV , etc. ).

Nlaseu niotc- resiewed somsie of the miss-ire interesmius g pns perm me ’ s amid characteristics c- if aniso rphsc -ieus mss e t al s
prior to reviewing sonsic oni-gs umisg projects . ,~ nicunphis- icms metals Isa se no dis locat ioi ts sc- i t h a t  def ’ormnat ie- in
unec isat nusins difberensu h’rsiun’u those app licable to cr ysia l h i unc metals ns c ms t he cs)miceived . riicrc is iso ‘s nraimi
hsard eus ing ins eit hser nc ns io mu sir ec - impressus - ins amid misc ausiorphsous state therefore prodeuces an ideal elastic-
plastic respoussc to st ress . l uc re  is tie-it much deucti l i ms , hem aniorphsoeis metals cams he s nro usg amid mcnmgh. Stun-
pnisiung lv t here is bent a small si/c ehf ’ecn on smr ci sgmh (loss uso uc is ‘s eu ss in ivi ty).  The lack of gra ins hounsdanies
elimiiinates scu d s phcnotnneusa as gnaits-ho euundai’. shid iusg amid pit usucleami on amid graimi-hou nnsbarv crack iung iii
corrs dcm’u m s .

‘rise amonp hsuems su rc nc n tire is also comisicicis e me - i t s u gh s iinagtsem u~ penmea hi luty, mag nsetc ustnu ct uon s amid elec-
tr ical resustam ice , !‘hierc us low ‘souusd ‘s clocity amid loss ssn mt ns l atu c u ncia t io ru . TIne tenispenan em re cod fuci eu sms c- if
t hcrmisal cxpansicuu s amid eb asmuc ce - instam its are low . Th’ucrc is , of course , hiighs resu stam ice no radi a muo mi dansare,

In addition to good static stre usg m hs , thie f’ahigue sn reusguhi of auiiorphsous umieta l’s is h i g h - I’hnere is a sharp
kuice ins the S.N curve. I ati gue crac king in’s -oh’s Cs thse unucl camis u ms amid gros ’sth of cracks ‘s’. hiichi produce ‘suria-
tions ous t he crack ‘st urfaces . rhe fracteure surface niarkiu ngs are fsurmincd by alucrusanimig plamse strain shie~tr at
t he crack nip.

If aminorphoess metals arc h eated no the point of rccrvs ialliiation , there is generally ani imicrease in snrem igmh n
and hardness hut a k-is’s suf ductil ity . Some m oms-base al bc uvs hecomise quite britt le upomi aging mscar tine pc uiist
of recnvstalliiation w- it isout much chamige iii hiardniess or snnemigth ,

rhse stne ungm hn of amorpiieueis metals is strongly influeuiccd by ceutsipositio mi , especially by t h e  comice nstra-
tions of metalloid elemisents (C. P. B, Si). ‘risc sue mler e lcctrsuu i ceunicdns nrati omi of metals af iect s  the hcimssling
hetw’eeus atoms amid m i  te urmi misc hiard usess of ansor phoems alloys contaitsi m ig nuetalloid’s. Thus its uhe Fe-P.(’
system , the hardness decreases when the ano unsic mncn nnher snf au ahlov imig ehensiemst is larger t hsa un t h a n  of irsutn
and increases whet s t ue  atomisic miumber is smaller (hardusess decreases s’s m m  increasiusg c - a  ratio). Inn t h e  iromn-
base al loys the memalloids harden in the order P<C<B<Si so nhsa m ‘ iniginesm h ardiness is observed iii tine Fe-
Si-B svstenis. For a giveut metalloid , isardisess iuscre ascs in the cinder Fe<Co-<Ni. Th us superior h ardiness is
seen its the systems Ni-Si-B sir Co-Si-B. The recrysia lli ianioms temperatures ins seuchi systems are also iiighscr ,

As f ’or chemicai properties , it is evident miia m misc auinorphioets msic ta ls arc ‘sc ubject to bsydreugei’u c msshn itn le-
menm and will corrade nu der tine proper csundi mie um’us’, his ’s ’seven, se-mine a hlesy’ . display spectacular csurrs usis iun
resistance. Amorphs-us nsetals based sun Fe, (‘ci amid Ni s’s- hsichi co ust a ims large aniiouunts of nisetal lois is are miss- ire
susceptible to hydrogen enihnimmlenseist thami surdi tsa ry steels , Susceptibility dcucs unc im unceessari ly lead to
stress conros ious crackimig unless the alloy is peuorly corrsision resisma ust.

Recently, Masumoto and his colleagues have show-us t isat additions of Cr su Fe-nicin an’ueurphous alloys
iniproves corrosion resistance greatly. hi  fact, Fe-P-C alle ys wi lls Cr are superior is-i staim sk ss steels ‘svi nin
respect to pitting amid crevice corrosion ins chloride solutions. II has heemi s hiowm s that the excellent esurrsusioui
res istance comsferred by the Cr is usom achieved eu mnles s t u e  stre icte ire is amcirphieueus. Tine seupenionily s-if tIne
amorphous structetre combined with t u e  presence suE (‘n is attr ibuted no line follos’sing:

I) The surface film which forusis is protective amid is nniaimsiy chrsumisiuuni oxyinvdnox isi e.
CrO5(OH),~~nH.O.

2) The alloys are in fact very act ive chemically and form the passive filnn very rapidly. If the filusi is remp-
tured , recovery is fast.

3) The passive h’ilm resists cs- irnos iomn because tinily uhe one phase cuf amorphous metal is involved amid
there are no crystal defects or grain houu’udaries to act as corrosion imiit iatu ou s sites.

Masemmoto discussed current efforts to improve tine strengths amid corrsusicuns res istanice of ams rpinoeus
metals t hrough compositional variatiomn s . In collaboration with M. Naka, amid K. Hashirnioto , fcur examp le ,
he has produced a paper , ‘‘Effects of Additive Metalloid Fkmeusts c- its (‘orrosisums Resistance of Anisonpiious
Iron-Chromium Alloys.’’ The corrosioun resistance increases imi 0, IN II :SO~ its the cinder Si B— C P and
in 3 percent NaCI in the order B—~C S i— P. Au alloy based cm the nisemalleiids Si amid 13 is amura dhi se ceumni-
pare d to an alloy based Ofl P and B for corrosious resistance to sal tsva mer amis i isur imicreasesi smr euigmh (ins m c m i -
base alloys containing Cr). One probleni is to overcome the enihri mtl emiseu sm of these alloys s’s hiich nsay occur
on aging am sub-recrysta lh izamio mn temperatures. Opuinneunin corrosisumi resus lausce requires t h e  presence of bom in
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P amid (‘ m . Am this time studies omi w’hy other metalloid elements are riot effective in innsprsi’s’imig comrsusion
res ismannce is under study.

Inipomnanit papers relating tel this area of work are published in Corrosion Science , 16, 935, 1976; 16,
909, 1976 , /6 ,71 , 1976 amid Corros ion, 32, 146 , 1976, 32 , 321 , 1976.

Au exce lleust review of the research on amorphous metals is given m i  Sci Rep RITU , ,4-c’o125 , l 32 , 1975.
Its related work , Dr. A. Inoue, a colleague of Masurnoto is trying to produce h igh Cr-high C steel by

rap id quensch ing from the melt. A eutect ic alloy containing 3.6 percent C and 17 percent Cr is one composi-
tion s)f inlerest , in part because only actsm enite arid cemennite places are involved after a rapid cool.
However , the rap idly-quenched alloy yields carhides and some ferrite on reheating to 400°C and the
prec ipimatiuti oh’ Cr-C, carb ides occur within the cementime at 600°C (in-situ carbides).

In a rap idly-quenched alloy of iron containing 2 percent C and 30 percen t Cr , ferrite is present and there
is a f ine carbide mix of M2~C, and Cr-C,.

The hope is to prodeice these alloys in a strong and ductile form , and some success has beets achieved.
For example , an Fe-l6Cr- l2Ni-3C alloy is ductile as qemenched. Six percent elongation, a hardness of 650
V HN and a strength of 200 kg/ mm : is obtained, Carhides of ’ the Cr.C, type w hich are only several thou-
sand angs mroms in diameter are dispersed its the matrix. No cemenmite forms. The alloy is attractive in tinat
a high strength steel is obtained on quenchinsg and there is mis) need to roll, draw or forge to obtain good
properties.

There are also some efforts underway to improve the magnetic properties of certain amorphous alloys.
Amorphous alloys which show iero magnetic anisotropy should be magnetically soft and have high
permeability. One such alloy, Fe~,.Co-0 ,, Si ,B 0, appears to have permeability equal to Pernialloy. Prac-
t ical uses of the material are being explored.

Dr. Toshio Hirai, aunot her Masumoto associate , is working oms the preparation and properties of amor-
phous and crystalline silicon nitride. Apparently the niethods of using CVD processes have been highly
developed by Hirai amid he d a m ns to be able to produce the material at near theoretical density and in
t hickness of 4.6 mm ala rate of 1.2 mm/Hr. There are apparently no residual stresses. A density of 3,17
(compare d to a theoretical density of 3.18) is measured for the crystalline form and from 2.60 to 2.87 for
t he amorphous form, depending on the conditions of deposition.

According to Hirai, hot-presse d silicon nitride is less oxidation resistant at 1500°C than the highly dense
silicon nitride which he deposits by CVD.

There is interest in the mixed nitrides , borides and carbides of silicon also as possible improvements in
ox idation resistance and toughness compared to silicon nitride. Thus at present measurements of K~ am
var ious temperatures are being made on ceramics in the Si-N-C, Si-B-N, aund Si-B-C systems. There is also
an interest in the oxynitride of silicon, Si,02N:, which is derived from Si,N, through oxidation. The latter
compound is regarded as having attractive potential for gas turbine blades.

Hirai’s group is also studying thermal conductivity by the laser thermal pulse method and studying the
recrysta llization of amorphous silicon nitride with a high temperature (to 2500 °C) X-ray diffractonseter.

These and other related subject areas under study at the Laboratory for Special High-Temperature
Materials Science are described in greater detail in Journal of Materials Science , /1, 604, 1977 , 12, 631 ,
1977 (letters), 12, 1233 , 1977, 12, 1243 , 1977; Journal of Crystal Growth , 36 , 157 , 1976; SCI. REP. RITU ,
.4- Vol 26, 1977~ Journal American Ceramic Society, 59, 324, 1976.
Two volumes on the amorphous materials studies at the Research Institute of Tohoku University are

available which summarize this work very well. The reports are identified as Series A , Vo lume 26, No. I,
June 1976 and Volurne 26, No. 4-5. March 1977.

The tour of the Research Institute for Iron, Steel and Other Metals was highlighted hs’ a visit which Pro-
fessor Masumoto arranged to the Metals Museum of the Japati Institute of Metals , which is attached to
Tohoku University. The Museum was founded in 1975 for the purpose of furthering knowledge of both
ferrous and nonferrous metals. The Museum regards itself as the only such metals integrated institution in
t he world in the sense that it ‘encompasses all metal and alloys in the field of metallurgy.

The exhibits include:

I) Archaeological material on metals gathered throughout the world.
2) Models and technical objects from the iron and copper smelting in ancient Japan.
3) Historical literature and models which illustrate the role of metallurgy in the modernization of Japan.
4) Miniature plant models and product displays of the leading metal producers of the world.
5) Industrial art objects such as swords , ceremonial iron pots and illustrations of their production by

traditional Japanese techniques.
In addition there are collections of the writings of Kotaro Honda and Kuniichi Tawara , who founded

metallurg ical science in Japan. A future goal is to collect as many technical objects and rare books oh’
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nseta ilcmrg ical ‘smgm s nf mca m nec amid histor ica l s aht uc as ruossib le. Omse really inmere s mim ig project is the grow imsg ce-il-lectuon cuE record ed lectures amid speech es of tine m is o sm faunnous mnseu alleu rg is m s of mhse world (the wri ter s’s a’.regne ma hh~ hum umide rsna msda hly riot requested mc recsurd isis talk). Tisc Museum is extremely initeresming, asIon example , i i i  rev uew insg the c’ so le mt io n of ’ misc mtsa isufacm cin ing processes for producing Japanese swords ,\m~’s miie m a l lc mr gu s t s isimor to Semnelai should really plant to see misc Nluseuuni .
In genseral the Researchn Im isu i tt um e for Irous , Stee l amid Other Metals coissple misem ims tIne general excellence c ft he mnsate n iat s science areas am T’ohoku IJ uim s ersi m y .  Tise t h ree c las s am Seisdai were well speist , and t he- fr iend-

‘ships made there are almost certai ms to be a futu re source of know-ledge.
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I his ’ Rc ’ss’. t mc ’ lm l u t s u m n u t s ’ to i S ui eunn ’ uht  , u i i , t  i - m . . t s h u m m s ’ ot \ t . i i s ’i il ’s ‘ ss.u s s’su~uhI u ’ sh nc’c l ill t ’)(-i.l uuun s l s ’i lie shuns ’s’
t ms ’ m i ‘s i t i’m , f s ’ss ’s u I , k c ’o ‘t ,‘koh’oi i, ‘s’s lu ’s ’ s ’ s .ms h ost o u m  t h m n ’ s  oss , ls io i i  I Im s ’ oi uc ’ n m u a t m o u m  ‘ s - i t  t h i ns  h-’s’s ’’.e.um ~ h u lit
s t i t u u t s ’ us u ’ s -i’ s’s . un s l this ’ t t l , i s I  ‘ s- i ’ s ’ .’s u- ii s i h n cmuo n mme ’ut~i ~‘s I t i eh u i m lhu i i ’ u t c ’ c’ itm c ’c’ h l . I I I I s . u l  hs’h i ,m ’ s ion , tI tu s so iu il ’ ls ’ ut i s ’ni u u m m t ’
t his ’ .u noum t i s t j ’ .’ . u t - i i ’ i ’ s ’ sun .hi oh n t is ’ l)CI’ .u i t i t t s ’t t l  ‘ s- i f  ~ l,nlsin, ils Ss’is ’ mms ’c’ .u im s b u hue u u mu c ’ I ’ s lsc ’oj ’ ms ’ s ; ’ s s i . i hi . ’ . i l t ’ s - i ui ‘I t his ’
R~~’. s . u i  ~t i I t i s l u l t i t s ’ 01 l m ’ s m i . Sl~’e’l ~iuis h ~~l lt s ’t \ l s i . i t

I Its’ Im usni tu le ’ is m n n s ’ s l  c’sl m i t .u ‘s’s isle ’ s .ii us ’t ’ s of l - i u i - i~~
i . u n u s s  in t t us ’’ s - i m s’ t l s . u l  .unn ’ s l a mi .ul s tn s ’,n l .ni i ’ s h c’\ I- ic n  i i m i e ’ uu t .u l

.uis .i’. \ he’s ’ s ‘ s- i t mf us ’ nhis ’ o m eh u c ’a l s h mushu s ’s n i t ’

- r’s ’ s - i ui tu u n e ’a m mt n ts ’t , ic ’ tm ’ s - i u ns h- ie’ t ’ s ’ s s’s’ ut t his ’ i uu.m i uu c’ i . t ’ s’h’, . umn ’ s h  t I l t  slip h- i .uu us h t i s ’,ui t hts ’ im ’ s ’ t s ’hu
2 . I ) m s l ’ s s , n t l o u l  e h s m t am t t i ~’ s h’s c’ ’ s i m t I t~ m ts ’u s u ut m n i l . i t i ’ sn u

- C i  t ls ’i u.m i ’s iu h u  u t I l e ’ Ii .us ’ t uu i s ’ ‘s - il umo uc ’ hIs ”s l mnn.ml s ’ u u.u l h.ns’s’’s h ‘ s i m  s ’ ’s ium hn mis ’sl t h e n  ‘ s-i . uu i ’ s b i m t . n e l  -i In  .m~ h u m
uuic ~ tm .u u hk

‘I \ t t ’ t t i , i i i u s i t t ’ , oh t . i t u ’ s ’,mis ’ ~‘t .i~ k ~ u ‘ s p~us ’ .uiI ’s mu -

I t t n s ’m. is ’ n u o mu oh I , uuue ’ nms ’ . u mm ’ sl  .~~ ~~

i-i & ‘ i u u i tm i l . tmn ’ s  c’ s l.iitt .t ’s ’s’ .,ii.its
l)s u t a t t n m e ’ e m  ,mck 

~ ‘ s - i I - i, u ’ .uh u ’ s - i u i
S I mutun c ’ s’lem ite ’uui a mt. u l s s i ’ s  ‘ s - i f  pl us h ’s’ ‘ ‘s - u s ’ s i - es  ui .i~ is u mp s
‘I ( t i c k  .un s ’ s l sh t l - i  I-i.iu i ’s h i t u te ’ u i- i t i’s —i t s  lit e’ O mu t m- i ’ s - i sm ts’s

S ’s ’ mtse tm u i po m mat tu  s’s~ s’ m um t ms ’ uu t , u h ‘ s i ’ s — u k  is husu e ’ sl  h e ’l s’s
\li~ n ‘ s s ~~~ ’u~ s t u m s l ’ s  ‘ s - i t  I a t m t ’ t m c ’ c i  .ic ’ k unnu tu .mn  n ’ s — ui  uu id i- it ,- i 1 - iue,u i u ’ sn i  -

2 i i.u~ i ’ s ’ s’i.ipht i ’ s ’ s t u d s  ‘ s - i f  t a un ’ s ’ m n c c m , i s k  smut t . ies ’’.
S \ Ins ’u ’ s h’canus \ i’s ‘sluich ue ’. oh ~‘t .s5’k t m ~-i s n i muc ’ u m m u  .ub ‘ s h. un i i . i ’ s’c ’ mm I ml u ’ s~u ms ’
.1 \1i~ m ‘s ’s~~’s - ipie snum i bs of ~i sep . im t s h t. i t is ’ uis ’ .uI h u gh Is ’ uum t - i s’i .ui iii
S S t u d s  ‘ s- i f  e n . uu t i  s i . , ’ e’t t s ’ s ’ ls ‘ i ’ s  hi ut I le ’ I i,I,’ tuunc  . u iu s h t , u u u t i ut ’
( I I l s ’c t s  ‘ s f  i ’ s ’uiip ’s u .u t um is ’ oun i i i  uiC s i  i s is  h i , t s ’ l ’ s , t~i , i ~ - i h u u s ’ s ’ hu.u i . uc ’ t e n  -

h)s ’ l.uys ’ei Ii , u , t m i me ’ ,im tcl s uns i i  , - i mt ui i e’ i u t. ul et  t e t h .
S I ~~~ ,‘s ,,k~ h . u t i , ’ uus u m t I . tn i’, s c a bs ’ s I- ie’e’ nmu t s ’ t t s
‘s) h - . i i i ’s ’uut’ ot ‘sse ’ l’s ls’’sl s i t

It) (. is ’e’p of t i t’ s - u I s u u l t o i s , ’’ s t ‘s’ ’s ut t l ’s s m ts ’ mu u , I t c ’i m , m t .
II - I- . u iueu m e c’i,ic ’l’. m - i u ’ s ’ i ’.u~ . ulu i - iu i  mi t I I i ’ s ’ hu l’,-i ls unts ’i s .

i’i ‘s ’ t e s ’ s ’ s - i i  i’ t- ikot om m us kni ’ s i ’ s ’ s mi hit oum ~’, It ’snmi l h ts ’ s ’ som Ish . u i m s h mhmc ’ is’ “ to P’s mimt  l ’ s ‘s bs’’.s ’m u hmuse h ut s  1,- i i ’ s  I l l s ’s s ’5

iei u su ’ s  c l ’ s  - I Is’ h t . is l - i u ih h l sh ts ’sl s i ’ s  s’s mei e ’Is , umssh , t ’ s u  ‘ s — u s’ ss .u i l up ls ’. h t , ms Puihhm ’sl i s’s h .u 
~~~~ 

i l l  s’, Ih.uh ~ ’n i l l - i ’ l l ‘s’s un i t
t ’ s ’ s o ONIR c O u t l t a c ’ u o u s , 1 )1 - l) .u ’ sn t lsoun .umm sh I I . i i m h t o u ’ s h  , l  S ’ s - i m u t l t ’ s ’ ss ’ s t Rs ’ ss ’ , i u ’ s ’ l i  l u n s t i t u m i s ’ (se ’ s’ p.m~ s’n oil
l - . m mu gu me ’ & n . i c ’l’. I up I I. us t i e / o mu cs t i n I os’s c .n i l- i ’ s - i t n S me ’e’h . lui t  t i  ‘s - i t  i i , m , t i u t s ’, 1.2 . ‘s ’ ‘s~~. I ’ s~”i )

I hie ’ Rese ’a ueIt lu ts t lhn t le ’ t ’ sn  “~i i c ’ nm ’ s ’ t tu .umu sh I - i a s ’ muu t e  oh \I. its ’m n. m ls us c’ s ’i u . i m m t ls  cute of Ibis ’ ‘ml o l u e s s I  ‘ mu s h
- i u  ‘, uuu u . ’ .n t i ’ s ums i t t  t i ns ’ s s ’ s - i t  l 1 , mum ks ’’s’; mi m ~ ‘s’s mi i i  I f u s  ~‘ s ’ u i , i . i t  s ’ ’ s s ’ s’ l lc ’ t t ’ s ’ s ’ ‘ s t  this ’ m t m . u ts ’i u.ils ‘ s i  t . u m u u , ’ . m u m ’ s ins .uln ’ s i  .n ,

tn ’ s  mute ’s .us ’’ s -i ’ sm. iu t ”sl ‘s’s t i l t  l ’si l t o k iu I. lii’s e’ t s i t ’ s  -

‘(-i
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DA IL)() STEEl. (‘0, L .hd.

Use Research and I)e’s-elopusieust 1)mvision amid (‘ous u rs - i l Re’se’a mc ht I atuom ators ci l)ausbo Steel ( ‘c-i ., I md .
were visited in cons uiectisn us w itis a lecture deliveresl to m hse Japa mi Imo u s amid Smee’l I us s m luc ite ansi this ’ ,hahuau s
Weld itig Se- icieuv ims t h e  l)aids facilities.

The Cetitral Research facilities imnclusle an eshuerinne ustal usne lm im ig shiop equtppesl ‘s’s liii ‘s .uu ions special
nieltitig feurusaces amid test sh ops Ior lorg iun g ,  heat m reamnie usm ami d wehsliuig. i is~’ labst rateir s ’ is equuppe’si ‘s’s imh u
mass spectrons ieters , t herunial iamigue testers,, electrs - ims ussicroscopes am id mine uisua b tnec hsa us ical mesh appat am u’s .

Amsiomig t ine achievemise usts of nsote is tine l)aidcu—de’s’elopesl lubas mina im ssluic t uo u i mi ie’It h im it.ie’e’ ( PIF) lou
vacuu mls iunductioti usd 1 iung (VIM). i’or tine ‘s’ac utumnu an’ s’ remtte lt (\ \ R) ansI s’kctro’sIag rente it ( i-S R) 

~~ 
o

cesses I)aido isas eleveleuped its os ’s-us plasu isa progressive castim tg fei rusacc (I’PC), these proce’ss es are c lau m ite ’sl
tc - i reduce nonmeta llic inclusiciss , gases aussl othser ininpiurities es e ’ms more efl icieuutly I isau t ccii ’s s’ nsni o ut al  V I
VA R , FSR and ERR (elechron heanui rentielt) processes.

Daido also us actively emigaged its develc-ipiisg iuisprsu’s’esl weld ‘s ’s ire icr a usuuishuer c f  ,uppluc ’ au uo u us I- c - u cx
ample, a ‘s’s- ire for imsnproves l CO: (CO: - O~) - arc ‘svelsiiusg has ad vances ! aeilomiialesl w eldiuig. I I mma Io’s’s c’ .Ii
hont stainless electrodes have beets des-eloped for alonsue ansi chemisical eqmiipmssenu. \ t  Jure’se’usl effort ’s at e he-
itng unsaele he-i niake furt her improvem iseusts iii i’iller niaterials heir j o iusiung cryogenic’ as we’ll as inea m aunsl ‘s’s cat
res ista ust unsateri a ls .

Of course there are coulhimsuing effor u’s Ic- i make steel slrsuunger amid tougiser . Sud s eff surts , in ‘s’s as poiui te’cl
out , ha’s-c usearl y doubled the streu ngt is of smrucmura l steel c-is-er tine past 30 years .

Omner special properties under itivestiga t ie- in are ulsachiiisahihilv (its dlu msi ou s comitrol), ecirt osiomu auisl ‘sI t es ’ s

corros ion resis mausce (precip itat iots inarslem siusg stalusless sled s aussl sluplex smaits less steels ), highs tenspcralure
properties , minagnel ic prciperties , glass sealing properties ansI properties s-if Ilt-iwderesi usiem als (I)aisisi ha s
developed a uts ique u ssema l ats-iuni iiamie- in process),

The ce-impamsy is eum ider tIne suro ng leaslersinip s-if i’res isleuit Ki,o taks’sla. h Ic is grad ually dise rsufyimig Ilse
product lim se am id mIne coiispany is m oss- pre ’usieic iusg itisleistrial l’urusaces , euis’ iromsmeuita l com inrc ul ss s ue u nss , labe-t -

sa ’s- imsg sIc ’s- ices aunsl other ite miss use - it e- irsliusari ly associates ! wit h a steel ccuusspam i . I’iie claitsi us ussast e t h a I
E)aido Sued Comnmpais~ is Isueskin ig forwarsl auss l prepariusg es -ems usc-is ’s- for miss ’ 2 1st  ce usmum . ss heui mm l’s visu ah i ,es i
that tine ccimsipany usamise nsay h ave to lie broademses i m - i  ‘‘ l)aisfcu s-if New- Malci ’ ials ’’ Wh nate ’s-er it t iias h e ’
called, omse is iusnpressesl ‘s’s it h i t  lie f’surware l— look imig at mit uele, amid s’s hia mever tIne cisalbe’mige a h ead , ss une us es - its Ii
dent that 1)a ido will he a’s prepared as any.
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KoHl ; S’I’ l’FI., 1:1 1).

I~ohe Steel , I tsl , pre dlcuces tue - it ssmilv ir e — m s amid stecb , butt . ubss ’ s  uti akes s-u lurs icess es a lu i t t im se um u n , m u s a g u sesi cu msu ,
d’snlupet , unu st aft i mis , / mrcc — msium ts anu s h ti taiiiu mit ii bIcsV ’ s , I’ hus’ss’ hiusic mi te ’ta I operam ie mis are iuulegra ted ii it It a h ost
of emit er pr ises ‘s’s hsich 1us d’ nsetals , ‘suc ln as ussas isi uier heir c’hiemii ical pin m i t s aiss l cc — inst reuc m iesms . l’hse comsip a mis
mhtc ie fe - i re lurocimices al-so casu uiugs amid Iorgimigs , cut nitig tools . we ls lmm ig electr odes ami d a variet y s- if es luipulseusm
.usso ci.i Icc! s ’s - in is e’ ms ‘s ironuiseuim al com m re- il t ccii miology a mmcl n t uu s ’lear e’uuu .’ n gs a ppbicat uc iuts . I us s hsc rt . i’s~ ohe’ SI ee l is

~mtsot her  Lii gc ccsui sp~muiv s’s - Is icis lu’s eli’s ersi fiecl te n lure- i ’s- isle’ a t ima r ket for its c- is ’s - is usi e’ta ls product is — ms amid I-it 0-
isis-ic a keem scr conipet imise pos ittout aut s l i e’su buen t c ~ boils at hiots ic amid thr oc mg hie - ium misc ‘ss cii Lsl .

l ime research a cm i ’ s i m ies c- if mite comsspam sv are co issl e ictesh at ibis ’ (‘eustr a l Re.sez mrc is I aboramom y its Kobc . m Isc
Sm reid eiral I’ ulguuiec riuig I atus-iral siry iii A umiagasak i aims ! I he b u m  uus lantent ta b Rs’sea rs’bm I ahorat sir I mt “s sasba . ( ) m u
t it us cnccasic - iui misc (‘eustr a l Rese archs I aboramorv ‘s’s as smsmted ami s b mIsc Structur al I ms g iuse e’r iuig 1 nhorans- irv ‘sins
toni-ed hrief ’lv. Mu - K. I le ’ sommni , (‘hu mef Researc h er , ‘s’s as huosi -

line (‘cus tr a l Researc h I abs- irats ry euiiplovs about 380 peo~ le aissl euuis ~ s a beisbge’t of approx iut iatel s S
m is m hb i o u m slc ’uhlars . t I tick, a eli rects — r sib R& I) t h e re  is a geuseral u s a  msager ‘s’s Ito ce s ium re- il’s I 4 m ecinuiical g mc - ie ups . I lie
Iat uc- ir ai c - i r~’ sles e le ps lursusludls auss l pm ocesse s ‘ss isicis are ses’mn as cs- iun uss’c uec l mc misc comliluamsy ’s future product’s .
and to a degree mIme laboratory is aiso expected is-i lead m Isc cotmipaiss into uses ’s ts mar kct fiels ls ami d unto tine
umul i iatio um s- if ’ usew lv sle’sclsn pesl usma meri als , ihius , af t hns - ie ug hs m lie fabe- iratory iss lssis ti is huig imly s’st nuse ’ t ’s ni l’s e’,
t h ere am c built—its ~isec Iianisnis te- i imisure t h at uue’ ss mss ateria ls s lese ic- ipuisetius s ’ sibb he euuili,ed. I’hsi s is oftemi .u
prss hieitt ‘s’s-here mtma t c ria Is resea rs’hsers are isolated fruits I Inc cle’s igms s’u’s j ilts, m mnamu t m fact  u rers .

l’ise R&D umsaui ageunic tsm cuf misc (‘ems mt’ aI Researcis I ahorate- ir (CR1 ) follows mi m e ‘ ‘prie r im s jumiius ’i~ube ’’ i i i

wh ichi a large uiuusiher of researcis ~uropsssa ls are c’s aluamesl f c r  tec ’isuiica l amiel ece- itto lisis’ u sc, iu . l’Ise
‘ 

labeu rates ry s fteui purs e mes a researc h pre- iject uiitil hurodluct t~ m m us esta hlishicsi , so tisat euispha’sis us al ’s ’sas s Ott
t h e  ut ili/am icimi of R&D acmi ’s ’ ity its profiu —um s ak i us g e m m te mp ris e A brief slescriptiomi of t h e  act is im is’s of the
‘sar ious research grs-iup’s folloss’ s:

I) lrois issa kiusg auiel ore treatun t eu nt - imss prc - is ccl s- ire ureatu s se m su for prosluciisg se lf- l ’leuxes l pellets auss l
s iusm ered c- ire. lusipro’s-ed desuIh’em r i~at isnu s its misc blast l’c iru iace ause ! ussore ef b icie’ms m else s- if f tmc l .

u 2) Stee l makitig process research - eb h’c- irts te n pre- ishice ic- is’s- -su lfur , loss-p isosp itc irus steels utiliiinsg Ii)
stee l utnakim ng pre-icesss ’s . I he sht a ki m ug ladle ( DM Process) nmtsi ‘ sact mi umn s c iegassm nig. Sut ich ie’s c- if sLugs nine! d ccx-
idal icims reactio uss ,

3) Castüsg research - fei ums lau isems tal s c- if soh ic h ific a tioms aunsl mi m imi im ss i/al io ts of Segreg atic iut its couimiusuous
cast ing. (‘ast iung s-if highs siuah itv large-scale ims go ns.

4) Struct eura l steel ainsl forged iurc ducm sle’scle pus se mm n - else of h eat tre a t m ss e ust amid coui ihiosit ic mi cointrol to
iunsprs-i’s-e ms- iugist mess aumsi str et mg th ‘s - if inoh-rs -illesl steels , stee l t ’s rg itsgs atse l steel castings . I)s”se lc luunse mnt o h m  h ick
stee l plates b’s-ir str emc meu ral misc.

5) Sheet amis i s’s- ire’ pre-isbuict she’s ’elss pmttcm it - ts’chtntc - ilogy of roll iuug. pne s siu mg ~ittcI sir~uss ing ui ‘s me e’I shne’e’t ausc i
w ire,

6) Highs shreumg ti i steel amisl highs Icums peramure steel ele ’se ls pu mm en m — feu tsdat iiehsta l sueuslie ’s s- f creep aumsl
s i reis gt hn — s mrucm e ure - ce-ils ipositiomi relntiom isisi ps . I)es elolutmicust s- if’ fm’ce-n iac iiimiimig steels. t)e”s elopnieush c f
h ydrostatic extr e usi oum proces s- i’s I)cvc ls- ipunemit c-if uisarag imsg steels am mel steel’s resistant to eklas-csl failure.
Heat resi s mausm s m~els.

7) We ldiusg researc h — h’uiss ksin seus mal s t tu ch ies ciii we Is limmg atis ! ‘ss-eldabih iiy . Ftisp isas is omi h igh str e ms gmhm ste e ls
auns b we ld cracki ing prohlemtis. t)c’s-el o lut tmcmit s it ’ mmc’s’ s- highi streru gt h steels ‘s’s i thu imt ipro ’sesl w eldahility (e.g los ’s
car bon ns- irmsnahi,csl steel).

8) (‘orrosiens-resi,’sIamsi mnsa ueri als — clc’s -e lcnpmm semsm c-if imni pr o ’see l sta iuslcs s steels I’or t Ine chcusi ical iutsl us mr .
I)es-elcpmmneist of len’s’ alloy steels resislauit he-i ‘ seul be mr cl cw—pe - iuu s l ce - in is - is ic - i us. aunsospiscric corre - isis - ims amid ‘sea
water curros io ms, (‘crros ion studies ciii copper aissi aluunn iuse iuim alloys amid out reacmis’ e metal’s such as
t ilaniuni , lirce - iu miet mns amid mams ialum in, I)c’s’eIc-iped l’Al(’OR-S , a stee l t e ’si shat it me - i sulfur sle’ss ’poiust (sc ulleR its
boiler exh aust gas) corrosioum aissl ae ustem iitic 15Cr - IS Ni - Si s taiu t ls ’ss stee l for res i’staum ce tc - i s i tes s dciii Osiont
crac kimig. l ’ ac mlum me’s include arraungennent I’s—i recirculai luig ‘se’a w a ter .

48

- ~~~~~~~~~~~ 
. 

~~~~~~~~~~
, 

- - - “—~—‘~~- ‘- ~‘ m~~~~~7~~~’T.5.l’sL -~~~~~~~~~~~~~~~ ~ ~~~ .-‘- —- -‘.‘-~~~~- -- ‘~~~~~~ -



~~
-- - , - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-—-

~~~~~~~~~~~~~~~~~~

-r—-__ ’-” - ,-

9) \ le’t~iI f im ui ’sh iusg — gal ’sa msiii usg, clirouns ii imig, cIcs’mrs ilv mic l)O’s’sck’u ce~ut imtg , pa iuttiusg. luts u la mi su ms coat luigS sit issagiset ic steel ‘sheets . 1)cs ’eboput se mm m cii’ mmc ’s ’s fi usi shm iitg aumsb cc~u m imng tee ’lmn iqucs se ichs as m lie plastic ce sah iutg
s- i f  c’~m hlc’s for susi- it ’ ims ie- imn brisl gs’s .

It)) .~ I euumsmuie i unn cic’s ebopmnn c ust - studies te iitspreis’e fe runsai i il ihs in’ com s m re - il c’s-cr mc ’ s.tLu rc . I)c’s-e lsnp mincnu s- if
lumdc ’ulu tat ioui hiarsienes! aI ls - is ’s for st ructural cmxc.

I I ) I u uamn i s m nn sb cs eie iputi c ist - s leseis - ipu m icuth of ProdeidtiOti tecis ni qem cs f sr  m i i~u ms i umns allen’ flau roiled Iursd_
eldts ~t ts h c~tst iuigs . .‘~l)phidz lti s - iui rese.urc hn t en’s arsi cisc iii ~t eutcnmnnon is e , a ircraft amid rocket s tr uc te im e ’s , I- t im-
eI~i mnmeumm ~m l research sin ~,lasn mc deh s irmima tis mm and phase tra misfor ts sa ti c ms , Dc’s eloptiieiii’s imic leude an allen’ eu’sed
f o r  V l 01. cusg imse t~ir ms ,iitsl auh om n ic itm ’s e sa l ’ s - cs (KS I 30,~ ( i - ’) ~uim d a corrsnioit rcsusm a msm hit ~t nmmnsi - t .u m m t alcuums
.uilsuy ( t i -5 la) f sii cisc ‘s’s it Ii usitric .icmd

I 2) Reacts- ir mtn .imeria ls - she’s cie pmm t cm it s- if mm eu s ’Iea r fc ms’b cladd iutg mnaleri~u l’s, part icularly iimcomn iuns alloys
Prc ’scmih ioms sit ’ eunn hri imleu ime nt imn iircouiuumnn meu hcs hi~ I e’sl r icmi m m g hnydris ic prs’cipi lauiolm te circ emunn her emmmi ~mt
d im rcct moms ’ s ,

13) I’o’s’sdcr nscta lhurgv - steel po”scl cr sls”selsupnicm it fsir ge-iosi conipadm ls- iui qualities . I)evs ’bopnnmeun m of
forging ru rs-icesses for po’s’sdcr imne m al prehe- irnis ,

14) .‘~mual s ’s ,s researc hs - am salvses s- if trace elcmtm e m mts ~uuis ! dispersed Iubs. use’s , Pollei t ammm trace analyses.

his tec hsu muca l cl isc ci ssmom is at (‘RI., 1 - Sakai nuts ! II. Kaji firs t slescrihed somine recent w e-irk on the msetcleatio n
amssl gre- is’s t is aims! cs - iabescc mscc s- if unneii tam te [nibbles iii los’s ah lcu y steels attacked b’s iiydrs-igeii. rhi’s w e-irk ,
presented to t ine Spring Meeting suf ISIJ, April 1977 , is cssetst ij sll~ a series of SUM c- ihservatio iis c- its ses cral
a lloy steels he - i obser’s c directly tine ve ids hc- ir um ncs l . Th~’ re’seil t s are Ireated acce-irdiiig is-i time nnsc dcl des clsups’sI
by Shncw mnsoii amsd by Raj ansi ‘~s hm hy. It was f’e uuisl m hint bubbles uieu clcaue iieterogciseoeislv at carbide grains
hen mmss laries. l ime sleunsi l’,’ c- if bubbles is imnde pensdc mit c-if teuuperaturc but depetidemit cmi heat Irealunietit aund
uns m crc snreuc meu re amid coumips- is it is - ims , l ime slcuisi iv c- if bubbles iii 2’ (‘u-I Me-i steel s’s as um s eis i n lo’s’ser t uni s iii ‘steels
w ith Isuwer csuhict’tilraticui ci’ (‘r and Mcu .

l ine grc n’s ’s- ihs rate of ninethane bubbles is mc mn perame i rc depemnde int a’s well as inc~m m m ream u ncu t am id cs-ilispsisii is- its
slepe mnsle mni. Iismhhlc growth is se’s-crc at cs arsc grain hsnuisdaries seic in a’s seem imi tine HAL c- if welds. Tensile
stress appears to accelerate growths.

l’inc gemseral ccm nc lems ionn s insdicatc that misc Shsewnious ussostel is i,sdeed pr edicmi ’s ’e amid that Raj amid -~shh~’’s
equmat ienuls tinny relate inmerinal bubble presseure isi sud s h’acts s rs as coniposil is is amid structe ure , Tine res istausce
oh’ low alloy ,smee !,s tti hydrogemn atm a c k w’Inichn i’s c imaracueri icd by nnethane bubble t’orniatieuui is dependent cuts
h iie pote ms tij ml imst er unal pressure , ‘s’s hnichn iusf iuemsces time resista mnce cut ’ h he shed to time isuclcj mtisun of ’ bubbles .

1. Fuiit~ and colleagues m cxi discussed sc-mine efforts me- i s!e’s d cli steels s’s-hicii arc resistant to stress ddiire-
sis ums crac king in ‘ss-alcr. Ssuuise mimease u rem nemuts s- if t he slelayed failure prsu tiert ies cif high strengths steels arc
descr ibes! u s  Proc. s- if Secsimnsl lm ntcr um a mi ona l Cs-iuih’ereusce s- its i”rac ieu rc, hlr ighn mo um . 1967, Results of msohcineel
tens ile tests its water siiosved that slel~eve d l’ailetrc sens it ivity is related primarily Ic-i s mre msgt hs Ie’s’el. Ahun ic- ism all
t he Ic-is’s allen’ steels ‘svcrc ins sc ts s itis -e tcu 5CC te abe— ut tine I 10 Kg uinmn i yield str em ngt in level , ami d se mssi l i ’ se am
higher sield strem ngt hs les’el. Tine e\ccptie - ims was utsaragiu ng steel ss ’hmic is reunsai uscsl i mm se m nsi u i ’ s e’ to t ine 140
Kg’ mnins ~ielsl strenn gm h level, l ine mi m ic Ic h’ailure was res!muccd ‘s’s- lOs ilicrease of temperature. Tine mamaging
stee ls were unsure se um s imi ve w i t h inse uh’ficient agilng, slespiic good me unsile ductility .

In later work (hlydrsugen (‘s-inference , I’irminy, France , 1973) t he j uithssurs shescrihc hcs ms ciii TRIP steel ,
unsarag imig steel ’s amid h igh ca rhs- imm steel wire, ,‘\gaili. it s’s’as shnts svu s that tine su sceptibili ty ts- i delaveel fai lmu rc of
misos m steels is depenmdennt unsa iuslv c-in s mrc m ng m i n , ss it hs a cm imical s’iels! strengths les-el c-if’ about 110 Kg— m m m m in . Ims
general aim iuncrease its I cnigismness imm s ’reascs resmstat icc to delayed failure emhi itil emnnem it , butt u n  ‘semie cases nun
sn’eragcd ccimmd iti cn is hctier titan mine eunderageel ce- iuns l im is-in c’s cnn t lssieughn lenisile d e mc m i l imv is isigin itt iue- it ii
cases , Additions of Ii and Al we re foeiund to lie hcuncficiah , pres tumnna hly because t hnese e leus nc imms decrease cuss-
br ittleni nent b’s nnitr c- igens am 350 ’(’ (there was use- i unne umh ioun s-il’ tine possible lie s f Ti tcu hydrogen as has heeui
proposed m m  sousne ‘\nsericami work). Tine presence s-if Ti , ,~ l amid N s-if course also restri dhs graims s u e , svhich
was also h’oemnid s’m he hemnehicial. Rsithn TRIP steels amid! cs ild drawn highs carbons steel s’s-crc isuelnd to be
seuscept ible.

All this , oh’ course, ka~’s”s iihik optimnsism for Ihe desired dcs’eleipmenu cii’ highs shreungils steel bolts s ’ sit hn 130
Kg - mtsm yi e ld smr e usgt hs whi ch are also i es ismaum t mci slehayed failure. The current s~luiion which Fuj ita and
ot hers prc-ips se um iv olv es so l’t en iusg s -if the surface layer s-if hardened steels , tc reduce tine susceptibility isu
hnvdrsigcn attack. The s~uft layen- s’s siuhd he 0.5 tci 3.0 t urn t h ick ansI coeuld he produced by im nduc mi c - im m hca mimng
or by tine app li ca tiomm cut ’ a surface e-is’erlay.

Iii recemnt s’s- c-ir k Euujita am ms i colleagmues hu n’s- c’ stu died uumsta hle fra cmeure criheria s’s- im emn large plastic del’cm mina-
tie -us is itm ’ss-ilv ed (presemutations at the Waterloo Ceimiferensce cmi Fractu re , .Iune 1977). A fracture criteria feur
mum m’s ta hlc ductile failure cut’ mne -i hc hed plates uunder umn iax ial ten ms io ms is sle’scr ihed.
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\annsada descr ibed atm i m m mer es t mmmg i uu ’ s - e s m igam is imi re lat i ng t h e  f em us da u nnent ial s of stat i c s trai m i agi uug cif
euiecto id carhomn steel ‘ to a practical imis leusu ria l pre ihhcmnn. In s’s as observed t hnat ‘s’s ire’s suf eeu nec no id sued
drawuu in suussmt ier often u~.’s-eIcped surface crack ’s ‘s’s hcrcas ‘s’s ire straw- n iii s’s iunte r did ms c ut , T h e  sta tic ‘suraiti
aginug which cauuscs tine cracki usg was shsn’s i t  us- i be s-cry ‘s eums iti ’ s e to teutiper anure. Siutc e tine work oh dra ’s ’si ung
is largely csi un’s-cr ncs l me - i heat , it us heuiei’icia l to keep ihte i n ms ’t~uI d.c~c~b , ‘~‘ auitasha nuns! s- il bier’s I bieref ’ore dc’s e lolued
a nsca mss s-if cc- ie- ilinig tine dra ’s ’s - mm mg sh e’s am ts l s’s ire. I him ’s pe’ m tn m u ls  a h igh er elm s’s rate ‘ssi ui n better qti~m l i t s .  lIne
sv st emnn for cos-iIimug tine dies us s!escrihe’sl in \Vi i e .Ioe i rtnab , .1 cm lv I ~I’o lime fe umi slaitne m n ma l ’ s s- if t h e  s m rai nn agimig
process es s’s hiichs u nneusm he conitrollesi arc describes! im i I rauns . 151. 1 , /6 , 4 1 ~‘. I 9”(-i,

[he cs - imtt pa mnv tins also hecmn as u use u t  n lie prosh e uct ic-ut of ship pre— pel lers c- if \ I us hreimn,e , Ni- \1 i t  hrouu,s’, -
‘high NI mt- -\l hrc- imi,c and stammile s ’ s stee ls , -\ uls”s’s s nai m iless steel ~a’ sm propeller ltas respomisbes ! ‘s’s ebb in .2S ‘se a r

‘ship tcsts , I lie ss ’umttp os it ioui us: ~ 0 ,t)” ( -
. I .0 Sn , ~ I (1 Mum , ~ 0.04 P. ~ 0.04 5, ~ 2, ,~ (‘ em , 4 . ~-6. ( I Ni , 11)- I

Cr , 0. 10 — 3 (1 Mci . < i t s  Nb , -~ u u nIle- is pu—peiler mtt atc r i ~u b s f  t h i s  class is tue - is ’ s heintg tested un t ine l’ t t i t c d States
h3e- ie’iusg ( Ot t t ~~i t 5 V )  .us a poss ible’ a iten mia me te l I 4 I’sII shed - l ine kohe lest ne s~m b l’s are descri bed in isi s - i can-

mn ei m s n heresl rep ’s- irIs pe uh bms i nes l its \1,u iel n 19Th, his tine ( ‘as timig amid 1-si rg iung l) i’s isis - inn .
I he ‘—- i nr tu~’ i ei n - al I - nn gmm s es ’ r uu t s ~ I aheir~u us - irv , as ~~~~~ bed h’s’ t hte ins ist , Dr . ~‘o’shnio N:tiunih ~,. is i t t ’ s  o! ’sed itt t hse

folhc ’s’s mug a u  ens:

II I 0m g spj umt s t usp emi s mom i bu dges .
2) Smr ucm emr ~u l a ms a ly ses (hu emml s lmm t gs , brusi ges . sh ip’s , presseur c vessels) .
3) I e acl ca n s t i n g  ~apacumv s- if fr antic ‘s tr t is’ ie lres sud s a’s brisl ges .
4) ( omncrdtc s i rc uct  cures .
5) I’ ractem re unse c hnamsi es . hrtt mle fr acn su re amid l’aui g m m e  studies ,
6) I tgii u ‘s’s eug lun um nenal st rm uct Lure ’s ,

tine labs- ranors ht~is pros lt icesb (-0-7(1 hucr ccmih sif t hnc se f t ’ s ’ s are for line hls m ish m eu -St t i ks ik i  iurisl ges usos ’s cu musfer
ceut v ’streid t icuuu , Kohc us seupp lv inng cable’s for lhcse brisl ge’s sib 18(1 kg m n t u nn ‘ sled .

rise labe-ir~tne - ir v es heu ipuun d! tm it iclum s lc ’s a 30(R) hs iu n Icuns ile te s tiung niachniune , a 13 \ I .,~ h id er te s t  bed of ’ reiun-
fc irccsb cs itncre ne , a 3(X ) ms - inn eum i i ’ ser s a l mes uing mi iztc hn ine f ’sir f i ul l— s ca le test ’ s s- its heaunns am ns l cole un n i us s , a tOI l
ne - inn (so he — us ser ’ s o- htvs l rat m hic h-j im ugeme ies n imng unn achsiunc . a 2(1 te l ls Ic- is’s cycle fa t  igu.ue nesting nnachniiic (alssu set ’s 0

• cotu mrculled) atusl a msnsuslel tesh roe - u n.
Ins gemicra l. he— nh the ( c m ntral Research I abs iratei ry amid mite S i r cu c numah I ungiuneeri ntg I abor~utsirv are intt

press iv e as hnug hs l~ -cfh ’ech ive pre ihhcmn-sc-i ls- iiig organiu iah su ns , T hieje are cer naim ilv am inple ‘ s ciemtm it ’ic ex ce lbe utce
amid f iunc- numnes ! cmig iunecrit ng ability . ‘[inc sum n lv regret us (hint t h ere s’s as m d  nun opps - i rt euuu itv s- its t h is occas is- ins to

sit mis c I” euu ic la us iem stal Researc h I ahsuraus rs- , ‘s’s hnichi tnntn s t  hue cs~e m~il!v excel lent ,
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NIPPON SThEL. (‘ORPORA’iIO~F UN I )AM EN ’I ’AL . RESL:AK (’H I .A W ) KA ’IO R IF ~

The I-’euusdaun neunta h Research L aboratories s-if’ Nipps- ium Steel (‘s- irporat is-iim us s umc s- it the timme e ‘‘ c’e i r pe- iu a te ’’
lahoratory grceips w’is ich report to tine President sia a Reseat cli ansi l)cs elopumsemit He m call - Uthteu
laboratories are u s  cxi smc uice witini us tine colnipausy, heum tinese are associates l ‘s’s il ii tine s aris us W e n  k’s ‘s’s isie hs ,m u e
founnd throughout Japais.

T ue Feuuns lanse uumah Rescum cis lahe- imatories are located ims kawasaki (‘tt s- . l ine I’s’s 0 e ith ie’i ‘‘ ceurpot ate ’’

researc h laboratories are t u e  Products Research anss! Deve lsupnnmem su I abor am cri es (aiss- ‘s u ’s it es i) mum
Sagauuihsara City atssl misc Process Tec lnuis-ile-igv Research amid l)evelsipnnienn I aho ma ms - ir ics ins ku m a kv t i s h m cm ( ‘u-
my , Fukumoka.

The Director , Dr. Sisiun—ichi Nagasisimnia first slescriluesl seutnie s-if t ine hmists ry , cug.u u i i/ a m ieu m u amid feumsc i ic um ns
sif the F’uuudatuuental Research I ahoratcries (h ” R[ ). The lahs-ir~utsu r ie,s hegamt as the 1 sukusi Rs’se .u rchu b us imu t t u le
of \ a’s’s’ata Iromi amid Steel lm sstim u um e , l td. Nipps-in Steel , fe— ruined by mnnergcr ms- i iunc leus! e \ a ’s ’s a ma hre m n ami d Smce ’l
(‘o., was estab lished in March , 1970 , nuns! imu Noyetuuher , 1970 , tine prescm st FRI s’s as c- irgausiiest . I’ ineu e ate
about 270 persons ennspls-iyed cii ‘s’s’honnu ahsue tt 6() percent are professional fe ’s s’b. I’hiriv-one . or at ’o u im ne us
perceti m hsuld doctorates.

The laboramsirics are eurganiied accord iung s eigh t ieum ne’t ions , as follo w ’s:

I. Feunidamental Research l.aborator I — Stremig tus aumd toug hnmuess.
2. Futndarnetital Researciu E.aboratory II — Workabilit y amid plasticity.
3. Fumsdansental Researcin Laboratory Ill Cs rrsusioni amid m eat resist ance.
4. Fundamental Research Laboratory IV — Raw’ nnateriabs amid irs- imi usnaki ung.
5. Funda rneustal Research L aboratory V Refiuniung nuns! ssuhidih’icat icuu.
6. Fundan emimal Researcii L.aboratory VI — (‘suat iung amid use’s’, m nateriah s , iticleislitug cs umns pos ites
7. Measurem iiensm Research Laboram cry — Nlcase iren nse mnn ansi develsupusneun t s-i!’ uses’s resea mc hs pte - ices!e ires .
8. Anualysis Research L,ahorator — Chnemnical au-id iuist reuu nsemnta l amsal ysis .
W ith these groups the laboratory perh’crmn s t he uneirc ls iusg-m ermss , fa tcu re orietniesi , researc h c-if mime cc rpe-iia-

t isuns, it was stressed , however , t hat th ey interpret t h e  ‘sssursl fu uuelamm neusta l’’ mci usiean pei rpc - ise-o r iemtmec !,
high-psimen tial research. The simuiilarity (ci the ONR nuissisin is apparet in , except t h a t  ONR isa’s a gm eanet
s-a nd y of’ ‘purposes. ”

A tsuur of ’ FRI . condeucted by t)r. T. Murata, Senmisu r Rescarchn Nietalle urgist , ‘s’s- as nsecess a m u s  shorl
because of the t u nic needed for discussions .A  s a n d y  s-if aeitomnnatcd ausai v u ica! dq uipmmme mih sIc’s eie lue.s! hs
i- Ri. for such element .s as P. Si, Mn, N, amid 0 svas chsers’ed , Auger ainalyses are couscle mcted, amid! a sIc’s icc’
to fracture samples w’ith imi the syste m avoids csuuitaun iunatis iun c-if tine se inf ’ades before am na iy ’s ’s . Sa m ms pl cs ca lm
also be fractured within tine Aeug er system at elevated i mem sn pcrate m re s . liii ’s is usefeul in steus l ie ’s c- if ime m c!eic’t i l i ty
and hemper en hrittlenient iii whicis comitau nimnants unay segregate at clcs-atec i teunnperat em rcs .

The high point of’ t he tour , however , was the omie mnuihh iomn volt electr om s ul ii :rciscopd. l ime misici osce pe
w hich c-if csiurse provides good ressileitisiun is alss equipped sviti n devices mci hieat amid- or dei’orunn s luec uunnems ’s iii
gas atmosp heres up (ci 20-SO torr. Thus the generatisiun amid mnnsn’eunieust suf s !efecms prcicleicec! h minese I’s- ice ’s
can he observed directls’ . A taped movie of somnne previous c hser ’sat iotu’s ‘s ’s - a ’ s s hno ’ s ’ s - m s . Omse could see mi te
movement of dislocatisiuns ~ms iron is def orm ed .A s  te rnpe ma me mre imwreased , mmamns i ’cnm nnat icm s to aems i etsime ssas
seems . A part icle sif ceme mntim e was observed tsi dissolyc . amid misc carheuus diffused along a dislocamisiui. Ilmis is
a spec mace ul ar movie indeed.

Two achievements of note are in the refining and metal reduction field. Very iieur e sta inless steels aiss i fen -

roc hromium alloys have been made wi m h a pre dess called uniemal heat imsg slag rel’iui ing (M5R), s!evele-iped am
FRI. The level of phosphorus its both l’erroc hronnieuunn amm cl suai unless steel cams he reduced Is-i 5 ppun s by tints
process. The process is nsiw iii pile-it plaunt stage.

I”R i . is producing ani ns-irphous metal alloys by ‘splat ccic uhimng amid is Iookiisg am tine possible fielsis lou iip-
plicatis -ims . The excelleunt corrosion resistance is consid ered nun itss pcurtats l attribute. I a’sct heam its ate beiusg
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used ~us a rOsier ssitlrdc fo r wc idiung, amid laser proccss iuu~ tcc hiumul lUds is) Produce aminc wp i icit us s nret d ue mr c s arc
_
5 eumse icr cc uus s ue!er am ic- its. ‘l u cre s’s crc usci d i ’ sc e is s u cum ns ~uhoeul ~i~int ic eml ~ur ‘s ’se ld imng applicah iciuns enf I.use’ is .

The iunc! u ’s idtua l researchers am FRI are cnsgagcd iii a ‘ss’ide ‘ s - a n d y  cii activities , 11. Okada , V. Hsussi i and S.
Abc im~i’s e beets stutdyiuig stress corrosion crackimig cii aem stem uitic sta inless steels , amid imi pann icetlar the re le cuf
nimeta l dussolem misumi de mn inmg SCC iii dislomide solu his- imi. Fractc—gmapi iic suhsers ’aticmns s-if time crack surfaces h ave
beets unmade. rypc 304 amid 310 stainless steel f ractures! nrau msgmau s etl a nly ins hoihinsg MgCb (143 °C). Inn-
ter grauneu lar fracture was foumud in type 316 stai ms les s , Ium mcrgr a miular fracture ‘sin’s Iavsurcd by imsc measi usg
percenstages duf Ms-i, applied stress increases amid! k-is’s-cr test temperatures . A lseu, accord ing to ihscsc auth- is-irs,
h’e amid Ni e! i’sso l’se durimug SCC, hum Cr does uuot. A mec hna usismi s suf cracking based 0mm s iucc e ’ssi ’se mnictal slip
nuns! mnmetal d i’so leum ic imi am tine fres h slip faces is prs ps-ised.
Okada amid ottners inave beets ac m u’ s - e imn imsu enu natis iu na l cou nhcrcmsces sucin a’s nine recc uim IJSA-Jaiuami (‘oun-

hcreu sce cmi Passivit y amid its Bneakdowun on (rots amid Irs-in-i Base Alloys . Okada s’s-as co-editor with ONR con-
trachor R. Staeinlc of Ohio State (inis-ers imy of tine proceedings c-if th is counfcremnce. Am ins mng tine several
papers preseun med by FRi imuve’suigamors were amsa lvmica l steudies of pass ive film uns by Auger amsa lvsis , stu dies s)f
tine mram ss iti c- i ,ss iii fracture mnodes as related ho ti- ic emuv iromnmenul amid connpcsit is-ims, ami d studies cii the
cat hodic reactiomns am fresh sunh’aces after nunec hinuuical relptdmre amid tine effect of phsusphorus thereon. One
iunpcmtanm comnc lusions ‘s ’s-as t h a t  phosph orus imucreases line inydmogens evcuiut ion reacti omn an frcs hs surfaces c- if
s mai m nless steels at low pH. Cislonide ions muask misc effects of hydreugcun , heim nsot am high straimi rates; minus ,
ccpic-ius quantities 01’ bs~drogeni may occur at crac k tips. Th ese mes eu lts lemnd imscreased sigunif ’icamsce mc the ef-
forts of FRI in develsuping the new metal beanimig slag ref’inuing prcucess (MSR) w h ich promises the pre duc-
mis - in s-if stainless steel oh’ extretnely low pinsusphscmus constent,

Okada amid H. Shinnada have also studied line fcrm namisiui of rust cmi cold roiled ~Iscct (Corros ion 30 No. 3 ,
1974). Manugamncse sulfide was conf ’irmed as t h e  ssnurce of rust imsi mia m io ms . Inn water a - - (Mmi , Fe)S disss-ilves
most readily if the solution contains oxygen. In humid air at 60°C the rust fc rniaticin prsicess is csincludesl
mc be:

I . disscul utisuun sit SOmiie a — (Mn, Fe)S,
2. prec ipitation of f’imse collsiidal particles of y — Mms2 O, (N1ms, O~) arsiumid t ine a (Nu n, Fe)S particles amid
3. t he initiation oh rust around the fine v — Mmn:0 (Mmn~0~) particles.

Va luable su’ninnnaries of the corrosion-i behavior s-if steels amid weldable steels h ave been produced also h
FRI (Nippon Steel Teeisnuicai Report Overseas No. 8, May 1976),

Dr. M. Nagumo reports some interesting results cnn the meunsile fracture processes of perf ’orated m ill steel
sheet (Acta Met. 21, 166 1, Dec. 1973). Fracture did not take place by h’uole coalescence hum rather by tine imni-
miamion of a shear crack at tine side of a hole. Ccnipanisomn cii tine plastic strait - i emnergy associated wit h tine
growt h of a hole ‘svith tine plastic strain energy h’or s m ear crac king produced a crimeriomi for the omnset of a
shear crack. This criterion -i proved to be applicable to predictin g the effects of spherical iisclusionss.

Creep-rupture studies on Inconel 617 at l0OO~C iii ineiiumss inave been studied by V . Hosoi amid S. Abe of
FRL (Met Trans. veil. 6A , June 1975). Oxygenu dinuimnis ines creep-retpmure tinies by decarburizing the steel.
These authors were very aware of the work of I)r. P. Shahninniaui of NRL . and were imntenested in lseaninig of
Shahiuuian’s latest activities.

0. ~Zon nnnori and others have studied the isolation and chemical analysis of inclusions ins steels . A  paper
was presented omn this subject to the 1976 Pittsbu rgh Coti ference oms Ansalymical (‘hennistry amid Applied
Specmroscopy, March 2, 1976 (see also JIM 12 No. 2 1971),

Another achievement at FRI is the developnnemnt of a Co-h’ree Ni-base superalloy for th e HTGR by 1.
Hosoi, N. Shinoda, T. Tsuchida and M. Sakakibara. The alloy is comiuposed of 18 Cr IS W amid 0.5 Mci,
with small additions of Y anud Zr for improved creep strength. Iii helium the alloy meets the required creep
rupture strength of I kg/mm for 10’ hours at 1000°C.

N. Nagumo and T. Takahashi presented a paper on “Hydrogeui Embrittlennenl of Sonic Fe-Base Amor-
phous Alloys” at the Second International Consference on Rapidly Quenched Metals at MIT, Bosmon , Nov.
17, 1975. Interesting fealures of the hydrogen embitmlenienm of amorphoems metals (from cathodic cinargimig)
are that the (‘r in Ihe Fe .0CrPC - alloy contribeites Is-i Ihe inigh corrosioun resistansc e and minimizes
hydrogen permeation. W hen hydrogen embnittlement is observed , it proves to he conupletely reversible.
Finally the aumhors indicated that the diffusion rates of hydrogems in amorphous alloys are lower thaun in
crysta lline alloys.

M. Nagumo has prepared a paper, “Initiation of Cracks at Delayed Fracture of a Highs Strength Steel”
for presentation am the 4th Imiternational Fracture Conferemice, Waterloo , Canada, June 1977 . Ams acocustic
emission technique shows incipient cracking am inclcusions amid grain boundaries at the roots of stressed
notches. Thethreshold stress for cracking of stressed cathodically charged specimens is reduced by ssileuhle
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mm imrc - igc ms , ammd aim iumm cr ~tct icu mm hetwe e mm sculcub le m m im rc uge m m nuns! hnydnogemm am gna ims hs-iumndanies is propc-isesb . its-
c’reas imm g sc- ileuhbe umitrc - igeus a lse- produ ces a cimamn ge its h’rac mure mine-ide frs’mmns tr a ussgr ammu lar tc iunter g ra mme uia n
line I- ’R I m’s emngaged its a unneultitude oh c-it iner research eI’i’or ms , sud s as coat iusg , plating amid blast fetru mace

tec hsmm su icugv , heut t ime abc-is-c c !escriptiouns imsupei’eu lly iumdicame time flavsur amid t h r u st s- if FI R.[he oscrall itnipressisius is mim i this is a first-class lahoramsur ‘s ’s ’ it hn ann eye tcu tim e feuture. l’ise labe- iratories c- if
Nmppomn Steel are ccr ta im m lv misc equal s-if couns parabbe lahcnramc-inies its tine weurld ‘s’s hmic in ha’s e heeun obss ’i ‘s ccl
Fimc scie ms mific lcammimm g of min e laboratories coupled withs thmc cou ntimnued counnnmnercia i ‘s eme cess s-if tine cc - i rpc ura mic mmsuggest t lmat peninahis scicunce amnd profitability arc ccm nspatihle ah’mer all.
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NII’I’()\ s ’I’F: FI. (‘OUPOR,-% ’I’ ION ‘I’F(’ IINI(’ .%I , n Ail :
Rl:s l :AR(’L I I &HOR.-~’U)K~’

l’hme N ippsutn Steel Work ’s I abo ua te rs at Nagcus a ~ers c’s t lie t m uck plate’ tin s dc uc m sl ut .u5 - n i ’s m m me ’s of t hue comu
tin m u s’ . I’hu ic). Ph~1 t L’s ls.t ‘s e’ huecus i mu i tic reasm msg sle’mm na mmc l a s i use! em ‘st u i .e I P Lu mu I ‘s a tid e’c~ cm u ~m mi cu I t ‘s hun ‘s e m ci tc lec l I o
heccum mse larger amid sei hucct to mime - ire se”s c u e  m es lc ui reu ms eumt s umn n e’ce’t s t e~li s - I ise u unnl and nt c uclc a t p05’s e’n pl . u mt u’ s .
feur exaumipbc . red leu irc large boiler c br cm ns’s a ui~b pressci nc ‘s esse’bs .u m ud tune ’! oil c le’sti I fun u/ am tout n s’acts urs u eqc m um e
h igh teun speran cu e’s amid pre’s ’ se ui es -

line Nagoya Works ha’s a ca luac uty c- if ‘se’s cii m ns i lh ion n no uns .mn it t e i a l ls ,  I’ Lmues cup t c ~ ebe ’s e’us uu is hie’s mi ut e k
s’s cig hmimi g c u - i  s~ 5(1 mt ue t rid’ tout ’ s cam t he’ f ’ahr icam L’S! (retuo rhed !ly, o mits s tse I . 5 . co um iluatu ’ , cat i I-in s -deuce pb.unes
m im i ’s tin ick ) , Ut iser m m aui m lie prc -’blem mi ’s .tssoc in mccl ‘s’s mmli min e mit ccii a mu i~ ’ s c- if ha mm cl liii g s us ii mu in ss i ’ s  e plate’s . n fs s ’u e’
are t hse c~ I- icctcdl pm’oh lemns ’s ‘s’s ills pc rosm n\ , t imucrocuacks , peuri t  s j utcb tm tmmfc i u un in% 5 ’f c’c— u nipo ’ s utue m ii iu ic ’h .u i e
s’olmnmolu to the produus ’t iomt of langs ’ iuug c- ims is Imic it c’nnumts it he’ lion ‘s’s cur ks’ei cur re’c itmc ’e’cl ‘s e’rv ns u uc i t ,

Nippcuun Steel e lse ’s IS , 50 nuns! 1(X) b u m  baste electric arc f u runa e’e’s (s’s m m  e lcctr on sagusem ic’ i u ic bem c tuoms
agitators ) to pm’ cusluce forged slabs amid a haste euxygeus I Urii .uee le t  muro slcm ce is- il ls’s! s ! ,mb ’s (this ’ s l . i f s mu s eacit 5’ .use
are su ibuset lmJc ’Jni l\ ro lled imi tsu plate). lime basic electric feir usace pr osleices itigots ‘s’s f itc h and ’ 5e ’n s Ian ~.s’ amid
t h ese ingc-its are siahbesl by his-it - h’s- i gm nig ‘s’s iuim aum 8000—moms fsui gmtng pies ’s 1 lii’s us euse ’fei l its rem iso ’s utug oi h eal-
iung blow Inches auss l mniic ’ rcuca ’s m t ies m m  this’ i mtgot I imrs imught pI~u s t ic s ief e urm u nat ic u ms , lime’ cc - its ’s eutt ue tnal d cli mc I n un
mince . hio ’s’seser, res lemires time em se c- if scrap, s’s Imic is c reates sotile’ pn eu hhe’miss ‘s’s iOu rnurum ~ ‘s’s Iiichs ane ,us ~uude’cb s’s m mli
tine hu .ms m c s- i\\ gem femrmiace s’s hichs slOe’s usc - it res lem ire se n np l ime la tte ’r h’tu u mnac ’e us n Iie’t d o n  s’ at t m . m c t u ’ s  c’ to m s um n,u Ils’i
plates ‘s’s i mit ‘s’s-is ic it suu h’ficien m rs’sI ci cl i sums en us tie cub n a tutec l mum m lie sIn hhu usg re- il ii ung iii ml I

-\ll slabs are h eat tre ated ami d seirface csu usc lit is ims ec ! pnis-ir to Iuhamc. m u l l  m cul lumig. I s- iIbos’s mmmg th u ’ s this ’ plates . m e
aga its m eat t rent cc! pnic-ir tsu i tms pcct Is- itt • s ra ig it te’tt i mug a its! t’i nun! mm ns’s’ima in u~.ul ruro tue, 1 us ’s lc’sl - u s  di ui~c’mt us
a l’s’s as s a prcuhleuii s’s -it hi Ian ge i usgs - its a m id plates . beeaem ‘se’ t lie cli ffus ic- it t P~ 

t is to time scum h .cee is he ’ usg ,i mid isa m u humm e ’
crack s tinny thncrefc -irc s-cc emr c lcur u nn g cocil ium g. Nil-il-is- its Steel reunt e us es Ii’s clrc ’ige’ts I h i m otigf t  ‘s .ue e ieuum i cbe ’ ga ss tm t g  of
a lb tin elms a mis! m hsr t - icu g ii sls’h~’si rsugem ma m icunt situ r i utg it cal t rca n miuc ’nn I hot t Int’ slabbi ns~ a tic 1 plate - m m n a Li usg p~ ds’s’s se ’s

A s’s isle 5 - ar meu s cut Plate steels is lurodeices l ms- i s anu s t y ‘s .tu vung ‘s eu ‘s tee m ed leumu e’ mnmeumt ’ s , I items a sc’t ucs s~I
we lslahie hni gis-stneung ’ in ‘steels (W Et - — [EN et a ’s - i ) is prodcices l ‘s’s ut l n te nsi le s tu e’nugn im r ,m mt g uuu g bets ’s s’e’nm bo) . uu m l
1(X) Kg utnm m n~. line N - I’umf suc’c’ls arc iuitetn ded fcur los’s te’m m s p e rate m re se . ms icc’ ( -40” ms - i h%’ ( ‘ 1. -\ mit u i mi bet of
ls s ’s- ahiew steels fe-in msses hiuuns -l n ig is amss l iiigh.meuinper aue im e sc’ n ’ s  iC e ’ i i i  hn ig bt - nemn n peu ate u n e’, h ugh - pm e ’ s ’ s t mm e ‘s s s s b s

arc unadlc. .‘~tmnse - is lihscr ic cs- irrc - isuo un resis man in stee ls of mite ’ (‘ORR - l i -N u s pe ami d N -
~~ \\ msp e .tn e ,ib’.c ~-iiosluiced . l’ise steel S - TEN is nes tsma unt to scul lulse u ric ac id . .‘~bras ic- iui u e ’s is i . t u u t  st s ’e bs of tine’ \\‘Fi l i- N  .uu tsl N \~\

class are m m m d c  ‘s’s i i m  imicrcascsl ltnrs! ntess bs cuss ’ s- if be - is ’s er me’mt t pcr umug temmt p s’ranurcs .
[he research ‘sic - i rk s’cumu cl e mcte d by mIne ba borats urv m n n ’ s c u l ’ s  c-i mIne pne- ihlem iss euf peii i ts . sc’gu eg.it moms , peuu s - s i t ’ s

amid structemne ‘s ’shiiehn are im mi mereunt Ic- i t h ick plate tss a m iem f ac temrc. list’ ~-iu ohhe’t im ’s ~f t .mbt meat mdii ,iuncl ‘s’s e lc lmn s g
relate mc t h ese prchheuins , amid are alsc - c-if i m s t e ’ r e ’st - in us desired ,ul’s ’s .u ’ s ’ s to nt hm\ ttt ut ls ’ ts ughmie”s’s. ‘s’s c’ Idnbul ums
and fahr icahil ims- aunsl teu tailor properties at tun itiltis t it l i COst (ci nmieet ‘specu f mc ser ’s tee re’sle ui ue ’ m m se ’ ts u ’ s Sot mie
spec ific researc is am ca’s nuns! pre-ihletsis wiiicit ‘s’s crc c lus ceu sss ’d dus t hs is s i’sit fcu lleus ’s

I) W e huiimig s’mf lnighn-s tre ungt in (80 Kg t mi m un , 100 ks m) ‘steel isur pn cs s u ui c ‘sd sss’ls - I’u essume ’ s s’sss ’bs .uu e field
w e ldes l eitnslc r emu mfas -o r ahic ’ cm i ’ s urs uu s u nneusmal conshitioums. Umne inuusclm cc! percemi m toimi t s’! t ms ’te ’ ins ’s us n es t c u um s’cl ~imid
t he ‘s i-e lslm mng has mc he cie mse cinder gream rest ra munt beeaem’se’ suds liens y pla uc u- i used -

Sem u i i -am m teum nm a ti s’ ami d au tomatic ‘s’s el ehi u ng prtis’s’dl iu rs’s are grad umal l) iue imm g um um u ~duic ’e’el icr time ’ SO kg tisti n~
stee l (Wi] —T EN 80) h—cit SNI-~~ ’ reunna iuns m ime clomiumanit practice . es(X’c mallv Ic — u ‘spinet teal i.uuik s t ‘ m m
fe - ir um ummatel s ’ SMAW ss-eldimng e’ffic ’ie’mmc s is infhuuence’sl gu eatl y bs tine opemats -u ‘ s skill. Other pm ohle’ m ms s s’s hiuclu
bees—tine imntetnsifi e’d imn time’ we hslimig of iiigls -smrcusgth sled at e’: I) time steel II ‘si us e umibtitt lec h h~ bt ug t u
te n mper nt emr c s anss l m i te ’ t ibau c c’nmtnot h-is’ rs’acbi ly pm c’ s ’ s surc’usgI heunecl cm f om’t inccl; 2) this ’ inighi smr euigth sls’s’Is are
ti-is-ire susceptibl e Ic-i line ii aru m i tt u i effect s of ins slr euge un . amid chah uorate ste ps fe-it preinentiung ami d post ine numi ug
atici a large u sum inh er ot ’ p.l’sses .si c n cd leuircdh : .muncf 1) Inug ht s t u  e’ i ngtt i si~’s’ls , t i ~~ u t o t s - in - s’ i is t f  use ’ so that t t m i s f  i t ’ s  .lits l
snl ieu ‘soumis e’’ ot uu, - ii~’ hm 5’f t e s t ’ s  um smi ’ s t  he c o m i m i  oIled
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Nippoun Steel has prepared detailed mniamiemals f’s-in t ine s’s-e ldim sg of lsigin s tm e ’nmg mh stee ls s’s ht ich deseruhe the
proper se lecticims amid dryimsg s- if weld unnatenia ls , g ive weldimig procedure’s amid w-eidiung ceuuiditiomss fe- in he mtu amid
fillet weldiu g amid! specif ’y m eat inp umm aus d bead Iemmgth restrictio rts .

2) Plates for Heavy Sectiom s Nuclear Reacts-in Pressure Vessels - its a neceunt pubhicamioms (Nippoun Steel
Techtiicai Reps-nt Overseas No. 7, No’s’emnnber, 1975) stce lm nnaki img procedeires teu ussiniunni ze munn pe mn iuues amid
res ideial elemnsents w h ich caeuse irradiation eusubnittlememit amid the nneans to emiiploy hot work musg amid deflak-
ing heat treatm ents are described , The optimnum procedeures are claimed to provide quality asseurau mee am- id
presseire vessel in tegn ity, on the basis c-if (‘OD, DT, fati gue ami d weidahihity tests , Steels c-if minus ~Ype, lcu’s’s imi
t he an moe umsms of tine haruniful eleunemits Cu amid P. are curremit lv under test at tine Naval Research L,ahs - inamsurv
((‘ode 6390).

A paper on t he improvement of fracture toughness im reactor pnessune vessel steel plates ‘s’s-as scheduled
!‘on presemstation at the Third lntenmnam iomia l Comifereunce omi Pressure Vessel Techsuns-iIogy inn Tokysu , 18-22
April, 1977 . The auth ors , H. Kumnitake , H. Nakao, T. Kikemtake , A. Saitc, T. Isiguro amid T. i’akeda ,
neport t hiat the HOP process is effective m i  minimiziung tIne comice ntnami ous of harn ful eleunnemims . With respect
to S.’\ 533 B steel, residual sulfur is haruniful to upper shelf (‘hanpy-V test eusengy. Tramisiticin temperatures
are lowered by decreasing carhs-imn levels am-id increasing t h e handemiabi lity with niamigamnese nu cLeI amid
nichybdeusum additiotis. A suniali amoemmit of chnomuiumsn lower’s transition tensperature as dcies csims t rsui d-is en
aiumm inuns atnd un itrogen levels. Tests omi a comnmuerciai scale produmctio uu m eat of SA 533 B steel s’s’ ithn op-
t imumusi ccimpositiomi bear out the experimental predictiouns.

3) Env iroms memnta l - There are problems-is w it hn stress corrosion crackiung of himse pipe steels arid cub drill eas-
ing steels which are being studied. The problem is embrit miensiemu on crackimig by ftS. Tests are beiusg ccmn-
ducted im 5 percent NaCi-wamer at temperatures between 10°C amid 80~’C amid with pH s’anied h~’ CH~COOH
additiomss. The level of H1S is varied by saturating tine solutiomi ‘ss’itin saris - ins H:S-N~ gas mixmetnes.

The cc-impauny has evidently beet-i able to imicrease greatly time resistance to H~S by the judici ticus cs - ins ure- il c- if
compositism and by purposeful smisall additisim is c-if cermaimi eleunents. These ss’ere discussed hum the ‘s ’s rimcr
pncmised the sletails would not he disclosed.

in gemnera l the Nagoya Weurks I.aboratory is excelleu’ut amid tine work t h ere is its keeping s’s iths tine h igh shami-
dansis observed previously iii the Feinmdanuenta! Research Laboratories and tinc Prodoe’t Rs’scarcit amid —

Development I aboratories of Nippoms Steel,
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~ II’ t’O~ S’I~FFi. CORPORA’I’ ION
PR O LR 1( ’I iON RESEARCH ..tNl ) IW~’FL OPML’ NT l ABORATORIES

fliene arc t h ree eet nn ral laborato ries its tine Nippons Steel Ccnlucura(id- iml ‘s’s-hich repcurt direct ly to the Puest-
deust ‘s i n a Reseancin auss i De’s ebsuputsem m m Heurcacu . ‘E’ hscsc are tine I-’euu is iann ncmnta l Researehi lahorams - iries, Prc-isl-
cud ’s Rcseare hn amid I)eve lcpm sscmnt I ahcratcu nies amid tine Preuce ss Tee hmusc - ils- igv Researeis amid [)es’e lopmnse ,ml
I aheuratsuries. Ims aslc !itic - im i t h ere are research lahs-inatc-inies asssuciatcd s’s mmii cacti c-if mine t c mn wcirks lcucatce!
nh nre ue m g inc-cut Japams (Oita Works , Nagc-iya Wor ks . ~turcrani \\‘sunks , etc .). Reported here is a s I5~1 Is-i mis c
Prs- ishmcm s Researcis amid i)e’s ei cup nmeus m I ahoratories iun Sagamiiiimara City. Kamnagawa Prei’ectemre , tiear
Isu k~ s-i.
[Inc Proc !eucts Research nuns! i)eveiopu usemsn I absunatc inies (PRI)L ) are divided imm ms i tws u dep anmm nnemnt ’s . t ine

Reseanehi Dcl-iarttnies amid t h e  Welding Research-i Center , bot h s-if svliichi report mdi tine Direcmsmr , i)n. l’er umcu
Ikcuso. line Researeit Depantt iic mst is direemec ! by [)r. Shogsu Kansa ia’s’s-a, Fi’s e labs-inateinies are inn mii i’s depart-
unment , amid there are two sen’s ice gre-itt j -is . 1’ iuesc Iahs’sn’attunies perform research its tine areas described hs’Ieise :

L aboratory I — [hits lahcurams unv is tIme m hmiun steel amid sem nh ’ace tr eatmnent facility. Major interest is lun
eoa mmms g s cuh mimi . / iunc , cim ns um im iem u n n , etc. partic umlaniy as related Ic-i misc ca ununim ug imndustry. Seubstituticiun s-if nun d cc—
urcuplated c inno nnmicmutt cs uat iuig as a s u ub s t i m e u te f s r  mimi is a curr eumt goal.

2. 1 ahcuratsurv II ru ms groump dc cs applicatis- its research c_ mi thick plates amd alloy steels. Studies are
eo mmd eictes l s-its ceunrc-sic iun (Wet and dry), eornosicumn fatigue, t’nacturc and svelclability, T Ius’ group dcv elcips mnes v
allo,’s stee l-i s e mehs as f ’err itie suaiu nicss steels. A ppl icamis- imns ius usnimid are plates f’s-in sinip h ulls, bridges amid
presseune ‘s esse ls (hs t in cc mnv em it isunnal amid unciclear),

3 . 1 ahc- irntors III — This grs- icup works sums fonmn s imn g s- if ‘s’s-eldcd jc imsm s amid rsids, Fimsin c eiemniet nt tisetinoci s
arc coupled w ith crit ical expenmensis.

4. 1 ahcuratcirv IV — App l ieamicutm reseancin ciii pipes is tine nsajsur act ivi ty c-if th u s groemp, parmicc ula rly h u e
pipes for g.m’s amid cul ansI nine pnohletmns svhnic im dies els-il-i i’rciumn lo’s’s-- meunnp e ra mcmre sens ice. Nippeuti Sleet mnnake s
sOtiic s-if the largest pipe its tine ‘svcn ld (48 iunc hm) amid m hne Oita Ws - irks produces plate IS feet ‘s’s-ide for h’c- irunn imng
ntis! weldutug il -its-i pipe. Seamless pipe cmli md- i 16 imnehes ims s liamincten is also prc-is!emccd amid is iunmeusc!ec! for
OCTU (Oil (‘suu tn t ry I c c !i msg Gocuds).

5. 1 abs- imatony V — Th is is nut auma lyticab gnocmp. Ness tec ismsi qu mes arc exp lores! fcir unsiere- ic liemsnicai amnalvses
amid local ciieuisical atma lvscs , as oh’ imseltu si cu mss.

rhe Weldinng Research (‘cmst c r , ‘s’s isicis is em ily a I’es’s years c ud , is orgamni/edi imits u fsue mr unnaim n researchn
ciepartu nneusts . as fohleusis:

- We ldimn g Fahorats- iry I — ‘[isis grosmp ‘s ’ sdrk s to adapt c\mst ing welding equipment Idi special s’selehitug
prc uhle mnns w’inic in emerge s’s im in usesv app lica mi omn s.

2. We lclinig 1,ahoramcurv II — ‘[isis grc-iump svs- irk’s tc - i s!cvelop uses ’s types c-it’ s’s eldiusg equipnnseunm amid lecis-
n-iiqemcs , ami d also develeips Ni)T cqe mi pnnsemnt (X~nav amid tu lnnass umni c) Areas of special aehnies’emiiemit isa’s- c’ beets
inn aumtc-tnlat ic weldimig, narrow-gap electron heanim sscldiusg aund autsitimatic seatsu m in ig NDT (mnsunnd~s m m euet i vc
testing) oh ’ wck!ec i jsiimnms its pipehimses .

3. Weldimng l aboratory III — It s t h is greiemp t ise~’msie mailtm rgv cf weldinng is stud ied. luncleuded ate Shtm c!ie s c- if
f le mx es for sem bunnerged arc s’se ldit ig amid tine study of t h e  fcmmmd amn n eui ta l s cii ninetal-hleI\ iuntcra ctis imns .
4. Welding I ahoratory IV — ‘[his greieup wsurks with semhsieliarv ccinnpamnies to s!evehcip csimpatihle plame-

we ldimig techmiiqeme-s s-eldimng mnaterial sv stem s ss . it is csimn nmnnsimm for tine pemnchasers c-if’ steel Is-i imsc leude the
we ld ing package m m  the deal, ami d Nippoun Steel theun asse m mnses resps- imns ihihitv fe-in tIne c~tma limy cut’ subsid iary
w e ld material producers.

[he We ldiung Research Cemnier aIse- numns a We ld er Traimnius g (‘enn m er h’s-in cc-irnpami ies ems imsg Nil-il- ic-mm Steel
plates and weldim ng nnatenials. Over (-i(XX) emigiuncers have gradeunted! t’nouni t ine ciune tes six mnnom nt ii cciurse.

Follsiwimng tine introduction tcu tine eurgamsi / ami c - ims c-if I’Rt)i , a tc iumr s-if the fadilihy was annamiged ‘s’s itin N.
Tauniguchi, am-i outstanding Senior Research I~ngiuieet . The tsueur revealed sciusie s-if the mnsost ad va mnce e! cqeuip-
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5 unm emsm in the world for welding methods and weld testing. It wi ll suffice , hopefully, to simply indicate the
types of tests amid equipment which were observed , as follows:

1. In t he analytical laboratory, a gas chromatographic method for measuring the hydrogen content in
many specimens at the same time was shown.

2. In one laboratory, multiple cantilever beam tests for the hydrogen-charged cracking of welds were
underway-Specimens are cathodically charged before test , amid t he specimens contain a saw-cut notch,

3. Both dead load and hydrostatic weld implant tests are conducted.
4. Patch tests for the study of the effects of high residual stresses are carried out.
5. Lamellar tearing tests and surface strain tests are going on.
6. The Tekken test of the Japanese Railroad Research institute to measure the effects of preheat and

postheat on weld cracking is used.
7. Simulations of the electric resistance welding of pipes are done to study the mechanisms of ERW

and improve the toughness of the joint.
8. Both tensile and cantilever beam tests of susceptibility to cracking in hydrogen sulfide are done. The

concentration of H1S in the nitrogen environment can be controlled to 10 ppm. Cantilever beam test s are
being phased out in favor of the compact tension fracture mechanics specimen.

9. Compact tension fracture mechanics tests are being done to produce data for the Japan DSRV
(Deep Sea Rescue Vehicle). One test is underway to see if there are differences in K15 ~ between I inch and 2inch sections of the 10 Ni-8Co type steels.

10. A very large test cell (room) with humidity controlled at any point between 20 and 95 percent and
temperature between -40°C and + 40°C is used for testing welding iii various atmospheric conditions. For
example, trop ical environments can be produced.

Ii. Fatigue test equipment includes a 2000 ton. 6000 cpm servo type Saginamya machine used for tests
on welded joints.

12. A high-speed impact machine (30 rn/sec. 10 kg) is used to test vehicle safety (e.g., the sides of
automobiles).

13. A high energy rate machine is used to test effects of high extrusion rates.
14, Many of the usual brittle fracture tests of welds and fusion lines in plates are conducted . The

laboratory features one large machine which can apply 8000 tons static load (second largest in Japan) and
2000 ton cyclic load at 20 cpm. The massive tests are used to test steels for giant new bridges and off-shore
platforms , where heavy sections are involved.

15. Lamellar tearing tests are conducted on steels up to three inches thick. Lamellar tearing is a concern
in massive we lded structures involving heavy sections and rigid constraints.

16. A great number of corrosion-fatigue tests of smooth specimens in synthetic seawater are conducted .
17. A massive dynamic tear test (courtesy of W .S. Pelhini and E. Lange of NRL) is in operation.
18. One side, one pass submerged arc welding equipment is available. This is a notable Japanese

development.
19. Narrow gap MIG welding equipment (from Battelle) is available.
20. Vert ical narrow gap MIG welding equipmnent is in operation.
21. Simplified electrosiag welding involving a fluxcoated electrode is done. The flux is on the outside of

a tube, and the weid wire is inserted down the tube. Copper chills at the weld sides are used. Vertical welds
10 meters high have been made by this SES process.

22. A variety of other welding process equipment was seen, including the VASCON, OSCON and
MISA processes. VASCON refers to automatic (e.g., vertical up) arc welding processes with voltage and
current control. OSCON refers to automatic arc welding processes involving controlled oscillation of the
welding wire. MESA refers to submerged arc welding processes using fine wire. A number of other welding
processes are in use or under development. Detailed descriptions are available in Nippon Steel brochures
and reports,

23. Experiments in weld overlay with stainless steel are being conducted.

The Director of the PRDL, Dr. Ikeno, next reviewed some of the history of the organization. About six
years ago he visited the LISA to gather background material so that he could better decide what PRDL
should work on. The most impressive work in the USA according to Ikeno was being done at U.S. Steel
(M. Lightner) and at NRL (E. Lange).

Upon returning to Japan, Ikeno organized his laboratory along the lines of the (former) U.S. Steel
Laboratory at Monroeviile. The new philosophy was that it is not enough to simply produce steel products
anymore. Steel will be used in even more massive structures , am higher and lower temperatures , and in new
and more corrosive environments, The steel company should therefore get involved in anticipating the re-
quirements of the user , both present and future, so that a satisfactory product will be available when need-
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Cd, it is I on tints rcassm un t h at 55-i t55 ~~t 5’ ,, ~h’s erse f a em l m u ies isa’s s’ hecut ass em ut hlec h ~u m PR 1)1 , -~uicum imcr fc~m meui c is
tit a n .t !b ~ i-- ic-. cut ’ upa me rm . m l s people are h n  e tum ~’h tt oL’c’l htci mut s - iu mc I.uhsur~u mcu rv , press Ic1inum ~ tl t e usi c i b t idis L - u l- ih i u t~tr \
appro~ee ts tc ’ erit mea l pmoblcuuis ,

I- sammip lc’s c f  tine prs bbe mn ss tine baheur at or ’s ge Is  mi ss - i l ’ s ~s! iun arc mIte \L uska pipe h im u c . t h e  Neurm hi Sea suf i ’sh nsure
-it rmu en cure s . aumc l t ine ec - i uss trcuet ions c- if tanker shstps cup t c- i  0mW un imhluct i lcu v - . . llne requ irememst - , s- if I h i s  ‘er’s ic’s’ .u ic
h ec! h ack no mite Iahssraucurv ii hm mc hn m m cm i  s t ruse s f~ n s s ul mutis t t s , line’ A laska pipcbi usc diff icc i lmi es . t ot  c’s.amunple ,
esueu lsl he’ au t ru huted ts - i mite tu s e s- if em mn h raimieci ‘s icbchers (s !cud ’ um i part ne - i utti su mi prcsscun Cs) line problems were
semI ’ s Cc! fu~ dC ’ s  e lc upimu g nut .ue un o u m ian Id  g uru hi ‘s’s cldumu g svs t cmt i amid! ae m ms - i m in a n ic imns peeti cuni- recs- i rd ! iu ig sIc’s ices .

rise ~urt i i s’s ebs !nmt g l-irc- ieed !cmres ha’s e beets suffered no I lie (‘aunas ! iams ( ;a- . I - muse St cus hy I m ini meeb , prc’scn ntahly .us
an uns !eue cunicm st usu else- Nipm- ioin unsal e ruab , Nippcuut Steel has  apparcmtt lv desebs - ipes! ss - i t nne F -I S  res is la i l t  sn ee ’ls
ii hichn ‘s’s sucu lc! hen fe u rmi nen ant i  ldt out - I itere ‘s’s as tic - i d isccmss is mi s- if mime fe a me ures s- if t Incse F l - S  resis lam in st ee’ls .

l)r . Ikeuns u s t ie s se s ! th a t ecud- iperacis e , wo rld- s ’s isle researc h wools! he ‘s’se lesu mn e. au-u s! that Nipps-imn Steel
(‘cmn p amn ~ s’s 5)0151 exebinu nge iusfsur mi s a u ms uu free! iun ~cichn ef icr ls . F he ‘si cuculd appreciate heimug eo u itz men cc l b . u m i ’ s
imincres mest cur ga mtizan is- its ’s cur imsdis idcials.

Frcmunn d! msee u ’ ss u s uun c- if speci i’ie research acti ’ s lutes , several areas s- if ius ueresm emincrges! . as fol low s:

I annicllar teari ute — tints pncucess , referred no previs uusly , us c f esutse en ts in hse a ’s s sCeticuus ‘stels iesi dsum-
pomscun n s am id St le meneur e s - I mis esm iean tons . ~un imsci patly by l)r. S . Kam na,a ’s ’s a, has e heenn cs- iut s!cuctes! c- in nun nssc ss-
unsent s f lam ise lbar mean imig sct seepmihi hit y c-if stee l plate (II~~’ Dce. l\-840-~ 3) amid cmi latne hlar tear res ist iung
steels amsd inc-is’s- nc-i else miscuns (11W l)cc IX 873-74) . -\s uns ig hst he expected , lamisel lar mean iung mnsay he red!euccc! h~-umnipre - ised dcstu lf eun i iamis mn amid rare earths uniema l ac ld itioms s .

2, Stud ies c- if’ fraete mrc initiatioun iti u ornnali,esi nuid eculd—s ’sci rked n—u I! steels ami d tine related effects s f
gra ims s i /c s—ms this prs- icess. This sv cirk is slete to M - Ogasa ’s ’sare. \l - lit ici amid II. N!imemra ( rrauns i tS II No I
I 9~O, lbS /2 No, 4 I ci’h u S  /3 No. I, I ‘F2). Uram ns i m i~ n nem unpc natt urc s ‘s’s-crc bo’s’s erce! ‘s’s ithi ec ld ‘s’s surk and
decreas ing graims site. 

-

3. S . Kamiaia’s’sa nc’s iewed tine euse s f  vatnadicum in tsu iuinprcs e properties , part iccubar lv sec ls!ahi hiny . of inigin
strength stee l at the ~‘ ani itcc Meetiung c-if 1976.

4. ‘rhe sle’s elsupmn ne mn m s-if tics’s steel ’s for hu gh h eal iuspeu m s’s e’ ldi mtg ‘s ’ s a s s!cserihec! abscu by S . kauna,as’s a (11W
I X-9 52-~~-i) , We Ic!inng fus ion tonic tduughness is inupneu’s ed by fine tin particles .

5. 5, Kamiaias ’s-a amid ct hers have ‘s v n imm e mn ~umi prcuhlemnss s- if stress-relief erackims g inn high strength ‘s teel amid!
stai ut lcss steel. Cracking i s  lcscated am the pnics n at us t cmnmtic gra imn hsutum ndaries. Fffecns of aibov iusg elements are
givems (see Traums JW S Vo l. 7 Ne ,  1 1976).

6. Se’s era l PR[)E. iunves migamsur s , S. Kamna ,as’s-a aeaiut priuncipal acmt hnor , descr ibes! am nih 2usd lun term sa u icmsa l
(‘cutsterence sinS Y ’sl a n erma ls inn Bc sms- imn, ,‘~cuge isI . I 9 6 . tine f racture sat e designs s- if ‘s iclefes b steel s mne lcnc m nes ha’sec!
cmi large scale tests.

, Reps -iris b’s- S . Kado and others , appear ing in Jeuly . 197 5 (11W Dcc. X II1-~ ’ i , “2 , ‘73-~~) d escr ibe
inspro venn nemn ms in the fani gcue sm remngth cmi’ welds tlsrcnugh TIG dressiung amid by as!s !it isumsal ‘s’scl ch rum- is ‘s’s i t is
coated eiectrodes . [inc dre ’ss imsg appears ms -i impnc -ivc we ld-moe css mih ’ ige mnat is umss .

8, N. Tanniguchi ami d et i ners prcseumtcd papers sums “E)ymsauisic Uraunsitious I3chna’s is-in c- if St rc uc m e m ra l Steels ’’

amid ‘‘Mc-isliI’ied Th ree Psuimit Bemsd Test feur 1)emern nnimnim ng Bniulle Fracteune Preipenhies ’’ a~ tine Nhare hi I 977 lii-
tenmmat uciuial (‘cinferetice su u Fracteure Mechamsic s ami d ‘rechmiss ls-ig~- its Hcunsg Konsg. T he feasibility of usiu ng a
sharp nsac hunsed sic-it inn the DT test instead c-if tine Ui-electron beam crack smarter is argemed f’s-in steels cup to
strenglh level HT9O.

9. 5. Kamiaiaw-a amid N. Tamiigeuchi submitted a paper cms ‘‘Ff i’ect s s-if (‘rack Tip L)amrage s-imi K 1.,~ s’s i nbn
4344) Stee l’’ tc-i t he 3rd 1(1- imu Meunicin . The ccims cleu sicun is minat hati ge ue precrack Icadimig le ’se ls eats ha’se .e
sigmsificam st imunpact sums the ‘s’a lcues c-if K 1,,~ w hich are simhs cqc mennth y demerm sniuncd.

Inn gemncral , the L’RDI appears to be a ‘s’seIl eqdmipped! amid well stah ’fed laboratory . [1w s’s- sink gs-iiuig s-inn is
‘s ery imprcssise amid cceuhd he a model for cm m iner steel ceinupamnic s its tine ‘svcunhd s’s inich nnav ‘s’s -c-in-icier a m mine stud-
cc ’s’s cf Nippon Steel.
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i’OMOE(;UMI IRON WORKS . Lii).

Dr. Hirosiui Nakavann ia , Flaunt \lam nagcr , ‘s ’ sa s msny hnc’st for a ‘s i - i t t  tc u 1enmnsuegumiii Irs-it- i Work ’s. Bcutii tIne
Oyanisa plausm ins ‘T oc inigi-keun , about 50 kmin f’nouns [cukyc , amid t ine Weld ing l,ubsuratcrv its Tsikyci ‘s’s-crc
5 ismmes ! .

The ccutnipan~’ was founded in 1917 asa fa bn ic amic r u  shmp amid has grown- i simnce nc-i sense pninianils the
heumldiung iuicIeusnr~ , in he-ith designs ansi t’ahnicamions , Tine ec- imsnpamiy is fanned fsur it ’s ‘‘I)iamtn su und [rem - is ’’ ce m u —
eept , a mct lnsid for cs insn ructiusg curved , wide-spami surfa ces s’s- im h trusses arranged inn diamsnonnd forms . lii ad-
dition Is) the twe - i  nsain linses , stee l ms-is’s-ens amid Diamnisimid Truss st re me~ures , t ine ecnnipanuv hemilds bridges ,
prefabr icated hsiuses amsd sd hs uol s and all unnamimner of steel fra nsne structures . TIne arch i imecmcura ! section s-if tim e
ccumnnpamm v i s  mut tegnated s’s t in the plamnmning, des igmu amid field constreucti i.un act ivities , w h ich ts  cla m m ed ts he
eumniquc ims Japams.

With t h e extensive in\o(vemenst of the company imi fabricatism it i’s natural t isat si eldiung ‘s’s cueu ls l he inipor-
na n sn. Ins minis respect , t he csurnpani~ appears mc he aimnost exc lems ive lv cunnpleuving s~ ria misumns s-il nbc (O~ ard
s’selding process w hich ti-ic counnpanv amid Nak: .van sna in parl iccular have developed. Th ere are hotti
aeu nsunnatic an-id senhi-automatic prsueesscs fo r homis inn-pla n- un amid cns -s ite operamioun s. Ssuminc s- if t hese processes
for narrsuw-gap welds are as fo llows:

- NOW-T — This us a semi-automatic { rtucess fe-in mn nak im mg vert ‘al I weld js u im- its . It it_ s ~uf ’s es CO~‘s’s-eldinug ‘s ’ s - m b tine Is-is’s-er part c-if nhse js iimsn ccnnaims ed liv a ec-iplucr chill amsd ii it in coated re-id laid iun tine square
bent grsuove.

2 . NOW-H — Sinnihan to NOW-U hut tine ‘s’s’eld is hcriiomital T amid the chill ~ t shaped c~’-i coniam she
weld meta l. This is instended for on-site ‘sve ldiuig.

3. NOW-F — This us a fiat semi-automatic shop welding (‘()~ arc we ld process. T h e  weld is flat incrizs un-
ta l s’s ith a gram nular t’Ieux hacki usg.

4 . NOW-B — This is a flat ac umomatic shop hduni?onnal welding (‘O.. arc si-eld process. ~~ st ina h l s i t  ip is
we lded first to the hack side tc cs inmaim s tine f’iller metal. Weldimig is perfornied ims ounc- pass . omie laye r itt a
‘square butt groo’s-e.

5. NO\~ - HB — This is an ac imo rnamic on—site honiie-inntal prsueess ‘svit is a sniall strip welded Ri tIne reverse
s ide mc contain weld metal,

6. NOW-T B — A semi-autd-itnatic process tcur T jo itits . s iunsil-ar no the NOW-T prs- ides- . except n}na~ a stee l
hac king strip i’ used.

7. NOW-V — This is a s-ertical mnanrow gap CO~ arc we ld preueess it ivolving arc ‘sveaviu ug ansi copper citi lls
w hich move w i t h  the weld. CO: gas ennuers t lsro cmgh ann dupening ins the ch ill,
8. NOW-yB — This us a vertical T w-eldimig process simsiilan mc the NOW—\ process ben t ‘sv ith the chills

located appropriately for a T-joint.

These brief descriptions are recognized mdi beg better illustration am-id further clarification amid fe-in tink
purpose t he papers w hich Nakayansa am-id m is  colleag mues have prcdemced are perhaps the best soemrce. Somnic
of t he more important of these are listed as follow’s:

I. H. Nakayama em ai,, “Use of Narrow-Gap One-Side Arc Weldinng Process (NOW h’ rs- icess) to Steel
Structures of Building” 11W Doe. X II-B-87-~ I2. H. Nakayama em al., “A Study of Narrow-Gap One-Side Arc We lding Prc’eess for Horizontal Posi-
tion Welding, ” 11W Doe. X Il-B- l05-72

3, H. Nakayama en aI., “Development and Apphica licms s-it’ Narrow- -Gap Onne-Side Are We lding Process
(NOW-Process) to Steel Structures of Buiidimng, ” 11W Doe, N 11-13- I60~14

4 . H. Nakayama em al , ” A Study of Narrow-Gap One-Side Are Welding Process of 1-Joints (NOW-T
Process) in Steel Building,” 11W Doe. X II-B-I33-73

5. “Development au-id Apphicamis in of Narrow-Gap Are Weldiung Preucess in .Iapann, ” 11W Dcc.
X II- B-584-74
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-i Ii. Na kavamsu n em al , ‘ ‘A p~uhieaniomu s - if ’ Nar rs n ’s ’s— ( iap —~u le tmu na m ie (0: A t e  Ws’as umug ~Vel s I iuug l’mos ’cs’s no
hIea ’s~ Sued ~ur tmc mt i re s .’’ I IVi l)eue. NI l-it - 188- 75

II. Na ka s a mm sa el a !., ‘‘ - \ p mubmea m i o m m of ’ Narro’s’s -Gap At u lo m u sat ie (0 -  \ t c ’ Vi s’~u s l m t g l’ t oL ’d’’- ss ’s Is Hea’s~
Suee ’l Str c uetemr c s s- if Itm m ils l imtg , ’’ 2 utsi lun uertna u i o mt a b Svusupe us i cmmmt c b  lIme ’ .I~mp auu Ws’lc! imn g Societ y , \ eu gn ms m I ‘I’ S ,
Ni-i. 2 2 ( 2 1 ) ,  .-~ bso lI~\ Doe, NIl -I t -  193-76

Na k a ~-asm ma ’s g i c - i t t  p has a ism t lues’ mm tn t cci ‘scsi mum ‘a mud me ’s of cbs’ h’eur iuta t iou u a rush it  c’”’s dum c’ Io ii eld i mtg nun -il s’e’I
htu ilebi uug’s (11W l)eue. \ V - 292-70) auts l imm ‘- item e li cs to mire’s emit ‘s’s elsl cracki ng itt inigh - i t t  cutgl It ‘steel ‘s’s d cl’s of
Iut m ilchiuig s t m - mu e ttmre s (I .W- l)euc. lX-7 87 72) . Its lIne ba um er st m us lv a uses ’s- iiteli te usl teu ~~~~~~ ‘s’selsI crac -k imig ‘s ’ sas
prc-ipsnsecl mmt ’ s e u h ’ s tun g st ucececbi usg ~‘ussc ’s ‘s’s i uh t u mn uh te im n e t uh uam i o mi uim u ic Ion c’ t ask  iusi u iatn ou s ‘ s ’ s i mh uo tum emttpbe - iyit mg
preliea m iusg.

A u mIne W clsl immg I ahsura lorv . a rcecmu l acin ie’s ’cnnseus t us a uausdcmi i scumscu r feur t h e  cuitr aso iu ic sletcenie - iu u of
clcI’ecls ims s’s e’ls!’ - , [isis is claimed Is- i hue parmicemla nly effect ise its I tic Nt)’I of mt -a rrow - —gap ‘s’s’cle!s Inc ce umm luaumv
plans ’s Is-i etc ’s c leut u I lie i must rem unic u u m fe- in ‘sale i us misc usea r Iii t t Ire. We - it k is aissu cm uss !cr ‘s’s a y cmi m lie de’s-eleupumi e mn u suf a
circular aem m c msma l ic ( ‘ ( ) — ots- -s itc s’s’elc!cr . h its’ goal is ms - i l’mre-i’s- isle aol cunsal ie eirc mula r ‘s ’s-eldim mg capability (girt Is
‘s ’sc lsliumg) f ’s-it e umss !ergm su cmunc l coluuu ntms s- if nun electric power sl am is- its ,

At tine Iimns e suf I!se m s mt , Nakavauun a was cumgagec! i t s w’ ri limug a h ook sns (‘(): w elc liung amid al— c u prepaniusg a
Weis limug I’cnuuu imss- ile ugv l) ic t is - im marv. I-Ic ‘s’s-as elciung this iii misc es’cmiiusgs . Perh aps it is thus kiuis! s f  elcdic’at ioms
that tursudlemees ‘se - i unsamu v cxcc lhcunt imusleust r ial surgauiilalie’uus its .lapam s . Tcu msocgeu mnui Ircus Wo r ks is ounc euf t h ese.
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III I’A(’ III MF;TA i.s , t . ’I’l).

ht u m ac t s m Nlc ’ u a bs I mc! separate d frs sunt misc large Hitach i I mc! sommm c m’s ’ s cunmv vent ago l’ b u ms ut u g ht m hsc k itscl uucss
s- i t I’rsule’sso r I . Ow aclatno s- it’ Kv eus im eu Imusmi mc u m e s- if I’ecimmi ss leugv (K I I’) a ‘s s i t  ‘s’s as arram ugcc l Is- i hot is h u e ’ I’oh’m a ma
aunsl t ime Kamueba ~\ sur ks . Dr. kysuj i Fakahnasis i , ~s ’ snstau t t  Nlamm ager ci’ t hm e (‘ast imu gs R amid 1) ( c uu md ’r inn h’ohzu ma
‘s’s as iun iuneipal his- i- it.
I lm ta c ’iui Niemak 1 mcI us pros lmmc ’imig mnsa lheahie mr s - ium, chu emi le ircumi amid steel casniungs . Ibne capacity is 7500

Is — u s muie - iunt lm s- if mtialleal- ilc ami d c l cm em ilc ircums (40(X) am Fohuata ammd 35(X) at Kausda) amid 1 6(X) Is- iii’s umueu u sm l n of easm
steel (1000 at l’ss huana amis! (-i00 at Kauncla). I’hmeie arc 30(X) ti -it -is - uimciust ls s-if ferri mie msiahlcalule cast ire ums . 20(X)
ts ’ots mnss - ium l hs s- if pcar l itme mnsa hlcablc east ircus aunc! 25(X) teu m is utnsumst l n s- if dcm eti lc ire - its. Sc ’s e ui mv perecuit suf mine
ca st  stee l is f ’sur tine I titled Stales unnarket , anus ! iii fact mite Kamida plaus t wa s hc ui lm pniusmarily bs ur Ilnis uisar kct .
.‘X h ssemt lifts- lucreemu m of I lie cast ire - its pre - ideme ms gc ts) tine I.) mu ted States. Ihscre arc ahe- iem n 16(K) emusp loycc’s amid .
.ms ‘s’s as sau d . 14(X) are ‘ ‘s ’so rk imig ’ ‘ mu cus ami d m Ine s- it hnc rs are its misc suff ice,

l)m . I aka imas i sm s’s as a ‘ sm cus l emm m at KI l ami d cut utamm icc i Isis doctorate emm ndc r Owadamno. Earlier Inc olunaiuned tnt ’ s
13.5. at leu k s-i I mii ’ s ers ul ‘s , I Ic appears tsu he suite s- if tIne unsusm emmer gctie aims! prcd!emel i- ic mm cmi . i’su ’  exausiple ,
isa’s ptmhlishsccl 0’s cm 30 papers , s- if’ ‘s’s iu icis at least I’s’meur arc imu imu ucrusa h is - imnal j su e mrmia ls. 1mm as !diu ieums lie Inns pre-
dmme es l Siumime 5’) h him ac h ni iui mcnmu ai Iuemh l icatts um i’s . I’iie fe s ta l  t im mutiher suf h I imaeh ni researc h reports ‘simuce Weur bs l
~ ‘ar II us uncarls’ 300. 1m e v ecu ’s-er all aspects s-if unua t leaL - ibe auicl sh me m ih c irs - its amid! casm steel prsusteucmie u mm f ’t onit
saut c l n reat unseunt tsu siiniunkagc pi’chletiis to huig in leunupenateure rcs is lami m cast irsumus me - i imnip ro’s-es! ga mimig ami d t i s e u
imug seinennses tsu musachim uimig amid griuss l iung te -i inarcle mu im ig . Rcpre scu iuati ’s-c reps-inns c- if Ta ka hnashni are ‘‘ Iisnpre s- im ie
mIsc Melt imn g s-if Whi te’ (‘a-it Ire - ium I’s-in Nlalleah- iihiiimsg’’ ( 111-80 1), ‘‘Tine lunflemeunce s- i l’ Nimr.~gcui ami d Oxygcu s s mi
misc A mnmn eah ims g Properties sub ’ W h ite (‘as m Irs- its ’’ (1-11-802) amid! ‘‘I Ie t  l’caniuig c- if Wiu itc (‘ast Ireums ’’ (1-11-803).

(‘emrreumt Iire ’~ject s s- if ra kashni m m m ’ scl ’ s c shuctile incus , orgaus ic huiuss le rs , ree lamns at ie - ius s-if fe- ie muss lr sausc i ami d
gamimig amm cl easmimig slesigmn. Fe-in exaunsp le, lie is tnv iung tes desc lcup atm orgamuie blunder s’s ’isj c is will heisas c simu ii lar
to t ine (‘0: hinder; th a t  is , css uutt ’act rat her I hiams cxpaunel after tine’ nute mal is iuotmned .

l ine i’sueunudnie c-il’ I limaeini Metals I Id are aunm suus g time usus -ust musodenmi iii misc s ’ s er l s l .  I’It is is a rcm uiarkah le
ae hnievennscumt its s ues’s of ’ tine hat i tast ic sliI’i’ie e ilm ies cmn es u uuiter es l inumu m me c l iamc lv fo lls us’s iutg \Vcur lsb War II. ‘s’s- items
uuuatc n ial’s , i’euc ls , samids , fcrre -iaile- is-s , ctc ’. w ere cli fI’iecu lm Is-i s - ibt ai mn , c l ms c ’crta iti im m qcm al inv am id elnaraelcniies ! h v
im unm mscmsse ls uI- te u—ls u t s a ru a tu i uuts . I)etcruim itscd ami d exi saem ’s tiusg ‘s’s-s-irk by umi cut s t ue f t  as Faka shsi gnas!euallv lirsu-
cluecsl a boeuts mrap e les -am ies mn mc mine tm s esc lcr m m facility s- if Isuelay.
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I ” t 1RL K , &W- ~ AI ,U M I ~~I I M (‘0., I , f l) .

i -ci t  cm k.m’s ’s a - \ I cm m nn m u m cuumi (‘si ,, I md., n- i 5 - i t i s’ s 1 ’ Iit c’ le~mc Iim ug ~m htumnm i mu c mutn f nlu ric -amo rs inn .P~u pam t. Preushtic us .urc
‘sheeu , -in n ,iuietesl steel ecu e ‘s’s ire , C~t s I  usgs , forg nu sg ’. aune l ex It ets iouns . ihe Nmkks - i  W ss rl’s s prc - ish tuc cs sh eets amuc l
f’su rg umngs a I t ite’ r,l I s’ of~ 6(1(K) Is- its - us nc mut ft a m d  SO t smi  nuicut m hi u c’-ips’ct i ‘s c lv . Prsud mmcm s a re f ’oi Is , ca us sh een
pattsues l ‘slices ’ s , sirs - Is’s , ch ic’ t orgimugs a mu d trec forgi mugs ~. I~ inc es- inst pan rati k- i I it irs! i mu .1 a pant it s I htc s lsiusm e - i t ie
nun arken fo r s iteen ’s a mu d e \m r mm si s - i uus

l” c urcm ka’s ’sa -Xln m nu um m uc u u mu (‘cumnpa uns den s e-i i’nsum mu mIne ’ 1- cur t u kawa I’I ce mni5 - (‘o u u ip nnm s , I 1s t ., am nc! prc sc lt ms ’ m iomn
hegaun s um 1920 . hu n 1959 a ceisiperahive ngn s’i.’uti s ’ mit s’s -as unuas le silt Ii -\ bs’e a  ‘\ lu t u n lmnum it ( s uunupamn \ . 115 . ‘%~ -

t ech us ica I cxc isa usges a m e a part s-il’ m Iii’s agm ecu uuemu I A I p resets n I etnu ka’s’s a \ let miii unit tim (‘cmii Pa ny i unspsur n- i
a In mist mu cumin pig f ri— mi t -

~~ lee- ia c-il’ ..\ cis I ra I ia
L)c’s ckupmnnemnm al nescareh s act iv iume ’s au Nikko are ec untdct s ’nesi h~’ 7 muie ma ll eurgi - i ts . 6 s’hte utti ea l emig imneer s ami d 2

musec isansucal emug iuneens. (‘lose cs- io(uera ni s umt ‘ s ’ s ithn -\leoa pc rttsit s mIsc s aff no to~us cnn t esea n cli w bids s- i imps-in-
until . ce muiple nuseunn s A lcsua rcsearehn , amid is ims kee’pimn g ‘s’s m u  I - eur cnk a ’ s ’ sa ’’s capabi lities . Five mutaj e - i r nct is i ts ’s aue
imivs- iI’see i. as follow’s:

I. Pac kagumig amid f ’su rmn s ing mns a ie nmals —e a mm s , k itc h ens tm t eus ils , h un’s (I’s- in h eat excin a uteen s) am id foils .
2. ,‘\eute ) m n ne ul i ’s e prc slcucts— hus dv pamse ls t ’sur acut eum tt s u hu i les , a mmtc u un m e u hi l e ’ ‘s’s h eels . ulalec l a lutninetun hutn~uet ’s ,
3. lleat exchmamuger pnc- idtuems —s ’aecm mm m ui hurai imug Iechtmts - i Ic ugv amid c u inr a ssut m ie so ldenimug ncs ’ bnum s ul s g~ -

4 . [)es igmn amid nu namneutac te t n im ig of stre icteural prcc Iemcts— eupgrad i usc ~ s-if hni gtu sn rcuug nh n forg imu g ’s . s’s c’Icl im ng
pract ice amnsl tus a teria ls . h igh way feuscim ig uut~m mcriaI s msucm gh tunes s .

5. Othsers— e lcetrc lynie csuloriuug of ’ .‘\l - Nlg-Sn aIls - i s . cinctu uica l es- its ’s ersiomi s’s- iam iungs , ceu lsl ‘s’s or kiutg of A l-
Mg-Si a llsuys , screw - munac itimse stock zclkuvs ,

1)r. ‘r. Tamsaka , Mansagen s-if t h e  lecinnical Research Scct is ui , j ursuv ieles! a re’s ies’s of One a hsu’s c ac t  i’s ink”.
‘ s ’ snmh ssmmni e special im ns ig inm as Is-i c tmrneusu enu ipisasm s . i’eur exa muiplc’ s ’ acemcmm u i bmaiinig is hucit ig sIc’s s’Iopecl to si’s di-
es-in-ic certain hma,arsls its’s- s-il’s-ed ins t’lcux hraiimug. .lapams s’s as tine firsm Is-i cbs ’s ebcs lu s ad’ m mtumit iurai im ug s— mn a c’eunn-
nimerc ial basis . Optinns iiatioms s-il’ hraziusg alloy comns psssitieuun s for ‘s ’aee ttumn hraiing is a eemrreu it et ’fcurt - I’uting
corneusis mu amid misc usneau ns ms - i prs ueet i’romnn liii’s by eatissuc lie hur~ mceI ie- iui are alse - i hsei msg smm us l ie sl . Scurf ace f imtishi ~s
amid t u e  weld areas arc s-if special immIere ~a.

Abomng w it im ot h er al uu un i m n t un u i fahriea nsu r ’s itt .lapnui , h’e tru ka’s’s a A lentn niu ieunn is muv i u ng Is s!es chop th is’ ,‘Xl -t mt -
Mg allsw 7003 lsur sn nc uct t ura l ptmrps-iscs am the s It  s’ t t gnh m lescI 40 kg uu i m n n . t h i s  alls - i~ . ‘s ’s it ic ’ht c’ s u u t t a i u n s  utsu cop-
per , is alssu attractive for its goe d exinmc )abihitv App!icahis uns for rail es- iaeht reul limug sts us’k Fsu Si uimu k nt tsemu
bullet I rzsim us (220-260 k tin - i me u cmr) a te seemu,

The aIls-is 7(X)3 us , husuwe s-er , scuhjec m ms- i st r e’ss ceurrsu s ie- iun crackimu g , ami d rail a piul icatis - imu s sicuttanud .u l u te  cuf 30
year s, I uneuka w-a resear ch activities are exaunmiuniung es-ens’ ssav ts imiupr ose 5CC nc s isma mmc e — t iisuc Iifi~, t t i s stu if
esunipsusit isum i , h eat treamnuneusm amid ds’sigms facts - irs Is-i eu ph inn s i/c mite appb ic’at isu ut s- if sun cuc ’ te ura l bcuael s . (‘auti le’s cm
AS1’M test nnet)ie-ids are employed , ami d csutusielcrah ie- iui is gi’s cit us c h ire c t issmta h i mv.

Funukiuwa A lm uu u mi m n s tmns pnodemces 7075 T—7 3 allsurs leurgiumgs for mIne F- 86 amss l Pi t a mu mo mmu Is- it fl ue’ .lap~mtte ’ s~’I)efemmse Force. (ireamer strcumgm h i ausc i ms - ic mg humcss arc a ge-ial s t ’ e m urre m ut re’se’arcin. i’hie’ e’omm ipamis a lss - i i- i tnt -
~suI’s c’s! s ’ s it h n t’orgimngs fs r  mine ti ianimme auss b sh ip h’mui ls l iu g imus lt us m m .  Fxat inplcs an d’ I- iis me mn s . ilit l-idllist s amm sl stupeu -

chargers. l”c m r c u kawa caun h m ams d — I ’eurge ne - i a diamnscter s-if 1’ : meters . Flamiges ci’ mii i’s diaus- ieuer s’se m e mtiae !c’ I’s- it
t ime pipes Is-it ING ta m nk s . Pislss m ns cams he h’csngecl ‘s’s hiic’h are 52 munc hes itt s liauunele ’m , mmts l 36 itt el ns ’s htig hu - I Its~’sc
arc for imistahlatis -iti in 300,000 scums class tau m kers.

Wilts respecl to weldimug m lucre is uneesi teu s’s-eIsf plate 70-80 litmus u h ick - Rolling ‘s n 5ueL ‘s ’sel c lnneuin s tot t u nu t s ’s
are also a’ concerus. Pro isletuis i-if special imut e resl are c rackimn g amid pe - i rs s sttv rise ael s limi eu ms s f  /r no ‘s ’s e’ict imn g
electrodes has beets found effect ive in reducing s’s- d el erac kimug, and he acts hitis - imi s-if 13 also re t iun s ’s tine su m um e
metre Zircs-imuicumin is also believed Is-i remu s-i’s-c’ hnydre- igenu. Vi’e’Is linmg rsxl eoui m a i msim mg lusutli it  ansi H, cle’selopcd at
Furukawa Alumiiitumui, is now conunsnencia lly available,

Ot isen ceurn emut prots lcmnss are the Cornosioni s-if a l eu mi un mu u sn alloy guard rail zs lcuuig eo n ’s ma b an s’as amu ci mite pus - i
dcicti sun of A l—Mg—Si alloys icr muse imu baseball bats am mc l iiu ski s’quipmnemits . h - cur c m kawa itO~ s’s t o  e’ l imusuuua t e mis ”
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anneahimsg operatis nn eei rnettt lv practices! its the U. S.A. Ins sums innary, t he laboratories at I’c u ruk a ’s ’sa
A lumnimi emm us are tnvimng to ‘s’s idemn the applicatisuuis c-if ahi uumsiise u mnn alloys by tIne geumer al peuhhie as well a’s
defemmse and gd-i’s cnmmmnienta l ageuncies.

With respect mdi specific research activity, researc h eumi A I-Zn i-Mg allcuvs cc mnsnmcunc ed in 1960. i’rs udc uc hicuut
of K-70 (A I-4.5 Zmu- i .5Mg) Ion welded structures star tes l itt 1961. Studies s f  Ai-Zmi-N-Ig alloy’s t smr ‘s’s c’ lslinug
smcuc k hegamn lu-i 1962 , w ithn studies cii welding practice amid s lness csirrosisnm crackiung. Ins 1972 prs- idue nieumu s- if
the alloy K 73 (Ah-5 .8 Zms-h .2Mg) fsur rolliung sts ck , skis ammd nnsumorcyclc franses begatm. lus 1974 misc K74
alloy (Al-4.5 Zn-2 .OMg)was developed as a high-strem ngtis A I-Znn-Mg alloy.

Amniomig t he researchers , I’. Tanaka and F. Saimo have heemi h~, far the muncst prolific. A series s- if article ’s
describe the stress connosi oms crackiusg problemmss c-if Al-Zn-Mg alls-iys (see Pncc. Japami I iglun N-letals Iii’
stitu ne: /9 No. 2 , p. 55 , 1969; 19 No, 8, 327 , 1969; 19 No, 8, 336, 1969; 20 Nsu . 7 , 327 , 1970; 22 Nc. 6.403 ,
1972; 25 No. 6, 214 , 1975). The main conclusis mss cut’ t hese invesmigami ouns are a’s follows:

I. Stress corrosion crackimng (SCC) is worse wi lh a narrow precipilame free zoise amid fitter precipitates .
2. Sensitivity to SCC increases with low-tem uperateune agimsg amid prestrainimig.
3. SCC of sheared edges of welds correspomids to SCC data cu-i plates subjected ms - i extert ial , usc-i t nes idem al

stresses. Residual stress crack s do not appear at tim e m eat affected Lone,
4 . Step aging increases resistance to SCC at a giveun smremngmln level its Al-Mg-Z im alls uvs ,
5. Roiling reduction increases the SCC resistance duf 7075-76 alloy plates. Orientat ionn is highly ‘sigms i li-

cant. Grain bocunda nies , espec ially those lying perpendicular to the directisums s-if stres s , play amu im uspe ’ m rmams l
roll ins SCC of 7075 alloy.

6. Addition s of 0.1 a/c of Cu, Cr , Ti or Zn had little effec t cmi the SCC resistance s-if A h-4 ,5 s’s ‘s Zn, 2.9
‘s’s - ‘di Mg alloy.

‘rhe overa ll impression of the Furuka’sva Alumiuneunss Compamny an Nikko is mis -at a great deal s- if ins ipo rtnnut
and pradhical development is being accomplished by an excellensm hum relatively small staf ’f. T ine reasons for
this productivity is twofold:

I. There is profitable inlenact ion with Alcoa research.
2. rhere is continuous immterac mion with prodemctioms people its tine planst.
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SLJM I 1’OM() I.I(;LI’ l’ META l . INI)usl’RIF;s . L U),
NA(~O~~A I ’t .AN ’I ’

Se um uu itsum umo NIetat I usdemst n ies dam es hack 3(X) v ea n s ms - i ‘s’s - Incus copper msmiu s ius g hegaus imi Japaus. (‘s-il-il-icr reu ll uusg
hcgaus iui I 897 , al cm m nsimueuu n s rculliusg ium I 898 (tIne f irst its Japaus ) . Se mum s itous nc I igist Metal luss le is ur ues ‘seas
established iun 1959 , ‘s’s- Incus pnc’s nod s ties ‘s ’s- it is steel cs umnsp aunies ‘svere sever ed . Inn adslit ionu to ceupper amud
a le m m Ts iu ie mus i allssvs , t h e  es mmmpa uny unsuw prcs!uces ti ta msie u m m i ahis s’s ims tine fs rnsi s-if tube-i amid Iilatcs I’sur cots-
deunsen’s ~uums l m eat exc hsa msgens.
lIme Tecisusic al Research l aheunansuries s- if tine cs nspamsy its Nagoya seuppsurm tine tce hnmsic al ac mi s m mc’s its ti-ic

t h ree light—m nmc ma l allsu v svs ennss , I)r. Shi imso Sato , A s— i— tau nt General Managdr , and ‘m .  Seug iva uusa , Scmn is’mr
Researc h Fungumneer , s-if t ine Tcc isnsical Research Laboratories sv cre Isosts c~n Oils s’ isim As us eeust c mm narv ims
japams , t hmey hegamn ‘s’s It In a detailesi acc oc um nt of I lse orga msi/at Is- its s-if tine lahc rams n ie s . There are 12 sceni cuis dci—
m ug reseat-e lm ott: I) copper alloys , 2) alutu niunu mu alloys , 3) s’s’eldinng 4) eorros ioun , 5) smm r l ’aee mr c amunneunn , 6)
a lcmmnn inuun refiuniung, 7) ciscusi ieal amna lvsis . 8) mmmcc lsanical sm remcte i r al amsalysis . 9) prcuecss cumg iusceriun g, 10)
phys ical unctal leirgy, II) uneta l ‘s’s-orkiusg , au-id 12) imeat exchnaungens . Th ere was usc t mit-ne ms- i disc euss u n  detail due
act ivities of eacim groemp. Thsosc wlsich s’s-eu _ c disceussed are described briefly as fc llos’s-s :

I) Aus a lysis — Steudics sums aeu t c— iu mstr e umnseu s tatis mn amss l sv sn ct nn s researc h . 1)evdlcpnicmsl c-if umew ausa lyuiea b ju ne- i—
ccdemrcs . Materials imssesti gatcd arc ligh t metal alb suv s , orgamsie coums psu emum ds , lemb nicam - its. Emssireumsu usc mm ual amid

‘ psuilemtis um ccuu nt rs l ncdleuinc memst s are oh’ reccm nt iustere st amss! es- iuiec run .
2) Physical Mcmahlcur gv - Deternnim iatis mn c- if nine properties c- if’ a luu - in im - ieumsn, ecippen atmd t it a usteum n m alleuvs ,

utmec huamsi sruns cm! ’ age hiardemuing, f ’ractcune mosug limiess , stress es rn’ sus ioni erackimig A lloy nexture de’s ehsupun ieun t
• amid cf !ects , alisuy dcvels pms semmt amid unsaumcuf a c memrium g mcchmms suIo gv.

3) (‘ornos iomu - Fk’etros’tmemnica l et’t’es’l,s on a lloys, especially alt imimium alto s. Hvdrcugcun :mh sorphiiu mn iii
mim a nsi c munm corrsusieum l emivireumsu - imeu sts , esunsta iumen cc nrcisis mm amid spsuilagc.

4) ~l tumIm imieu nn ah oy’s — TIme comss pau nv (l)r , Igarasim i) devclcipesl die alloy Extra Seuper l)eura lemu nsimu (‘\ A 7075)
before tIne s’s-an , ‘s’s’hmici was snnc c- il’ tIme stromigcst alIe-ivs imi misc world aund ‘s’s-iiichn prc vcd extreum uely e mscfcu l its
iers fighs mcr phaumcs . Timis A l-Zt- i-Mg-Cem alloy has u c-is’s- beets usncus lib’ied Ic-i inmm prs- is-e smrem igu h amid resismausce 1c
l’at igeme crack grcuwt hm (reclcueccl growths rate) at Iosv uem mn pcrate l res (- I00~(’). Ot hser allsivs developed are /,K60
amid 1KM ‘svhi chs t’cam e ure less mmma gu nesiemuni amid ats addit isu mm s-if i ircsummi e uumn. Tisese ~s llsuys display exeeptieutiah c’s.-
lremda hilily. Au - issmhner alls-ir , GTO9, is free mnmac hnihniung aums i csunrc’ms ious rc s istamn m amid is therefore eusel ’eul ~t i ore —
sic - its tmnam ieu facteu nimng stuch i as I’s-in catusera s. Research imi aem ucu hod lncct mmse ta l is heim g cousc lemetcd ,

5) (‘oppeu alloys - cs-il-il-icr au- id ce-il-il-icr ahls-iy membiung heir comideunscns amid m eat exc luamm gcrs. l3s- it ls f’umsdanus cm u-
ma i amid appiiesl research arc es mtdcm cn cd sums cssn’rosisumm rcsi sta muce and mIne s les igmm and nnaiun mem sam tce s- if m enu cx-
ehmaungc rs , .\ mu iunm cne smimng s!cvchsuptsicui t is tine Al’ tlre- imsie cc- imislcmsser tcuhc s’s - hs ic hm is csunrosis ms resist a mnt j un
psu lleul edi sea water.

6) S mmrf ’aee mreamus s eusms Sc mm nni tsuu umo is hieas- ihv inu ’ s’cu l’s-cd ins thuis area heeaw~e s-il’ mIme improved ms nar kem ah ih imv
of alc muns im it umii ‘s’s lnich is colcuncd aunsi weat h erproof ’. Th ey hnave develcupcd lime Se mu isi teuu sc prsucess wi miebs ims-
vo lscs anisch iiat ioiu m u  a suifsnsie acid baths anncl prodtmce~ a hromsie~’ hlack ce-it s-it ‘svith imnshincvecl ‘s’s-eat hcniuig
qema hinu c s . (‘clot is alssu developed its tIme EL)E(’A pns ces~ w- i- iiehu feate ires t h e  applieatis-iui c-it’ ccilsn its a sculeu-
hlc result by mnca mm ’s of nun clectrodepessihisims mume mlms id.

7) We ldimig - weldahiilitv steudies s-if’ streuc tural ale u mi m imneum - is allcuys , immnprov eummeunt s- if filler metals , iumcrm gas
arc weldimng, res ismaumce aumel frictics nm wcldimng, ad h esive bs-imidiumg, hraiim-ig amid scils!cninmg. Directeel rs’seanehs s-it- i
ilsusless ‘s -a ccuc tm tn amid insert gas hraiimng arid emltr as o msi c soldcnitng Processes fe-in alt umsi intmui s heat exc inaungers .

Rccem nm resea rch bias heemn directed am prcihleuius wi t h cs-iunsleuiser tuhiung its csisspcralicuus s’s- ills sommie emti l i t ies
its Japams. ,X st u bstatimial cl’fort has also beets unuasl e its tine sls’s’c hc pmiscunt s-if unsatenials fsir desal itni,atic us plausms.
Its tine latter area . scmpps unt li-as beet-i neceived I’romum t he Mitiistrv dii Trade au-id lusde ms t ry amid mine Nlim s istrv s-if
hm sdus l rv am id (‘cuuuuu ss crce , ‘l’lme Ofi’ice s-if Scie tnec amid Tec inumeu hogy aiso spoums ors wsu rk at t h e conuup antv .

Recemit research repcmrms (Seunnn its ’summe u I .ighst Metal lechnusical Repeirts . 17. No. 3 , No. 4, .It m hy , 1976)
dcscrihe corrosioun ‘s-i’s-irk cuts ‘‘Catisodic Protections amid fll ack em uimmg of \lt unsi umt un u ’’ aund s mreus g uhsenius g
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mttet ho ds in “Thermonsseehanieal Tneammnse tsts of Al- / ms-M g-Cu Base Alloys. ” An age- hardenable
aleunminsut is alloy w- hsicis can be deep drawmi (for cans~,car bodies, etc.) is described as U.S. Patent 3 ,935 ,007 .

Copper a lloys arc considered u s  an article cmi “Polarizalion Charaemenis~ics of Com deusser Tubes by lm-

~resse d Cathodic Cemrnetmt , ” 1mm ausom lnen peublicamion (Boshoku (lijutsu, 23, 1 25-133 (1974)) Sans- i amid
Nagota wrote omm “St ress Corros icum Cracking of Copper Alloys in Pure Stea m au-id Water am High
Tempera tures.” Alloys of’ (‘u-Zn-Al were foumsd to be susceptible to intengranulan corrosion ( m m  degassed
steam am 150°C-300°C) wi th low Zn constemit and to exhibit poor stress- rupture strength with high Zm m Con-
tent. Cempron ickel alloys 90/10 and 70/30 corroded irutengranularly in steam amid water at 300 to 350CC , amid
stress-corrosion cnaekin g ‘svas produced in autoclaves with applied tensile stresses of 10 to 20 kg/unm1.
Monel nsetah was insmcum se . The writers eonckmded that the stress corrosions cracking of copper alloys its h igh
tenspenalcire water and ste-an-i is associated with the equilibrium grain boundary segregation of act i ’se
metals .

No spec ific research on titanium alloys was discussed , but some interesting related service experieusecs
were described. Titanium alloys are quite imnmune to corrosion in seawater over a range of temperature aimd
in nsore concentrated bnines am temperatures below 80°C. l ithe brine concentration amid temperature are
both high, t here may be problems with pitting am-id crevice corrosion, particularly if the solution pH is low- .
This can be a problem wi th titanium condensers. On the steam side at the air removal sedtiomi the u- iou- i- con-
densable gases NH,, 0~ and CO~ are concentrated; this is highly corrosive to copper alloy tubes , but m isc
t imansiuni tubes are free of corrosion. In tests in power plant condensers over the past decade, thin ‘s’s ’a hh
we lded titanium tubes have performed extremely well with neither corrosion nor detorioratioum of
mec hanical properties.. In the air removal sections of power plant condensers some problems were ex-
per ienced with galvanic corrosion of the brass tube plates and hydrogen absorpt iomm of the titanium tubes.
It is cla m med that these trocubles can be avoided by application of the proper cathodic potential (-0.45 ‘s -

O.7v ~i- E). Simmee 1972 some 85000 welded titanium tubes have beets operating ims blast l’urmmace h eat cx-
ehan~~ns w ith rue trouble reported.

in condensers with titanium tubes attached no brass plates au-i increase in the vcboemt of the seawater
coolant increases the rate of galvanic corrosion.

Some titanium tubes have absorbed hydrogen while its service, This is related to the cathodic potential.
The hydniding occurs at potentials less than 0.7 (vs SCE) and hydrogen content increases with cat h odic
potent ial, as we ll as with time, There is apparently no problem if the potential of the titanium tube is kepl
more noblethan -0.7V.

The fouling of timaniuun tubes by marine life is more severe thans with copper alloy tube: howe’s’er
deposits are apparently easily removed.

In general the research work at Sumitomo Light Metal Industries is viewed as imm ensely product oriented
bum of high quality and of significance both to the scientific and the energy-oriented csumnmuumities.
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The research am-id developns uemsm acti ’s my s-it’ Maida Tovo Kogyo senses nine nec hsmsica l muceds sub ’ minis large
aemtonmo mi ’ se firm wiuieh is located entirely in Hiroshima. According ms- i Ins-ist K. Mamsui , I-lead c’f t he Metal
Researc h Laboratory, mIne high level unmamsagenneust of time compammy is ne-it iusteresmed its ‘‘basic ’’ research , hum
pcrcei’se s mine need to apply technology to remain compemi n i’se mhroug hs cost redsuetioni ausd
product inmsswat ion. Thsem s the five ‘‘ researc h’’ laboratories withiun nIne Materials Researc h Divisions serve
productions acti ’s - imies: manufacteining, design of cars , process engimmee nim-ig, qeual inv ceunstrol amid analytical
serv ices, lii addition to the Metals Research Laboratory , t here are laboratories related to Cbiensmica !
Researc h (organic and inorgamiic materials), Rotary Engimues (msm o stlv materials research for t lnese enginses),
Ansa lvsi ’s and Administration. Approxinnat ely 200 people are cnmplcyed by the Materials Researchn Di’s ision.
Act iv i ty is divided 50-50 betweems service ammd research.

The Metals Research Laboratory has groups workimig its nsetal t’crm imsg, cas miun g , heat nneatnms cnn , se urface
treatnmems m , mec hanical properties (fatig ete wear , etc.), NDT, h eat resistamsn misame nials , corros iomm amid po’svder
nrm euallurgy. Dr. Mamseui amid his colleagemes described several problems s’s isicls are csurr emmt ly act is c, as
f’s-ills - is ’ s- i :

I) Night cryimig fa ilure:
Tinis rel’ers to a cracking problem ‘svith higim smrensgmhs ‘steel s’s-heel bolts amid propeller shsaf t I’launges.

A lthocugh these steel bolts and flanges (80- 1 20 kg- msmnm ’ ) are installed au-id tightened s’s’ ithou m inmeid e ms m den niu ’u g
car assennsb ly, t hey often crack overnight , w ith an m accompanying noise or “cry”. Duninmg disce issioums it
became clear t han the problem is simply delayed isydnogens failure. Hvdrogeus is imum nod e uced diuriung
manufacture , probably during pickling, plamimsg or m eat treatment. Ims imia l ly mInis appeared to caeuse ss- ifl ie
confus ion among Mazda people in that the problem s’sa s not emseouum mered wisens Io’s’s’er smre nsgt !m m cmii’s seer c
subjected to the same process, a reminder that steels become far more semssiti ’s-c Ic hydrogeum am Isighs
stremigt h levels. Subsequently a review oh’ a prev ious paper (Met Tr amss 3, 1169 , 1972) appeared tsu clarify
t his issue,

2) Cyclic fatigue problems:
There are apparently cyclic fanig eme failures oeeuninng ‘svil is 80 ms- i 120 kg~ unin-i steels ‘s’s hmi c hm arc mis - it well

understood. Aga in a hydrogen cause of failure was suggested , hceatmse time errat ic hehsas ior appeaj-ed imi
zinc-plame ’J steel parts.

3) Corros ion problems ins marine engines:
A corros ion problem exists with pans for marimse eungines. For ecomnomy. a east irsims pats is cuses i , 7 ns ums

t hick, The laboratory is studying the application of spray coatings of ab immimsu us m its th sickmse ss c s no 0.2 ns s t m n.
to protect t he cast iron pans from saltwater and salt air eonrosions , Accelerated nests to date gi ’se pronslisinig
resu lts.

4) Combined corrosion/wear problenss in the rotary emmgine:
According to Dr. Matsui and others , the pnohlenss of wear and corrosion it-u rotary enmgimses are mis - it ade-

quate ly addressed in the literature. What is needed are data which directly relate time perfonu imammc c s-if time
nmeta l imn engines to the lubricant , contact pressure , gaseous enuv iromsmetm m . combust ion-i deposits and s mtiser
influences. At Mazda, engine tests irmclude determinations of weight loss , surface roemg hmsess , fnieu is- its co-
ef ficient change, etc. A great deal of work over a lomsg period isas established es irre lamisuuss hets ’s -eemm
laboratory tests and the service consdi miou’u . Mazda regards this data as msuore euseful nhans ‘‘bas ic ’’ research
da ta in the literature.

It is of special interest that Mazda has learused (tIne hard way ) thsa m nh- ic res c u lms of the ensg iunc ami d
laboratory tests are sensitive to the skill of individual techm sieiam is . Timets tine ability to esirrelate cn mg imsc per-
formance to laboratory tests depends on the skill , exper ience, inmell igeuucc , uuso niva t iom n , cue. d uf nine mu~
dividual fliaking the laboratory tests and iunterpreting the results. Omse eemrrennt imig lm-p nis inimy eft ’s-int at Maicla
is to refine test procedures and stan dards to.mimsinsi ,e this hunsams l’acts nr.

A spec ific item of interest to metallurgists amid techumo logists is t h a t  rsml arv emsgimmc seals ate unmade s- if
chilled (white) east iron, Thus an ancient material cs- iusspe mcs se uccessfc uhiv ms - i minis day.
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Mazda was dismayed at the 1973 statement on the fuel economy of the rotary engine. Before the oil crisis
- 

- ;  the emphasis in the U.S. was on cleanliness, afterwards on fuel economy. The tests for fuel economy w ere
conducted on a rotary engine adjusted for cleanliness; hence, t he poor showing. At present , Dr. Matsui
stated , an engine 40 percent improved in economy is ready. A promot ion campaign is planned to overcome
the previous bad (and according to Mazda undeserved) publicity and to inform the public of the excellent
economy now available.

In summary, Mazda Toyo Kogyo is an excellent company which pursues materials research entirely from
an applications viewpoint. A wealth of data has been accumulated which for their purposes could be more
valuable than basic research studies, because they are correlated with engine performance results.
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TO~’OTA CENTRAL . RF;SEARCII ANt ) I)EV FLOPMENT 1 ABORAT ORU’:S

Toyota (‘euntral Researcis amid De-i-elopnsemmm L aboratories , Inc., was estab lisined its 1960 to prswide
researc h-i semppcurt for the To~ota (inoup cominpamn ies . Tine currcmsm Director is Dr . Nohoru Komm mats t u , ‘s’s ho
described the Toyota Group eonmpamnies am-id their nnajor interests amid pnoducts as follow’s:

I) Toyota Tsusho Kaisha L td. - Exporters , itnporters , genera l ms nc rcisamnt s ,
2) ‘rsuvota Automatic L oomis Works, L td. - Spiusmninmg nuns! weaving niachinsery, for k lift truck ’s, light

nniueks , automotive parts.
3) Ts- iyota Motor Cs-i., Ltd. - Aumonsobiles
4) Toyota Spinunimsg amid Weaviung Co., Ltd. - Cotton , woolens , s y m ’ut lmenic yarns au-id fabrics.
5) Tcuys ’mua Motor Sales, lune. - Sales ot’autom uiohiles amid parts.
6) Toyota Machine Works , Ltd. - Grimsdinng nmachimses , nsillimig machines, semicouudeucton strain gages,

solid sm - ate devices.
7) Aichi Steel Works~, Ltd. - Spring steel , heanimig steel , structura l steel , sta inless steel , tool steel ,
8) Nipponn Denso Co., Ltd. - Electrical acuto parts and accessories ,
9) Aisin Seiki Co., L td. - Auto parts, dr ive amid brake consipounnds , die castings.
10) Toyota Auto Body Co., [ md. - Can amid truck bodies.
The nmain activiti es of tine Laboratories , many of which seem-i-i to be ot’ interest to the Nass’ , are listed

hels-iw’ :

a) Materials processing, treatment , evaluation and structural analysis
b) Applied mechanics ausd physics
c) Control and servo engineering
d) Combustion enginses amsd heat mnam msf e r

• e) Battery au-id elecmroehemical phienomemia
f) Fatigue, fractur e, wear ami d lubricatiomu
g) Chemical and im’usmrumenma i amsalysis
h) Radioisotope technique
i) Electronics and optics
j) Enviromsmentai and polleut ion eon tnol
k) Sensors , includinug semicon ductor ‘strains gages
1) Computer application-is

Research programs an-id decisions are genserated in the unianner outlined in Chart I. It is of interest that
research proposals are a dual effort of administrators amid research scien st ists and engineers. The needs for
t he research both inside amid outside the Toyota Group are eomssidered and there are extensive commuuiica-
t ions, contacts and surveys to assess what is mmew and what is ready for developmen t ‘sv imhin the capability of
t he Laboratory.

Following Dr. Komatsu ’s rev iew’ of the nsanagenta l approach amid research inuteres ts of the Toyota
Laboratories , a one-hour talk on the msiameria ls research ae li ’s - im ies of ONR-NRL was given, Three selected
presentations on research activities at Toyota followed, am-id these are described below:

I. Dispersion Strengthened Alloys for Electrode Tips (Dr. \‘amada) - Dr. Sen-ichi Yansada amid N.
Komatsu have developed copper alloys for service, anmonig otiser applications , as electrode tips for spot
welding. The alloys feature the docible effects of solution at-id dispersion hardening in internally oxidized
Cu-lA l alloys w ith additions of Ag, Pd, As and In. The high smrem iguh is retained up to 1050°C. Tine basic
research leading to the development has beets published in a series of papers in the Japan Institcute of
Metals Journal, beginning in 1972. The development is mmc’s’s’ regarded as ready for commercial sales follow--
ing completion of the research last year.

2. Semiconductor Strain Gages and Their Appiicalion (Dr. lgarashi) - Dr. I. Lgarashi and T, (‘hiku
describe a “Subminiature Three-Directional Accelerometer: Atm Application of Semi-conductor Strain
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___________________
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Gages ’’ im Irus tr eun mnemm u Semeietv s-if Amise nica Traussae nisuu ns , Vo l. 9, No. 2, p. 119 , 1970. BaciealI~ t inrcc ’ or-
mhogouiab canti lev er heauims arc used , ms which 1.7 mu-it- is x 0.2 mummnm ~ 0.3 mmmi p-type Si gages arc atta e hn ed . -\
imalf hrmdge cire s uim tnse asc nres the ‘s’ s-itt-age su lput of time gages . Tiuc em s mirc acceleronun ener i-i ahocun m hnc ‘s ’sidnh c - it’
a dinmse cmi each ecuhe face, The aece leronsseuers are euset’ ub its hse un- ia ms fac tors emngi uneenimng. as its ummeaseuri ng ti- ic
aeeclera nis - i m n s-il’ t he iscad of a passemmgcr cupo mu impact ims a sim m n e m lam ed ear aee idcu sm.

A si m u imlar device is the semiconsductor pressure mnan sdeucer developed by to y s- it -a (‘em utral R&I)
l ahcrateunies , Tiscse tram msdet ~crs h’eats ure lnig hm sc u ts iu i ’ s - j t v , suts a ll si/c (match - h ead dimnncu isioums), los’s
isys meresus , response am h igh freqeuency and long life w i t  In gcmd stabi l i t y ,

rise sennsims g elennmemut of time transdu cer is a silicons chip, integrated s’s ithi a set of dif!’sused resistors ‘s’s hm i chm
perf ’s rmus as senmsimi ’s- e strains gages through the picio-rc s ismuvc effect. Thsc cemsmer c- if mIte ch ip is nh u iunuucr th s aut
the edges amid operates as- ’~ diap lmragums . Pressenre chamige on the diaphragm prcdsuees a sm u naib strai ts amid a
ch ange ins the nesisnors. Thu’s produces a chmams gc imm m lie oumpe it ‘so ltagc of time bridge circuit us-i S’s hniein nine
resistors are cominected.

Time transducers have beemi applied in a nciusmher s-if ways . For examunp lc , th ey have been used mc measure
aerodvnnamie pressiure distributions omn time seitfaces of inchicopter amid turbine blades, aircraf t  ‘s’s imsg’s anmd
bodies , and onn barge struc te ures suc h as huildimmgs amsd bridges (w- im id ef i’eets). They have also been used ms - i
nmieassmrc pem lse was-es am finger nip, upper arm at- id nec k iu time heumami body. In thnis case a sihiconse s-il ccuu-
mainsed in a viny l t’iln-i is eused ms- i tran ismisi t the hydrostatic pnesseure to tIme transducer. T he tranmsd c ucers h as  e
also heemi applied in mIme meassuremeust of physiological f lemid press eim es such as blood, sp inal am-id s em im niecu lar.
Ammother vaniatid- ins of the mramssducer meastures iuimracranii a l pressure-i.

3. The TD Prs eess (Dr. Arai) - Dr. Arai rcvie ’svcd the Toyota diffstsiomi coati msg process (TI ) pnueess)
‘sv hsich ‘s ’s-as discovered inn 1971 but inns beens sunder dcve lcpnmcms t simnee. The TI) process ‘s’s-on the Imsdus nn ia l
Reseaneis Magazine IR- 100 as’s-and ins 1976. This award heunors misc mop 1(X) new prodemems, processes amid
mater ials of time year.

The TD process is its t’aem a ser ies of ’ re lated processes ‘sv hsichm serve to i’orns a carb ide, honide or alloy sti r-
face layer oms a s umbs m ra me metal , usua lly carhoum steel , The layers forms ed are carbide’s of \-‘, Nb. Cr . Mum , amud
ot her carbide fonmers , on alloys between the substrate and elensensts such as Mun , Al , Si, B. cur (‘r. TIme
coat ing may be applied by dip, powder or paste methods , or by electrolysis in niolteu’u sa lts, rise dippimig
met hod is apparently the most fully developed amid time one svlmich s’s-as discussed during ni- ic ‘sisi n amid s’s hic lm
is described in company brochures.
The dip method involves a borax solvent am 80() mc 1050°C , to s’s- inicls arc added powdered carbide’s, fer-

roalloys or oxides of the coating metals. The part to he coated is dipped for from I mc 10 hours , ‘svhiels g i’ses
the desired coaminmg thickne ss of 5 to IS micron-is,
The coatings are reputed to excel in wear and seizcmrc resistance as well as to resist ccrrosioms and ida-

mionm . Tine coefficient of friction against steel is claimed to be 20 percent less tl ma m m that of ’ hardcuued steel.
The applications of nine process are described its sou se detail in Toyota Cems t ra l Research- i & Dcv elopnssem sm
Laborator ies , Inc., publications dated February, Apri l, Jemnc , September and October 1976. Mits umi •ummd
Co., Ltd., is the exclusive agent in the Unsimed States.

A ser ies of scien mif’ic articles on vanisusus aspects of mine TI) process isave heenm pcuhhishcd b A rai amid
ot hers ins recent issues of JJIM (39, 247 , 1975 , 40, 925, 1976, 4/ , 68, 1977),

5 In general, t he Research and Development Laboratories , lunc ,, of the Toyota Grosup are typical of sinuilar
w ide-a’svake, aggress ive and opportunistic indeus uniab laboratories in-i the Unmited States. It is perh aps Lcsu
easy, however, to forget t he eoms mn iheutions such laboratories nmake mmom only ‘s ’s - imhium time practical
engineering-military world , but to basic seiemm mit ’ ie knowledge as we ll.
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TOSHIBA TOKVO 511 IBAL T RA ELECTRIC CO. I Tt ).
RESEAR(’I-I AN L) Iwv ELOPMI N’~ (‘ENTER , METALS ANt )

CERAMICS L ABORATOR Y

The Toshiba Research and Developmemmm (‘Custer imm Kawasaki was organiied in- its - i i ts  prcscusu fe- inns imn
1961. ‘[here are approxinu- iatehv 1680 cm-nplswees am presem sn (double the nnuunnsher in 1961) c-if sv hso unu ahccum 8(X)
are professis-inab Ic’s-el , am id 100 hold ds cnorate s . TIse ce nmmer is eommsps- ised of’ tens spec ialized laboratories ‘Fine
laboratory visited was the Metals and (‘era mies [,ahs-irauo~ v , w’hiieh is grouped it -its - i (I) electric ami d
magnet ic materials , (2) str e ctural materials amid (3) ceramics and glasses . Other laboratories are concerned
with chemicals , electnd un devices , irmmegramed c ircuin~, electronics eqeuipment , ius fsu rmssamions s ’ ss u cr mms , eons-
sumer prodsucts (appliances , rad isu), nmeue lear ausd electrical eusgiusee ning, mechanical enmg inccnimng amid
microwave elect rsum’uies.

The Metals ansd Cerau mnics Laboratory , eumsder time dircctis uuu of Dr. 1. Ysushmida , is divided iu m ms s ix section s ’s.
The Electric and Magnsemic Materials groump is coumeerumed ‘svi nls mulagunctic , supereousduet iung atnd electric
mater ials . The Strc uc mura l Materials Group is csunsceru mesl ‘svi m hs es-inns-isis-in- i resis ausm nncnallie tssat c ria ls . Inigi m
temperature metallic nmaucnials , f iber rein!’orccd composite nmater ials , powder usme mal luingy aunci useuclear re-ac-
con nsaten ials. Stress es-inns- isis-inn crackims g us a serious cs ummccrn i of th u s grceip am pncsemsm. Time Metal Proecss imsg
and Evaluation Group evaluates materials and their processing amid control. Time Special Ceramics Group
looks at ceramnucs i’s-in highs-temperature app lieami oums ansd as ionnic ed- im idememors. The Glass Group studies glass
fibers for optical ammd elect romsie conusseunicamioms as well as glass ms ianm eufaetu nim ig processes. Finally , t h e  F lee-
tr onmes Ceramics (Irs up smiudies t’err ites , piezo-eleet nic immaterial ’s. mmum limsear resistors , se ur f ’aee ‘s ’save
mater ials an-id the processiusg amid mnsa m nufactcu nimm g cut’ t hese ms mate n ia ls.
The visit begans w i th  a historical overview- of the organization by Dr. S. Chiha. substim e unim - ig for Dr. Y.

Yos hida who was im s the United States am the time of minis visit. A brief mc ’sie was si’uow ms which iumdica ted ac-
t ivities of the organization in time area of s’s-amen purification (by ozone), eu lmrasonie diagnostics , ions implanm-
tat ious . light enmimtimsg dis des, silicon solar cells nm-id in time development s-if the so-called “s ilentahlov. ’’ Tine
latter is an irs-in-base alkuy s’s- ith umuusually large damping capacity au-id is useful where noise and vibration
must he suppressed.

lusdividual diseussionis followed a prcsenmamiou u oms NRL-ONR inmueresms. Mr. NI. Hislmada disceussed sommne
of his work on stress corrosion cracking of stai nsless s,ee ls. He is studying the cs-inns-isis-in of type 304
sta inless at constant straits rate (8.3 x 10’ to 10 ’) iun high nenspenatc mne ‘s ’sate r (209°C). ’~eecrd iumg ncu
Hishada, an acceleratinng enmvironmen m scuch as hoilimig nimagmiesium cimloride is unot predictive itt the case of
high temperature water and therefore the autoclave te s t s are necessary. The results immdica ne ti sa m stnCss cor-
ros ion cracking takes place only when ms’s o csunudi t iom- is are satisfied: the water nmeusm ccmsmainm dissolved
oxygen and the steel must be sensitized. Either conditious alone does not produce erackimmg.

1-tishada has recently spent a year in the United States studying with ONR contractor R. Staeiule at Ohio
State University. Three papers by Hishada (w ith H. Nakada) hi-ave heems suuhnmitmed mc N,-\CF cnm mim led,
“Constanut Stra imm Rate Testim ig of Type 304 Smainsless Steel ims High Tenmpera meune ~ ‘ aten ,” “At m In- i’s es miga-
t ion of the Chloride Effect on Stress Corrosions Crackiung its Conismam -it Strain- i Testing s-if t ype 304 Smainles~
St eel in High Temperature Water ,” ami d “Critical Cooling Rate of ISCr-8 Ni Sta imiless Steel for Seunsiti ,a-
mion and Subseqeuenm lntergramsem lar Stress Corrosion Crack itig in-i High Ten iperamemre Water. ”

Mr. 1. Watanabe described current ‘svork on misc carbide reacmioums ins heam -resistanst steels~, He hopes ms-i
relate microstructural observations to predictions s-if life and residsual life of’ mater ials in imiglm-tenmperat urc
service. Specifically, he is trying to estim siate( I) the effects s-if carbide spacimig amid ‘si/c on creep rates amid t5 2)
the effects of solid solution strengthening of the matrix , as this is influenced h~ ti-ic eff ec ts cut alloying
elements in the matrix s-in carbide soluhiiimv. Tine prevemmti o nm of ‘stress esurns sioum craekiumg minrsueugin s nc md~ ium g
the means to impede depiction of chronmium in tine grain-i hoemndary regioum is also sunder st umdv .

Wa manabe studies in situ each carbide particle ‘s ’s - itim respect to co ummposimi c mm aund kucal chenm ustry, usi ng \-
ray analytical procedures. Carbide morphology is steudied by extraction replica tcehniqeues . \V a manmahe s ’ sas
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eaeut is msed tin -at isis goals arc dmffie e u lm ms- i aehies c. I’rcdiet ioun s c- if bo mug —merm u s pcrf ’or nm ma unee s- ins m I te basis of
sm reuctc tu-al ieatcurcs ha’sc i-icemm be - is m inami us - it -ally se ue ees - i f ’eub.

NIt. A. I se ugc mnexm described ss umm e s- if misc esnmnpauiy ’’, aen i ’ s i n ic s itt usi m rogems ccn’annie , T ue musajor aeh’uie’sc-
uune ms m claim msed us a h ig ls— smre ing tim Si~N4 ms na mcn ial ‘s’s it is a \‘~() additive to prs nucmc si mnue niung. A flext ural
smreu sgu ii sf 120 h ‘,u am 14(X) ‘C us ebaimimed. Tine nnsamcria l camu also he ‘s’s ater qemeunched fncuus 10(X) °(‘ ‘s’s- in luoum
dammsage. Accord ing to Tssugc , time addit icms of rare-earths cleusmeus ms scu d s as ym m ria amid alumumiu ’ua ms si hicoms
msi mn ide (f ’sullc’ssed by siu s me rimsg) m’ s mime secret. Time rare earths addim is c’s immencase the h igh meus s peramute ‘smrc rugth
s-if mime ecranns ie nssame nial by esunssbim m iung w i th  S iN~ to to rm u s  S i N~.\’ :O , w-hici m is very resismamsm m heat. The
gra ins hoemmncbar v phase iun the inuproved usmamerials is ervsnall iunc , itt cc unmnasm to the glassy pisases w hsi e hm foru m
s’simi n NIg() additives. T ue  ~‘ :O additive also prcdeuecs a cisausge i ts fnactcurc miss-ide from un iusmer g ramsc ul ar (wi t h
NigO) to mrau ssgr amsu lar am elevated mens peramures. Tine use’sv eerausmie is expected ts-i hi-a’s-c wide appliea iomn inn
gas me urhiune blades amid vanses , lie-at exchangers f’s-it Inighs tem umperamune gas reactors , seals iun rsutary enmgium es .
ga-i heanimsgs amid its erucibles for molten metals , Background muma me nial for minis developmm senm m is published in-i
J. Amsme n icamn Ceramic Society 58 No, 7-8 , 323 , 1975; J. Ansmetie a mm (‘eraums ic Society 57 No. 6, 1974; Toshniba
Rc’s ucs ’s No. 92 , Ju ly 1974.
The ‘s - isim eouicleuded win is a visit to the Toshiba Science l uss m i m e ute. This is esseunti aliy ann d abs— name exhibit

inmeusded ms- i gis-e the ‘suc ’ s ’scr a prevuew - s-if t he elee m nsu msie svorlsl c-if time lunate (TV telepisones , tra its ’s w - im hs-wm
w heels , etc.). Tsushiba seenms ms- i he aggressive , a lert , ‘s’s-orkims g hard , am-id gemsenall y ins mutt - ic ‘s ’sit in the late- it ium
meeh’umno lsugy s’s isich applies to its im nme nesm s .
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TOSHIBA TO K YO SHI BA U RA F;LECTRI CO. 1~TL).
HEAVY APPARATUS EN(;I ~ EEKIN(; LABORATORY

Unsder t he guidausce s-if NI. Arii , Nlanmagcr of f ine Plannn amid Equipment Engineering Depantusiern t , Atomic
Pcs’s-en Divisions , a v isit was nmade ms-i tine Metals Ennginseenin- ig Group of the Heavy Apparatus Emsgimseerinsg
Laboratory of Toshiba. Anii was formerly h ead of time I-lea’s y Apparatus Engineering Laboratory.
‘rhe s isit began w i h  a msuur of the laboratory , located at Tsurumi, Yokohama. The laboratory is com-

posed of severa l groe mps. C c grosup stu dies C Isc ’ mec isniq umes for electrical imms u lam ion . A  seconmd group i-i iii -
so lved w ith - i  metallurgical engiunecnimsg. Smucb ics of imsner e sn lu ivolve SENI stiudies of ’ fat igue .

~nr iaticns ,
acoust ic emission , zouse refinimsg cquip nscm - im aund FIG weldiu g developed for ultra-high preeisioun parts. A
th ird group is concerned witiu wasmewamer mreamnsems m cngimsee niung. A fourth group is concerned ‘ss -imh atomic
ps-iwer equu ipmems m emmgin seening. Exaniples are: uusoek -up of fuel hanidlimsg des-ice for t’as m breeder reactor ,
electromagnetic pumps for liquid sodiun , belho’svs type vacuums - i ‘s ’esse bs for experimental nuclear fusion
des-ices and mock-imp of plasma expeninment-al dev ices , ,‘\ umotiner group ste udies electrical maehsiner~ enmg inmeer-
ing. Featured are am-i anechoie noon-i, hydraulic vibration mssaehi nes for earthquake smremsgt us tests au-id large
t hrust hearing testing equipnmsen t . A h~’dra eu lic unsachimm crv emmg imsee ninmg group t’eatures a hsig hm-usead test stand
for peunip-turhimmes , a data processor fs-ir uussudcl tests of ‘svamer turbines amid a S-axis numerical constrolled
machine to machim-ic turbine blades s- if precise eonmt ’ igei ratious.

On the tour atm assortment of cnormo eus , impressive equipmeuus ‘s’s-etc ohser ’sed, as follows:
I. A steam teurbimme generator coil ‘svin sdimmg sisop. Geumera to m s (steanms turhiunc) ms-i 10(X) nsillicn ‘s ’ s - alt ’ s ‘svere

seen in prodeuctioin.
2. Direct current motors for sinupmcnt overseas , nos mb y to steel companmies w ere seems j ut prodememioum.

These range in size from 700 to 7300 KW. They were destined for such diverse places as Crete, V enezuela
and Cleveland, Ohio,

3. A welding shop was seems which pnodeuees welded compomsents for water tunhimses . Stock sup no 6 inneimes
thick was being welded from 80 kg/mm~ stee l by electros hag welding.

4. Treu ly giant ‘s ’s-amer-m eunhine n’uac hinmery for hydroelectric pow-er t’ac ih itic s ‘s’s-as heimsg fabricated . The
water tur bimses ‘svere i’abricamed of’ 13 percenmm ehronsiuum stain - less steel.

5. Most weldimmg is CO~ arc we lding, hut special problems involve MIG, FIG atmd electroslag welding. ‘\
31 MeV Betatron is used to test welds .

A stc idy of stress corros ion cracking seuscep t ihi lity ot’ 304, 316 , 3 1 6C and 347 stainless steels s’s as de-
seruhed, Test selections are 4 inch dianmemer , 8 mn thickusess pipes ecmtainsing tisnee-’svelded joiumms . I oasis
are either tensile , up to 75 moun , or 4-point hemmding~ Time pipes cont ain water am 75 kg’ cnY presseure at-id
290°C temperature. Cyclic loads are used, at a rate ot’ zero to maximum once or twice a day.

Acoust ic emission studies are being eounduc med on-i large pipe sections which countaimm a msmac hsinned mmo mch.
The notch, 0.3mm thick , 16mm deep amsd I9nsm wide , s imulates service condition~, for a feed water m’uozile
of the BW reactor. Fatigue loads are related to nmotch cx tennsiomm . The parmieeular test piece subserved had ems-
dured 100,000 cycles at a rate of 6 or 7 cpns. The acoeustic cnmission detector is a Dunegatu Model 1032, ob-
ta ined from the USA.

A biaxial stress test- apparatus and specimen was seen. The specimen is cruciform and cc-st ’s $3000. A sass
cut mmotch is placed at various orientations within the specimen center. A creep gage is inserted inn the nmo me)n.
The idea is to determine whether the KI~, slip on, .1- integral criteria for fracture apply to biaxial fracteure.

Studies of creep-fatigue interaction are underway , ‘sv ithn the goal of seuppivimig essential data t ’eur the FBR
at 650°C.
Dr. Arii serves ‘s ’ s - mt h Dr. lida of Tokyo University imm setting up atm lnmmerna mio nal Symn mps - isi emmn m imm Ts ukvc - i c-in

25-27 September 1978 on Criteria for Service Fracture of Welds amid Welded Structures, This meeting,
sponsor ed by the Japan Weldinng Society and the Japans Academy of Sciences , will fcame mre w’eidinmg,
mema llu:gy, idennmificat ion of defects amid in-set ’s ice imnspecmi on.
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lmtc lls isb ima b sh ise m m ss isi uu s ‘ s ’ sems ’ a, rautges l c-mt nb t c ’ st uhueeu s ot ’ s in es-i cot ic - st o ut e ra c kut ug s- it s u a mu nk s s steel . fm , ts ’-

teu rs ’ nttec ’ huatm is ’s ammsb thus ’ at up l icat iom u ot bui gl u s t mc ’ mi g t tm st c ’el (II 1 80) no I lue c ;u - iuung - i of It~ du ac ub u c piuunt ps . I tue
sem bs naui c ’e s- if u lie-ic s hussi m ssuo uu s I ch Ic-s’s ‘s:

Stress cc-t i c- si c - in of sm a i tu lc ss steel lc - sbi u b a us umu icre s tec l umi sb us ” tt n et tnt coun ute r  u t t ea s t um es us - i imn n pt s- i ’ s s’

‘s’s d cii m ug prc-ecc lc m m c’s bc m u is also i m it etesu esh itt Ic-mug net ut i com m unu erutnea stu is ’s I’s- it t n  si h bc ’ t t ts  s’s tu k’br uuta y sIc ’S s’Isn l’t i t t

itW R i latn~-i l’ bue’ s ar c ’ t h ien e l ’s- irc ‘s ut ud v imug s c - r n - i — I c - u  L’ uac ki i ug iui c’on tsu atnt s t ra i n rate t e s ts  amud c o u t s t a u u t  bc -a s h
nests amss i .ui e it t ’ s ol ’ses l itn t lie pipe tests  sleser uhues b m u te ’ s ic - m us hy - . ‘ 

-

Sc-t ime pr imieipal aeh u ie ’ seuui etut s isa ’s e i- iccmu s l t uaut t u ta u i ’ s  e el ucu uu icat ebuataeteri ianion s - i f ..c ’ u i ’~m um/an u suuu . ,inusl mIme
c m e  of b ’ Is - is ’su uig ‘s ’satcr itt uhie pu -ic cbeur tu m g ‘s ’s cbc luutg ( a f neu tl ue f i rs t  p~uss ) ms - i proshuiec s’c - u it p t essi ’ se resm ch ual S ’sc’ldl
s t r e s ses  am tine welsh i mu su s h e time pipe (a short uc ruti c’ Otm ut t e nit5s ’a~Lu rs ’ pts ps sesl hs l u ll ).

A mis - it item ac inic’s em u semi m bua s beeun u hue sIc’s c lo humutemi t s- if s’s dci c lasbdi rug murior to btu it s’s dc l  lug s - if pm m e. I his’
ptOc ’e ’s mucrutn i ts  tins ’ rcueunn icui of - im mff ’me icuun d elta t en ru m e m s unuup ede s i r s’s- i s c- i i c - s ic - i t  s’ ma s ’k iu ig auts b u lue h eat af-
feet ccl ic-ties cant hue sc- il cut mc mu tre at esl . - 

- - -

2. l~ra5- t turc umi ec ’huatnies - I lu i s ‘s ’ sc - rk otigimuane c h fu c-uni te st ’ s  c- mt uur biune ge’nt era tc - r  ro tor  tc - m gim u g ” , I b u s ’ e
55cm C s ;u imn h eurst , sleep ut otc h t s’sts amid 1’~ te s ts . .- \ds t ms i i s ’ em utissiout m u u o unim c - r ium g - iiuggesies l ub t a i  s’ ras ’k grs s ’ s t l t
‘s’sas tic -it al’s’sa~- s te iaucs l mc - t u e s b im s ’s’n u o m u s- if mui ax i tn t c m n u n s t u s ’ss , lest” were t here fore  cc - rtdum ete s l tu u is lc’r c’omtdi-
t i c-mis s-if biax ial s t i e s - i , as descr ibed earlier. l ine re s u m lu s iutd iea le fiat untsie ec l ho t l n  mite ‘ sa l tmes s- if lx am u s b lx
umicust be e’sa le iatcs l ne - i gem mite nni ue frac’ t m um ’ s’ les us t atuce . h- iecause m ite bias’s gross tin direc ’ tts m -i mns u a l ’ s ’ sa vs
pc’rpemndicmu la n to tlu e direc ’ti cm u s f  mtm a ’s m n uutut ni  s t r e s s ,

3. hlc ’as s niu iekuiess huigh u sure ung t b u stes ’b for ps umnup ca s ings - - l’ bue I-it u r t uai u u n le r s’st bts ’rs’ us for utc uel ea r
mu mut u i ps i’ lie sbi sc ’ m uss iomis s’s-crc c-mi t he resist al ice s- if Iui gbt - it reungn in -i t s’cls ms -i c’rac ’k pnopagat ms-i t t  j un gaseous

h~’clrcgcum as ‘s’s-elI as us - i st hu c t sc-curd s’s s-if eu u ib riuu lc ’mnu e uum
lime sm mb - i namnee of t u e  imm ts’rs’si s-if il u e lie-a’s v Ap luarattu s I a hc -ta to r us couttatutes l umu sc’s euat m uu h tu c’auic- mn s

‘s’s hnic ii hsa’se ap~ucaresl imm recemut se. , i- i, h’lauic s u i a iun iu t i tuat i o ut  s f  h nuui be fr acueur c iii ro ts - i t t’surgmumg s us chm sc’eusss’st
j un Nlcc inammicab Behav ior of Materials . Proc. c-b utts ’ 197 1 I r t tc ’r u ta t u o mn al (‘ouni ’ere n me s’ c- mi \ lc ’4’bu a r iic ’al lteha’s us - it
s’~

’ Materials . VemI . V , 1972 , i-i. 407 . A cor rc lat is nu s- if ’ frac ’u mute  toug h i re —- i 1w thus ’ spulu hu m i st aunc l shee~ ito t s bu
tes u is described imi l’ lnesurctieal amusb Applied Nlec hiauuu .’s , ,~ I, t l iii ’s ci s m t v  s- if I’o kvo Pr c- i— I )73 - l’bns ’ ba uug s me
s t i  s’mngt h i c - f l  II’ 81) smuital castimig s b’c-r bivc lracuiie l u t um l i P- t t mr h- inu t cs us gus cut i t t  I i\V i)suc’, XIII ‘~S 74~ SIc-s’s di  ,uc’k
growth ansI acoemstic cunniss iomi ehn au ’ac ue u’ is n iss  i t s  thus ’ (‘1)1) test an s’ sIc-icr thecb mn I- utgm nt e e n tung I- m a s ’ t mu rc ’
Nlcci naut ics , 7 , 55 1 (I~i’~ ).

l’hc hieas~ Apparatus Fmi g imu s ’criuig I abc ramor ~ is sub’s ic - i t - i f s  e t u r t c ’tit amus h keet nl~ .t’s’s ;u ts ’ c-f ptac ’u is ’at ;um c - b-
lemnns amid u he sh ionue c- muu i mugs s- if c’c urrcmst laluorat c- i ‘s prec lus ’u m ’ s e s’apabm but tes  ‘s’s mu hi r esps’c’n ts - i  c’t aek gross n It .
fat igiuc a mi d fracu cuts’.
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III IA (’ IIl , l i t ) ,

Flue Ilmu ~tc’ l im Rc ’ss ’.uu ~- b n I abc - mats - i t s  umi h Iu ta c ’ huu u’~ cute of su x b , u n cc i s’ss ’ar c’ b m l~t hs- in a t o m ucs c- i t l m s’ c’o umu pau u s , .m bb
of ‘s’s iiuc ’hi te l- is- itt ch ireet hs to tine l’us ’stslc ’ unt amus i Bc-j mcl s- if I ) u u c ’ s ’ n o m s , I luc ’ I h in a c ’ t uu Rs’sc ’am s - f i  1 . th - ic - t , t i c - t  ‘s ~l IRl IIues’,m uun e jut muic iepeu nc lemin lahuom atom s tnt  I 939 .uun s l umu I %2 thus ’ pm s’ss’ult u u uauut bc uu h ci uuu g ‘s’s a- i o m i s i r  ens u e d c - mm u tuc ’Nl ukj uu c - bu , una Pla te -at m , a i’ea cut i f ’til ‘su ms ’ ‘s ’s ht ic ’hi c-s em bc -ok s t lue Pacul I c ’ ( )es ’aum to ubus ’ l .m i a um cl u t t s w u u i . uu Iu s  t s ’  i l t s ’
“s\

l)u . Ic- s lu t- i l)s - i u , l)s’p t mt v (k’nis’ua l \l. um i.ugc m , 1mm St o t u t l t u m s ’s i tine ot gamim / a t ic - um c- t I IRI . ui u~f cless - t ubc ’sb bt ts ’ t I ’ s
atss mite c- them I t ’ s c ’ iuu .u~c-u bah om atom ie~., l’his’ c- them Ii’s c’ Uhu s - iu ats n is’s ,uu s’:

(‘emit rid Resears’hm 1 .ut- ic -t .u ic - u s~ I s k ’ s c )
2 . Nteeiianueal F umgineduing Rescanehs I abc - rats - it ’s ~bets ’s s’s’un Il itas ’bii auud c-s ko), .At ouuiic F uss ’m g\’ Ress’areii I ah - i s t ano t  y (K~ ’s’s’.ms~uki )
4. Prsus ieucm ms - itn mugi uns’s’ rium g Rs’sears’ht I abc- rat s- irs ( ‘i c-k s -ibta t una ) a it c h
5. Svst eu uu l)es-e Iopn ieuim I ai”oratc - rs- ,

l ine tc - t itl utcumui her s- if ps’s-ipls’ ‘s ’sc - rkinug n u n thus ’ sr’s Ia hc- i ua t c - m s’s u ’. a bs- i t ut  41k)0. I bus ’ I lj tj c ’b t j  Rs ’ss’.u ic ’ ) u
I aborators- euui~ulc-y- i I t01),

l ine t c ’seaic h t’ielcbs coseres l .tu IIRI mu us ’b e us is’ emts ’rg v , umtf o i  t ita ni c - ut pi Oc ’s’ss uIid amid ec - m i nuob , u u u s l t u s i u  ,ut
minac ’huuuie ry amid nta misps - i r nanm o ui , amid cut ’s mu c - uiu unc ’uita l cc - t H u d ,  Nl , utc ’i .uI- i is ’’~s’.t ic ’li u- i t s ’I,tts ’c b t i tos t ls to lucas
elec’mr uc ’~ul m u sachumier s - A sI c - - is’ ielaticmish il- i s ’ s i th u tins ’ s’d’uiipaut\ m t iau ne u t ’aeneur iuig ‘ s ’ ss- ii k- i us uu u a i m m taiutc ’cb is  ,u - i s t I l  ~‘t’eedhae k aunsl prs - imu m i-it ,upplie,ut ms - itt c-f is ’ss’.t i sIt  ts’su b u s - I mi t .us’ u , II R I m n ia it u u .uu mu - i 1- i ram uc’ hi Ui-is-it ato m j es at eigtt i
s f t u e  s ar ioc us s’s c - rk s  to ,u s sui t  s’ s’ lc-ss’ lma i ’ s s un, t hee ‘sari s- ide- i \\ ork’s spout c-u S 

~ c’~ ceus u c-I’ t f ic u c- is’.uu Cli; ibis ’ us ’
~uua m utiui g 25 tuet’eent u- -i sponu- idu c’sh by nine cou pe- irate bm s ’ash c - t I  sd  - II it ac’ bt I s ps’t ich s 201) mu m ill lout slob Lii s .u ‘s ‘,u u c - tm

r s i t  a mid sbes -c lopm uis’us t . ‘s’s it it a h- ic- tm n 31) tin ill is im of ’ t hi is gd mug ts - i  hi R I
iii ief imm t rs - i s iu cm m o tu ’ s to this ’ i- u f ’mht I)epartmimei nn .ut us l tins ’ Ih ut cb l)epat nu ui s ’ u tm ‘s’s ems ’ gus cmi h-is S kit  Ibua ma , amid S

kcus i uumu c - io , respes’ m iss ’Iv Seuiior Researd ’iuc’r itt mite I- ’ ub ’uhn I)s’p,it nm iu s ’uu m atu ci Nlj uu. ug c m , I bunch l)s’pam tut i s ’ mu u.
l llc’sc I)ep.um tunn euut s ;urs ’ t ins’ t’ s ’s o ‘s’s hitc h ‘ss c’ m s’ ‘s ‘ site d , .ub tbuo c ugl u uh is ’ us ’ and ’ appu oxiuu iats ’b’s II l)c’pat immm s ’ u t t s  .uu
I IRI cc -se n umi g uniam erm a l ’s .usps ’s ’ Is  inn t i m e ele etru ej b , mi us ’s’f i~u m um s ’ab . mu ua n e u ta ls , mu c mc ’ bc ’~uu , u ut si cm i’ s ur o uuuuts ’ut t .t t at s’.us

I lie l’it’tii I)c iuart mnue iit us .udI u s  c tn t  a mueumu u i ’s er of a rc ’,u-i c c - u n s e t  ticc b s’s u uh t  uiis’ t ahhsuu g ’ s  amucb ‘s ’ ss’ b cl ui u g , j -i tol ls s’s ’s s ,

I - Cc - n rc - stout  r c s m s t a i u t  mi ian s ’n ia ls - pnoblent- i of ‘, i u s .’s cc-u uo ’ s uo m i c’ tj c ’ k tm ie j ut s u , t i r u l s ’s., amid c - t b t~’t  steels Is ’!
ste-ain’t aunc i water m cmrbmnes amuc i mu ni el c ar pc-’s’ss’m pI~u tu t s .

2. I Ie.tm t rca m nucuim tnt ’ s t r eme m mural m ui-a m ci t-a Is bic’a n m tea I mu ucut u lot s i r  cue m e t m a I i mu t n t c - i ’ s euuis’ m ct ‘- c-i ‘ss cit .s- i semi
s d i i s . t i s i i c i i i s . um tc i s c- .uui uigs .

3- I’ ‘m net I s-in iii~t m cm t a bs t hs’ss’ at e elect r tc ’j lbs c’c-nid mud ’ m u  m u g ,  s u m pen com u c h c u e m I mi g a mid c c - m i t  .k i umia t c m u .u Is
4 W ebdimn g

- Piuvs ieal linem~t b ltlt g’s ultm iu iiig h i ~.tueung mh m u tam .uguutg stcs ’l’,.
(-i , W clda hiluis ibis ’ ‘s’scldabil itv s f  .u lb s - is- s as s’c-iu l m .usi csb to ‘ s ’ s e l s l utu g tecin mius pus’s .

i - c - n  g m t u g at ucl d’ i u st um ng - app huc’am u c - i t s  tot w~u mc ’m ,ittci steam ut me um buttes , large amid lus’,i’s fc -r guings ,uuu cb
rugs

‘scs s’r .u l as ’ h n ts ’s c’mu n c u t t s  ‘ s ’ sc’t c’ c u t s ’si Ic- i thus ’ I ii’t ln I)c ’I- iau t m uns ’ m u t ,  l i i  s I a m u u c u l t u t ’ I bj t t us ’ tut  Nb Sm i suu ps ’u ~
- c - u i~I ut5  lug

ttiit t en ma I h a s  hs’eu m sic’s elops’sl , I his’ sh i~um nuet em us (1. ‘4 umu m it .m tu s h c’s ’tis is t s f  ss ’’s s’ t t  s t  I .1 t t s h s , s.’,u c It s’s tu b S i t  I mute
8~ inn ) mu ms -i l- item mu ft Ia nuemu us , emit iueclsls’ci mum .u s’c-ppem a mi~b hi c- ut is’ un it ~s’cl mit a mu mx - I - .u c’ f un Ic -i t- it I t  t l t  ft I,tt uns ’ mit has a mu

Nb Sun futame un u of ,ilnoctt l~ nmu I hic k Hess at t u s ’ smut l.c~’s’ s is ’s clo ps ’sf h’s thus ’ -is’t s ’s ut ’ s  c’ slut I t u s uc - t i  t uuc t inc-cl 5 . ~ sc-J
be.u t tu ms ’s el a umuu s’s h ,uu s’

I mu i s t t t u t s t c ’ st ah u hu,.ui ic - ru
2 .  hemidahihits ~l t t s h

Is- is ’s eles’m mu ~ u s ’ s usl  ut is ’ S’ .1 t Is- in in m um mis - i t scm u s ’m c’s t  m~l it s ’ m mm i g tent pet ~mt ut es t ciii t Its’ u mu us. tus h c’s pps’r t’ i c- ii ’ s’
t r t . m t r mx
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S _ -\ scc c-unsb ~m e s c u n n P I i s It m uu cuu n i s t hum. ’ she ’s cb s ,puu tent m o f ’ 31 10 k g mit tin ‘ mu u~u ragu mug -i m eel , I huc ’n s’ s’s a s mud spec’ u I I s

sb i- is’t uss is un s - if ml i i — . lucut se ’scr al  I~ uPcr - i  sscrc gi ’ scum rcbanumu g to snuemugub u em u imu g h s  s o nut r cn b  c- if

I , ss hiut ic-ui t teat muicu in (.1 I NI (2 No. 8 , 55) , I 97(n).
2. gu~u iuu s u e  (.1 INI 62 No. 2 , Sb , 197(n), ami d
3. s’olsh s’s or kiu ug ansI ag umug (.1 INI 62 Nc .  9, hOt , I 5)7(- i)

l’huc t iuu tcb ae hu ic ’s -c u nuc unt cines b s ’ sas nine h n ug hu ab r as is u u u- re ’ sk m a m ut A I - S m al bs - iy . I lit- i all s v c’omu u lu m u us ’-i ihus’ s mu c ung u i m
c-f slc ur5i l cu unuu mu ‘s’s u tb i  greater abra s me ui us ’’s ust i um icc. Ihte aIl s~ is b’snrutm alul c . s’se lsba lulc ( 111.1 a m i ch N1I(~),
uu uac lu uuu ahl e ansI nc s u - it a unt to S(’(’ j u t sol eut io mns c o mmuaun u iumg c’ hubo rud c us - imu s . Nc-i refercu t s ’s’ ‘s’s s r ks ‘s’s e ts ’ oh ma unuecb ,
hus u t I I u t acb i i lt~ts p n c-cl imecc i h roe It cu rcs .

I hue I tnt r n in ac hu mc ’s eu m icu u t u s t hue e s. tcmi sis- i mu a mu d a Pl l i c~a t i su mu c I’ I m act c m re mined ha mu mc ’s m ci ptcsh ems ’ t ic - mu unt its Ii u nus ’m V .
-\ sin us ’s c- t paper s I-iS S k t mscu i um o ts an nsh c- tImers s ic’sc Is,p c rumme a b a mu alv sus amid e ’ s a bc t a mic mns oh mIte stress imi nc um

si t ’ s  f~’ts’tor , imse lcuc l imu g mite c lc ’selsu puuu c uit c-f thuc thmrce—c imunicumsi o mnab sm r c s s im t n c i m cum v factor  bs- tine fu u tu tc  e lcn umcnuu
uti ctiu sus l (see .1 I’IiN 13 Nt-i. ( I ‘)75; I’rc-c , I 974 Sv mum i uosi e uuuu su mn Nicc hsa m ,ical Rcha’s ic-n s-if ~sl~umcr i~t ls , Nyc- mo;
Proc. .1 SNI F-~ASNlF a~uphucsi Nlcc hnari ies V’s cs merun (‘c- mnf ’ercm ncc , Niatc ~it I 975 , I l c u n ol cuh c u) .

I ft c’ ft ft in aee c - mnupbi ’sh um u iemit ci mcci us t lie cbc ’ se lc - i uu tucmim of s a i iocu- i  ‘s’s cbsl i ung mc dl nmnic ic ues amuch t Incur apphica t ic - m is.
l Ime-ic .ur s’ sieep- pemnem ram is u mn elect tc - imi lucauts ‘s ’s-chsls , c lectrs slag ‘s’s d ci’s ami d thee solslcruteg s- i f  mulct ochce mto rni~’

eo mnips - i m ucuum s . A ss’t is’— s - if ’ iuapcrs cbca lumn g s’s- it In chest nc- itt beaunu ‘s’s n.’lsis imppear j un .11 NI 42 , 32 , I )‘74 . II NI 44 , 3 5 ,
I ~)“5 ; Proc. Sec’otncb I u im ernuatuou ia l Ss ’mn ipc -sicmu ui , .IW S . Osa ka , 1975 , I’huc latter tefeteuu cc absc muue lc m shc - i papers

s- itt prohls’ i t  u — .u mu d i miupr c- i ’s e nmu c nu m ’ s its large bic~t m mts put elect roshag welch ’ s
l Ine unaini scubj c ’et ’ s s f  im iteresm to t h e  ubu irs i cbcpar t mun e mm t . a’ ocut l i r icci by Mn , 5 , Nc us iuus ms n m o ball j ts ts uhurce

anc ’a-i .-~ r c.m s- it ie u- i snrcmm g mii c-f materials , ‘s ul ura tis - imu ami d h ouse. Area Is ’s - s- i i’s t c - ll umug musul l  comutro l a ind at s’;u t Int-ce
u-i roh c - ims f ’s-it ‘s ’sclsh imsg ami d paunutmuig.

-\ rca omuc imue lc us hcs time — tr cmc uural inum cgn im v ct uncuelcar p~’- is ’s er pla mits , I’ h i s  imns - c - b ’ s es a t htree— ’s ’ s a v uh ur e us n a t :

mis - i tt - limuca r s ires- i auua lvs is ami d fr -act cure munee lsamnies .
2. X ’ ra stress a in a lv - i u— ami d fritetograp lss’ , aums i
3. mIte creel-i f ’at igcnc , — n rc - i - i  es rrc-s is’s us crac k imug am nsh cbela ccl huysir s geut s’rackimsg s- if s u remeucu r es .

S m rc uet cura l rchiahi hits- ci t n- it-at i uug mns iueb uiu icry its ’s c- Is-cs si tu i bar cs- itncert ns, bitt wit Is greater cmu spltasis cmi vibra-
tt su ti pts- ihls’tt ss ami d Ic-i’s s- its c mi ’s irs - imum n uemu mal el’f’eets , ‘ru e s frcmctcurcs s-if interest a rc pipes , pre seu’c ‘se ’ s— c l - i, re mmm -
miens at- id ca- it lungs for water m ctrhiuscs , co il’s , taus ks aussi eases b’s-in t ram is f ’cu rmmuers , c iesanor aussi inc- mime applianic’c

‘ st u’cuc u t ire s ,
-\ uueumu ii uer s- if papers w et  c siis ecuss cs i ‘s’s lsic lu s loc c um utcunt thuc s ’ s c - i k hcimm g cis mue , Brittle b’rac mc urc ei ua raemcr ismie s

c-f ‘s ’ sc bsb t c - i imn ts in 60 kg um nm m n~ aumsl 80 kg r tsunn ~ stee l are shs’ser ih ech itt c-tue series s- if’ ~ut t i et es by S . Sasa ki ami d
cs- i.m cu t lmors (- icc J~\’S 45, 56, 1976; ,IWS 44, 54 , 1 975; ,IWS 44. 47 , 1975: JW S 44 , 22 , 1975). Flue s-amine grocm p
Iia pcuhlis iucsl s- imn mIne eft ’cc ms s- it’ pres mraium sim m mIme f’raetc irc nocug liuness s-if 535( ’ steel , a stee l euscsl for m uu i l l  nc-ill
‘s’sork imig table rollers (.1 IM O2 , 93, 1976),

-‘s. ‘s’s-inc-Ic series c- if papers bias heemu ‘ s ’ sr i tm emm s_ mu ‘s ’s -el sh iu ug enackimig proiulemuus: ‘‘Ft ’f’cc ts s- it’ We lsh I hea t Im mupacn
s m u  Weld (‘rac kimig aussi Rs’s mta i un u St rcss ’’ (11W l)oe lX~9~7 “1-i). ‘ ‘Ff ’t’ects s-il’ Re ’straimtt Stress s- itt l)cla ccl
(‘racks its ~“d~cl-i of 80 kg m u mmY Ii ig hi-St rcmt Qt hi large (iactgc Plane Steel’’ (11W l)suc I X -7 35 -7 I). ‘ ‘ i - f fe c ms s-i f
Restra iuit St ress ami d Im n temu i tv of Resn raiu uu s u u  I)c ’Iavc ’si ( ‘riic ’ks m mi this ’ ~ ‘ s’hhs 5 t  ~I) t~’ ‘tin n Y h i gh Stts ’ r u gthn
rhm ick I’Iatc Steel’’ (I l~\’ Ds’ie IX 784 — 72), ‘ ‘ I’f ’feets s-it’ Restr a iu in Im u meu ns it s c-m u I)ehavcsl (‘rac ks imu mite Wel d s s- if
I iigl i- Str cus g mhn St~’c l’ ‘ (11W I)s ’me IX 346-73), ‘ ‘ l) cmerm tu it na t ic - mm of ’ i u  chtca muu u g I’emnipera mmurc Icun’ (‘rac k Pre’s eun-
t m s ui for thigh Strengt h Steel Welsi’’ (11W I)s-ie IX 875 - ”4), ~tuuc I ‘‘St c ms l ies s f  l)el~uvcd (‘rack itt Welsis of
Il mg hu ’Smr c m ug uh Steels - (‘orre latic umu for Nlet husush s-if V~ur is - iems Weld (‘I’~ue kiuig ’’ (11W I)c-ic’ IX 956-76),

~ui cs~tua IIv innnpnc’ssis e series c- if papers lm~ui~ heemu ‘s’s r i tuctu bs II. Oeuch nisha , (‘inief l’ mng imieer , hi RI , s’s 1mm
-ic’s er~uI c’c - ;mcm thi or c-mu t ine - icl bjeet of ’ l’a migcte imn pL’~sscmre ‘s essel unuateri al s s’s im iu s’r~us’ks amn sb ‘s’s it i uo emm c t  js’ks iimuci
mum t ine welded iomies, Wit hoet m am mcn uu pm imug t c-i list all minese piupcrs . tIne iumt e res mcs l reacher is rel ’crresl to l3c ilhc m its
JSMI- IS No, 119 , May 197 5; ,I W S  / ‘, 1975; .ISNIF l~’ Net . I 2~ , Nsw - I -~~5; IS\1 I- , 1” No. 103 h ams. l~r4Its m lie muei ele~ur  f ’ielsl Ke nt sei tune - its - i a mid cut huers m a’s-c prci~c m n mcc l paper- i c-mu i mum s’ruta l press emrc tat  ugc us ’ rmip me i re s-il’
m ine t’,u - it r cac t s t  I’clcI el~us ldi mug ( I ‘y ps’ 304) a mus l c-mu tIne c f leet  s f  In sir c g s ’ i i  sOil mcmi t mcmli perilt s um e a mid c t  a s’ k
es- iu i fm g t trat  is mu s_ mi t’~u m igcte crack prsu pitgatuoun amid umnst uuhlc ft ,tc ’tuit e itt / r - 2 5  Ni-i I-it s’ss urs’ tube s Bs t im papers
were pm esemuted at u hue 2mus i I unter luam iomial (‘ss unt ’eret ice c- mu Si rcm e nu ra l Nlee hiami ies im n Re~uc’mor I ceinut ologs - .
Rer limu , I

V . N~iLuga’s’s-a ~um u s l I - I ~u nuu ~uuu ucmu a s mt ms hic s i t luc ef fect  c f  sit ’s’I l r .um c ls ’t t. u b u t l t t ’ s  c-mu uine ms ’’.uc l t m , ut s t m s ’sse - i
des eloped si u r u mug h eat t rca m unmemu t it mu d tel-ic-itt csl a s m g r m i t t  s’ ,t i t s t  I s’s’t (P us- ic - I 9 S S’s mit ps-i’si c umin s m u  \ Icc ham t i~’ .m I
Beisa’s Is-it s-il’ N1~t m~ t m , uls , I 9”3 , Ss- i~j s’ny c - it’ Nlimtcrial Ss’ic lns ’s’, 1 apiumt) ,
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S I mi c’s- i ui mi ec’t ioti s’s m u in m c”.mc f ci , t l  su t s’ss sh e mcn muet ti ation s , sluseu ssu o m i w i t hn NI , N~ts~t~’ ~~l l  a s’s hut ’s’ \ t ,i’s ‘s ’s stdunt Issi
uu t s ’~t sc uu umig rcs ideual s ir c’s- ic’s s’s as u t u ne m e’.I um ug . (‘la imuis I’oi tiu~’ s v s t s ’url at s’ gs’uue m oc u s . l Its ’sc ,iue t o t  mI t e tis ut -

sc.cun m suu n su s’s h its’ i acimatt otu uunacli uuuc ic-i folIos’s-i :

I . Slisu t t u t t le c’\pds eurcs s f  S 4 m uuuuueu ts ’-i ~urs~ scul lus ’ uem u t.  lm iac ’c’s’ssihils’ si t u  t . ts ’ s’” s cuc ’hu .us ~iu thus ’ u t - is - its s t  gs ’.t u
citil bs’ reac he d .

2 , ,•\ Il 5 a m mc ’n us’s ~f m u ue t al - i  ca mu he uiucas c mrc sl
S I I igis tetti petiut cur s’s ( t o S00”( ‘) ate pe rm uuj u Is’s1,
4 , \ ray f raetogra~uhe~- eati tue iuett ’oruuest , .  -\ hiigh’u uu nteu ’us ims - tucauus s’~tu’t tue geuns’u .ciecl s’s Iuuc ’hi tuenu c ut at es to

t he  clepulus s-if thu s’ plastic ’ /s tids . I t i-i t h e m  s’f c - t e 1us”~stb Ic’ to suitsl ~ the lum s ts n i  ‘s s f  j  ta uu g t ms ’ cm as k . looknmug
at m Ite t u ,uc ’ t e mrc sc ur l ’accs.

‘ I- c- i t  es,~ttiiple n tie uieuutm(uei c-I’ es L Ies can be sleteruniluiesh .
I ‘in us des  ebc npm uuc n m I m a s beemi sicss’r u bed u mu -is’ ‘s s’r ,u I h~ l ln s’i -i , a I ouug ‘s’s i n In sd’s ci a I s Pc’~’ i j  I ~t I l I  ~~ n us - it t s , I tu us

sIc’s cbo pm unc ’uu u tunas - its’ ilu5pOtt~t t it  so it I c’s’s s- if t its ’ ks ’y papers ats~ busted , a- i f ’s-i lls- is’s s

I , N . Nag~to anusb V , \ \ s ’Is-i (S~ m ace t- is’ h.imi iversi ts’) . ‘ ‘ \ u as t ) i f t’r~cet ioce Studs’ c-I I c’s’s’s (‘s-etc I- ’at igets-
l)auus~cgc itt I Luimu ( ‘ar tuoms Steel ,’’ ASNI1- paper No. 76 -W A Mat - 10.

2. II, Oisemeiuisla , -\, Nishuioka am id NI. Nag~uo , ‘‘X - m as l)etes’m ts ui s-il’ l”a m ig cmc itt (‘ c-u n s - i l s  C Hi’s ir c - tcu nu ct ut ,’’
l ’ h uim meem in iu .lapa mi (‘s-i mug ress s- itt Materials Rcsearc ’hn—Nlet ~cIlic’ Nla ncn ial-i

3. II - Ohcmc’hms ia, I . I’ssa s~uk m amid Ni, N~cgao , ‘ ‘S t / c ’ l:ft ’s.e m s_ mu 1-au mgcm s ’ s f  .‘~mimeeal esl (‘ .mm h- ic - it t Stee l ( ~ m as
I mu ’ s c-it igat ton c- mi m hse Detect m s - i tt  s-if I”amtg ue l)~uus n~cge its Nl~ts’huut ie Pau ms ), ’’ I t s c ~. I 4n hi ~l apiumu (. ‘esu ugu c’ss

c- mu \Iane i mals Ress ’.c rcbu , Ks’ots , I 1971.
4 . NI. Ogas~uw ~ura , NI. Ac bacisi , NI, Nagas” at isi V oker W eiss (Ss r ;ts’ttss’ L P uu i ’ser , . i m s’), ‘ ‘(‘r~uc’k I mu im iam ic-~u at

Nctc ite- i mu I c’s’s (‘ve lc Fatigc te ,’’ Proc. 1973 Svnuiuc-s ietms i c- it t Nlcei iamuic ’al Iteluas ic-u c-f Nl~u ms ’riabs ,
.litluuiti , l~r—1

5, Ii. Ohneteiiisla , A. Nishu toka amesi NI. N~cgas - i. ‘ ‘Su e Ft’t’ect smu Famigete S mrems g m t u s- if Nlaehniiis’sl C •~cu bc-ti
Steel (X-r~uv I)eteetisumi sf l”zumi geue D~utuiage in Nlaeln iuue Pat n- i) .’’ Bcill. ,ISNIF /6 Nc ,  94 Apt . I ~r6. N! - Nag~csu , S. Kusitm usoto amid V . Ito , ‘ ‘Nc - un - cl estreu cm ise Seth—s m urfa c e l) istri bcum ion n Nls’ascm n s’mt ns ’ u ut  s- if

4 h’isvs ical Qetamim i nucs - an Apphic~imio mt s- if l’c-ilv-ei n rc- ussamie X n av I’ec’h uumc ie m e ,’ ‘ Sc cieus’ c- if Nlat c ’t u.u I—
Seieuuee 26 Nc . 280, 1$ , Ja ui eu~utv 1977.

7 . ‘\ s1e~aile st sks~n~uteon ol the ~ucul~chrsuuim~ct ic X -r~my ‘S um es- i amualys is systeuun us Iurcsemutc si mun the 1-i ns - ic’ ,
25 u hu Sagatneore Ni~utcr i~m Is Comifet s’mnce , I~)76, I)

i’hic ic - c ut of ’ t h e  II RI re’s e~u lesi time euscual es lcui luuuncunt ‘s’s isieh ha s  bec’oms ic fami c ibiat its uc - ietr s c- if ’ a ‘~s’r us ’ — s - if steel
es- imun pi umuics , s huilu hem i lsIi mug counupa msics ami d electrical comn mpamn is’s . I’iue cc - miser mu - i are s’s it ii ‘s’s c’Icii mug, t’rae u curs ’
(c~-ipeei~uIls its l~utge seet is mus ), eorrs s iomi , cs- irros iomm fa t ugeme ci ;uc ’k iuug amid t’at igc ts’ c m ae kitig. I’ak ilug this ’ ts - i c t t  t t t

ord er , m Ite follsnsiuig ‘s ’s-crc seen:
(‘orrcns ic un tests fs r  tine BWR plamiu. l ive Is- ic-il-is a te  as -amIa ble. Omue Is- is- il- i tests S(’(’ uiisic’r va n s— u s council

tus nns s-if tlsn’s ((1 - 5 - i m usiu t ) , melm nl ueratcut e (ts 300 ’ ’& ‘) amid perecui nage of srss ’getn ilu tine s’s ,t lc t (0- 5~-i pptni) ,
,Auiot huc’r ls op tes ts  fs ’mr genera l s’s rros icumn. Other Is-is-il-is ims t rs - i cletec s ~ur iabIes seu c’hi a- i ueuiipcr~ut e u u s’, p11. mite
~ c- pc- rn usn iu s c f  ox iciiiitig amid resitmeing st-ies’ics , am is h cl ift ’ereui mia l I-i c- i -itt s’ One -is ‘~us ’ tt t  te n m s feir gs’ mm s ’i .cI s ’ s t

t c - is m or t umu h i ghs tcu uupc ’nanttr e ’ s’s t ie r  itu l  this ’ s’ f t ’s ’s ’ I s  sit ’ s’Is’s’ur c-~’hcmieaI pc- neut ral 5’!! ~!un ’ inng h C- ~’:nnpi ’ !.tin!:
s c - i t  ost s- i u I ,

I’luc um- icual 1001.) momu mmu ~ue hu iuue lot s t u d y  c-f bsu ’s ’ s -es ’c’Ic fa l igc ts’ ‘s ’s a - i ss’c’um I c’su s arc be itig u _ m itt at I 3 ‘ s ,CIc ’, 3’S
epmun , cup to 20 kg tum m Y, l ime ecurremim tc ’s — at s’ fsr s’s ats’t tnt biune ec - m u i ps - i mucu i ms. A 28(X) ton tes t mg u-i uuss ’cl to
-it et ch ’s d elay cci fraet cure in s’s elcl-i. I~unneiI~nt’ u c’ar itsg, hot c ra c k i mug ami d — n u c’ ss u s’l mc ’ u c’t ~u~’k lung , I its ’ s,u ut us ’ mug t s’-i n- i
b’s-it dc t’ee m its f lemem ucer5 a tush t ract cite m oughi mucs s u us i-ir itt Ic ft  j c’ cur s’ - -‘ mugu m c- itt ,ui mum ‘s ’seIsI s i  .t~’ k u tu g lester
uuie~csc t t cs  the st n ess es sic’s-eloped its wc ls hs: m lie ea~uac ’ in ’ s us 401) t~-iuis.
line huigin te mn spcr iumcmrc Iahc- iratonv hias c-s c’m 140 s t  e’ep t s ’sI mus s mu i~uc ’ Iuumn c s - t t icbs’m ic ’ s t .t t  5’ set ps ’t j  bb s - i ’ s - i  , u tt s b

eut tier hnigtu-meuuipe r~ute m r c aI ls- is s . (‘)muc miias’lu im ic ha - i a ..‘ upacm u v s- if ~O Ic- mu - i at a mcu unper .11 c uu e c-f I S$0”t,’, I t i i s
mun ~uchiune 1.-i euigagcsh its ts ’sts s-it’ Cr- Mo-\ ’ s ns ’c l, amid ‘~uaumilc ss st es’Is , (‘ n s’ep s t  as k gus - is’s thu type te s ts ‘s’s it ii It ae
cite uuiec’hiamn ies type sl- iec imuncnns arc’ emmnd e rw - av . I c- is’s s ’ s  d c  h igh me luu h- i dm at lime t e sts .It s’ .t lsc - goitug c-mu , l ine umu

te ract ioum s-if s tat ic ’ itusl sis ’mta mnsis ’ t ’~t t igeue i’s a scu hicet ot ’ s lut u emit ste u~Is - t h e  ,is .cmh.ebls ’ t”sIcuupuntcui m ~ ,it s pr os isi~’ .i
‘sat uct s oh ’ f’~ut igcte-e reep foas l comnf igcur ~ut is - iuu’s. I’c”sts 5’att also i-ic concletc ’mesi tnt  bt qcm i s l unue ma ls ,

Str  s’s- i - s’ s- i t r c - is is - i t t  t ests s- it’ 4 iunc iu s l iam uietem s’selsiesl nh ’ s’ s’s s m  s’ sls ’ss,’ r heel I iie ’ sc’ me - it ~t l  e ~uImnnc ’ss m tds’t it u~’.ul to
tests goimig situ (am Id sls ’’.s’r t hesh pus ’s m oc us ls )  am I’c-is huibim I bsen t~’ ( ‘ c - m u u l ’ s, t un ’ s h h ,u s ts ’,tI b ’ s t ine t ithe’.~ c - ir i .uu ur s’s ,ttc ’ m .ui
290’( ’ ami d 70-75 k g c itY l- ircs smm re , We ld s c i t  the pupcs ut s’ itit todci cs’sb , I his’ 1u~ps’s .m r s’ t es t s’cb mit t s’t isis - it I .11151
4 pc- i im it hemu eh im ig, uuuisb j u n t’atig mue. I’h ne tnuats ’ni~cl is 304 ‘st j ttt l s’s’* steel

the general imIuressiou-i us that t i l l ~‘s a t re uls - Itt ‘j c lass Ut- ic-u ,ut c - i t ‘s Ouuh ’s .1 It . ts - i  ic - u i s- il t h e  .i~ u s  i ts  s’c- cm isl
he flits c-tech inn a omuc - c has ‘ s i sm i , hunt cinoumg iu es em icl be ‘~eetu to c c - i t l t t  tui t bm s ’ s’x c ’el k’tus’e c - il tIne - i t c’.umtt : . u i  ic-n I ~t m
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mumna le ly, t here are obvious iusterae mions w uth the USA unmderway, ms omahly with Syracuse Uuu iver ’s itv . Tine m m-
teractisns sf Hitach i with tine Office of’ Naval Research is certaimuly wort h y s f  increased eusmphasis ,
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HITACHI ZOS EN
(Hitachi  Shi pbuilding and Engineering Co., L .td .)

Hitachi Zosen (Hitachi  Shipbuilding and Engineening Company, Ltd.) has gnownm since heimmg foummded in
1891, inmto another giant Japanese compan y, employing upwa rd of 25,000 people. The main products ane
I)  ships (passenger , cargo , ore , oil , LPG , naval craft , hydrofoil boats), 2) ship repair amid remodeling,
3) ocean developunent equipment (oil dr i l l ing equipment , pipe laying barges , etc.), 4) ina n imme engines
(diesel , steam turbines , boilers , etc.), 5) machinmery (steel rolling mills , cranes , hydraul ic  presses , etc.), 6)
steel structures (bridges , stacks , penstocks , towers , etc.), 7) environmental  equipment (incinerators , ant i -
air pollution equipment , etc.) aumd 8) castings and forgings.

The Technical Research Ins t i tu te  of Hitachi Zosen was established in 1949 and is the “corporate ”
research laboratory. The mission is to inmprove conventional mech nno logy at- id product qual i ty  as ‘s’s-elI as to
develop new technology and new products. As outlined by Dr. Eng. Shojiro Okada , Director of tine
Technical Research ln ss m itute , 50 percent of the effort  is problem solving, 25 percent is seeking technical
alternatives , 20 percent is f inding new markets usim ig present techniques and 5 percem mm is seeking uses’s’
markets through new technology.

There are about 280 people at the Technical Research Ins t i tu te  of whom about half  are prof e~.s io nm a I
technical level. The budget nuns at about 7 million dollars per year which is distributed ann ong several
research departments. The No. I Department , headed by Dr. Eng. Seizou Watanabe was mIme only depart-
ment visited because this department conducts most of the materials work. However , the Sakai Depart-
ment studies yard applications of welding techni ques. The No. I Department studies welding, coaminmg aim d
painting, properties of industrial  materials , materials tests and process metallurgy.

The visit began with  a presenmtation on the activities of ONR and NRL in th e materials area. Tlsis was
followed with  a Hitachi Zosen movie and discussion on the welding and testing of pressure vessels . TIne
movie illustrated , through unnotched and msotched fati gue tests on a 30 ton welded pressure vessel , that  time
new Hitachi Zosen electro-slag welding process (HINE S welding method) produces better welds of t h ick
plate than shielded arc welding. Since HINES is an automatic process the speed is also nmuc im greater. Time
development came about following difficulties im m welding 80 Kg/mm 1 high tensile steel. The high heat in-
put requited causes upper bainite to form and this becomes bri t t le  on slow cooling. Timerefore manual
welding was formerly required to provide fasten coo linm g rates. Tim e HINES welding method quenches the
welded part by forced cooling immediately after electroslag welding, and follows with an immedi at e
tempen.

The next discussions were on some interesting alloy development work w-h mic lm has produced a series of
so-called HZ alloys. A brief description of these follows:

I)  CE-I - a cavitation and erosion resistant alloy of coppen , a luminum and berylium (Cei-8A 1-l Be
nominal composition). The alloy may be further  hardened to give very good wear resistance. The major

• application is high speed marine propellors where the cavitation problem is severe. In this  respect the HZ-
CE alloy is far superior to Mn-bronze and Ni-Al-bronze , according to Hitachi Zosen tes t data. The alloy is
apparently commercially available and has previously hecim tested by time U.S. Navy (NAPE,  b y I) . Kallas ) .

The improved cavitation resistance is a t t r ibu ted  to the development of a very fine beta phase and aun
alpha phase which is strengthened by the presence of b ery lium. The beta phase conta inms sonme N p imase.

2) CE-3 - this is a filler mamenia l for inert  gas welding (11G. MIG) of the CE-I material.  Weldab il i ty  is
good , cavitation-erosion resistance is outstanding and the mechanical properties are good. Corrosion
resistance in a number of media including saltwater is excellent. Overlay of parts  produces outsta m md ium g
wear resistance. For example , overlay on a nickel-al euminum bronze propellor for a small hydrofoil  hoam
resulted in spectacular imnm pr o ’s’cni nent in c av i t a t i on  resis m ammee as measured by weigh -it Ic - i - is amnd by visual iun-
spection.

3) HZ-CM - a copper base alloy used for molds in the continuou.s casting process for steel. Tis is alloy
contains nickel and silicon. ‘Fhe alloy is strom m g am hig im t e mumperature  an-id is a good m eat condc iet s-ir.
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4) H 1 -CL - a nickel bass’ alloy (Ni, 15-30 Mo, 1-5 W , 1-4 Cu , <5 Fe, <2 Cr, <2 Co. 0.5 Ti) ‘ s ’ s ut i m very
high corro sioum nc s i stamm c e to HC E. ,  H :SO~, NaOH~ H ,PO~, HF and organic acids, In addit ioun the alloy is
forgeah le, weldable amid castab le amid can be drawn. The alloy is siu n i l an to Hastel loy bu n the ‘s’s-ebd HA!
iorme s are precip itate free and hence more eorr osionm resistant .

The HZ-CL alloy is also usefu l as a submerged are weld wire f or  9 percent nickel steels. Time alloy N i ,
l5-30 Mo , I-S W , 1-4 Cu has beers licensed for manufac tu re  by Nippon m Steel as a weld ‘s ’ sure for suhnmerged
arc we bdiumg oh’ pressure vessels , I.NG tanks , etc. A cooperat ive agreemenmt is also being arrausged ‘w i th
Chicago Bridge and lr o mm Co.

5) HZ-SO - a lead base alloy resistant to H~SO~. The additioum of’ a sun a l l amouu mt of Te or Se, is the
nmea n s of conferring resistance greater than that  of pure head.

6) HZ-PO - an alloy resistant to phosphoric acid and generally useful in n chemical plants s’s-here wet proc-
ess nmeehan ieai acmio r m is iumvol v e d. The alloy is conmiposed of Fe, 38-40 Ni , 20-23 Cr , 7.5-8.5 Mo,

7) HZ-80C - a low alloy steel used in casting K and Leg bracing for off-shore and undersea structures of
80 Kg/nm im~ steel (welds at regions of high constrain -i t are thereby avoided) . TIme composition of the alloy is
patented. As quenched am - i d tempered , the steel is resistant to stress corrosion cracking. At the present t ime
research is utm derway to develop a similar steel at mime 100 and 130 Kg/mm~ strength level.

The company is very active in studie s of NDE mec imum iques , wi th  emphasis on acoustic and ultrasonic
momi itoring of large pres sure vessels. A multi-probe tandenm tec iunique involv ing  many transducer s has been
developed for the ultrasonic inspection of very thick steel plates . A prototype imas been made hut there is
not commercial availabil i ty.

Much of the technical progress cited is described im i company brochures , but there are also published
works inn the litera ture aru d in company techn ical journals. The low-temperature fatigue behavior of weld
joints of 9 percent nickel steel is described , for example , in 11W DOC. XlI(-649-72. A s tudy of fati gue
crack growth in 9 percent nickel steel plate appears in Engineering F racture Mechanics , 7, 481, 1975. A
strait - i energy release rate relation shi p to the increase its area of a surface crack subject to fatigue was
established.

A series of reports have been issued on the subject of pressure vessels and pip ing. See Hitachi  Zosen
Technical Reports HTZR -PVP -l  through HTZR-PVP-7 . Timese reports deal with design , fatigue tests ,
fabrication , qual i ty  assurance , etc. One paper (HTZR -PVP -4 )  discusses the means of pre v en mti n g
hydrogen-induced cracking of weidments , mi terms of the preheat and postheat conditions required before
cooling the weld metal to 100°C.

Several recent papers in the Hitachi Zosen Technica l Reviews are in the materials area . One article is on
the adaptability of calonized steels to hydrogen sulfide am high temperatures (37, No. 1, 8, 1976). At 600°C
the coatings are resistant to corrosion in H1S bu m are very brittle and thermal shock resistance is poor.
Coated welded joints are not corrosion resistant.

In a latter issue (37, No. 4, I , 1976) the question of wear and seizing of flake graphite cast iron (as
cylinder liners , piston rings , etc.) is addressed. A harder matrix improves seizing resistance. Vanadium ad-
ditions also improve seizing resistance while copper and chromium improve wear resistance but deteriorate
seizure qualities. Another paper (37, No. 4, 10 , 1976) discusses the effects of carbide precipitation on the
creep of 18-8 stainless steel at 700°C. The effects of the precip i ta t ion are greatest between stress levels
where creep is controlled by stress and lower stress levels where creep is controlled by metallic diffusion.

In the same issue (37, No. 4, 33, 1976) an automatic vertical TIG welding method for 9 percent umickel
steel spherical tanks is described. The alloy liZ~CL wire is used. Good welds are apparently achieved w i th
savings of from 50 to 70 percent in weld time and weld cost compared to manual  weld ing.

In summary,  the Technical Research Ins t i tu te  of Hitachi Zosen appears to be oume more highly eff icie m m m
and practical-minded Japanese corporate laboratory. i~s omse visits a succession of such act iv iu ies , tine feel-
ing grows that they make a significant cont r ibut ion to the health and growth of the parent industry as well
as to all Japan.
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I SH I KAWAJIMA-HAR I MA HEAVY INDUSTR IE S CO. , LTD.

The Ishikawaji m a-Har inm a Heavy Industries Co. Research Ins t i tu te  is composed of the Research In-
stit ume iu m Tokyo and the Welding Research Insti tute in Yokohama. On this occasion only the Tokyo l nm-
st i tute was visited , but a delegation from the Welding Research Institute was present for the discussions.

The lH l Company is so large and so diverse that a description of its activities in any detail is impossible
im i this b rief account. IHI supplies a range of products to industries on land , sea au-id i n the air. On the land ,
machinmer y at-id entire p lanm s for such basic industries as steel , electric power , chemmca ls , material handling
amid construction are supplied. For the water , ships of every type are b uilt  including the world’ s largest
tankers ,  The company also builds jet aircraft engines. In percentage of sales , land machinery plants pro-
s- ide 56 percent , ships 38 percent and jet eng ines 6 percent. Products and services are exported to 80 coun-
tries around the world. For example IHI has constructed three blast furnat ices (capacity 2.4 million tons
annual ly)  in Ipa m inga , Brazil.

Tlme Research Ins t i tu te  serves these extensive business activities with a variet y of basic and applied
research efforts. The work is carried out in a number of departments. These were described by Dr . T.
Maed a, Associate Directo r of the Inst i tute , as foll ows:

I)  Fu ndamental Technology Department - physics of solids; non-destructive testing ; chemical proc-
esses; catalysts and catalytic reactions ; applied microbiology.

2) Structures and Strength Department - structural analyses; structural vibration ; atm ti-fatigue desigum ;
earthquake-proof design; fracture mechanics; structures; cryogenic materials.

3) Machinery Department - machine elements (bearings , seals , gears); friction and wear; plastic working
of metals; forming of plastics; vibration.

4) Fluid and Heat Department - fluid dynamics; compressors; turbines; rocket engines; diesel engines;
heat transfe r and heat exchangers.

5) Turbomachinery Depart metmt - centrifugal compressors; fans; blowers; supercharger s’, freezers and
air conditioners; radial turbines; gas turbines; steam turbine s;  helium turbines ; organic compound gas tur-
bines .

6) Metallurgy Department - science of metallic materials; advanced casting; heat treatment; strength ;
toughness; fati gue (cryogenic through refractor y temperatures); marine service materials; metallurgical
refining processes.

7) Chemistry Departmeumt - analytical instruments; oils and fuels; lubricants; paints; corrosion ; organic
materials. 

-

8) Measurement Science Group - measurement and statistical evaluation of torces ; stress a mmal ysi s ;
ph otoelastic studies; vibration analysis.

9) Nuclea r Power Technology Department - components for nmuc lear reactor systems (especially liquid
Na-cooled fast breeder reactor and high temperature gas cooled reactor ); He technology; Na technology ;
n ateria ls for nuclear power components.

10) Ship Performance Department - ship resistance; ship propu l sioum; manueverabi l ity; seakeeping; hull
vibrat iom m ; prope llor cavitation; hydrograph ica l/h ydr aulic studies (marine structures , dams , wate r gates ,
buoys , etc. ).

I I )  Ship Propulsion Departmeu it - ship model experiments (resistance , self-prop ulsion and prope llor
open water tests , wake and wave analysis); ship models and propellor nmode ls; prediction of propu lsi ’s e per-
for m a nce.

12) Ship Strength Departme umt - hu ll s t ructural  analysis ; hull vibrat iom i analysis; desigu m optiumm iz ati on;
hu ll reliability; wave load.

13) Chemical Equipment Departmeti t - pilot plant studies of chemical im m dust ry  processes; desulfuri,a-
tion and denitrogenation of exhaust gases; desalinization of seawater; waste u t i l iz a t io mn .
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‘5 The Welding Research In s t i t u t e . described by Mr.  II .  Okaba vashi , Mamsager , per t ’orim n s s’s e ld u un ~ imn f orm n a -

tio um service atid studies welded structure s  . ,  w e l dims g mm ec lmaun ics , wel di un g design , ss e l di mng mnm e mal lu r g y  and
weld imig techu nology (comn somm nmateria ls anm d special alloys). Other act iv i t ies  are the d evc lopnnsetim of hi gh-
speed we lding, au .mtomatic welding and t est ing anmd in spection 01’ welds.

The specific groups contacted ons this visit  were the St ruc t u re  and Str en gth s  Dep art tns en st and the
Metallurgy Depar m nm ent of the Research Ins t i tu te ,  as we ll as the delegation from the  \\‘elding Research I n -
s t i t u t e .  lnf o rnma l  contact was also n ade wi th  persou ms fr omm i otl mer D c Ø ar mu mme u s t ’. s’s-iso attende d tine lectur e oum
ONR activities which was given in the af m ernoo um.

l)r. M. Fukagawa discussed work ot i grain bou mnda ry en m bri t t le nme mit  due to pr ecip itat ioti  of AI N inn b t tgh n
s trength (80 Kg /n ntnn ~) steels. Fukagawa ami d im i s colleagtues cotmclud e that  ommce A IN or mmi oh iu nm car ho mnit r id e
precipitates it - i the austeumiti c range steels heca imse enm hri t t l ed , amid it is almost imm mp o s si hl e to recover t h e i r
ducti l i ty by subsequcnt heat t reatment.  Therefore pro th uctioun of A 1N or Nh-hearing steels sino uld u t i l i .’e
procedures designed to impede the undesired precipimatio un while coo l iumg t lmr o ug lm the au steni t ic  regio m s (see
Trans Iron and Steel Ins t i tu te  of Japau n Suppl . Trans. vol. I I  197 1).

One of the very active younger men -ihers of the Research In~ t i t u t e , Nohu l inm o , described son c work oms
fatigue am- id f racture.  One paper suggests that  the concept of COD (crack opening displa cen ’uenm) us a qtua n-
t i ta t ive  criterion for the onset of bri t t le  fracture it- i large steel s t ructur çs  ( 11W E)oc X-62 8-7 1) , l i u n o  and
others presented a paper at the recent l ts ter tma n ion sa l  Cotnferen sce on Fracture Mech aumi c s ausd Tec lnun ologv ims
Hong Kong, March 1977 , eumtit l ed “A Genera liied Strip Yield Model Applied to Fracture l u m i t i a t u o u m
Studies. ’’ The et’fects of plastic constrain - it and mul t i -a x ia l i t y  of stress state its re la t i ou s to the (i)D councep t
and fracture ini t iat ion were considered . A str ip  yie ld model , proposed or ig im ma llv h~’ B A .  Bill y , w a s
modified to encompass the mult i -axial  state of stress au- id combined tmmode loa d imm g (cracks am atm ausgic to time
directioa of stress svere treated).

Along similar lines , l in o has discussed fatigue crack growt h in a s t ruc tura l  menmher subjected to com-
bined tensile and bending stress ( l u i t ,  J r .  of Fracture II  p. 685 , 1975) . The results shmo s ’s-ed that  time n ie aun
stress has effects on the fatigue crack growt ls rate amid g rowth .  The growth rate can he espressed as ,

(K11~~ 
nn

The results were applied to imp lic at io tn s of combined h etn din n g and tensile stresses on the leak before fail
‘ concept.

A paper entitled “Effect of Angular Distortion ots Fati gue Stremmgth of ’ Traums v erse Butt  Welds i mn Hugh
Strength Steels ’’ was prepared by lino , ins collaboration wi th  wel l -k n ow-t n Professor K. lida of Uu n ivers i tv  o1
Tokyo , for presentation at Commission X I I I  of 11W its Cope umhage nm , 1977 . The adv aumtag es to fa t igue We
of overstressing angularly distorte d but t  welds was discussed. Atmother paper by l iuso , inteumded a lso ton the
1977 Copenhagen Conference is entitled “Fracture Toughness Testing Using Prec onmpr ession lund u ced
Crack. ’’ A precompressed machined umo n c h was found to give about the saumne f racture toug lmtmes s s-aloe as a
fati gue crack. The procedure is first to apply a compressive bending toad , m m c m i  a tensile load inn heu t d itn g at
liquid nitrogen temperature (-196°C). The tensions cy cle immitiates  a simarp precrack.

Mr. H. Okabayashi of the Welding lu m st i tu t e  discussed research activit ies iu m which Ime amid isis colleague s
have been involved. One concern has been stress relief crackirsg in n heat affected ,oumes , es~~c,aIly of ’ los’s
alloy steels ( 11W Doc llX-X -53l-69 at-id Tra ins . Japan Welding Soc. Vol. I , No. 2 , 1970). TIne crackiu ng
problem is related to fine inte r g u au n ula t  ~‘rccipi ta t es which lead to ctress co mm c eumt r a t i oul at t lmr ee- grai us j un-ic-
tions . The effects of pre- and post-heatin g otm weld cracking inas also been stmu died (Tra m m s .lapatm Wel dung
Society Vol. 5, No. 2 , 1974).

The effects of hydrogen and carbon on fracture toug imness of low alloy steels has also heemm coumsider ed by
Okabayash i and others. Noting first tha t  linear elastic f racture  u nncc ln a u mi c s may he app lied uo lmvdr o geum -
induced cracking evaluations , an expression is developed which relates fracture toughusess to te um mp er au ure:

= G0 exp T/T0, where G t~ is the fracture toughnes s and G0 at-id T0 are nmameria l  conssma n t s , (I~ is
affected by the carbon content , but not structure.  T(, depetids on tine s t ructure , sud s as grain su e,

An interesting experimenst was described . A fracture toughness test sh ows reduced to Lu ghune ss if the
hydrogen charged specimen is pre-loaded first at room tenmperature before fracturing at .196°C. This sup-
ports the concept that  hydrogen diffuses to regions of stress conceumtrat iou s , cau siung the reduced frac ture
toughness. This work was followed up wi th  fu r the r  studies of delayed f rac ture  ot ’ steels at r o oum n and low
temperature. Activation energies were obta iumed to acc ouumt for incuhat io t u  t iu ni es at s a r u ous  t eni per a t t tue s
for }-IT-80 steel,

The work on delayed failure may be seen in 11W Doc. No. IX .796-72 ; Proc. of (‘ounference 0mm
Mechanical Behavior , Kyoto , published in 1973; Eng ineering Fracture Mechanic s , vol. 7 , p. 54l , 1975,
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The mechanisms of heat affected zone cracking under weld overlay cladding were discussed in Trans
ASME Vol. 98, p. 348, 1976. The causes of this cracking and suggestions for prevention are presented.

A tour of the Research Insti tute revealed much activity with respect to problems of corrosion and SCC
of the BWR reactor ( lH l  is cooperating with Hitachi and Toshiba and General Electr ic Company). There
are for example test loops with control over p1-I , dissolved oxygen , temperature , pressure and electrical
conductivity. Flow rates to 60 liter per hour , maximum pressure to 100 Kg/cm 2 and maximum temperature
to 400° are important features. There are also tests of pipe (4 inch diameter) of 308 ULC steel in mock up
of reactor conditions. The steel is very low in carbon concentration

There are of course numerous creep and creep rupture tests also under way. Some of these tests apply to
the high temperature gas-cooled reactor. The effects of impurities such as hydrocarbons , hydrogen and
oxygen on the hig h-temperature properties of Inconel 617 are under study, for example. The findings have
been that at the temperatures of 800- 1000°C, which are of interest , the superalloy is decarburized. The in-
vesti gators are now studying the possibility for preventing this by adding methane to the helium.

Studies were also observed on the effects of environment on creep ann a fatigue , with  the variable of
temperature and hold-time of interest.

The usual massive machines for tests of fatigue and brittle fracture of ship and massive land structures
were also seen. It was pointed out that Japan with its involvement in massive ships and structures favors
these massive tests as being perhaps more predictive , but that the trend in the United States is to “go
small. ” Of course , small tests are much to be preferred if they do predict service performance , so perhaps a
measure of confidence in technical capabilities as well as a taste for gambling is involved.

A system for nitriding with ionized nitrogen was observed. This has been a development of IH 1 which is
now available commercially.

A computer-controlled electron probe microanalyzer was also seen (JEOL JXA-50A) which can analyze
for carbon.

In summary, there is no question that IH I is hi ghly advanced in the heavy industry area. The Research
Institute and the Welding Research Insti tute both seem to be contributing to this strong position.
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KA ~~’A SAK I H E A VY I ND t T STRIFS . 1.11).

K aw as ak i  Flea’s y Industries is onse of ’ Japau m ’s largest coni np amm i es w i t h  over 33.0(X) emnsp loy ee s . T  m ere us a
lat ge arr ay ot~ products inc luding ships . ro lling stack , a i rcraf t , unaci sinery , industr ia l  pla mmm s . steel s t ructures
aund mnnot orcyc l es. Kaw’asaki Steel Corporation is the world’ s scve un tim largest steel m aun u fac turer .  The opera-
ti ous s of the c oums p auny are w orld- wide amid t ru ly  itn m er m nami o um al in scope , w i th  a hmost ot ’ licemmsees amid licensors.

_.\t the Kas ’sasa k i inead office i m m Kohe both a Tec imum ol ogy Dis- ision and a De v e lopmmn eumt Divisi oti has e beeum
established to pr ousmote research at-id des--elopn iemnt of usew techun o logy anmd products. Reporting to time Presi-
dent throtug in these divisions is a Technica l I m n s t i n u t e  located for the most part in Akashi (‘ m y , Hvog o
Pret ’ecture . The Tecis unical lu n s t i t u m e  is time heart of com n m pammy researc lm ac t iv i ty  amid it is favored s- ’ s - im l m time tniost
ad~ aunced equipn m eu st at-id we ll -traimned researchers. Tine orgaumi za t io tm minus establishes a cetmtra liz ed control
of mechumical i tm f orum m amiomn whic ln serves all the op erati mm g amid busin ess div isiou m s inc ludim i g eigh m eetm ‘‘Works ’’

throug h out J ap amm. The research at-id deve lop unme u st et ’forts cover stuch basic studies as s t rength , usnaterials ,
weldinsg, po llution cotnt r ol , u t i l iza t io n s  of resotnrces , am u tonn a t io nn , cost reduction and labor u t i l i za t io u n  as
well as such large -scale projects as oceatm des --e loptnmemnt amid ato unsic em nergy as a power source.

The orgatmi z atioun of the Techunical lt ss t i tu te  was reviewed by lmos t Dr. K. Terai alm in ougin oun iy the We ld imsg
Research Laboratory at Kohe amid mIme Kawasaki Works  at H ariun sa were visited 0mm-site . A briet ’ descripm io mm
of tine unmore tnnateri al s-re lated groups (laboratories) wit imius t ine ‘rechumical Im i s t i tu te  f’ollows:

I)  Fluid Dvnanni cs Research Laboratory - lnydrod yuia uns ics of ’ slnips , sh ip propel lors , oceaum s t ructure s .
~ ave tsiotiots etc. Also siummilar studies oun turho ummac lmi u mery such as stea u sm tur h itmes , gas tur h i t ie s , blow ers .
con pressors , etc. Wi u nd - tumsumel  studies am both subs otmic at-id supersotm ic speeds .

2) Strength Research Laboratory - A stress amna lysis secti oum studies stresses its ships . prinne u nmo s - ers . ium-
dustria l  ma clninerv etc. Fatigue data are obm ainmed to slmosv effects of fabricatio n s , surface harde u sitmg,
welding, size , press f i t t ing ,  corrosiotm , atmd teuniperature .

3) Materials  Researcim Laboratory - fu u nd a t m n eu i ta l  studies re l at i mn g unnetal properties am-id s t r u c t u m c  to proc-
esses suc lm as heat treat i u m g, casniung am m d t’orgimsg. b u n  tn i t r id ium g is of currem m t insteresu .

4) Pinv sica ! atmd Cl ne u m mi cal Researc is 1.aboratory - applied c l n eun ni s t r y  aund applied pin~sics . Stud ies of
p o llutio u s , NO s- renm ova l , us om s- po ll ut im ng combustiom s systetmms for h eavy oil , iumsu la t imn g unmateria l s  for I NG
tanks , co atim -ig sy st enms , solar coll ectimsg sy stemnm s , p lnysic a l properties ot ’ comnmposite u smaterial s .

5) Wek l itmg Research Laborator y - de ve lopmnm eu mt of ER sveldiu ig processes. Deve lopu nie umt ot’ pr actical
nm e amms to weld spiserical t .NG carrier tau n ks . boilers , pressure vessels , ot’fsinore s tructur e s , nuclear s- essels .
E valua m io u ns of weld ah il i ty of ts materia ls , we l di tmg um m ec ln aumi c s , ummetal l urgical mm nec h n aun i cs . fracture t i secluamnics
testing and analyses of large s-s elded str t u ctu res.

6~ (li fu I ahoram orv - researcin atnd de v el o p u mnemmu on aircraf t  products of the Aircraft  N la mnufacm u r i ung
Div isious in tIne (uifu Works. Studies of aerod ymn aussic s amid unoi se. L) esi gu n factors for w iungs . ln i g ln l it ’t i u n g
devices , fuselages. App l icamio n ss of mec lmumo logv to ads- aumced air crat ’t. S t ruc tura l  aumaly se s t’or s-s imn g-h ody
app li camiom n s.

The visi t  to the Harima Works was for the purpose ot’ observiung time welditng ammd getneral co uns mr uc ti ous of
the large spherical L NG taunks  which are us sade of a l u u nmimnuunm . Tine operatim ig t eun u pema tu re  is -162 ‘( ‘  so t h a t  a
nma m eria l in lnere n m tl y resis tant  to low-ten -iperature e~m b r i t t l e mnnem m t is required. A l t e r un a t c  unmaucri a ls are tine
unickel steels~. hut Kawa saki has opted for al u nsim m Luu nm amid appears to isave unmas m ered tIne tec lnu so logy to the es-
tent  mh mat ses crab orders for large I NU carriers have beets received. The ecounou smic slowdos’s-tn slowed mine rate
of production but a umice technical lead is emnj oy ed.

Tine t aunks are made of 5083 a l u mnniu n um s ~ alloy s’s i t l n 2O ’~ mtnmnn unma x iun i u u nm thickm ne ss.  The weld process is Nll (~
involving a large current of 8(X)- I (X)O anmp ere s . the cou ms truc uiou s involves a suh assen mnhl v , u mn a iu n assembly
anmd a t’iu n al ass emm nhl y . Curreunt pr oductiou n is oune ta u sk a m n ont hn .  The ma m iks are quite  etnorm imous (capacity 37
1(X) umm ‘) . F imnished t a u n k s  are lifted fro unn the  qua~- by atm emnoru n n ou s t io a t im ng cramie for iu nsta l l a t io t u in the  sh ip.
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5 All welds of the ab unminsut n  LNG t a n k s  are inspected by radiography and dye pene mranm. Also all horizon-

maP welds are inm spe ct ed ultrasonicall y .  Thi r ty  percent ot’ the vertical welds are inspected by ul t rasonic
techniques.

Following tine vis i t  to tim e Har inma Works , a movie showing the extetmsiv e act ivi t ies  of the conmpa umy s’s-as
enjoyed am the W el diu m g Research Laboratory in Kobe. Dr. Terai then summarized some of the curr orm t ac-
tivities of ’ the Welding laboratory. These acti s- i t ies current ly  emphasize electron bean-i welding; prevention
of di stort ioms ins steel , a lut n iinu us s and stainless steel caused by welding; and the  technology of suhnsari unes
an d subnmer sib le vessels as related to t’ahricatiotm anmd welding. Recent , current or plantied research projects
are on EBW ; diffusions bonmditng; ouse-side at t ton m at ic w elding; large curreti t MIG welding;  underwater
wel dimng; welding ot’ high strength steels; s’s’elding of steels for low temperature sers-ice ; welding of steels for
high temperature service (stainless steel , Inconel , etc.); welding of heavy section aluminum alloys; welding
of t i tan iur tn  a lloy s;  cold cracking as motm itored by RRC , TRC and Implant  tests; problems of hot cracking
as nmoni m ored by the RRC and TRC tests); problems of weld stress ammd strains;  pr evention of weld defor-
mati otm or distortion in rolling stock and ships; weld brit t le fracture , fatigue and corrosion resistance; com-
puteri zation of weld techniques; we b diung of special s t ructures  such as submarines and LPG , LEG and LNG
tanks.

Dr. Terai who manages the Welding Research Laboratory is most enthusiast ic  about the potential  of
EBW . Sonme of the at t ract ive characteristics he suismmarized are listed below’ :

1) EBW welds produce less than one tenth the di stort iotm of arc welding
2) Dissimiliar metals can be welded (arc welding is restricted to steel)
3) EBW requires low heat input
4) EBW produces less contan m inam ion
5) EBW welds are comp leted in one pass

The current enmphasis is onm applying EBW to large structures.  This can be done by pros idi mm g either a
very large vacuum chamber or by providing a nnob ile localized vacuum chamber. These developments
s’s-ould be useful for boiler conmsmrucmion and are itm part supported by the Ministry of Trade and Industry.
Some of the results are described inn Iron 1ge, March 24 , 1975. One pass a l umiu m un m welds up to 360 mm
thick have been made.

At the present time Terai and his group are trying to apply EBW to submarines , in particular to the
welding of steels up to the HY 110 and HY 130 class (NS46 , NS63, NS80 and NS9O) in pressur e hulls. At
preseumt HY I 3 O (NS9O) steel is limited to TIG welding, and as strength is increased from the HY 90 to the
HY 110 (NS8O) class , arc welding is no longer satisfactory. Japan has compromised on tim e HY 110 steel
(NS8O) for its DSRV bum future  vehicles may require the HY 130 type steel. Terai would exp lore the distor-
tion , NDT and computer simulat ion of weld parameters as well as brittleness problems . There exists a
closed committee between the Japats Defense Agency, Nippon Steel and Kaw-asaki Heavy Industries , amsd
Terai would like to increase cooperative research efforts wi th  the Ut mited States , notabl y with Professor
Masubuchi ’ s group at MIT.

The development of EBW could eventually be useful in welding thick section high-strength steel . . -\ 1.6
MV EBW machine for use in air has been assenmb led am Kawasaki .  At tempts  are being made to weld steel 50
mm thick. The pow-er required atid t ime tuu assive eq t m ipt n nem n t gmeeded are of course serious draw-backs.

Dr. S. Matsui  described some research ons the pre v ennmion of distortion otm welded thium plate for rolling
stock and ships plate. Present practice is to smr ai gtmten wi th  the judicious application of a torch , an expen-
sive and skilled operation. The Welding Research Laboratory has deter m iumed t inan app l icamion ss of ’ heat and
tension before welding cams effectively e l i tsm i nmate the unmdesirab le distort ions.  Thus plates are stre tc h ed s-s imile
heated at 100°C.

It is of interest that  subnmarines in Japan are to be made of NS8O (Hi 110). Kawasaki Heavy l tmdus m r ie s
and Mitsubishi Heavy Industr ies are the only firms wi th  thme required capabil i ty to produce suhum m aritmes .

A vo lume of “Welding Progress in Japan 1974” has appeared , following atm earlier vo lu .unne in 1972. Ap-
parenst ly this second volume is also publish ed by the Sanpo Inc.,  10- 17 , 1-chome , Hau mnanmatsu-ch o ,
Minato-ku , Tokyo (107) , Japan. Dr. Terai is author or co-author of ’ es--erv paper except one (by Professor
I . Masumoto of Nagoya Univers i ty)  so th at  a nmarve lous review of welding m m  Japan atsd at KH1 iii par-
ticular , is available. As expected , the isstu e deals heavily w i t h  EBW . No msnenmion is nm ade of laser w el din mg.

In summary, Kawasaki Heavy Industries is ann internationa l corpor atioum s-s i th a strong research act iv i t y .
This is seen par t icu l ar ly  in its leaders inip in welding. By following the work of th is  organ i, ati omn aund by in-
teraction and exchanges of informat ion w i t h  i ts  t echu mical people , much can he learned .
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While spe akitig s’s m I s  P r o t ’esson I .  Ma sutn iot o of Nago~ .u ~ un ive r s i ty  otn I Marcin , t he s’s r i nd  had t ine  good
t o rmumne  to  he iunt n o d u c ed to M m - \‘uki o N lori . M , uuta g e n  of ’ W e ldum n g of ’ tIne I - n rs t  Res ean c tu I u bo n .u to i  of the

I’mo du ct io t i  Engimm ee ri n ig Rese.u nci n I aho ra tory  of K ot u n a u su . I t~1, Konni a t su . I td .  tmn a m n uf ac tume s  a ‘s a r ne t s  of
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Dis- is~oun ) s’s it in research f omm r id n . ‘s’s e ldtn g a m id Inc a t t u eat nn ncn mu -

l ine s-s eld slmop is des clupin ~ electron beam u s-s e ldutn g.  t m t c t n o m i  ‘s’s e l d t tn g .  a u to m ni a t i c a l l y  coni t ro lled s-s e ld unng.
and .ni c s’s e ldiung. l hm e N 1)F amid iunspe cti o t m of ‘s’s elds arc also ot ’ utn u et est -

I t t  t ine ca sn in ng . u n ea there is an t  e f f or t  to des elop borot i steel castings . Such ca s t ing s . a f tc i  ‘s’s a t eu  quench
imig. .mrc claitnse d to ha s-c lm igl n sm ock i e s i s ta n ce ,

There are also eft ’ort s to des elop steel cas t iun gs usab le inn the  .us - c .u st co n td un i on n , I ’lie y ield st rength s  is  .iiscd

h~’ addit ions ot ’ ‘s aus ad iuns ausd mIne Ic ’s els of carbo ti amid un i at i gane se an c ch namn ge d .
I us tine ease ot ’ al u u nm i u s umn i  al los  s t h e r e  are et ’t’orts to des- chop pi essut c-c ast , tse.us \ - sec t ion .  ti~ di au lie p u m p

gear cases of ’ a l uunn im n u tnn .  I ’hc press t t ’e casting is a t nmeatms to id  e.ns ’ t Inc s t r e tngm h.
TIne ‘s i s - m t  concluded wi th  a t our of t Ine m i n a m i u fa c t t u r in ig  f ae i l i t ncs .  It s- s- as iu n te res t im i g to see t I ne applnca t io i i s

of ‘s’s el dims g amid to obsci s- c the unnassi ’s e earth-  n in o ’s iu ng eq uu p t i n eunt  he u uug .nss ei i tbled .  I hue b i t u l d u n u g  of the se
unas s i s c n ia ci mi us e s . sonnu e ot ss h i~ In p&’Mk’ m u mid e m s’s ater and are c o u nt u  oIled r cn n omet ~ , nti s ols es al unno s u es- e ns
usnet a l lur gi cal  spe cialt v its t lie t’abr ie at  iots . s’s eldi img . cast un g t’org i u n g . h eat u meat  m u g  and m i m ach ni u ni  mi g ~u i e.us -

So

— 

-

- - ~ ‘-~~~~~~-~



~~~-- - - - ---—-- - -~~

M I TSUBISHI H I ~A% ’Y I NI )USTRIE S , I~TD,
SH I PYARD ANI ) ENC I NE WORKS - KOBF ;

A visit to the Kobe Shipyard and Engine Works of Mitsubishi  Heavy Industr ies  was arranmged dur i m mg a
visit to the Takasago Technical Ins t i tu te  of the same company. The Kobe Shipyard and Engin e Works is
active in shipbuilding, ship repair , diesel engines , steel structures , boilers , nuclear pow-er p Iant:~, en-
vironmenta l and sanitation equipment and materials handling equipment. A few hi ghlights  of these ac-
tivities follow:

I) Ship Division - This division is s--cry modern with  respect to layout and control. An electro-print
marking system has been developed at MH 1 which , from drawings , programs automatically the marki tm g of
ship plate for cutt ing.  There are also numerical control draft inmg machines and cut t ing machinmes . This divi-
sion also boasts remote con~.ol b ‘nding machines for steel p late , s-’arious types üf automatic welding equip-
ment and the largest shi p repair facilities in Japan. This division builds mostly cammercial ships , but also
makes small submarines and other submersibles primari ly for the Japanese Defense Agency, The ship
repair work includes major conversions and alterations , enlargements and general modernization.

2) Machinery Division - This is an extremely well-equipped and large act iv i ty .  Currenmt emphasis is on
machinery for nuclear power plants and boilers. Pressure vessels are constructed frons thick steel p lates (up
to 400mm thick) which are bent and welded to form.

3) Nuclear energy - Through technical agreements with the USA (Westing house) the company is
man ufacturing PWR type nuclear power plants , including the reactor vessels , steam generators ,
pressurizers , pressure vessels and related machinery.

4) Pri me movers - The company manuf actures a variety of boiiers inc luding high-temperature , high-
pressure , large-capacity boilers for ut i l i ty  companies. MH I  built the 3180 ton /hr  (evaporating capacity )
super-critical-pressure boil er for Tokyo Electric Power Company ’s 1000 MW plant. This is the largest
boiler in Japan.

5)  Diesel eng ines - Kobe Works manufactures many diesel engines , ranging in size from 175 HP to 36000
HP . The capacity is up to 48000 HP , 12-cylinder marine diesel engines.

6) Environmental equipment - The company manufactures a variety of plants to purify water and air ,
precipitate or otherwise remove particulates or undesired liquids and gases , and treat wastes. Japan is e\-
tremely concerned about the threats of pollution which the heavy industrial ization has brought .

7) Rocketing and oceanography - The company interfaces with research in these area s h~- manmufacmuring
test facilities and equipment. For example the company builds rocket launch facilities and wind tunnels .
They also make hig h pressure facilities and equipment for ocean and waste water distr ibution studies.

8) Materials handling - This includes equipment for stacking crates , boxes , pallets , etc. annt on m atica l lv
and under computer control.

9) Steel structures - The company makes and builds towers , frames , bridges , pip e l imi es , peu n suock s amid
gas storage towers. The engineering for all of these including the construction of cons- plete plants is also
provided.

10) Undersea habitat - There is a tremendous interest in Japan in the developnment of the means for cx-
ploiting ocean resources. Under sponsorship of the Science and Technology Agency, MH I  has built au-i
undersea “habitat” for use by Japanese aquanauts. The chamber has been operated successfully at depths
‘0 100 meters.
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MITSUBISHI HEAVY INDUSTRIES TAKASAGO TECHNI CAL INSTITUTE

Mitsubishi Heavy Industries is so large and so diverse that it is difficult to give even a superficial review
of its activities. There are plants at Nagasaki , Kobe, Yokohama , Hiroshima , Takasago , Sagamihara ,
Nagoya, Mihara, Kyoto, Akaski , to name the major areas. Technical Institutes are operated at Nagasaki ,
Hiroshima and Takasago . All of these institutes were visited , with the visit to the Takasago Institute
reported here.

The Technical Institutes of course support and strengthen the technical interests of the company. The
main products are as follows:

I) Shipbuilding and steel structures - ship building and repairs , steel bridges, towers and offshore struc-
tures including ocean exploitation equipment.

2) Power systems - boilers , steam and gas turbines , diesel engines, water turbines, nuclear power plants ,
pumps, marine machinery.

3) Machinery - chemical plants, railroad stock , automatic material handling equipment , new transpor-
tation systems , textile and paper machinery, cast and forged products , steel making machinery, cement
making machinery, construction machinery.

4) Aircraft - aircraft , aircraft engines, space systems equipment , missiles
5) Refrigeration and air-conditioning machinery
6) Precision machinery - machine tools , transmission equipment , hydraulic equipment , industrial

robots.
7) Agricultural machinery and special vehicles.
The Takasago Technical Institute (TTI) was formally established in Takasago in the early 1970’s

although various elements of the organization had previously been active in research for many years. For
example, research groups were active at the Kobe shipyard prior to and particularly during World War 11.
The Tokai Laboratory in Ibaragi Prefecture was added to the Takasago Institute in 1972 for studies con-
nected with atomic power problems such as radiation embrittlement and fuel enrichment.

At the present time, according to the Manager of the Materials Research Laboratory of 1’TI, Dr. H.
Suskida, there are about 450 people employed at TTI, which incidentally is also the technical headquarters
of the company (the company head office is in Tokyo). The technical activities at Takasago are about 50
percent devoted to nuclear power interests (fast breeder reactor technology, turbines, etc.), 30 percent to
prime mover equipment (gas , steam and water turbines) and 20 percent to “fundamental” research
(welding, chemistry , etc.).

A tour of the institute included the structures laboratory, anechoic laboratory, materials laboratory,
metallurgical laboratory, chemical laboratory, combustion laboratory and welding laboratory. The struc-
tures laboratory features an interesting two-way earthquake simulator to evaluate resistance of nuclear
components and structures to earthquake damage. This is of obvious importance, particularly in Japan.
Similarly there is much activity in NDE techniques for flaw detection and monitoring in nuclear vessels ,
boilers, etc. Methods used are ultrasonic, electric resistance , eddy current , magnetic and acoustic emission.
For example eddy current methods are used on steam boiler tubes and ultrasonic methods for nuclear
pressure vessels.

Other test equipments in the structures laboratory arc horizontal and vertical test beds and tests of deep
diving vehicles involving pressures to 1200 Kg/cm 2. Th~re is also an assortment of fatigue, tensile and brit-
tie fracture test machines and equipment to test thermal fatigue. A 1000 ton MTS machine tests WOL
specimens in fatigue at 500 tons and 1.5 Hz, with a 150 mm stroke and an approximate 3000 mm span.
Specimens weighing up to 600 Kg and 240 mm thick can be tested. A dynamic tear test machine modeled
after the machines of Pellini and Lange at NRL is also operating.

The anechoic laboratory is used to test silencers for gas turbine engines. Five-sided test chambers are an
interesting feature.

The materials laboratory performs tests for creep up to 1200°C. Tests of tubes at temperatures to 800°C’
and under internal pressures up to 2000 Kg/cm are also conducted. Boiler tube steel such as AISI Type 321
is tested also in high temperature steam. Heat-check and thermal fatigue tests of cobalt-base superalloys
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are underway. The materials laboratory is equipped fully for SEM and rEM examination and electron
probe analyses. There is also a high-power 50 NW X-ray diffraction unit (Rigaku). A microfocus X-ray
unit for residual stress measurement is also available (also Rigaku).

The chemistry laboratory is involved in stress corrosion tests in recirculating sea water This is one other
advantage of the Takasago location.

The combustion laboratory studies the design of gas turbine combustion engines with the goal of im-
proving fuel efficiency and performance. Full scale t ests can he conducted in a high temperature corrosion
chamber with combustion inlet temperatures up to 1000°C. Thus , for example , the performance of such
alloys as 25-20 stainles s , AISI 310 and Hastelloy X in engines burning ash-hearing heavy fuel can he deter-
mined.

The welding laboratory conducts tests on new welding techniques and on the welding of new materials
and alloys. The results are applied throughout the company as in nuclear power plants (overlay welding,
seal welding, automatic pipe welding), chemical plants (site welding of pressure vessels or lowers), ship
building (automatic welding in all positions , high-speed gas cutting), cryogenic plants (automatic welding
of aluminum alloys , membrane welding). etc. Current studies are on optimum preheat for welding of
pressure vessels , plasma cutting and welding, stellite alloy overlay, automatic TIC welding of LNG con-
tainers and TIC welding of heat exchanger tubes. One especially interesting development of the welding
laboratory is weld-forming techniques using the electroslag reinelt process. By these processes , for exam-
ple, a pipe elbow of 18-8 stainless steel with 2-inch thick walls can be made. Thus the usual casting or forg-
ing processes may be~-eplaced entirely by a weld deposition and forming process.

A 1973 company brochure describes some of the advanced welding methods which the company uses in
shipbuilding. In June 1974 a paper entitled “Characteristics of the Narrow Gap TIG-Arc Welded Joint of
10 Ni-8 Co Steel for the Pressure Hull of Deep Submersibles” was issued by the Takasago (Kobe) Institute.
The authors were M. Satoh , N. Sakamoto , H. Morihana and T. Sawh. It was claimed that a high quality
welded joint can be obtained with a large capacity TIC-Arc welding apparatus designed for field welding
of pressure hulls of deep submersibles. The characte ristics of 10 Ni-8Co steel welded joints are also de-
scribed, including stress corrosion cracking data on fracture mechanics type specimens. A subsequent
paper published in 1976- 7 entitled “Study on Welding Process for Pressure-resistant I-lulls of Deep-sea
Submersible Research Vessels ” expands further on the use of the narrow gap TIC welding process for 10
Ni-8Co steel 1(X) mm thick pressure hulls. A turning process is described to permit equator welding in the
h at  position. Stress corrosion data show a Kt~~ value of the weld joint at 450 Kg/mm 3/2 compared to the
base-plate toughness of (~50 Kg/mm 3/2. This paper is in Japanese and appears in Vol. 13 No. 4 of the
MHI technical reports .

In discussions, V . Harada and others discussed U-Bend SCC tests of 18-8 stainless steel in water at
250°C’. The chloride ion and oxygen ion concentrations were varied. The resu lts show that chloride ion
concentration as high as 500 ppm does not cause SCC if the oxygen ion concentration is less than 5 ppm. A
chloride ion concentration of only 50 ppm can be tolerated if the oxygen ion concentration is increased to
about 50 ppm. These synergistic effects are important in MHI diagnostic studies of cracking in boiling
water (BWR) and pressurized water (PWR) reactors.

In summary, the activities of Mitsubishi Heavy Industries are extensive and technologically intensive.
The Takasago Research Institute is well equipped and active in supporting these world-wide interests.
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MITSUBISHI H E AVY IN DUSTRIES - HIROSHIMA T ECH NI ( ’AI.  INSTITUTE

The Hiroshima Technical Institute is one ~

. three suc h research inst itutes of Mitsubishi Heavy In-
dustries; the others are located at Takasago and at Nagasaki. Since the general organizational and
managerial features of the company have beeti described previously in the report of the s isit to the
Takasago Technical Institute , the technical activities and discussions at Hiroshima Technical Institut e will
be described without furtlfrr introduction.

Dr. V . Nishio, Assistant Chief Research Engineer and principal host , arranged a tour of t he Hiroshima
Works as the first activity on this visit. Fhe advanced engineering and competence in the construction of
massive structures such as ships and giant of f-share platlorms are the predominant recollection.

In discussions , Dr. D. Yamasaki , Manager of the Material Research Laboratory at the Institute , de-
scribed some work on the resistance of coilayer vessel s to hydrogen attack. Tl~ co ilayet design is effective
in containing hydrogen at high temperatures and pressures. An inner layer (surface contacting the
hydrogen) of stainless steel is backed by a tightly wound coil of carbon steel. Steels such as 2Cr , 0.5 Mo
and 1.25 Cr , 0.5 Mo may be used as intermediate layers . Vent or “weep” holes arc drilled t hrough the car-
bon steel layers . A gradient in hydrogen concentrat ion exists between the inner and outer surfaces , and the
alloy steels are so located as to match the regions higher in hydrogen concentration , in accordance with the

• to lerance for hydrogen indicated by the temperature vers us hydrogen-pressure Nelson diagrams. I he vent
holes release hydrogen following diffusion into the carbon steel coil. The interspaces between layers allow
hydrogen to escape and recombine to molecular form without damage to the steel structure.

The welded joints of the coilayer construction proved to he a problem, with some abnormal cracks oc-
• curing during service at 500°C with pressure over 2000 psi. lntergranuiar cracks were seen in HA? zones,
• contrary to Nelson diagram predictions. A series of exper iments with 0.5 Mo and 2.25 Cr , I Mo steels

proved t hat post-weld heat treatment was required for freedom from the cracking and for validity of the
Nelson diagrams. The post-weld treatments were 650 for 4 hours for 0.5 Mo steel and 690°C for 2 hours
for the 2.25 , I Mo steel. A report in English has been issued on this work by Mitsubishi Heavy Industries
dated June, 1976, authored by D. Yamasaki , T. Shinkawa , H. Makimoto and T. Oe. Dr. Nishio, wi th V.
Yoshida and Y. Miura has performed some related work on the problem of diffusible hydrogen and weld
cracking in thick weldments. l)iffusible hydrogen, according to Nishio, remains in a thick wcldment for
over sixty days. The hydrogen content is not uniform. Maximum value of the hydrogen conlent occurs
under the surface.

The cracking incubation period on the weld surface (first crack appearance) is as long as four days. The
increased cracking in thick weldments is primarily caused by the increased hydrogen introduced from
multiple passes. Immediate post heating at 300°C for 30 minutes reduces the hydrogen sufficiently to avoid
cracking, and t his treatment is an adequate substitute for the common intermediate annealing at 6(R)~(’
during the welding of thick-wall vessels.

1)r. R. Ebara and others of t he Strength Research laboratory of the Hiroshima Technical Institute have
been very active in studies of environment on fatigue strength. One study, presented at the International
Conference on Mechanical Properties of Materials , Boston, 1976, deals with effects of air on fatigue crack
growth in titanium alloy Ti-6Al-4V . All regions of the crack growth curve (in fracture mechanics type
specimens) showed faster crack growth in air than in vacuum, and a marked decrease in the threshold level
as well.

It is of interest that the striation spacing was found to correspond to the macroscopic Aa /A n value only
at intermediate AK levels. At low crack growth rates the spacing is larger than t he macroscopic growth rate.
Thus the stress intensity-str ucture-environment-crack growth rate relationships arc complex and not
thoroughly understood, hut this also gives hope for improved properties when a better understand ing is
reached. This wotk is being pursued cooperatively with investigators in the United Stat es at the Unisers itv
of Connecticut (A.J. McFvily, J. (lroegcr), w ith aeknowledgment of U.S. Air Force Office of Scient ific
Research support.

Dr. Ebara and others have also been studying the corrosion fatigue hehas ior of quenched and tempered
Ii Cr stainless steel in saline solution and steam. Rotating beam t e sts showed a fatigue strength related to
t he Na(’l concentration. Steam deteriorates fatigue life at stress levels above the threshold hut the effect
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decreases as the threshold is approached and is zero at the threshold. Except in air , corrosion pits and sub-
cracks were observed . Corros ion pits were often located at fracture initiat ion sites. At high stress and low
fatigue life, str iations were seell; at low stress and longer fatigue life. iniergranular crack growth wa s
predominant. [his work was presented at the ASTM Symposium on (‘orros ion Fatigue. Noseiuhci 1976 ,
I)enver , (‘olorado, and was rev ised in February 1977 for possible publication by ASTM. Other wo i k now
underwa~ invokes 500 10 I(~X) hour tests to determine ~~~ values of 18 Ni-300. 350 and 4(X) maragmg
stee ls . These studies are being conducted in cooperation with the Japanese government , and the results arc
not genera lly available.

Dr. Nishio described some work on the development oh under~ aer  we lding svstem~. [ his ss or k is in-
tended to meet a need for in-situ underwater welding of large offshore structure s- An automatic welding
system has been engineered which involves an underwate r camera which monitors the ~ eki torch posinon
and weld head appearance. The MIG welding process is used with a 100 mm diameter torch. the gas flow
under pressure is stabilited by use of annular water je ts , so t hat a stable gas zone is formed hencaih ihe
torch. Steels of strength up to 50 Kg/mm 2 can he welded in this way. A cracking problem develops wi th
higher strength stee ls. A descriptive paper appears in 11W DO(’ X ll-B-2 I3-77 . The wor k is known in the
USA and the S-s-ste m will be used by NOAA at St . Croix in the Virgin Islands. Cooperative ex periments
w ith the Coast Guard and U.S. Navy are also underway. Professor Masubuchi of MIT is a consultant.

Dr . Ehara has studied also fatigue processes in metal matrix composites and is coauthor with A .J
McEvily of the University oh Connecticut and N.M. Prewo of United Aircraft Research I ahoratories of a
paper delivered to the rhird International Conference on Strength of Metals and Alloys in I ondon. 1973.
The paper involves tors ional fatigue tests of aluminum strengthened with boron fiber and aluminum
strengt hened in-situ by ~~~~ rhe differences between fiber-matrix interfacial strengths , fiber diametet

• and cont inuity and matrix structure between the two systems s~ere explored with a view to~ aid identifying
re lationships to fatigue crack initiation and growth, cyc lic hardening or softening and the shape of
hysteresi s 1oops .

The results show that in the Al-Al , Ni system there is an initial softening followed by hardening, atitl t his
was attr ibuted to thy initial and subsequent distribution of dislocations. On cooling from high
temperatures dislocations are trapped near the fibers and few are available for plastic deformation of the
matr ix. There is also a dislocation bias which leads to an SI) effect. The initial easy flow (softening) is seen
as resu lting from the development of mobile dislocations within the matrix , and the eventual hardening as
t he interaction of these dislocations. The aluminum-boron system shows no SI) effect. It is suggested that
matr ix-fiber breakdown may occur during cooling because of differential strains. Unusual hysteresis loops
at high strains were attributed to elastic fiber buckling during compression and plastic deformation of the
matrix .

The fat igue process of A l-Al , Ni in torsion is similar to pure metals , but the life is longer because the
fibers retard crack growth. In the aluminum-boron system crack initiation is fiber controlled. This work
was also supported by AFOSR. It is of interest that Dr. Prewo is a current ONR contractor in the field of
composite mater ials.T tuis, t here are precedents for cooperative work betwee n Japanese and American in-
vestigators under U.S. government support.

For the future , the Hiroshima Technical Institute investigators wish to pursue further environmental
fatigue testing. Specifically, the effects on the fatigue of such steels as 13 Cr and 4340 of varying R value
and various concentrations of CO2. SO2 and H2S in moist air and steam is of interest . These results are im-
portant for geothermal equipments such as compressors. There is also interest in the behavior of structur al
steels in cracked gases in the oil industry. The effects of gas composition on fatigue are not now well
enough known, and corrosion fatigue is known to be usually more severe than static tests would suggest.

In general, the Hiroshima Technical lnstitute appears to conform with the high standards of the other J
MI-Il laboratories and other excellent industrial laboratories in Japan. The goals of this laboratory are se i y
practical , hut there is no hesitation to apply science at the highest level, and t hey have the tec~inica l people
to do it. The number of joint projects and publications with outstanding American metallurgical in-
vestigators attests to t he scientific excellence.
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MITS UBISHI H E A V Y  INDUSTRIES - NA (~A SAK I T E (’HN I ( ’A I .  INSTITUTE

Among the t hree technical institutes ot Mitsubishi hleas y Industries (Kohe, Takasago and Nagasaki),
the Nagasaki Technical Institute (NTI) was t he last to he isited. This laboratory adjoins the Nagasaki
Shipyard and Engine Works of Mitsubishi Heavy Industries and functions to serve this “Wor ks ’’ in apply-
ing and adsancing technology, a lthough Nil reports directly to the Technical Headquarters of the corn-
panv in Takasago. Nagasaki Shipyard and Engine Works is engaged primarily in shipbuilding and such
related areas as steam turb ines , boilers , diesel engines, propellers , hydraulic machinery, ship repair , steer-
ing gear , and blowers . the ships constructed are as large as one million I)WT in cargo si/c (I I)WT is 22(X)
Ib). the marine diesel engines are as large as 36 ,(XX) hhp, t he marine turbine engines as large as 45 ,~X~ hhp.
I and boilers producing 600,(XX ) NW and steam turbines for t hermal electric power plants ss ith output to
350 ,(XX) NW are also produced.

[he Nagasaki Technical Institute employs about 6(X) people of whom about 250 are college graduates ,
accor ding to ice manager l)r. E. Ueda who reviewed the organization. Some twent y research laboratories
w ithin Nil report to the general manager. The general areas of study are hull design and form: hull
strength : propellers; hull sibration; marine and industrial materials handling and pollution control equip-
ment; boiler heat t ransfe r and combustion : water treatment and chemical cleaning of boiler water s : plant
automation; steam turb ine performance: internal combustion engines: development of diesel engines; tur-
hochargers , strengt h and materials: trihology; chemist tv and corrosion; stack gas pollution control; and
aerod namic stabilit y of structures such as bridges On this occasion the Materials Research Laboratory ,
Strengt h Research laboratory , Sea Keeping Research I ahoratory, Ship Strength Research I aborators- .
Welding Research l aboratory , Coating and Sea-Water L aboratory and the Trihology laboratory were

is ited and there ss as also a tour of the dockyard activities .
The Materials Research I ahoratory, managed by l)r. I. Daikoku pertorms research on materials which

affect t he per formance , re liability and cost of structures and machines produced by NIHI, particu larly at
Nagasaki. Such activities have been pursued for over sev enty years , although various reorganizations have
of course taken place.

In the discussions , eight main activit ies were covered , as follows:
I) High st rength materials for turbines.
One material developed is a new material for turbine blading with strength of 90-110 Kg mm~ and also

~ ith high damping capacity. The new blading material is a l2Cr-5Ni-3Co-3Mo maraging steel , and is re-
ferred to as “NMB- I ‘‘, for “Mitsubishi Nagasaki Blading’’. Further background and details are given in
MHI tech Rev , Sept., 1970.

Titanium alloys are also being developed for blading materials for large steam turbin-~s . Titanium alloys
are strong and have low density, which is desirable , hut these alloys are generally poor in damping capaci-
ty. A current effort therefore is to develop titanium alloys whic h combine high damping capacity with
good strength. No further details were released on this subject.

Anot her study aims at developing large single casing turbines , in particular large turbine rotors with
good resistance to creep-rupture and a low temperature impact transition temperature , F ATT (fracture ap-
pearance tr ansition temperature). An alloy desigtiated HI-12 , a 12 percent Cr-Mo-Co steel , has been
developed with 80-83 Kg/mm yield strength and F~ TT of near zero °C. The properties can he obtained in
a rotor with diameter as large as 2000 mm. The alloy also has good high temperature strength.

2) Heat resistant material for boilers.
.
~~~ present 2.25 (‘r- I Mo steel is used for superheater tubing and reheater tubing for temperatures tip to

585°C’ (1085°F) and 18 Cr- 8Ni austensit ic stainless steels are used for higher temperatures. The N UI
materials laboratory would like t o develop an inexpensive grade oh materials for use at intermediate
temperatures. The efforts have begun with attempts to improve the existing 9(’r-l Mo steel T-9 for this
service. A nc~ steel designated HCM9M (low C-9Cr-2Mo) has been developed which is characteri zed by
improved weldahility and higher elevated temperature strength compared to 9Cr-I Mo steel. The claitn is
made that the allowable stresses in the new steel are 140 to 160 percent greater than could he allowable in
the original 9Cr- lMo steel. This development has attracted attention in the U.S.A., and the Detroit Udison
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Com pany , for example , is currently conducting tests on the material. Also , Argonne National I ahoratory
is studying the material for potential use as heat exchanger tubing in the FBR (as of the date of this visi t  to
N il) A paper on this subject b T. \‘ukitoshi . K. Nishida, T, Oda and T. I)aikoku appears in Iraiis
ASNIE and Journal of Pressure Vessel rechnology, Paper No. 75-W A/ PVP-2.

3) High hardness reduction gear materials.
lu reduce weight and size there is a need to use harder materials for the gears in reduction t iains So,

mar ine turbines . At N ~l, a higher hardness gear alloy designated, P-4 has been des eloped for pinion gears
and an alloy designated P-S has been developed for wheel gears. The P-4 gear is os er 4(X) BHN and the P-S

• gear is 300-331) HUN. The P S  alloy , basically 3 Ni-lCr-0.3Mo. - lA l-V , is given a t hree step quench, temper
and dra~ heat treatment to des elop the desired hardness. The alloy P-4 is a precipitation hardened alloy.
Ihe a lloy P-S is stated to has e good s~ eldahility despite the high hardness. rhe ability of this alloy to retain
high hardness after the required tempering (for toughness) is attributed to the alloying elements. T Cs ts has e
shown that the surface durability of the new alloys is 130 percent better than the usual allo s. Background
and development are described in Mill tech. Rev . 7, No. 6, 1970.

4) Casting techniques
The laboratory has succeeded in developing continuous casting techniques for copper alloy and cast iron

pipes t hat permit wall thickness as thin as 5 mm in a ISO mm diameter pipe. Work is also being conducted
in molding processes to minimize pollution and energy consumption. I)evelopments has-c been an im-
proved acuum sealed molding process and a fast-hardening molding process.

5) Marine propeller materials
Mitsubishi has been in the propeller business for many decades, and des-eloped propeller alloys of high-

strength brass and Ni-Al bronze which are still in use. In recent years the stainless steel propeller allo NICE
has been des-eloped. rhis alloy is composed of I8Cr-6Ni- lMo-tCo and less than 0.03 (‘. The stainless pro-
peller alloys are stated to permit a lighter propeller design with greater efficiency. The new NICE alloy also
has better tensile strength and fatigue strength than the copper alloys. Corrosion fatigue tests in seawater ,
using the cantilever type Wohler test at N = 10 cycles and 360 rpm, indicated that NICE stainless specimens
cut from an actual 4(X),~XX) ton tanker propeller had a threshold of 2~ Kg mm as contrasted to a s-alue of
13 Kg ‘mm for Ni-Al bronze specimens cut from a similar propeller. No report of th is work has yet been
prepared .

6) Sintered material and ceramics
the research to produce new heat-resis tant material has led to dispersion strengthened powder

metallurgy alloys . . .\ 13 Cr steel strengthened hs A lO particles shows mechanical and creep rupture
strength equal to I 8Cr-8Ni austensitic steels. Research is being conducted also on ceramic mater ials for
high temperature use such as in gas turbines and in insulation of metallic engine parts. A multilaver
ceramic coaling, for example, has been developed which contributes to the development of an adiabatic
engine. The multilave rs are made of trO and NiAl , with the trO NiAl ratio increasing from the metal
surface to the outer surface. This permits a gradual accommodation to different thermal expansion coeffi-
cients.

7) High damping a lloys
ro reduce noise and s-ihration, new high damping capacity alloys arc desired. One alloy class des-eloped

is in the Mn-Cu-Ti system. The titanium prevents the decrease in damping capacit~ with time which occurs
s~ ith these alloys which contain 40 to 90 percent manganese. The background on this study may he re-
s iewed in MHI Tech Rev , ii , No. 6, 1 974.

High damping capacity cast irons are also under des-elopmern. The best are gray irons with 4.2 percent
carbon equivalent and 0.3 percent zirconium.

8) (‘orrosion and stress corrosion cracking (5CC’)
rhese i~searches have concentrated on stress corrosion cracking of stainless steels and high nickel alloys

using elect rochernical techniques. The results have become SO developed that the electrtschernical te st s are
now used to control quality of l8(’r-8Ni stainless steel hoiler tubing in the Nagasaki shipyard. The ap-
proach is to ~htain a polarization curve of current versus potential. Sensitized tubes do not show the region
of pa~sis ity which non-sensitive tubes display.

The Strength Research I ahoratory is conducting theoretical and experimental inv estigations on strength
using photoelastic and computer modeling techniques. Materials properties are related to fatigue, thermal
fatigue, creep and brittle fracture.

The Ship Strength Research l abora to ry is developing new i~pes of ships and is attempting to impros e
structural integrity. A water impact generating tower , 1(X) ton corrosion fatigue and 250 ton fatigue
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tsi eeui I It  hcoi s and laboratory slam and 2) ;mc sem i ice condition -
the Nagasaki I’echnical Institute is ii elI equipped amid st ,m ffed hi em s co mim petet it engineeu s aimst sdicui t i s t s

is ho ii ork hard to sersc the interests of the Nagasaki Situ ps am st ansi Engrne \\ om ks .ms ii elI ,ms NI Ill m u m
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strong in modern tec hnology .mim d in .m position to initi at e atid exploit lieu technical oppom t rinities .
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NI PPON K A I J I  K~’OKA 1

A s isit to Nippon Kaiji Kyokai head office in Akasaka had been scheduled previously, and at the inst iga-
tion of I)r. K. lida of the Univ ersity of Tok o a isit was also arranged to the Research Institute located at
Mitaka , immediately adjacent to the Ship Research Institute of time Ministry of Transportation. Nippon
Kaij K~-okai is an international classification society which promotes safety at sea. The Society is a
member of the International Association of Classifiendon Societies (IACS) consisting of nine major
classification societies. Experienced surveyors of~ the Society survey ships is-ith a view to certification for

• construc tion and safety. The results of such inspections are published annually in the Register of Ships .
the highest class ot certi t ’icanio,m is designated NS’ and is recognized by both I ondon linderis riters and
the Amer ican Maritme Insurance Clearing House. The Society serves essentially the same function as the
America n Hureau of Shippiumg. In 1975, 3729 ships aggregating 50 million tons gross represetmn itig 40 ima-
tionalities were classed by the Society.

The Society maintains the Research Institute to help ensure that its technical rules and requirements are
rational and up-to-date. The results and focus ol~ the Research Institute are always related to the hehasior
of Nippon Kaiji classified ships in service , which range all the way up to 500,000 toti tankers .

The Nippon K. K. Research Institute is organized into three sections: ship hull, machinery and material
research. i’here is also a modest computer research section attached. Current materials activities focus on 9
percent nickel steels , maraging steels and aluminum alloys and their behavior in air and in saltwater. 1 here
m~ no ac: iu- i t v at present with respect to precipitation hardened or other high-strength steels.. Fatigue and

• crack propagat ion by fatigue in hostile ens- ironmemits is the chief concern. Massis-e carriers for I NG. ore,
oil and lumber are the related interests.

One interesting paper was described which will be published eventually by the Japan Society of
Mechanical Engineering. This paper entitled “A Study on Fatigue Crack Growth from Surface Flaw ” by
J. Arai. Y. Ino and H. Iwaki was an outgrowth of research on alloys for use in ENG carr iers (9 Ni stee l and
Al alloy). t.iquid nitrogen was used to control test temperatures , and it was noticed that specimens behaved
differently depending on whether residual miitrogen was or was not present during the test. This triggered
an investigation, with the followitig results:

Crack growt h rate in Al-Mg alloy A 5083-0 is lower in nitrogen than in air. A decrease in temperature to
-162 °C also decreases growth rate. The ens ironmnental effect of nitrogen is, however , the greater . Addi-
tionally, the different environments produce a different shape of crack fr on t.  The surface crack frot its are
semi-elliptical in nitrogen gas and semi-circular in air.

The observations are explained by asserting that reversed (cross) slip is easier in nitrogen than mm m air. the
differen t crack front shapes are explained on the basis of easier crack closure in nitrogen than in air . Air
impedes the closure of cracks by cross slip (res-ersed slip) because of ihe impurities forn- ”d on slipped stir-
faces.

A tour of the Research Institute showed further advanced, large-scale, testing machinery. A large fatigue
machine ins-olved a servo pulse of I0~ sec and a capacity of 400 cps. Diagramed loading is possible. I)aha
from on-hoard records of fatigue loading can he programmed into the machine to duplicate the load spec-
trum of service conditions on tes t specimens. A hybrid analog and digital computer is as-ailable for ammalysis
of the dynamics of vibration and impact.

A number of large rotating-type fatigue machines were shown. Some of these involve bending and tor-
sional fatigue and fretting as designed to duplicate crankshaft service. A large 300 ton low-cycle fatigue test
machine was also observed. Fatigue and crack propagation tests are made on very large specimens — up to
700 x 30 mm. Cryogenic control is through use of liquid nitrogen which is used liberally. The cost of liq-
uid nitrogen alone runs to 10 million yen per year (30-41) K).

The general impression of the Ship Research Institute and of Nippon Kaiji Kyokai Research Institute is
that first class , practical research on the behavior of ships with respect to design and materials is going on.
There does not appear to be any significant interest in the metallurgical structure of base plate or welds.
The behavior of the designs assuming a material continuum is the central interest.
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NIPPON kA IJ I kiOkA l h E A l )  OI’FI(’E

h ollowing a ims it to the Nippon Kaij i Kyok am Research Institute, this one to the Headquarters Office us as
perhaps redum md~m m m t . Nese rthe less , i lm tere sm in g discussions usere held wit h several people. I)r. Y. Akita . \ iccPresident of Nippon K. N. described some current acti v it ies . He i.s the Chairman of the lnternanioimal Symn-
posmunu on Practical L)e~ugn in Shipbuilding to be held in tokyo 1 8-20 October 1977 , and he is ser y buss’ ar-
rammg imig the details of this meeting.

the only directly technical contrihmit ion of the day invoked a demonstration (by Dr. Shin-Ichi Kaku ,
Head of Planning Division) of an extremuety compact ultrasonic NL)T test device. This was des-eloped
under sponsorship of Nippon K. K. by Tokyo Keiki , a compat my nm Tokyo. The compact device weighs
perhaps otme-ha lf pound and is readily carried by inspectors no the most difficult areas for ship and piping
inspec t ion. The device chec ks for cracks and poor pemmetrution in welds, to a depth of two inches.
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• NIPPON K O K AN K AB U SH IK I  KA I SII A

Nippon Kokan K. K. is one of the gian t steel making, and shipbuilding companies in Japan. The corn-
pans is also deepl~ engaged in heas ~ industry conist ruction and enginmeerinmg, plus a few peripheral activities

• suc h as fertilizer manufacture. Dr. Kaiuo Horikawa was the principal host for my visit no the technmicah
Research (‘enter itt Kawasak i , and discuss ions were held us ith approxinmm ate hv ten other technical persons as
w e ll.

the meeting began with pris-ate discussions wi th  L)r . Horikawa, tec hnical Counselor to Nippon Kokan
• K. K. He related his experiences during Wor ld War II as a Japanese Naval Officer engaged in industrial

pu rsuit s , notably the development of improved armor plate for ships. He stated that he was insited to work
sui t h the ( . 5. Nass ~ttte r t he war , presumably because of his accotnrlishnments for the Japanese Naus- , hut
he declined in fear of enter ing the ‘‘enemy ’’ cout itry at t hat time.
l:t~llouving these preliminary amenities , t he us riter presented a sutnniary of the ONR-NRI research

organization and acti s ities before a group of technical specialists . There were many questions , and par-
t icu lar interest was showni in the operatioti of the contract research progratlis. t hey found the concepts of
brutal compet ition, Navy purposes and the lofty pursuits of academic basic researchers diffi~u~t to recon-
cu e, this is perhaps not too startling since sonrie people in the United States are equally baffled .

I)r. Ilorikawa rev iewed briefly the actis - ities anid organization of Nippon Kokan K. K. Historicalk, the
company ii as established to make steel pipe, hut thereaf ter expanded into steel making and heas in-
dustr ial functions. Today the iron and steel makitig is the largest percent of sales (75-80 percent) followed

• by s hip building and heavy industry (each about 10 percent of sales). Approximately 20 million tons of
steel are produced amintually at the Fuku ama Steel Work s and about 6 million tons at the Keihiti Work s
The company also manufactures ferroalloys (ferrochrome am To~ammia atid ferromanganese at Niigata).
Ship building is located in three planmt s with capability of up to 500,(XX) ton ships at 1st,, lft),~~X) ton ships
at Tsurmi and 27 ,(XX) ton ships at Shintizu. Heas v inidustry activ ities are also concentrated at Shimizu.

The Kehin Steel Works , built over 60 years ago, is no’i burdened with obsolescence and pollution prob-
lem’~. Nippon Kokan K. K. is soh ing this by constructing an etitirely modern steel works at Ogishima, an
artificial island created in lok 0 Bay by hauling sand from Chiba, approximately 40 kilometers awas -

Connection to the nma irmland is by bridge and tunnel. When the nen facilities are completely operatiotial ,
the outdated facilities are scheduled to he dism antled, there will he some cotisolidatioti of facilities for
pipe mills and part of the area is-ill be sold for the development of the Yokohama- Kaw-asaki area.

The company claims special strength because of its integrated steel making, ship building and heas y in-
dustry imiterests. Special achievernem its are the computerization of manufacturing controls , the des elopment
of the first UOE 56 inch 0.0. pipe mill, the first tOO inch 0.0. spiral weld pipe (1975), and the deselop-
ment of cont ittuous castit ig of slabs , blooms and billets directly from basic oxygen furt iaces All of the
research in the company is conducted at the Technical Research Center. The work undertaken may he
basic, but is intended to relate to the three Steel Making, Shipbuilding and Heavy Industry Divisions . The
activities are organized into six research departments plus four attached research organizatiotis in the
Tsurumi, Keihin, Fukuyama and Tsu areas and range from coal research to steel processing, stee l proper-
ties., coatings amid corrosion, welding and ship structures. Product research related to steel, welditig and
sur face treatment has led to the des-etopment of high strength steels for ships, construct ion, tu bes amid
sheets for deep drawing. There is pride in large scale tests of welded members up to 220 mm in thickness at
temperatures hetw-eent -70°C and near absolute zero. The results are applied to w-eldinmg techniques for liq-
uified gas storage vessels for cryogenic sers-ice. Developments of continuous heat treatinig amid coating
processes have been pursued. As a leading pipe manufacturer , NKK is studying plasnmia welding, I NG tank
piping and the means of we lding complex piping ss-sterns.

The Technical Research Center is equipped with a wind tutinel to study the effects of wind pressure on
long-span bridges and other exposed steel structures . Wind velocity of 0.3 to SO rn/sec can he generated
across a IS m test area . There is also a large circulating is-amer test tatik for analysis of the resishanmce to
waves , currents and pressure in a fatigue-producing motion sequence. Endurance tests on large hull
segments are made.
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Preset ita t otis were made by ueu eral mnetuhers oh the I ech ti mcal Research (‘en mter l u s t  ~1r. I - Nlaisus hmnna
described the w ork of the Corrosion I ahorators - ~Ianst is hitii~i is a genera l con os ionm expert and has
published w idely, lie spent tw o sears in the 1960’s at Ml I us here he published papers w i th  11. 11. 1 h) ig -

Their w ork was otm hydrogen cracki mig and stres s corrosion cracking of snain iless and precipitation haideti-
ing stee ls , At NKK he has heemi cotmc ermmed w i th  a nunnher of problems . lor examp le, he has wr i t ten (Nip-
pont Kokan t echnical Report-Os erseas, Dec. 1974) on the iniprosenietu in resistance to polvthionic acid ot
stainles s stee l type 321 by increasing the ratio of Ii to C amid h) am immealing at I~XX) to I 5(k)~ C. th is  cs) lro-
sioti problem wa s encountered in t he petroleum industry, lie has also published on the subject oh weather-
ing steels , w i t h emphasis on the structural  and et iv ironmen ital factors us hich control the protect ise t iat ure of
t he rust film us hich forms in such alloys (see (‘orrosiomi Science , 1/ 129( 197 1) amid lioshoku Gijutsu, 23 177
(I9”4)), More current interests are on the cathodic protection of coated pipeline (presented at C orrosion
‘
~~~. N -~( l  ) and the corrosiot i of metals iii simlitirous ex haust gases from sinnening plains (piesenmted at (‘or-

rosion 7~~, ~~-\ ( ‘ l - , in [oronto , C anada). Of perhaps greater interest to the Nasy. he has studied the
corrosio n hehas ior of metals in geothermal steam power plants (t ran s  ISIJ, /6 689(1976)). It us as reported
t han resistance to corrosion and erosion is improved in hot water and steam we~I conditions with increasing
percentages of chrom ium, and little corrosion occurs with chromium above 13 percent. Weather ing and
loss -a lloy steels , wh ich enhance corrosion resistance iii the atmosphere , are not effect ive in this type oh’
seru ice.

I)r . Niasanori Kawu hara of the Etigineering Faboratory described some of his work in fatigue. The
f’ac ilities for fatigue studies at the Technical Center are excellent from the standpoint of large componetit
testing , A lmost every imaginable type of test is done, from tests of pipe K-joints in a submersible drilling
rig, no wave-e ffec t tests of critical ship load-bearing structures . Kaw-ahara has published, for example , on
the fat igue strength of a particular ship structures design (Nippon Koka nm Technica l Report-Overseas . l)ec .
197 5). He is also scientifically inclined atid has wri t ten on the retardation of fatigue crack growth in a
HT8O steel from oser load in the fatigue cyc le (Engineering Fracture Mechanics , 8 507(1976)). ~‘ery recent-
ly he has wri t ten on grow-nh of fatigue cracks from a surface flaw- . He shows that flaw growth fronm a sur-
face flaw produces a different shape crack front , depending on w hether the specimen is strictly tensile or
insolucs a betiding moment. This differs from the ASME code which assumes that both crack fronts grow
identically. According to Kawahara , it is for this reason that quite often plots of da- dN versus ~K produce

• scatter if different specimens are used. Kawahara has developed express ions which lie claims os ercome the
difficulty, and says that he can determine relationships between a (crack depth), b (crac k us idnh) and da dN
in specimens subiected to combined tensile and bending loads . These results , which may he s ery important
no an understanding of fatigue crack growt h, may he applicable in part to studies of crack grow th from
stress-corrosion. Kasu-ahara (wi th Ni. Kurihara) is presenting this work before the 4th Internatiotial Frac-
ture Conference, Water loo Canada, 1977.

Mr. N. Seki amid Mr. Oichi next described sonic probjems and concerns wi th stress corrosioti cracking
amid hydrogen embrittlement. The company has several interests here. Nitrite stress corrosion cracking isa
concern in t he fertilizer trade. Steels of 40-60 kg/nim tens ile strength are involved. Crackit ig from lI~S.
stress corros ion, and blistering intermial ly from hydrogen are of concern to linepipe steels of 50-80 amid
40-60 kg / mm: respectively. City gas tanks of steel 50-80 kg/rnrn tensile strength are subject to (I)-(’O.
mixtures , and stress corrosion may he a problem. Finally the area of sea water and pure w ater stress corro-
sion cracking is of interest w ith steels of tensile strength 110-140 kg/mm:.

Although papers on the stress corrosion cracking of high strength stee l in (‘()-(‘O gas (Nippon Kokat i
Technical Report Overseas . Dec. 1974) and on the stress corrosion cracking of pipeline steel (Proc .~~th m t .
Cong. on Metallic Corrosion , 493, NACE) were distributed, all discussion was auoided because of the “en
s i t i v e nature of the subject matter. A manuscript on the stress corrosion crackit ig of high strength stee l
bolts by M. Tanimura and N. Seki was discussed quite freely, however. In essence , thes hase studied the
ef fects of m’iotch morphology on the value of K15,~. Var ious combinations of V -tiotch amid slot plus a fatigue

• crac k (to give a constant crack depth) were studied. The V-notches and slots ser sc to open up the crack
• tow-ard t he specimen surface. The findings were that crack growth rate above K 15~ may be iimt ltmenced , hut

that the value of Kt5~ is fairly constant.
Not very much was heard about welding but the Manager of the Welding I ahorators , I)r . 1 . lana ka did

relate some implant test results generally. The implant test is a notch test designed to de tcrmm rnm me t hi t ’ strength
of the heat affected zone of welds. In isa theasure of the cold cracking susceptibility, tinder stre ss and with
t ime a threshold stress for cracking is determined which increases w- ith temperature , The threshold stress
may also increase with time , w hich probably reflects the egress of hydrogen. There was tio opportunity to
tour the facilities during the busy day. The overall impression is that this is a first-class technical group
w hich is alert to the needs of the company and well aware of what is going on world-wide in related areas .
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As a final com ment , NKK notes that it enjoys a very low absenteeism rate (less t han one percent) and
relates this to the assurance by the company oh’ job security, good pay and opportunities for advancement.
Does the high degree of paternalism weaken the employees resolve to work hard? On the contrar y , says
NKK , it heightens the resolve to do the best possible job. Comparin g this situation with that in the United
States , it is obvious that the big difference is job security. Perhaps in Japan the worker identifies with the
company whereas in the United States loyalty is less often given and receised~ the individual career is of
first consideration. Of course , “high pay” and “opportunities for advancement ’’ are subject to inmerprema-
t ion , and certainly, from outward appearance at least , the United States worker is better off materially.
Still, the industrial success of the Japanese system gives pause.
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5L1M1’I’OM() METAJ . INI)t iS’ I’RJFS, I.T1).
AMA G A SAK I

Research d ivist ot is w ere established by Sumitotito Metal Itiu.lustries as early as 1935 at Osaka Steel W w ks
and the Steel I’tm he Work s . Somew hat later , researc h divisions were established at the Wak ava nra and
Kokura Steel W o rks . These were incorporated itito the (‘em itr a l Research laboratories in 1959 and the con-
so lidatioti of the laboratories at Amagasaki took place the l’ollowing year. Itt 1974 the I lasaki Research
(‘enter near t he Kashinita Steel w orks opemmed .

The At imagasaki Central Research l aboratories per!orm work re levant to the company activi t ies ,
des elop tiew products amid processes , and getiera llv pu’rnote the use of steel products through technical ad-
vances . t ime I lasaki Research (‘enter is dedicated to steel const nmctiot m and pipelines , us ith the capability of
hu ll-scale tests .

At t he Amagasaki laboratories the research work is divided into three mau i areas which cover iron and
stee l processing, product research and futidarnemita l research. The product research area includes the
Mechatmica l Metallurgy , Applied Mechanics, Chemical Metallurgy, and Welding Sections. l) iscussiot is ott
spec ific research us-crc held prittianily w ith people iii the Mechanical , Metallurgy , and We lding Sectiomis
although sonic other activities in the itiater ials area were discussed gemmera lls- . A brief accoumit of some
general areas of research follows:

1) Research on the most efficient use of resources ~mtd cne ’rgy. Sinmering of ’ ore, tise of miomi-co k itig coal
in the blast furtiace , stu dies of coal—slag —coke reactiot is in the blast fur imace.

2) Researc h on steelmnakitig processes. Techniques of desulphiuniiation, dephmosphoritationi , deoxida-
t iot i , etc. ’ so lidification and cot it inmuotts casti t mg.

3) Research in computer control , autom itat ic inspection and quality conitn,l devices.
4) Press h’ormahility of steel sheets .
5) High te mmmper anure tube and pipe tiiatcria ls for boilers , chem ical industry plants amid nuclear pow-er

plants , Tetisile creep and creep by ititernal pressure tests .
6) Research on heat resistatit alloys for the high—temperature gas—cooled reactor (IITR). Studies ot ’

creep, fatigue and corrosioti in helium test loop facility.
7) Stress corrosion cracking tests oh materials for the light water reactor (FW R) in a circulating

autoclave system w ith water at 300°C, 87 atmosp heres. Variables which may he controlled are dissols-ed
oxygemi . pt -i, amid cot icentrat iotis of specih’ic at i iomts and cationis . Maximum flow rate is 5f miii. Specimemis
are subjected to tension.

8) Research ott weldahiliny, strct igt h and toughness oh high strem tgt h steels for ships , bridges, penstoc ks ,
h u e  pipe etc. Studies of tiiicrostructure amid microalloyitig.

9) Wc lditig research wit it ‘‘(.1 Iceble ’’ tuac hitie which programs heating, cooling, tension , compress ion,
fat igue and research diiatonict nc  data.

10) Non-vacuum electron beam welding process. Development for we lditig ol’ pipes, plates amid large
sca le steel structures .

II) l.argc scale closed-loop servo-controlled fat igue tests of welded steel plates , bars, gears, h’ramnes etc.
Fatigue crack propagatiomi at high and low temperatures a~d fracture mechantics- analyses.

12) l)elayed fracture studies of high-strength bolts. l arge diameter weather resistant bolts wi th
resistance to delayed fracture are claimed to have been developed.

13) For pollution control , researc h ott the desulphurizamiomi and denitrification (removal of SOx and
NOx) of stack gases from sititering plants.

14) Fundamental research ott hydrogen ernibrittlememit and stress-corrosion mechanisms in steel ,
stainless steel and titatiium alloys. Instrumentation iticludes the IMMA , EPMA , SEM, (IC-MS and I)TA.

In the Mechanical Metallurgy Sect iou l)r. Hiroo Ohtani described work ott hainiite in low-carbon, low-
alloy steels. Three types of bainite arc identified according to the m orphology of cementite precipitation .
Bainite type I is formed at 500°C amid is carbide free. Bainite type 2, formed at imucrnnediate temperatures ,
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uihk’sm K’s s’h in (iO Kg minis ’ plate should , tot es~aumtp he , lit’ uuus let (I I pt’u ct’tmt , ,ttitl t his’ I alit ’ nit i tu tm tigcln ts i

horoui shonikh be hemsu edit 0,25 atid 0.5. Rcpm c~em ii af is s’ papei s s in u hit s sstmm k ,tut ’ in .Si iitti tt imt~si ~ie’.n m c It . Nsi . Ii ,

Nov ., 1971; 11W , Dot’. IX 57(i (iS; I)OC IX “lit ‘I; IR)( ’ IX $ 11 “1
More recent ly iluis us ork has hocused t ill thu s’ pi sihletun sit cnacking iii mlii’ t hu onmg hi t iilckiit ’ss s lim ec lio mu of

thick us elded plates . I h is  I~umuetl ~ m ieiiiilig us set  is itis t in I ,mt cc s t m uc t t tm c’s us ii Ii St ’s e m s ’ esumis i t a t i um s ,

lIme f irst .ncetuinpl ishuumteu tt hi~s been t Ime tK’s dopittemnt s it sts’d plots’s us ut Im gn s’~ttt’l m e s u u t a m m c t ’ to I,iimts ’Ih, im

team ing. I’luese plates , nt’ss ~ns ,nulali he niudet thus ’ t t at le mt atu tc SL 3 MI / , tt ’atuie’ spt’~nt iu ,if isins s ilt ~‘ hit’ imui~’,ih

cottipsisitiolt, imuclusions ~niud tiit ’I’usi tik’ hivt litugeii . 1mm addltmon t o ctmiu nil nis cm t i me sit s h i t iat  t’h~’uuit ’iits (t ’, t I

Mi’, Si, V , M us , etc . Iii Iuas beets hound thom cinl c in mmmt ~s Ish it ioits t iu C et tes t us e in t’lta it gn mm g t mntlu s uo m ms isi a mius i u C

~plueric0l for u m. th is is called t ime St ‘A I’ (Sntm itt uu nsu ( ‘a lc in umi m II t’at mt te nt ) pm oc t ’55 .

Ihe ci imical pms uhheut i us j ilt the weld imtet~ h us flit’ diff u sible hvdm ogeim. I’Iuisinghi tli is ’ k t is ’ss ci ac k mm sg is

usu imuiuiti ied if thif fntsi hle hiu- thie ugem t us s e t s  low. Esmi .t h iss hiytltogs ’t t ehi’s’I it ud es luau e been ties s’hsspeth iou t Itn~L
plate uteldiiug. t his susirk ittiiy he is ’S less eth iii grc’.nte’t detail um u Pu oc. sit f lue Rome ( sst t fs ’ i cites’ silt ‘ ‘ \\ s’ls lung

sil 1151 A Structu ral Stee ls ,’’ Nos - , 19Th; l ine Su inu its itmus i Sc a mc h m , Ntu , It , 8, Mau , I O’~ ; I (Vs IX *0 ‘mu ,iuts h
,IIW ,46 ,tu2, 1977 .

A mt ot he m des elopismenm iii this ’ %Ve hstitu g Sect is ’ t m has Iueeui t hit’ use sit cellulose ssiiitetl electi sides I sit ~t ui  itt
- - us eld~ of limit’ pipe. I)uming us cLu ng flit’ cellulose hsumi fls ~iud t his’ gas 1ii suduced keeps s i \ % geit aums t t i l t  m tigs’uu t m nit -

Ihe arc us also iitipm us eel h sit deepem tuehmet riii ki lt.

In suuttutiar\ , t he i-ese~nt c h at Suuuuitsrnio Metal I ndusl l ies ’ (‘e mit u al Rs’seoi c li I alu m .ti~ut ues us l i t ut c lO ’~s ,

t Hu ss t t u m t s u i it ’ll test . ~uusl s uf ’ t ’s’i s a mm excel leti i s’s a mit pIe tO’ hms iuu Sc tt ’ uu t t ftc u s’St ’ .i u cli s O  it f susi em s’ss i t i t u it i iC.i  11%

sksiiaI’uIe em mds ,

I
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APP E NI ) IX
( ( .E NERA I .  ABS1’RAC’I ’ 01’ PRESENTAT I ONS MADE IN J A P A N )

SOME CURRENT MATERIAI.S PROBLEMS IN NAVAL RESEA R(’ II

Above all ot her thittgs time Oh’t’ice t f  Naval Research ol’ t ime tJni med State s is et igaged u t  the advzi um ceu imeint
nil sc icuuce amid engimmeeritig technology. Time basis lot this was expressed long ago, itt 1885 , h~ the t imeu m
Secretary oh’ t ime Navy W illiam C. Whitney , w ho  said , ‘‘It is eu l itt le seru-ice to a natiom m to have att ~’ Nas v at
all unless it is a fair expression sit the highest scieuitific resonmrces eu its day. ’’

With this philosoph y its mitid , it is easy to umtsl er stamtd this’ interests of ONR in basic sc icmi ce atid in iii-
te rac ming with the academic cot mutim unimy at hotime and abroad, A us-ide ariety s)f subject areas ame sif iumteres l
to ONR - from niathematics to hiolsugv and psychology, hut here only activities in timaterials scie t tce atmd
etigineerit ig are discussed.

W ith respect to materials sciem uce attd engineering, it is ohs-ions iiiam improved materials pe rfs urmmuatmce
may lead to improved coumtimercia l atid Naval capahihitics on, smuider ansI over t he seas , I)esired goals ate
greater matmeuvera hility, speed, rou ge atid deep sliviuug capability, coupled with improved ecsunotuv amid ct-
ficiency. Improved communicat iou s are also desirable.

ho achieve these goals materials and cot impomietmts must he made strom mger , lighter amid cheaper uu-luihe ic-
ta m ing or improving at the sante h unt’ the essential characteristics cii’ good sseldahi litv atid fabricabi l ims ;
res istance to corrosion, stress corrosioti , corros ioii-t’at igue atid fatigue; resistance to loss aimsl h igh
temperature embrittlement; good high tempeu’itture fati gue strem ug mh , creep res istat mce atmd oxidation auid
corrosion res istamtce. Other specialiied ch aracteristics stmch as improved resistance to ss ear , eros iomm amid ir-
radiation or improved magnetic pertimeahihity ansi larger nmagmuetostricti on are ofteti also mmeeded .

In short, t h ere is a specmrut im oh mm iaterials goals and problems of interest to ONR. Therefore re sea uchm pro-
grant s are supported imi several materials areas . This’ research u is perh’ornmesl either directly, am the 1! .S. Nasal
Research l aboratory itt Wash iiigton, or indirectly through contras’ts ss it im umsiu-ersi tie ~, com mipatmies amid nsuum-
profit research cemmter s. We us-ill t’irst describe briefly time orgam miiatiot m aiid sonic current prs~iects underuuas
at t he U.S. Naval Rese;nrclm I ahorator~’ , ami d theu m describe some types of prs~iects heitig csuimducted nmnsher
comitraci to ONR.

rhe U.S. Nava l Research 1 aboratsiry has four uiiajor divisions engaged iii m imaterials work uttsler t h e
direction of the Associate I)irecmor of Research for Materials (l)r Al Schiindler). These sh ivisis umis out ’ I)
Engineering Materials Diu- isiomm , 2) Materials Scieimce I) ivisis itm . 3) (‘iuemnistr~ l)iu ision, and 4) Rashiat isit i
Division. We will discuss activities in each oI’ these divisiomi~, w ith particular em imphias is ot t  exatuples it us s um k
iti the Engineering Materials I)iu’isioum, ss htic im is involvesi w i th  problenis of greatest interest ts i uim ater ia ls
emmg ineers.

Discussions of the projects utuder cot mm ract to ONR will fall itmts u t h ree  categories: I) immetal alls m~ s , 2) cot -

ros ion and 3) ceraunics . The m eta l alloys prsu iec t s are dis-ided into sesera l classes: a) bight str emmg th - hiiglm
toughness alloys, h) light weight structural materials , c) fabr ication, si) nmagttetostricti s’e allsiys , e) csutmt-
posime materials , and f) amorphous metals. The corrosion projects are divided imito a) s ure s t - cot mosiou m
cracking, h) corrosioti fatigue, c) hydrogen ensbritt lemenm and d) desigmi slata. l)iscussions in mhue cem Onmic s
area w ill reflect imiteresms in applications for gas-tu rbine eumgines.
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‘K NOWI.FD(,M I’ N I’S

l’his tour coulsl net er hiatt ’ takeum pktct’ usum homm the imei p sit ’ imm aun pt’opls’ us ho desert s’ tim his’ tc ’esmg:t i,s’th - A
part ial lust of m lutist’ people fsull suv~ s: (For m hsise us hisu Imelpesh hum hu~ms c heett sit s’rlsioked , I OUt st ill s):

I. ON R I Ieadquarters — I haui ks ii Aslu mu iral R . K. ( eiger , F - W eit mime m g. W - Raimev ansi R - I nmm ide g~im d h u t
h ertt t l ss iott to go, emmc ou ragetim eti f ansi h’sur pros is hitm g es setm ti al ressuuu ct’s ,
[lie Material Sciemuces I)iu ision prsuvithesh saluahle counsel anti ads ice as us d 1 as e ss et m t ial mimaterials au th
slides t’or preseiu ma mioti um i .Iapati. thamiks ts i I- . Sal ksuu it,, h3. Macl)omuald , I> . ( ‘larki im , A. I) im mess ou st (I.
Ranch.

Va luable as lun iumus i r a m use sers ices and help with u isual aids usere pros ided by ( ~ . (‘lapp au md 1-~ ( ‘si hmi t.
Os era ll cogmii iamice ot ’ time iim issiolm ansi getmera l guidance were hmatis llesl flutist et ’t ’ici e u mt hv by R . Itmms ,
2. ONR-(’hicago — I’hiautks to Al I)ass e, (‘aptaumis (‘ , Nortomi ansI I- . Remit , , I Ismyd White amid tuuv us lie
Nancy for prou-idiuig the opporiiiuuitv to gsi ansi this ’ t imns’ tor prs’parat ioum. Pat Schnmch us a s  atus i u enuains pa-
t ictut amid h eroic in hatmdlimig this ’ cturresps unshemmce amid asl mut i ,u is it -ati s - e aitairs. II. I) imutmitic k atid F. Richmtiis uiid
performed typ it mg amid pt s of im mg tasks . Frau el , secur ity , sli ippimug, am i d ot lmer t um atters were huamudlesh adept Is

• by Buttt uv hhuliti , Font Alvord , Ice l)earimug, Paul h3rvars , and h m ed  I ocasiia,
3. ONR tokyo — ‘t hanks  to NI. I3erf in for imuimiatitig this ’ tsmur au th fsur bot h gemuer~t h amid specific guin.haimce.
I’ . Nlohri was a star itt expedititig reports amid in hiat ushl imig adm umitiistrati s e at ’ f a i t s . Sakivaii ua—s att , his muosu a
spec ial friend , arramuged travel atiti apps u im ut itu em m ts atud -subt ly provided educa tiom mah seru- ices omi this ’ stays s f
Japatu. Nakaiawa-satu preparesh reports with remarkable gos si hummuor . I . Kovas,tiay (from .lsmhm is hlopkitts
Uttisersimy ) and F. Kcarslev (h ’ronu NI3S) put unit mIme welcomu te mat , ami d us-crc getmerous witlu technical ash -
v ice.

4. Nava l Research laboratory —
~~ Many people at N RI h rsmu islesl br iefit mes , slides atusi materials suitabls’

for prcsemi ma tiomu in .lapami . I’hintiks to \ . Sch indler , (‘. (‘arosc’IIa, R . Heitch me , P. Sluaht ituia mi , R , Rice, 1’ .
I emum uox , NI. Peterson , .1. Goode, R. Ys dcr , r. (‘rooker , F. I atige, (‘. I-’uj ii , I). Mevmi , NI, Sum Ilis au .
Stoop, F. ilogar , C. Heachem , I). litmus’s’, R. Nleussner , F. Nlet,hous-er , R. .1 uds’ anti 13. Rot h .
5. ONR (‘ormtract o rs — Mummy of the itmves t igamor s umtm sler contract to ONR generously provided tditlt’s auis h
wri mt emu h ighlights oh’ t heir projects t’or umse itt the presem itatiomu s and discuussisuns itt .lapa,i. I’hey are listed
he’iow, stu b ihaiiks

,-l - tsoc~ilion
H.W. h’ickerimig . . . . , .. . ,. , . . .. , . . ,. . ,, . , ,,,  Penmusylvam sia State ti mmiv ersim y
0,1). S h c r h v . . . , , . . , , , . . , , , , , , , , , , , , , , , , , ,, Sta im t’sursh Utm ivers it y
F NI. Breinati . . .. . . , , , . , , , , , , , , , , , , , , , , ,, ,,  United ,~ irct at ’t (‘orporat iomi
K. Niasuhuuchi . . , .. . , , , . ,, , , . ,, ,, , , , ,, , , ,, , ,  NI~mssac hutseit ,s i n - s mi tu t me of Techimoueugv
W . I”. S a v . n g e . . . . . . . . . . . , . , . . , . , , . , , , , , , . , ,,  Remmsseiaer i’olstechm nic lm ms titume
F. M~ utst ’eltl . , . . .. ., , , , , , , , , , , , , , , , , , , , ,, , ,  Rock us elI I mut e rna t iou mah Scieuuce (‘cutter

NI. h3ernsfe in . . . .. . . .‘ . . ‘ . . . . . . . . . . . . . .. .(‘aruiegie—Nkllomt Fl ti isersitv
(, , Judd , , . , , , , , , ,, , , , ,, ,, ,, , , ,, , , ,, ,, ,  ReuisseI~ter I’olymechmiic l mt s t i mu te
0. Buck . .. ., , ,, , , , ,, ,, , , ,, , , , , , , , , , , , ,, ,,  Rsickwell I nternaf initial (‘orporat ioum
A..I . S c d r i c k s , . . . . . , . ,  . . .. . . . . . . . . , .. . . . . , .  Martin Nlarietta (‘orpou’ah iout
.l./t s 5 , Greets , , ,. , , . . ., , . , ., , . , . . ., . ,, , , , ,. N1,nrmin Nlarictt a I ~uhor~tor ies
R. P. \Iei . ., , . , , . .. . . . . .. .. , .. ., , , , , , , ,, , ,  I eImigh 1,3 uiuvers imv
I).J. I) u mq u m ette 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Reuisselaer Polytec h nic I uist itute
R . A. H u g g i n s . , . . . . . . . . . . . , . , , . . . . . . , . . . , . ,  Statiford Utmis -e rsim y
I. R. Heck . . . . . , . , ,. . . . , , . , . , , . . .. . .. . . . , , ,  I Iect rochuemical Techuusmls gv (‘surpsmm’int isimi
R. W , 1-leckel . . . . . . . . . . . . . . . . . . . . . . . . . . . ...(‘~trnegic-Mclhon tit i ivers itv
j
~’ , F - It/owner . . . , , . , , , , , , , , , , , , . , , , , ,, , , , ,  Ummiu s’rs im of ~‘irgimuia
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NI, -~ . Vs’right . . . . .. . . , . . .. . . . .. , , ,. , , . . , ,,  f. ‘ lilt em sit oh I e u m umessee

- I ass-Ie~- . , . . . . , . . , . , , . , , , , ,. , . . , , , . , . . . .,  I)re’tel ( l im i t  s’t si t S

I- - A. Starke . . . . . .. . . . .. . . . . . . . .. . . . , . . . . .( ‘ieorg ia l,msti iute s if I echmnology
II. Niargohimi . . . . . . . , , , . .. . . . . . . . . . . . . .. , , . ,  Psil me chmuu ic l uus t itu me of Ness ~‘ tir k
13.13. Roth NIcI)ouimiell I)smuglas Research I ahorz ntsu rv
(‘. Sh out Rockwell I nterumam isiii a l (‘orpsnat iouu
NI. Cohieui . . . . , , . , . . .. . ,. . . . .. . , . . ,. . ., . , . .  Nlassac huuset is I iismit t ime nut I’ ech im uo logv
R A , Tarm ,illi neral Fleet nc  (‘omm ipammy
J Vs . Niorris - nit e rsm u y o f t  ‘al ih ’ormmia
F. I- . I atige Rsmck w elI l,iter uuat it umal (‘orporat ioti
A.G. I- v a m ms Rockwell lti me rmt ati ssn a l Science (‘etHer
H.P. Kirchmier ra nmm c h-immi sim i m m g (‘omiipamiv
K. Otis) L 3 iiiuet s i t s  sil( ’alifs rmuia , I A.
N.E. [‘atoms Rockwell I tumerutat iouial Sciemuce (‘cutter
I) ..’~ , Ksm ss Nitch igamu I’echuuutOog ical ti mui s-ersit y
J. I)au us Hell Aers uspace (‘smntpam iv
o W , Hsmeppner . , . .. . . .. . .. . .. . . . . . .. . . . . ..  t l m uiuersi mv sit Nlisstniri
J .13, (‘olteum , , ,, , , , , , , , , ,, , ,, , , , , , , , ,, , ,, , , ,  Nsirt hs ues iet m m Fl niuers itv
.
~~I N I i l le r , , , , , , , , , , , , , , , , ,, , , , , , , , , ,, , , , ,  Noire I)ame tl m uiversi mv
.1. P. H i r t h . , , . . , . . , , . . . . , . . . . , . . . , . ,. , . . . . .  Ohio State (‘ uuuvers ity Research 1”dtm.
(‘.F. Jackso mi , . . , , . . ,. , , . . , . , . , ,, , , . .. , . , . ,  Ohio State 1,J tu uuersi my Research Edit.
F. Bacr . . . . , . , . . , . . . ., . ., . , . . , , . , . , . ,, . ., ,( ‘ase W esterti Reserve tlm tiv crsitv
C.S. Ks mtt ovi c hm . . . . . ., . , . . ., . , . , . , , . , . . . . . . . i  RW , I mm c.
D.E . Davidson Southwest Research Im ismi mitm e
.1. I.ankt ’ord , , , , , , ,, , , , , , , , , , , , , , , ,, ,, , , , , ,  Ss uthiss’esf Research Imis mitume
l).G, I-ioss-demm hIamm ehle Nlemimorial I mismi t ute
(i.K. Bamusal , , , , . , , . . ,, . , , . .. , . . . , . . . , . . , , ,  h3amtcllc Nlctiuori,ul Iuistitu me
I), Hetisomu . . , . . . , , , , . . . , , . . , . , . , , , , ,, , .. .,  Nlidus-esm Research Itustitute
J. \Veertt iuam u Norihwestert i (Jnis-ers imv
H. Birnhaum tl uiiser s ity of Illittois

THE AUTHOR: L)r. George Satido, is the l)irector t’or Sciemice (Actimig) of time Chicago Branch Office of
the Of’fice oh’ Naval Researc h (ONR). At ONR Chicago l)r. Samtdoz csuordiiiates ONR materials research
efforts and mamuages t h e  Independent Rcscarch/ lndependetim 1 xploratory Developnmeiit (hR lED) reu’iews
of Navy I.ahoratories. He is a metallurgical engimicer wit h tumauuy years research experience am this ’ Naval
Research 1.ahoratory and was associated with (~emicraI Motors (‘orporatioum in I)etr o it , Michigati .

(‘urrently Dr. Samido, scru-es on the Nos y Coimimittee situ Anmorphttmus Metals Research , Com mittee otu
the Corrosiotm of Elcctromiic Componemmis of Natiomial Associatisun suf (‘orrosmomi Emigincers , 1-at igue Dcsigim
and Evatniatioit (‘omnmimtee of the Society of Automotive Frmgitmeers , lnieragencv Coordination Group smut
the Application of Ceramics to Turbine Emmgiumes , Anicricami Society for Metals Handbook Committee omi
I)uctile Iron, and Commnif tees nit Fracture Testing atud Subcritical (‘rack Growth of thue American Societs-
for Testing Materials, I-ic is a member of the American Society for Metals , National Association suf (‘cur-
rosion Engimmeers and the Atncricatm Society for Testing Materials. this profcssiotmal traitming w a s at Wa ume
State Umuiver s it y , Umuiversitv of Michigan amid Utuiversit y of Marylaimd.

los

___________ _______________ - ~~~~~~~~~~~~~~



.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

SUBJECT INDEX - Indexed to First Page of Article

MATERIAL

Specialty & Tool Steels 4,34,36,41 ,47 ,48,51,54 ,56,66,81 ,84,92

Structu ral & Martensitic Steel , , 1 ,4,11 ,1 3,19,23,27 ,30,32,36,39,41 ,46,47 ,48,51 ,54
56,59,61 ,66,71 ,75,79,81 ,84,86,87,88,90,92,95,97,l00

Stainless Steel 4,13,19,30,34,36,41 ,47 ,48,51,56,71 ,73,75 ,79,84,88,
90,92,95,97,100

Maraging Steel 13 ,32,36,41 ,47 ,48,51 ,75,90,92,95

Cast Iron 4,11 ,13 ,23,32,41 ,61 ,66,79,92

Light Metal & Al uminum Alloys . . 4,11,13 ,23 ,27 ,32 ,34,36 ,41,48 ,62 ,64,75,84
86,88,90,95

Copper Al l oys . . . . - . . . . .  11 ,13 ,19,23,27,32,34,36,48,64,66,75 ,79,92

T i tan ium Alloys 34 ,48,64,84,90,92 ,100

High Temperature Alloys 1,13 ,23,27 ,30,34,46,47,48,51 ,71 ,75 ,79,81 ,84,
88,92,95,100

“Amorphous ” Metals 4 ,17 ,23,41 ,51

Powder Metallurgy Al loys 13,23,34 ,36,47 ,48,71

Composite Materials 4,17 ,19,27 ,41 ,46,71,84,90

Ceramic Materials 13,19,34,36,41 ,71 ,92

Non-destructive Evaluation .   - 36,39 ,56,59 ,71 ,73 ,79 ,81,84 ,86,88 ,96

Nickel-base Al loys 13,17,19,23,27 ,34,36,41 ,51 ,79,81,84,92

PRQPERTIES AND TECHNIQUES

Weld ing & Fabrication 11 ,13,17,19,23 ,32,34,36,39,41 ,47,48,51 ,54 ,56,59,
62,64 ,66,73,75,79 ,8l ,84,86,88,90,92,95,97,100

Mechanical Properties 11 ,13,17,19 ,23,30,32,36,39,41 ,48,51 ,54 ,56,59
64 ,71 ,73,75,79,8l ,84,88,90,92,97

Fracture & Fracture Mectuan~cs , , I ,11,17 ,19,23,27 ,30,32,34,36,39,41 ,46,54,56,66,
71 ,73,75,79 ,81,84,88,90,92,100

Fatigue 1,11 ,13 ,17 ,19,27 ,30,32,34,36,39,41,46,47 ,54 ,56,
66 ,73,75 ,79,81 ,84,88,90,92,97

106

— 
_

~~~~~~~~~~~~~~ __; ‘_~~~~~~~~ ~~~~~~~~~~~~~~~ 

‘ 

~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~



-_-- ~~~- 

~~~~~
, - -- 

‘
~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- ‘ r

p

INDEX CONTINUED

Creep & High Temperature 1 ,13 ,23,27 ,30,34 ,36,4 1 ,46,47 ,48 ,51 ,71 ,79,81 ,
84 ,88,92,95,100

Electric & Magnetic Properties - .13 ,23 ,27 ,34 ,36 ,41 ,47 ,48,66 ,71 ,75 ,84

Wea r and F r i c t i o n  4 ,11 ,13,23,34 ,36,47 ,66 ,75 ,79 ,90 ,92

Damping Capac ity 41 ,71 ,92

Corr os ion 1 ,13, 19 ,23, 32 ,34 ,36,39 ,41 ,47 ,48 ,51 ,56 ,62 ,64 ,66 ,71,
73 ,75 ,79,81 ,84 ,88,90,92 ,97 ,100

Stress Corrosion 4,13 ,19 ,23,32,34,36,41 ,46 ,47 ,48 ,51 ,56 ,62 ,64 ,71 ,
73 ,75,79 ,81 ,84 ,88,90,97,100

Embrit t lement 1 ,13 ,19 ,32 ,36 ,39,41 ,48,54,56,64 ,66,73,79 ,81,
84,88,90,92 ,97 ,100

Solidification 4 ,13 ,23 ,32,41 ,48 ,73, 75 ,86

Transformations 17, 19,23,27 ,36 ,41 ,48,73 ,75 ,79 ,81 ,90 ,100

Crystals & Defects 4 ,11 ,13, 17 ,23,32 ,36,41 ,46, 100

M icrostructure 11 ,13,17 ,19,23 ,36,41 ,48,64,71 ,81 ,90 ,100

Techniques ,Equipment 13,17 ,19,23,27 ,30,32 ,34 ,36 ,39,41 ,46 ,47 ,48,5l ,
56 ,66 ,71 ,73 ,75 ,81 ,88,92 ,96 ,97 ,l0O

Chemical 13,19 ,23 ,51 ,62 ,66 ,71 ,81 ,88,92

APPLICATION

Structures 30,36,48,54,56 ,59 ,62 ,66 ,73,75 ,79,81 ,84,86,87 ,
88,90,92,97 ,100

Ships 3,30,36,39,48,56,62,66,73 ,75,79,81,84,87 ,
88,90,92 ,96 ,97

Submarines 3,36,48,56,62 ,84,87 ,95

A i rcraft  62 ,66,81,84,88

Ra i l 56,62 ,75 ,84

Automotive 62,64,66,68

Electrica l ’ Industrial 59,71 ,73,75 ,81

Chemica l Industrial 30,54 ,73,75 ,81,84,88,90,100

Nuclear 13,19 ,30,34,36 ,39,41,48,51 ,54,56,71 ,73 ,75,81,
84,87,88,90,100

- - 107 



- - , - - ,,~~ - ________

p

INDEX CONTINUED

Machinery 54,56,66,73,75,79,81 ,84,88,90,97

Pipes & Pipelines 54,56,73,75 ,79,92,97,100

108

~ 
.. 

_ _ _ _ _ _ _ _ _ _ _ _- - ““ - 
‘ - . ‘ _~~~~~T T ~ 

“


